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Question Answer Marks Guidance 

1(a) ( )
22 '844' 1341

9 10 15
'71314' 8.933s  = − = =   M1 Correct expression, implied by AWRT 8.93. 

 2.262 B1 2.262 or 2.26 seen. 

 '844' '8.933'
10 10

'2.262'  M1 Correct form, must be a t-value. 

 [82.3, 86.5] A1 Accept with inequality signs or open brackets. 

Condone [86.5, 82.3]. 
Do not accept 84.4 2.1 . 

 The distribution of estimates of angles is normal. 

OR 
The estimates are a random sample from some population. 

OR 

The estimates are independent. 

OR 

Underlying distribution is normal. 

B1  

  5  

1(b) Population unlikely to be normal as   is close to right-angle / data 

is skewed. 

OR 

Estimates may not be independent, for example due to collusion. 

OR 

No indication that sample is random. 

B1 Must refer to the context. 

  1  

1
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Question Answer Marks Guidance 

3 ( )
2

9 0.36 3.24x x − =  =   B1  

 2'16.6'
'55.8'

5
−  

M1 Can be implied by 0.172 ( )43
250

=  or 0.688 ( )86
125

= . 

 
( )

3.24 0.688
0.302

10 5 2

+
=

+ −
 

M1 Correct use of formula for pooled variance using their values. 

 0.550s =   A1 CAO 

  4  

    

Question Answer Marks Guidance 

4 ( )  1
4

28 28 1 203  + =  

( ) ( )  1
24

28 28 1 56 1 1928.5  +  + =  

B1 Both expressions correct. Implied by 203 and 1928.5 seen. 

 
 

0.5 '203'

'1928.5'

T
z

+ −
=  

M1 Correct form or expression for CI with any z-value. 

Condone T or 0.5T −  instead of 0.5T +  for M1. 

 0.5 '203'
2.576

'1928.5'

T + −
 −  

M1 Compares their z  with 2.576 .  

Condone T or 0.5T −  instead of 0.5T +  for M1. 

 89.4T   A1 Allow 89.4T = . 

 90T =  A1 All correct with no errors seen, including correct continuity 

correction. 

  5  

2
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Question Answer Marks Guidance 

6(a) 
0 1H :     H :    B A B A   =   B1 If in words, must contain ‘population means’. 

Allow 0 1H : 0, H :   0 d d  =  if defined or consistent with working. 

 Differences: 5, 0,   1,  6, 1  ,   2,  8, 7, 15− −  M1 Attempt at signed differences. 

 ( )  
22 '39'1

8 9
'405' 29.5ds = − =  M1 Correct form for 

2
ds , note that 5.43ds = . 

 '39'
9

'29.5'
9

2.393=  
M1 Correct form. 

 A1 AWRT 2.39. 

 '2.393' 1.860 , reject H0 / significant. M1 Compare their 2.393 with 1.860 and appropriate result (may be in 

terms of H1).  

Allow M1 for comparison from 2-sample test using 1.746. 

Test result may be implied by an attempt at an appropriate 

conclusion in context ignoring hypotheses. 

 Sufficient evidence to suggest new training programme results in 

reduced times. 

OR  

Sufficient evidence to support the coach’s belief. 

A1 Correct conclusion from correct working ignoring hypotheses. 

In context.  

Level of uncertainty in language is used (for example, not ‘prove’).  

Do not accept statements such as “there is insufficient evidence to 
suggest…”. 

  7  

6(b) The population of differences may not be normally distributed. 

The population of differences may not be symmetrical (and hence 

not normal). 

B1 Must mention population/distribution and differences. 

Accept “the sample may not be random” or “times may not be 

independent”. 

  1  

6(c) A Wilcoxon matched-pairs signed-rank test. 

OR A paired-sample sign test. 

B1 Must refer to pairs / paired. 

Accept “paired Wilcoxon test” or “paired sign test”. 

  1  

3
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Question Answer Marks Guidance 

2(a) ( )
22 '2390' 3261

11 12 33
  '476117' 9.8788  s  = − = =   M1 Correct expression, implied by AWRT 9.88.  

 3.106 B1 3.106 or 3.11 seen. 

 '2390' '9.8788'
12 12

'3.106'  M1 Correct form, must be a t -value. 

    196,  202   A1 Accept with inequality signs or open brackets.  

Condone [202, 196]. 

Do not accept 199 3 . 

  4  

2(b) 1.796 −   B1  1.796  or  1.80   seen. 

 

'9.8788' '9.8788'
12 12

'199.17''199.17'
' 1.796'     or      '1.796'

kk −−
 −   

M1 Correct form, must be a t-value, consistent signs. 
Condone non-strict inequality. 

 200.8 A1 Accept 200.7, 200 or 201 from correct working. 

Condone final answer of the form k < 200.8 OE. 

Condone non-strict inequalities. 

