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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

o the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not lost for numerical errors, algebraic slips or errors in units.
However, it is not usually sufficient for a candidate just to indicate an intention of using some method or just to quote a formula; the formula or idea
must be applied to the specific problem in hand, e.g. by substituting the relevant quantities into the formula. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. Accuracy marks cannot be given unless the associated method
mark is earned (or implied).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

o A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For anumerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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Question Answer Marks Guidance
1 0.12+ p+q9+0.16+0.3=1 B1 | Sum of probabilities = 1
p +q = 0.42 OE.
-0.24—-p+0.590+0.16 +0.6=0.28 B1 | Form equation using E(X) = 0.28
—p +0.59g=-0.24 OE.
Accept unsimplified.
Attempt to solve their two equations in p and g M1 | Either Substitution method to form a single equation in either p or
g and finding values for both unknowns.
Or Elimination method by writing both equations in the same
form (usually ap +bg = ¢) and + or —to find an equation in one
unknown and finding values for both unknowns.
g=0.12, p=0.3 Al | CAO, both WWW.
If MO awarded SC B1 for both correct WWW.
4
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Question Answer Marks Guidance
2(a) [P3,4,..7)=1-P(0,1,2,8)] M1 | One term c, p*(1-p)* ", for0<x<8,0<p<1
= 1-(®C, 0.48°0.52° +8C; 0.48'0.52’
+8C, 0.48%0.52° +8Cg 0.48°0.52°)
=1 -(0.00534597 + 0.039478 + 0.127544 + 0.0028179) Al | Correct expression, accept unsimplified, no terms omitted, leading
to final answer.
0.825 B1 | Mark the final answer at the most accurate value.
0.8248 < p £ 0.825 WWW.
Alternative method for Question 2(a)
[P(3,4,5,6,7) =] M1 one term ®C, p*(1- p)g_x, for 0<x<8, 0<p<1
8C; 0.48°0.52° +8C, 0.48*0.52* +8Cs 0.48°0.52° + ®C;
0.48°0.52% +5C; 0.48"0.52"
Al | Correct expression, accept unsimplified, no terms omitted, leading
to final answer.
0.825 B1 | Final answer 0.8248 < p < 0.825 WWW.
3
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2(b) [Mean = 0.52x125 =]65, B1 | 65 and 31.2 seen, allow unsimplified. May be seen in

[var =0.52x0.48x125=]31.2 standardisation formula.

(5.585 < 0 < 5.586 imply correct variance).
[PX>72) = P(Z > 72.5- 65) [= P(Z >1.343)] M1 | substituting their 65 and +/their 31.2 into standardisation

\J31.2 formula (any number for 72-5), not their 31.2, \ their 5.586 .
M1 | Using continuity correction 72-5 or 71-5 in their standardisation
formula .
+ +
Note S or 15 seen gains M2 BOD
J31.2  5.586
=1-0.9104 M1 | Appropriate area @, from final process, must be probability.
0.0896 Al | 0.0896 < p < 0.0897 WWW.
5
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3(a) Lions Tigers B1 | Correct stem can be upside down, ignore extra values (not in
9 |16 reverse).
9 8 (17 |9
9 7 6 1 011810 3 4 7 B1 | Correct Lions labelled on left, leaves in order from right to left
6 0 0119 |0 1 4 5 7 and lined up vertically, no commas or other punctuation.
20 |1
B1 | Correct Tigers labelled on same diagram, leaves in order and lined
up vertically, no commas or other punctuation.
If the correct data for Lions and Tigers is transposed, treat as a
single error in Lions and condone in Tigers.
Key 1|18|3 means 181 cm for Lions and 183 cm for Tigers B1 | Correct single key for their diagram, need both teams identified
and ‘cm’ stated at least once here or in leaf headings or title.
SC If 2 separate diagrams drawn, SC B1 if both keys meet these
criteria (Max B1, B0, B0, B1).
4
3(b) Median = 186 cm B1
[UQ =190 cm, LQ =179 cm] M1|189<UQ<190-178 < LQ <180
IQR =190 - 179
11[cm] Al | WWW
3
3(c) Tigers are (generally) taller B1 | Comparison about central tendency in context.
Heights of Tigers are slightly less consistent than heights of Lions B1 | Comparison about spread in context. (Condone ‘similar spread’ in
context.)
2
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Question Answer Marks Guidance
4(a) 132-125.4 M1 | Use of tstandardisation formula with 132 and 125.4 substituted,
P(X<132) =P(Z <——————) =P(Z<0.3548 - .
( )=P(Z< )=P(Z< ) condone continuity correction 132+0.5 and use of 18.6?, J18.6
0.639 Al | 0.6385<p < 0.639
If MO scored, SC B1 for 0.6385 < p < 0.639
2
4(b) 108-117 1175 Bl |11749<z<11750r-1.175€z2<-1.1749
7 M1 | 108 and 117 substituted in standardisation formula, no continuity
correction, not ¢, Vo, equated to a z-value.
o=7.66 Al | 7.659 <0< 7.66
If MO scored, SC B1 for 7.659 < ¢ < 7.66
3
4(c) P(-1.5<Z<15) M1 | {Both 1.5 and —1.5 seen as z-values
[D(1.5) — D(-1.5)] or appropriate use of 1.5 or —1.5}
[= 2(1,(1.5)_1] and {no other z-values in part}.
= 2><t.heir0.9332—1 _ M1 | Calculating the appropriate area from stated phis of z-values
or their 0.9332 — (1-their 0.9332) which must be # the same number.
or 2x(their 0.9332 - 0.5) Condone their 0.0668 as (1 — their 0.9332).
0.8664 Al | Accept answers wrt 0.866
If AO scored SC B1 for answers wrt 0.866
0.8664° = 0.650[36.. | B1 FT | FT their 4SF (or better) probability, accept final answers to 3SF.
4
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Question Answer Marks Guidance
5(a) Y L B1 | 1st throw fully correct with probabilities and outcomes identified.
6
0 99 1 (Probabilities [all%) and outcomes (1,2,3,4,5,6) on branches).
%
B1 | 2nd throw fully correct with probabilities and outcomes identified.

