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Instructions to Examiners

Abbreviations

M Marks awarded for attempting to use a correct Method; working must be seen.

(M) Marks awarded for Method; may be implied by correct subsequent working.

A Marks awarded for an Answer or for Accuracy; often dependent on preceding M marks.

(A) Marks awarded for an Answer or for Accuracy; may be implied by correct subsequent working.
R Marks awarded for clear Reasoning.

N Marks awarded for correct answers if no working shown.

AG  Answer given in the question and so no marks are awarded.

Using the markscheme

1

General

Mark according to Scoris instructions and the document “Mathematics HL: Guidance for e-marking
November 2013”. It is essential that you read this document before you start marking. In particular, please
note the following.

Marks must be recorded using the annotation stamps. Please check that you are entering marks for the right
question.

e [f a part is completely correct, (and gains all the “must be seen” marks), use the ticks with numbers to
stamp full marks.

e Ifa part is completely wrong, stamp A0 by the final answer.
e [fa part gains anything else, it must be recorded using all the annotations.

All the marks will be added and recorded by Scoris.

Method and Answer/Accuracy marks

e Do not automatically award full marks for a correct answer; all working must be checked, and marks
awarded according to the markscheme.

e It is not possible to award M0 followed by A1, as A mark(s) depend on the preceding M mark(s), if any.

e Where M and A marks are noted on the same line, for example, M1A1, this usually means M1 for an
attempt to use an appropriate method (for example, substitution into a formula) and A7 for using the
correct values.

e Where the markscheme specifies (M2), V3, etc, do not split the marks.

e Once a correct answer to a question or part-question is seen, ignore further working.
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N marks
Award N marks for correct answers where there is no working.

e Do not award a mixture of NV and other marks.
e There may be fewer N marks available than the total of M, 4 and R marks; this is deliberate as it
penalizes candidates for not following the instruction to show their working.

Implied marks

Implied marks appear in brackets, for example, (M1), and can only be awarded if correct work is seen or if
implied in subsequent working.

e Normally the correct work is seen or implied in the next line.
e Marks without brackets can only be awarded for work that is seen.

Follow through marks

Follow through (FT) marks are awarded where an incorrect answer from one part of a question is used
correctly in subsequent part(s). To award FT marks, there must be working present and not just a final
answer based on an incorrect answer to a previous part.

e [f the question becomes much simpler because of an error then use discretion to award fewer 7T marks.

e If the error leads to an inappropriate value (for example, sind=1.5), do not award the mark(s) for the
final answer(s).

e Within a question part, once an error is made, no further dependent 4 marks can be awarded, but M
marks may be awarded if appropriate.

e Exceptions to this rule will be explicitly noted on the markscheme.

Mis-read

If a candidate incorrectly copies information from the question, this is a mis-read (MR). A candidate should
be penalized only once for a particular mis-read. Use the MR stamp to indicate that this has been a mis-
read. Then deduct the first of the marks to be awarded, even if this is an M mark, but award all others so
that the candidate only loses one mark.

e If the question becomes much simpler because of the MR, then use discretion to award fewer marks.
e [fthe MR leads to an inappropriate value (for example, sin @ =1.5), do not award the mark(s) for the final
answer(s).

Discretionary marks (d)
An examiner uses discretion to award a mark on the rare occasions when the markscheme does not cover the

work seen. In such cases the annotation DM should be used and a brief note written next to the mark
explaining this decision.



10

11

-5- N13/5/MATHL/HP3/ENG/TZ0/SP/M

Alternative methods

Candidates will sometimes use methods other than those in the markscheme. Unless the question specifies a
method, other correct methods should be marked in line with the markscheme. If in doubt, contact your team
leader for advice.

e Alternative methods for complete questions are indicated by METHOD 1, METHOD 2, etc.
e Alternative solutions for part-questions are indicated by EITHER . . . OR.

e Where possible, alignment will also be used to assist examiners in identifying where these alternatives
start and finish.