  3  

4
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5 
0H :  A B =  1H :  A B   B1 If in words, must have population means.  

Allow H0: 0 d = ,  H1: 0d  . 

 2'3264'
8

'1331848' [ 136]− =  M1 OE, may be implied by 
2 19.43As = .  

Biased estimate of 17 earns M0 unless recovered. 

 2'2406'
6

'964964' [ 158]− =  M1 OE, may be implied by 
2 31.6Bs = .  

Biased estimate of 26 earns M0 unless recovered. 

 2 '136' '158'
 24.5

8 6 2
ps

+
= =

+ −
 

M1 Correct form using their values, may be embedded. 

 A1 OE, for example 49
2

. 

 '3264' '2406'
8 6

1 1
8 6

2.62 
' 'p

t
s

−
= =

+
 

M1 Correct form using their values. 

 A1 AWRT 2.62. 

 '2.62' 2.179,  reject H0 / significant. M1 Compare their 2.62 with 2.179 and appropriate result (may be in terms 
of H1). 

Test result may be implied by an attempt at an appropriate conclusion 

in context ignoring hypotheses. 

 Sufficient evidence to suggest that there is a difference in the 
mean tensile strengths of steel rods produced by the two 

machines. 

A1 Correct conclusion from correct working ignoring hypotheses. 
In context.  

Level of uncertainty in language is used (for example, not ‘prove’).  

Allow “(Some/enough) evidence that / to show / conclude that…”. 

Do not accept statements such as “there is insufficient evidence to 

suggest…”. 

  9  

5
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1(a) 2723,    42261x x =  =  B1 723x =  implied by AWRT 55.6 for x . 
2 42261x =  implied by AWRT 171 for  2s (or 158 if biased). 

 ( )
22 '723'1 2222

12 13 13
'42261'   170.9231s  = − = =   M1 Correct form, must be unbiased, 13.07s = . 

Implied by AWRT 171. 

 1.782 B1 1.782 or 1.78 seen. 

 

 '723' '170.9231'
'1.782' 

13 13
  

M1 Correct form, must be a t-value. 

  49.2, 62.1  A1 Accept with inequality signs or open brackets. 

Condone  62.1,49.2 . 

Do not accept 55.6 6.5 . 

  5  

1(b) The population (of car speeds) is normally distributed. 
OR 

Underlying distribution is normal. 

B1 Population mean normally distributed earns B0. 
(Underlying) data is normal earns B0. 

It is normal distribution earns B0. 

  1  

6
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3(a) 
0 1H :     H :   Y X Y X   =    B1 If in words, must have population means.  

Allow H0: 10, H :  0d d =   if  d defined or consistent with 

working. 

 Differences: 3, –1, 6, 2, 3, 3, –1, –2, 3, 3 M1 Attempt at signed differences, SOI. 

 ( )  
22 '19'1

9 10
'91' 6.1ds = − =  M1 Correct form, unbiased, implied by 2 6.1ds =  or 2.47ds =  seen. 

 '19'
10

'6.1'
10

2.43 =  
M1 Correct form using their 2

ds . 

Allow M1 for  
'696' '677'
10 10

1 1
10 10

0.666
'' ps

−
=

+
 from 2-sample t-test. 

 A1 AWRT 2.43. 

 '2.43' 2.821,  accept H0 / do not reject H0 / not significant. M1 Compare their 2.43 with 2.821 and appropriate result (may be in 

terms of H1). 

Allow M1 for comparing their 0.666 with 2.552 and appropriate 
result from 2-sample t-test. 

Test result may be implied by an attempt at an appropriate 

conclusion in context ignoring hypotheses.  

Their 2.43 must come from an attempt at standardising. 

 Insufficient evidence to support the manufacturer’s claim. 

OR 

Insufficient evidence to support that (on average) machine Y 

extracts more juice than machine X. 

A1 Correct conclusion from correct working ignoring hypotheses. 

In context.  

Level of uncertainty in language is used (for example, not ‘prove’). 

Allow ‘Not enough evidence / no sufficient evidence that / to show 

/ conclude that…’. 
Do not accept ‘No evidence…’. 

Do not accept statements such as ‘there is sufficient evidence to 

suggest…’. 

  7  

7
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3(b) Population of differences is normally distributed. 

OR 

Underlying distribution of differences is normal. 

B1 Population mean normally distributed earns B0. 

(Underlying) data is normal earns B0. 

Must mention population/distribution and differences. 
 

Following 2-sample test in part 3(a), allow either of the following: 

Populations/underlying distributions are normal. 

Populations have equal variances.  

Must refer to both populations. 

  1  

3(c) The difference remains the same for pair 4. The set of differences 

has not changed. 
OR 

Redo the test: 
2.43 2.821  

*B1 Comment that recognises that the differences remain unchanged. 

 
OR 

Compare their 2.43 from part 3(a) with 2.821. 