4)
-y

(Probabilities (all%j and outcomes (1,2,3,4,5,6) on branches).
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Question Answer Marks Guidance
5(b) . 111 7 B1 | P(5) or P(7) identified and correct unsimplified, accept if
5 comes from 1+4 or 5: PG) = 6 X 6 + 6 36 supported by correct scenarios shown or from tree diagram .
6 comes from 1+5 P(6) = 1 X 1.1
6 6 36
7 comes from 1+6 or 6+1 P(7)= 1x1+1x1:£
6 6 6 6 36
8 comes from 6+2 P(8) = 1 X 11
6 6 36
9 comes from 6+3 P9) = 1 X 11
6 6 36
7 1 2 1 1 M1 | Adding only the values from 5 correct scenarios.
PA) = —+—+—+—+—
36 36 36 36 36
12 1 Al | Scenarios identified (may be on tree diagram in 5(a)), all
36 3 probabilities seen, WWW AG.
3
5(c) 1 6 M1 | Both identified and evaluated, consistent with their tree diagram
P(B) = 3’ P(ANB)= 36 or correct.
11 1 Al | P(A) x P(B) seen and evaluated, all notation present and correct.
PAP(B) = 2x3 =3 Correct conclusion WWW.
5 # 1 , S0 not independent
36 9
2
© UCLES 2022 Page 12 of 15




9709/51 51Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED
Question Answer Marks Guidance
5(d . Bl .
@ P(BAA thelrE Ll oe as numerator of a fraction.
,_ P(BNA)_ "™ 36 36
P(B|A%) =
P(A’) 2
M1
theirE orcorrect
361 seen, consistent with their tree diagram.
theirl- 5or correct
Al
1 ,0.25
4
3
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6(a) 5MOW 2Cs [x " Co] = 56 M1 | 8Cx x "Csxforx=1, 2,3, 4,0r5
AM1IW 8C, x 7 C1 =490
3M2W 8C3 x 'C,= 1176 B1 | Outcome for 4AM1W or 3M2W correct and identified, accept
unsimplified.
M1 | Add 3 values of appropriate scenarios, no incorrect scenarios, no
repeated scenarios, accept unsimplified.
Addition may be implied by final answer.
[Total =] 1722 Al | Value stated WWW.
Alternative method for Question 6(a)
2M3W 8C, x "C3=980 M1 | 8Cx x "Csxforx=1, 2,3, 4,0r5
1IMAW 8Cy x " C4= 280
OM5W 8Co x "Cs=21 B1 | Outcome for 2M3W or 1M4W correct and identified, accept
unsimplified.
[Total = **Cs — (980 + 280 + 21)] M1 | Subtract 3 values of appropriate scenarios from their identified
3003 — (980 + 280 + 21) total or correct,
no incorrect scenarios, no repeated scenarios, accept unsimplified.
[Total =] 1722 Al | Value stated WWW.
4
6(b) 13C; x 2Cs[x 'C7] [= 455 x 792 ] M1 | °C, x g, r =3, 5, 7; q a positive integer >1
M1 | °Cs x 15Ci[x °51C ] s =3,5,7;t=3,5,7 #5,u=3,57 #5s,t
360360 Al | Final answer.
If AO awarded SC B1 for final answer 360360.
3
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6(c) Method 1: Total number of arrangements with AB together — Arrangements with AB and FG together
6! x 2 — 5! x2 x2 M1l | alx2lxb,a=5,6;b=1,2seen.
[=1440-480]
M1 | Either 6! x 2 —c ,1 <c <1440
ord-—>5!x2x2, 1440 <d
960 Al

Method 2: arrangements with AB together with F and G not together.