Alternative forms
Unless the question specifies otherwise, accept equivalent forms.

e As this is an international examination, accept all alternative forms of notation.

e In the markscheme, equivalent numerical and algebraic forms will generally be written in brackets
immediately following the answer.

e In the markscheme, simplified answers, (which candidates often do not write in examinations), will

generally appear in brackets. Marks should be awarded for either the form preceding the bracket or the
form in brackets (if it is seen).

Example: for differentiating f (x) =2sin(5x —3), the markscheme gives:
f’(x)=(2cos(5x—3))5 (=1000s(5x—3)) Al

Award A1 for (2 cos(5x— 3)) 5, even if 10cos(5x—3) is not seen.

Accuracy of Answers
Candidates should NO LONGER be penalized for an accuracy error (AP).
If the level of accuracy is specified in the question, a mark will be allocated for giving the answer to the

required accuracy. When this is not specified in the question, all numerical answers should be given exactly
or correct to three significant figures. Please check work carefully for FT.

Crossed out work

If a candidate has drawn a line through work on their examination script, or in some other way crossed out
their work, do not award any marks for that work.
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Calculators

A GDC is required for paper 3, but calculators with symbolic manipulation features (for example, TI-89) are
not allowed.

Calculator notation
The Mathematics HL guide says:
Students must always use correct mathematical notation, not calculator notation.
Do not accept final answers written using calculator notation. However, do not penalize the use of calculator
notation in the working.

More than one solution

Where a candidate offers two or more different answers to the same question, an examiner should only mark
the first response unless the candidate indicates otherwise.
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@) () \7:ﬁ(55x5+65x13+...+145x31) AIM1

Note: A1 for mid-points, M1 for use of the formula.

113210

=113.21 AG
1000
_ 2 _ 2 _ 2
(i) = (55-113.21)"x5+(65-113.21)"x13+...+(145-113.21)" %31 M)
999
3022959 _ 365 6585... =363 Al
999
Note: Award A1 if answer rounds to 362 or 363.
Note: Condone division by 1000.
(b) 7xloosXS M1)
n
hence the confidence interval /7 =[112.028,114.392] Al
Note: Accept answers which round to 112 and 114.
Note: Condone the use of zg ¢o5 for o025 and o for s.
(¢) less confidence implies narrower interval R2

Note: Accept equivalent statements or arguments having a meaningful
diagram and/or relevant percentiles.

hence the confidence interval I at the 95% level contains the confidence
interval J at the 90 % level AG

[4 marks]

[2 marks]

[2 marks]

Total [8 marks]
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(@) letW=X-15Y (M1)
E(W)=180-1.5x150(=—-45) Al
Var (W) =14>+2.25x12% (=520 or 22.8%) (MDAI
W ~ N(-45, 520) (M1)
P(W >0)=0.0242 (MDAI N4

Note: The penultimate (M1) is for recognising normality.

[7 marks]
(b)y let T=X+X,+X,+X,+Y,+Y,+Y,+Y,+Y,+Y, (grams) denote
the total weight (M1)
E(T)=4x180+6x150 (=1620) Al
Note: Condone correct expected value from 7 =4X +6Y .
Var(T)=4x14"+6x12* (=1648 or 40.6%) (M1)A1
then 7'~ N (1620, 1648) (M1)
P(T >1500)=0.998 (M1)A1 N4
Note: Accept answers which round to 0.998.
Note: The penultimate (M1) is for recognising normality.
[7 marks]

Total [14 marks]
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(a) (1) Hp: all coins are fair (or the data are represented by B(7, 0.5)) Al
H;: not all coins are fair (or the data are not represented by B(7, 0.5)) 41

(i) 2, > 2w (14.067) or p-value < 0.05 = reject null hypothesis Al

(ii1) let 7'be the number of tails obtained, 7 is binomially distributed (M1)

T ~B(7,0.5) (AD)
T 0 1 2 3 4 5 6 7
fo 6 19 141 218 203 117 38 8

fe [5.859... |41.01... | 123.0... | 205.0... | 205.0... | 123.0... [ 41.01... | 5.859...