Following 2-sample test in part 3(a), compare their 0.653 with 

2.552. 

 The conclusion remains the same. DB1  

  2  

8



A-Level Further Mathematics: 9231 Mathematics - Further June 2025 Question Paper  41

9231/41 Cambridge International AS & A Level – Mark Scheme 

PUBLISHED 

May/June 2025  

 

© Cambridge University Press & Assessment 2025 Page 9 of 16  
 

Question Answer Marks Guidance 

1 
0 1H :              H : x y x y   =    B1 If in words, must contain ‘population means’. 

Allow 0 1H : 0,  H :  0d d =  . 

 2

2

103.218...

171.139...

x

y

s

s

=

=
 

M1 SOI, one unbiased estimate correct to 3sf or 

better. 

Do not accept biased estimates (102.4, 169.0). 

 
 

22

  2.999
120 80

yx
ss

+ =  
A1 A0 for pooled s . 

Accept 3, 3.0, 3.00. 

May be implied by 3.03=z . 

 
 

10470 6560
120 80

22
3.03

120 80

yx

z
ss

−
= =

+

 
M1 Value of z obtained using correct form with their 

2 2 and  x yt eir shs .  

Use of pooled s scores M0 A0. 

 A1 Use of pooled s scores M0 A0. 

 '3.03' > 2.576, reject 0H  (significant). 

OR 

( ) 0P '3.03' 0.00122 0.005,   reject HZ  =   (significant). 

M1 Compare their z with 2.576 and appropriate 

conclusion (may be in terms of 1H ). 

Reject H0 can be implied by an attempt at an 

appropriate conclusion in context. 

May see 00.00244 0.01,  reject H  (significant).  

Allow M1 for comparison of their 3.03 with 

2.326 and appropriate conclusion. 

 There is sufficient evidence to suggest the mean spend of customers is different on 

weekends compared to weekdays. 

A1 Correct conclusion in context from correct 

working ignoring hypotheses. 

Level of uncertainty in language used (for 

example, not ‘prove’). 

Must refer to mean or average spend. 

  7  

9
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4(a) ( )  
2 21

10
40104 612 2649.6 x x − = −  =  

( )  
2 21

8
27460 444 2818 y y − = −  =  

M1 Either expression, may be embedded. 

May be implied, for example, by 294.4 or 

402.57 seen. 

 
 2 2649.6 2818

341.725
10 8 2

+
= =

+ −
ps  

A1 SOI 

 ( )  2 1 1
10 8

(61.2 55.5) 2.120  ' ' 5.7 2.12 8.7686ps−  + =    
B1 2.120, SOI. 

 M1 Correct form, must be a t value. 

 A1 Correct un-simplified confidence interval, SOI. 

  12.9,  24.3−  A1 Accept with inequality signs or open brackets  

or  24.3,  12.9−  from −Y X . 

Condone  24.3,  12.9− . 

Do not accept 5.7 18.6 . 

  6  

4(b) Because zero lies inside the confidence interval. B1  

  1  
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2 ( )
22 1681 24

39 40 65
720 0.36923    xs  = − = =    

( )
22 228 1681

59 60 295
900 0.56949   ys  = − = =    

M1 Correct method to find one unbiased estimate, 

may be un-simplified. 

 A1 Both unbiased estimates correct to 3sf or better. 

 2 '0.36923' '0.56949'
40 60

s = +   M1 M0 for pooled estimate. 

 2 359
19175

0.0187 s  = =   A1 SOI 

 ( )168 228
40 60

CI 1.645' 's= −    M1 Correct form with any z-value, FT their .s  

 B1 1.645 (accept 1.64 or 1.65) used in CI formula. 

  0.175, 0.625   A1 Accept with inequality signs or open brackets.  

Condone  0.625,0.175 . 

Do not accept 0.4 0.225 . 

  7  

10
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5(a) 
0 1H :     ,   H :   B A B Ak k   − = −    B1 Allow 

0 1H :     ,   H :   d dk k =   if defined or 

consistent with working. 

 Differences, d :  19, 17, 8, 16, 9, 23, 6, 5.  M1 Allow one error. 

 

( )( )

2

2 2 25191 1
7 8 56

103,     1641,

  12.875,    1641 103 44.982  d

d d

d s

 =  =

 = = − = = 

  

M1 Sample mean and variance for differences. 

 

2

12.875
 

8

d

k
t

s

−
=   

M1 Correct form for t with their d  and their 2
ds . 

M0 if k is omitted. 

A1  

 

2

12.875
1.895

8

ds

k−
≥  

M1 Accept ≥ , > or =. 

  0 8.38k≤ ≤  A1 Accept 8.38k . 

  7  

5(b) Population of differences are normally distributed. B1 Accept underlying distribution or population. 

B0 for "population mean normally distributed". 

B0 for "(underlying) data is normal". 

  1  

11