2x41x5x% 4 M1 | 2 x 41 x e, e positive integer >1

M1 | f x5 x 4, f positive integer >1
condone f x 20, f x °C,, f positive integer >1

960 Al
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

o the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.
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Mathematics Specific Marking Principles

1 | Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required then
no marks will be awarded for a scale drawing.

2 | Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 | Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 | Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 | Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 | Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not lost for numerical errors, algebraic slips or errors in units.
However, it is not usually sufficient for a candidate just to indicate an intention of using some method or just to quote a formula; the formula or idea
must be applied to the specific problem in hand, e.g. by substituting the relevant quantities into the formula. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. Accuracy marks cannot be given unless the associated method
mark is earned (or implied).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

e A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For anumerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1(a) 0.2xXx+0.1x2x+0.7x0.25=0.235 M1 | 0.2xXx+0.1x2x+0.7x0.25 or 0.2x + 0.2x + 0.175 seen.
M1 | Equating their 3 term expression (2 terms involving x) to 0.235
x=0.15 Al
3
1(b) P(car and not late) M1 | 0.1x(1-2xtheirx) or 0.1 x 0.7 as numerator
[P(car|notlate) =
P(notlate) and
01x(1-0.3 0.2 x (1 —their x) + 0.1 x (1 — 2 x their x ) + 0.7 x 0.75 with values
L substituted or 1 — 0.235 or 0.765 as denominator of fraction.
1-0.235 Condone 0.2 x (1 — their x) + 0.1 x (1 — x their x) + 0.7 x 0.75 as
denominator consistent with 1(a).
0.07 70 14 Al | 0.091503267 to at least 3SF.
o765 0095 If MO scored SC B1 for 0.091503267 to at least 3SF.
2
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2(a 8-55, M1 | Use of + standardisation formula, with 54.8, 55.6 and 1.2
®) [P(X<54.8)] =P(Z <M) . 2 o .
1.2 substituted. condone 1.2%,+/1.2 or continuity correction of 54.75 or
54.85
[=P(Z <-0.6667)]=1-0.7477 M1 | Appropriate area @, from final process, must be probability.
=0.2523 Al | 0.252 < p £ 0.2525
If AO scored S CB1 for 0.252 < p £ 0.2525
[Expected number =] 400x0.2523=100.92 B1 FT | FT their 4SF (or better) probability from a normal calculation.
100 or 101 Must be a single integer answer.
4
2(b) 1 1, D M1 | {Both %2 and —'% seen as z-values
[P(_E <Z< E) =0(2) - 9() =] or appropriate use of +% or =2}
1 and {no other z-values in part}.
20| = -1 .2—55. 55[.0|-55.6
( J Condone 56.2-556 and 9] seen as z-values.
= 2xtheir 0.6915—1 12 12
or their 0.6915 — (1 their 0.6915) M1 | Calculating the appropriate area from stated phis of z-values which
or 2x(0.6915-0.5) must be + the same number.
0.383 Al | 0.3829 € 2<0.383

If AO scored SC B1 for 0.3829 < z < 0.383
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3(a B1 | May be seen used in calculation.
@ pazor1g)=] =X 001850185..) Y
216 54
5 M1 | p(l-p)’0<p<l
54) 54
0.0169 Al | 0.01686 < p < 0.0169
If AO scored SC B1 for 0.01686 < p < 0.0169
3
3(b) _ (s3Y M1 (53 '
[PX<8)=]1-| — 1—| their| —or0.98148 |or correct | ,
o4 54
r=7,80<theirp<l1
0.123 Al |0.1225 < p<0.123

Alternative method for Question 3(b)

[P(X<8) =]

EREOEOER | |

226

ML q+ pa+pq+ p’q+ p*a+ p’a[ +p%d |, p+q=10<p.q<Lg

0.123

Al | 0.1225 < p < 0.123

© UCLES 2022

Page 8 of 18



9709/52

Cambridge International AS & A Level — Mark Scheme October/November 2022

PUBLISHED

Question

Answer Marks

Guidance

4(a)

Cw 20 20 10 10 40 M1
Fd 1.6 23 9.6 52 0.6

Frequencs Jersihy

At least 4 frequency densities calculated

f 32(
—eg—| condone
cw ~ 20 cw+0.5

may be read from graph using their scale no lower than 1 cm =fd 1

if unsimplifiedj , accept unsimplified,

Al

All bar heights correct on graph, using their suitable linear scale
with at least 3 values indicated, no lower than 1 cm = fd 2.