A2
Note: Allow tabular values which are correct to 3 significant figures.
Note: Award A1 for 6 or 7 correct values.
7..=16.576... Al
Note: Accept answer which round to 16.6.
av) v=7 (Al)

since 16.576...>14.067 or p=0.02(034...)<0.05, Hyp is rejected  RI

Note: Follow through their »’

cale

or p-value for the R1.

[10 marks]
(b) reduce the significance level (or equivalent statement) R2
[2 marks]
(¢) (1) accepting Hy (or failing to reject Hy) when it is false (or equivalent) A1
(i) increase the number of trials Al
[2 marks]

Total [14 marks]
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4.  Hy: the training schedule does not help improve times (or ¢ =0) Al
H;: the training schedule does help improve times (or x> 0) Al
Note: Subsequent marks can be awarded even if the hypotheses are not stated.
(Assuming difference of times is normally distributed.)
let d = time before training — time after training M1)
Competitor A B C D E
Tlme before training 75 74 60 69 69
(in seconds)
"l."lme after training 73 69 55 7 65
(in seconds)
Difference d 2 5 5 -3 4
Al
EITHER
) , 1 169
n=5,%d=13,>d =79:>s,H=Z 79—T =113 (M1)
(small sample) so use a one-sided #-test (M1)
Note: The “one-sided” ¢-test may have been seen above when stating H;.
t= _26 1.7 Al
113
5
v=4, Al
at the 1% level the critical value is 3.7 Al
since 3.7 >1.7...
Hy is accepted (insufficient evidence to reject Hy) R1
Note: Follow through their #-value.
OR
(small sample) so use a one-sided #-test M1)
p=0.079... A4
since 0.079...>0.01
Hy is accepted (insufficient evidence to reject Hy) R1

Note: Follow through their p-value.

Note: Accept d = time after training — time before training throughout.

[10 marks]
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(a) ES)=2EX)+3E(Y)=6+6=12
Var(S)=4Var(X)+9Var(Y)=12+18=30

(b) S does not have a Poisson distribution
because Var(S) = E(S)

Note: Follow through their E(S) and Var(9) if different.

(c) EITHER
P(T=3)= P((X,Y)=(3,0))+P((X,Y)=(2,1))+
+P((X,Y)=(1,2))+P((X,Y)=(0, 3))

=P(X=3)P(Y =0)+P(X =2)P(Y =)+

+P(X =1)P(Y =2)+P(X =0)P(Y =3)

_125¢7

(=0.140)

Note: Accept answers which round to 0.14.

OR
TisP,(2+3)=P,(5)

125¢7

P(r=3)=""

(=0.140)

Note: Accept answers which round to 0.14.

d) P(T=0=P((X,Y)=(0,0))+P((X,Y)=(,t-1))+...P((X,Y)=(t, 0)) (MI)
=P(X =0)P(Y =t)+ P(X =1)P(Y =¢—1)+...+ P(X =1)P(Y =0)

:Zt:P(er)P(th—r)

Al
Al

Al
R1

(MI)

(MI)

A2

(MI)(A1)

A2

Al

AG

N13/5/MATHL/HP3/ENG/TZ0/SP/M

[2 marks]

[2 marks]

[4 marks]

[2 marks]
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) P(T=0) :iP(X:r)P(Y:t—r)

.
-3 2 ~i—
Zt: e’3 e 2

X MIAl
= ! (-r)!
-5 4 !
— e_ t! « 3r21—r M]
tl = rli(t—r)!
e—S
=— 3+2) Al
t!
3 e’5
g
hence T follows a Poisson distribution with mean 5 AG

[4 marks]

Total [14 marks]





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005300740065007000680065006e002000410075007300740069006e002000440069007300740069006c006c00650072002000730065007400740069006e00670073002000660069006c0065002000560036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 822.047]
>> setpagedevice