Bl

Bar ends at [0,] 20, 40, 50, 60, 100 (at axis), 5 bars drawn 0 < time
axis < 100, linear scale with at least 3 values indicated.

Bl

T
© 10 20 % Yo Jo (o r 9 G lou No Ko

“;E”_}"‘M/mi-\‘uh)

Axes labelled frequency density (fd), time (t) and minutes
(mins, m) or appropriate title.
(Axes may be reversed).

© UCLES 2022
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Question Answer Marks Guidance
4(b) Midpoints 10 30 45 55 80 B1 | At least 4 correct midpoints seen (check data table).
[Mean = 43.2 given] M1 | Appropriate variance formula with their 5 midpoints (not upper
32 %102 + 46 x 302 + 96 x 452 + 52 x 552 + 24 x 802 ) bound, lower bound, class width, frequency density, frequency or
[Var =] 250 —43.2 cumulative frequency).
or Condone 1 frequency error.
) ) ) If correct midpoints seen accept
32(10-43.2)" +46(30-43.2)" +96(45-43.2) 3200 + 41400 +194400 + 157300 + 153600 or 549900
+52(55-43.2)° +24(80 - 43.2)° 250 250
250 —{43.22 0r1866.24} .
549900 ) Al | www, final answer 18.25814887 to at least 3SF.
= 250 —43.2° =333.36 If MO earned SC B1 for final answer 18.25814887 to at least 3SF.
Sd =18.3
3
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5(a) Method 1: Scenarios identified ignoring unbiased coin
P(BH; BT,) = EXEZE M1 | All 3 different calculations seen unsimplified.
4 4 16
P(BT1 BH,) = E><l=i
4 4 16
1 1 1
P(BH: BHy) ==x==—
(BH BRI =727 16
3 3 1 7 Al | Clear identification of all scenarios, linked probabilities and sum.
16 16 16 16 AG
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5(a) Method 2: Scenarios identified with all 3 coins
M1 | All 6 different calculations seen unsimplified.
P(H BH: BT) = —xSxS= > ' Hiat unsImpiit
2 4 4 32
P(T BH; BTy) = 1133
2 4 4 32
P(HBT1BH,) = 1.3,1.3
2 4 4 32
P(T BT1BH,) = 13,13
2 4 4 32
111 1
P(HBH; BH;) ==x=x==—
(HBHBR) = 1" 2
111 1
P(TBH; BHy) ==x=x—==—
(TBHL B = 4732
P(B) = 1+3+3+1+3+3 14 7 Al | Clear identification of all scenarios, linked probabilities and sum.
B 32 32 16 AG
Method 3: 1- P(BT1 BT) ignoring unbiased coin
3)? M1 | Calculation seen unsimplified
1-P(BT.BT;) = 1—&) and 1 — probability seen.
Al | Clear identification of scenario used, linked probability and
calculation. AG
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5(a) Method 4: 1- P(BT1 BT>) with all 3 coins
1 3 3 1 3 3 M1 | Both calculations seen unsimplified
1-P(HBT.BT;) - P(T BT BT;) = 1— Plariard il i and 1 — 2 probabilities seen.
9 9 7 Al | Clear identification of all scenarios used, linked probabilities and
"3 32 16 calculation. AG
2
5(b) 111 1 M1 | Their identified P(HHH) or correct as numerator
P(ANB) | 274"4 32 and their identified P(B) or correct as denominator.
P(AB)= P(B) = 7 7 Either numerical expression acceptable.
6 16
1 Al | Accept 0.071428... rounded to at least 3SF.
=—,0.0714
14
2
5(c) 131 113 13315 B1 | Table with correct X values and at least one probability.
P(H) = A 1T T Condone any additional X values if probability stated as 0.
P(2H) = 1><1><£+l §x1+1 1 Ezl B1 | P(1) or P(2) correct, need not be in table, accept unsimplified.
2 4 4 2 4 4 2 4 4 32
B1 | 4 correct probabilities linked with correct outcomes, may not be in
X 0 1 2 3 table.
P(X) 9 15 7 1 Decimals correct to at least 3 SF.
32 32 32 32
0.28125 | 0.46875 | 0.21875 | 0.03125 SC B1 for 4 probabilities (0 < p < 1) sum to 1 £+ 0.005 with P(1)
and P(2) incorrect.
3
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6(a) [1-P(10, 11, 12) =] M1 | one term 2C, p* (1-p)*™ for0<x<12,0<p<1
1—(*2Cy 0.9°0.1% + *2Cy; 0.9"0.1* +12Cy, 0.9%0.1°)
=1-(0.230128 + 0.376573 + 0.282430) Al | Correct expression, accept unsimplified, no terms omitted, leading
to final answer.
0.111 B1 | Mark the final answer at the most accurate value,
0.1108 < p £ 0.111 WWW.
Alternative method for Question 6(a)
[P(0,1,2,3,4,5,6,7,8,9) =] M1 | One term 2c, p* (1- p)lz_x, for0<x<12,0<p<1
12Co 0.9°0.1" +%2C; 0.9'0.1" +%2C, 0.9%0.1° +2C; 0.9°0.7°
+12C,40.9%0.1° +1C5 0.9°0.1" +%C5 0.9°0.1° +2C7 0.970.1° +'%Cq Al | Correct expression, accept unsimplified, no terms omitted, leading
0.9%0.1* +12Cy 0.9°0.1%) to final answer. If answer correct condone omission of any 7 of the
8 middle terms.
0.111 B1 | Final answer 0.1108 < p £ 0.111 WWW.
3
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6(b) [Mean =80 x 0.9 =] 72, B1 | 72 and 7.2 seen, allow unsimplified.
[Variance =80x0.9x0.1] = 7.2 May be seen in standardisation formula.
(2.683 < 0 < 2.684 imply correct variance).
P(X > 69) = P(Z > 39272 M1 | Substituting their mean and +/their variance into standardisation
\J7.2 formula (any number for 69-5), not their 7.2, not Vtheir 2.683
M1 | Using continuity correction 69-5 or 68-5 in their standardisation
formula.
[=P(Z>-0.9317)=] M1 | Appropriate area @, from final process, must be probability.
©(0.9317)
0.824 Al | 0.8239 < p < 0.8243 WWW.
5
6(c) np =72, nq=8 Both greater than 5, [so approximation is valid] B1 | np, ng evaluated accurately.
both np & nq referenced correctly.
> 5 or greater than 5 seen.
1
Question Answer Marks Guidance
7(a 7! M1 !
(a) & bc=12
bixc!
21 21
7! x—x— oe, no further terms present.
21 21
5040 Al
2
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7(b) Method 1 for first 3 marks: Arrangements of 6 letters including Ls between As
51 x5x2 M1 | 5! x d, dinteger > 1
M1l el xfxg,e=5,67f=159=12,f#g
1 can be implicit.
1200 Al
Method 2 for first 3 marks: Number of arrangements of LLM™MY — number of arrangements with the Ls split by an A
6! x2-5Ix2 M1 | 6! x 2—-hhaninteger 1 <h <1440
M1 | k- 5! x 2 k an integer k > 240
1200 Al
Method 3 for first 3 marks: Alternative approaches to Method 1
ANANNAANN 5Py 1Py« 5Ps x 1P; = 600 M1 | LL treated as a single unit.
M1
1200 Al
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7(b) Final 2 marks of Question 7(b)
ol B1 | Accept unsimplified.
[Total number of arrangements =] 2101 - 90720 May be seen as denominator of probability.
B1FT i
Probability = &i 0.0132 M unsimplified B1 FT if their 1200 and their 90 720
90720 378 their 90720
supported by work in this part.
5
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7(c) Method 1: Scenarios identified Both As and Ls removed

A °C4=5 B1 | 1 correct, identified outcome/value
AA_ °C3=10 for A, AL or AAL scenario, accept unsimplified
AL °C3=10 °Cs « cannot be used in place of °Cy
AAL __ °C; =10
M1 | Add 4 values of appropriate scenarios,
no incorrect scenarios, no repeated scenarios, accept unsimplified,
condone use of permutations.
[Total =] 35 Al | Value stated WWW.

Method 2: 1 A fixed, 1 L removed

No other scenarios can be present anywhere in solution

AANAAAN TG, M1 |'Ch3<hg5
B1 | 'C4 oe, no other terms, scenario identified.
[Total =] 35 Al | Value stated.

Method 3: 1 A fixed, both Ls removed

ANNAAN=8C, =15
ALAMMA=8C;=20

B1 | Correct outcome/value for 1 identified scenario, accept
unsimplified. WWW

M1 | Add 2 values of appropriate scenarios,
no incorrect scenarios, no repeated scenarios, accept unsimplified,
condone use of permutations.

[Total =] 35

Al | Value stated.
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Generic Marking Principles

These general marking principles must be applied by all examiners when marking candidate answers. They should be applied alongside the specific content of the
mark scheme or generic level descriptors for a question. Each question paper and mark scheme will also comply with these marking principles.

GENERIC MARKING PRINCIPLE 1:

Marks must be awarded in line with:

e the specific content of the mark scheme or the generic level descriptors for the question

o the specific skills defined in the mark scheme or in the generic level descriptors for the question
e the standard of response required by a candidate as exemplified by the standardisation scripts.

GENERIC MARKING PRINCIPLE 2:
Marks awarded are always whole marks (not half marks, or other fractions).

GENERIC MARKING PRINCIPLE 3:

Marks must be awarded positively:

e marks are awarded for correct/valid answers, as defined in the mark scheme. However, credit is given for valid answers which go beyond the scope of the
syllabus and mark scheme, referring to your Team Leader as appropriate

marks are awarded when candidates clearly demonstrate what they know and can do

marks are not deducted for errors

marks are not deducted for omissions

answers should only be judged on the quality of spelling, punctuation and grammar when these features are specifically assessed by the question as
indicated by the mark scheme. The meaning, however, should be unambiguous.

GENERIC MARKING PRINCIPLE 4:
Rules must be applied consistently, e.g. in situations where candidates have not followed instructions or in the application of generic level descriptors.

GENERIC MARKING PRINCIPLE 5:
Marks should be awarded using the full range of marks defined in the mark scheme for the question (however; the use of the full mark range may be limited
according to the quality of the candidate responses seen).

GENERIC MARKING PRINCIPLE 6:
Marks awarded are based solely on the requirements as defined in the mark scheme. Marks should not be awarded with grade thresholds or grade descriptors in
mind.

© UCLES 2022 Page 2 of 16




9709/53 Cambridge International AS & A Level — Mark Scheme October/November 2022
PUBLISHED

Mathematics Specific Marking Principles

1 Unless a particular method has been specified in the question, full marks may be awarded for any correct method. However, if a calculation is required
then no marks will be awarded for a scale drawing.

2 Unless specified in the question, answers may be given as fractions, decimals or in standard form. Ignore superfluous zeros, provided that the degree of
accuracy is not affected.

3 Allow alternative conventions for notation if used consistently throughout the paper, e.g. commas being used as decimal points.

4 Unless otherwise indicated, marks once gained cannot subsequently be lost, e.g. wrong working following a correct form of answer is ignored (isw).

5 Where a candidate has misread a number in the question and used that value consistently throughout, provided that number does not alter the difficulty or
the method required, award all marks earned and deduct just 1 mark for the misread.

6 Recovery within working is allowed, e.g. a notation error in the working where the following line of working makes the candidate’s intent clear.
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Mark Scheme Notes

The following notes are intended to aid interpretation of mark schemes in general, but individual mark schemes may include marks awarded for specific reasons
outside the scope of these notes.

Types of mark

M

B

DM or DB

FT

Method mark, awarded for a valid method applied to the problem. Method marks are not lost for numerical errors, algebraic slips or errors in units.
However, it is not usually sufficient for a candidate just to indicate an intention of using some method or just to quote a formula; the formula or idea
must be applied to the specific problem in hand, e.g. by substituting the relevant quantities into the formula. Correct application of a formula
without the formula being quoted obviously earns the M mark and in some cases an M mark can be implied from a correct answer.

Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. Accuracy marks cannot be given unless the associated method
mark is earned (or implied).

Mark for a correct result or statement independent of method marks.

When a part of a question has two or more ‘method’ steps, the M marks are generally independent unless the scheme specifically says otherwise;
and similarly, when there are several B marks allocated. The notation DM or DB is used to indicate that a particular M or B mark is dependent on
an earlier M or B (asterisked) mark in the scheme. When two or more steps are run together by the candidate, the earlier marks are implied and full
credit is given.

Implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect results. Otherwise, A or B marks are
given for correct work only.

o A or B marks are given for correct work only (not for results obtained from incorrect working) unless follow through is allowed (see abbreviation FT above).

e  For anumerical answer, allow the A or B mark if the answer is correct to 3 significant figures or would be correct to 3 significant figures if rounded (1
decimal place for angles in degrees).

e  The total number of marks available for each question is shown at the bottom of the Marks column.

e Wrong or missing units in an answer should not result in loss of marks unless the guidance indicates otherwise.

e  Square brackets [ ] around text or numbers show extra information not needed for the mark to be awarded.
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Abbreviations
AEF/OE Any Equivalent Form (of answer is equally acceptable) / Or Equivalent
AG Answer Given on the question paper (so extra checking is needed to ensure that the detailed working leading to the result is valid)
CAO Correct Answer Only (emphasising that no ‘follow through’ from a previous error is allowed)

CwoO Correct Working Only

ISW Ignore Subsequent Working
SOl Seen Or Implied
SsC Special Case (detailing the mark to be given for a specific wrong solution, or a case where some standard marking practice is to be varied in the

light of a particular circumstance)
WWW  Without Wrong Working

AWRT  Answer Which Rounds To
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1 > x=50%x20=35; > x=1035 B1 | Correct value for > x or X.
or X = §+20 = 1035 [=20.7]
50 50
2 2 M1
25036 _(2) _ 25036 _(1035) 25036 heir X 2
50 50 50 50 50 50
72.23 Al | Exact answer only
SC B1 for 72.23 with no substitution in formula.
3
Question Answer Marks Guidance
2 Mean = 80x0.32=25.6, B1 | 25.6 and 17.4[08] seen, allow unsimplified.
var =80x0.32x0.68=17.408 4.172... implies correct variance.
_ 19.5-25.6, _ M1 | Substituting their 25.6 and 17.408 into +standardisation
P(X<20)=P(Z < 17 408 ) =P(Z <-1.462) formula (any number for 19-5), not %, V o.
M1 | Using continuity correction 19-5 or 20-5 in their
standardisation formula.
= [1-®(1.462)] =1-0.9282 M1 | Appropriate area @, from final process, must be probability.
(Expect final ans < 0-5).
Note: the correct final answer may imply M1 from use of
calculator.
0.0718 Al | 0.0718 < p £0.0719
5
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3() Cumulative frequency graph M1 | At least 3 points plotted accurately at class upper end points:
20 (20,32), (30, 66), (35, 112), (40, 178), (50, 228),
(60, 250).
B = T Linear cf scale 0 < cf < 250 and linear time scale 0 < time
< 60 with at least 3 values identified on each.
200
Al | All points plotted correct, curve drawn (within tolerance) and
_160 joined to (0,0).
Axes labelled cumulative frequency (cf), time (t) and
10 minutes (min or m) — or a suitable title.
£ Axes can be the other way round.
g 80
40
o 10 20 30 40 50 60
Time taken (t minutes)
2
3(b) Line drawn from 150 on cf axis to meet graph at about B1 FT | Must be an increasing cf graph with correct upper bounds.
t =38 minutes Use of graph must be seen.
Expect an answer in range 37 < t < 39 for a correct graph
1
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3(c) [Frequencies] [32] 34 46 66 50 22 B1 | May be unsimplified and/or in variance calculation.
[Midpoints] 10 25 325 375 45 55 M1 | At least 5 correct midpoints seen , may be unsimplified.
[Variance] = M1 | Correct unsimplified Variance formula with their midpoints
32x10% +34x 252 + 46 % 32.5% + 66 x 37.5 + 50 x 452 + 22 x 55 3447 and their frequencies for var or sd.
333650 250 ( — mean? included)
[= —34.4% =151.24]
250
[Sd=]12.3 Al | Awrt WWW

SC B1 for 12.3 if second M1 not awarded.
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4(a) Method 1: Scenarios identified
[no of ways for score of 2 are] 222, 211, 212, 221, 122, 112, 121 B1 | 7 correct scenarios identified, no incorrect.
[Total options = 64]
7 7 M1 a . e
[So P(X=2) =] = — , a = their number of correct identified
dx4x4 64 Ax4x4
scenarios > 4
Al | Approach identified, WWW.

Method 2: P(2 on all spinners) + P(2 on two spinners and 1 on one spinner) + P(2 on one spinner and 1 on two spinners)

3 B1 3

(1) sttt Bkl (3] +ica(oriey) 3xgxg]va 0<a<

4 4 4 4 4 4 4 4 4 4 4

M1 3 3 3

(lj +e(lj +f(1j 1<e <5and1<f <5
4 4 4

[So P(X = 2) =] = 7 Al | Approach identified, WWW.

64
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Method 3: P(1 or 2 on each spinner) — P(1 on all spinners)
3 3 B1 3
1y (1 1 —b seen, 0<b<1
2 4 2
ML | 13
(—j —c®,0<c<¥%
2
Al | Approach identified, WWW.
[So P(X =2) =] - PP
64
3
4(b) 1 B1 | P(X = 1) or P(X = 4) correct. Condone answers not in
P(X=D)=2 probability distribution table if clearly identified.
B1 FT | All 4 probabilities summing to 1.
P(X = 4) = T 74 P 9
64 64 64 |64
2
4(c) 3% 1 243 B1 | Accept 0.059326... to 4 or more SF.
P(Y=6)=|| - | x==0.0593,——
4 4096

1
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4(d) 3\ M1 | 3\
(—j (—j ,g=4,5 or p* where0<p<1
4 4
_ £,0.316 Al | Accept 0.316406...to 4 or more SF.
256
Alternative method for Question 4(d)
P(Y>4)=1-P(Yg4)=1- E+§><1+(§)2><£+(§j3><l ML Contecter 2 3 4
S 4 4 4 \4) a\a) 4 1- l+§xl+(§J xl{ﬁj XLG]
4 4 4 \4 4 \4 4 \4
IR
7256 or 1 —(p+ap+q°p+q°p) where 0<p <landq=1-p
_ £,0.3l6 Al | Accept 0.316406...to 4 or more SF.
256
2
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5(a) [P0, 1, 2) =] 1°C, 0.1°0.9°° +1°C; 0.1:0.9° + °C, 0.120.9° M1 one term *°C, p*(1-p)*™*, 0< p<Lx#0
=0.348678+0.38742+0.19371 Al | Correct expression, accept unsimplified.
0.930 B1 | 0.9298 < p < 0.9303
Alternative method for Question 5(a)
[1-P(3,4,5,6,7,8,9 10)=1— (*Cs 0.9 0.2° +°C4 0.9°0.1* +°C; M1 | One term °c, p* (1- p)lo—x,
0.9°0.1° +°Cs 0.9%0.1° +1°C;0.9°0.1" +¥Cq 0.9%0.2% +°C4 0.9'0.1° 0<p<lx=0
+°C15 0.9°0.19)
Al | Correct expression, accept unsimplified.
0.930 B1 | 0.9298 < p < 0.9303
3
5(b) B 1.11-1.04, _ M1 | 1.11, 1.04 and 0.06 substituted into +Standardisation
[P(X>1.11) =]P(Z > 0.06 )=P(Z>1.167) formula, no continuity correction not 0.06 or V0.06
=1-0.8784 M1 | 1 —their 0.8784 as final answer, must be probability. (Expect
final ans < 0-5).
0.122 Al | 0.1216 < p< 0.122
SC MO0 M1 B1 for 0.122 with no standardisation formula.
3
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5(c -1. Bl | 0.8775<2<0.878 or —0.878 € z<—-0.8775 .
(c) [P(X<W):P(Z<Woé604)=0-81] z or z seen
W—1.04 ' M1 | 1.04 and 0.06 substituted in xstandardisation formula, no
0 0'6 =0.878 continuity correction, not o2, \ o, equated to a z-value.
w=1.09 Al | 1.09 <w<1.093
3
Question Answer Marks Guidance
6(a ! M1 I i
Q 9 h_ ,h=7,8,9;j=1,2
212! 2 j!
90720 Al
2
6(b) Arrangements with 5 letters between As + Arrangements with 6 letters between As + Arrangements with 7 letters between As
1 M1 | 71
With gap of 5: %x 3 [=7560] %x k, k positive integer 1<k <7
. 7!
With gap of 6: Pl 2 [=5040] M1 | Add their no of ways for 3 identified correct scenarios, no
7', additional incorrect scenarios, accept unsimplified.
With gap of 7: ?;xl [= 2520]
! Al
[Total no = %x 6=] 15120
3
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6(c) Method 1: Summing number of ways
AT 2x2x °C3 40 B1 | Correct no of ways for 4 correctly identified scenarios,
A 2x°C, 10 accept unsimplified.
AATT _ °Cy 5
AAT _ 2x°C, 20 M1 | Add no of ways for 5 or 6 identified correct scenarios, no
AA_ °Cs 10 additional incorrect scenarios, no repeated scenarios, accept
_____ °Cs 1 unsimplified.
[Total no of ways not containing more Ts than As =] Al | All correct and added
= 40+10+5+20+10+1 [=86]
- M1 their
Probability = 98—6 : e_| 86. , accept numerator unevaluated
Cs 9C5or their identified total

Al
ﬁﬁ , 0.683
126 63
Method 2: Subtracting no of ways with more Ts from total
T 2x°C,4 10 B1 | Correct no of ways for 2 correctly identified scenarios, no
TTA 2x°C, 20 additional incorrect scenarios, no repeated scenarios, accept
T _ °Cs 10 unsimplified, condone use of permutations

M1 | Add no of ways for 2 or 3 correct scenarios and subtract from

their total no of ways
All correct and subtracted

Total no of ways with more Ts than As =40 Al
°C, —40=86

M1 i
Probability = 98—6 t_he_|r86_ - accept numerator unevaluated

Cs 9C5or their identified total
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6(c Al
© 4—3 0.683
63
5
Question Answer Marks Guidance
7(a M1
@) [P(SR TR) + P(SW TR) =] 3,242,3 32 ik or 14243 0<kl<1
8 7 8 7 8 8 7
Al
= £§ , 0.375 SC B1 for § with no explanation.
56 8 8
2
7(b RRWR, WRRR, WRWR Ml m n o
® [3 2 51 5 3 2 ]1 3 4 2 TxoxIxd 1<mnoq<5 mEntozg
—X=X—=X— + =X=X—=X—4F—X—=X—X— 8 7.6 5
8 765 87 65 7 6 5
1 1 1 Al | Probability for one scenario correct, accept unsimplified.
“56 56 141
M1 | Adding probabilities for 3 correct scenarios and no incorrect.
180 3 Al | Or 0.1071428... to 4SF or better.
"~ 1680' 28" 0.107 SC B1 for 3/28 with inadequate explanation.
4
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) 301 M1 their P(RRWR)or§><gx§><1
[P(S first disc R [T2) =] 1880 = 5. 8 16>
= = their 7(b) — mustbe a probor
28 28 28
Al
l , 0.167
6
2
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