"e New Marking Scale

g_—l—c‘jf@auhéi\ S6/S7 Mathematics 3 and 5 Period

The exemplars below illustrate the procedures outlined in the Matrix Manual Mathematics, which
accompanies this document. Please note that the approach is the same for both the 3P and 5P
mathematics course. It is recommended that the manual is read prior to viewing these documents.

1. Generic Matrices

The original Excel spreadsheets for these matrices are available for use. Please refer to the
communications received from the mathematics inspector.

1.1 Generic MA 3P Matrix
EUROPEAN BACCALAUREATE - Generic MA 3P Matrix

Element of . Learning Objective (specific syllabus Paper-specific Marking
. Question
Examination reference(s)) Scheme
= £ en
$2 8|2 |SE 5
3e g |§ g
812z |52
2 5 S |ES
¥ a |-
Part A Non Calculator
Analysis Al 0.0
Analysis A2 0.0
Analysis A3 0.0
Analysis Ad 0.0
Analysis A5 0.0
Probahility Ab 0.0
Probability AT 0.0
Statistics AB 0.0
= 0,0 0,0 0,080 0,0
%| 0,0 0,00 0,0 0,0
Guideline:| 12.0{ 18,0 8.0 2.0] 400
%| 30.0( 45.0] 20.0{ 5.0
Tolerance (Points):| 3,00 400 20 20

The fields marked in yellow can be filled in, all others are protected.

The Sums are green: ok
orange: within tolerance
red: not allowed

For each individual question in the calculator paper (B1, B2 etc.), there is
mare flexibility in the spread of the marks but the overall weighting of the
marks for the whole calculator paper must be respected.
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Part B - Calculator

B1 B1a 0.0
Analysis B1b 0.0
Exactly 3 sub questions B 1 C U.U

SN o0 NN 00
%| 0,00 0,0 0,00 0,0

Guideline:) 3.0) 45) 2.0] 0.5 10.0

%| 30.0) 45.0{ 20,0/ 5.0

Tolerance (Points):] 3.0 4.0 20] 20

B2 B2a 0.0
Analysis B2b 0.0
B2c 0.0

Tinimum 4 sub questions B2d 0.0
Flazimum & sub questions [BEB} 0.0

S 00 00 oofX] 00
%| 0,0] 00] 00] 00
Guideline:] 4.5 6.8) 3.0 0.8) 150
%| 30,0] 45,0{ 20,0{ 5.0

Tolerance (Points):| 3.0 4.0 2.0 20

B3 B3a 0.0
Probability B3b 0.0
Bic 0,0

Minimum 4 sub questions B3d 0.0
Fzzimum § sub questions [B3E} 0.0

g 00 00 oolX] 00
%| 0,00 0,00 0,00 0,0

Guideline:| 45) 68 3.0 08 150

%| 30.,0| 45,0] 20,0] 5.0

Tolerance (Points):| 3.0 4,00 2.0] 2.0

B4 (and B&) Bda 0.0
Statistics Bdb 0.0
Béc 0,0

If there is ::-NBS B4 must B4d or BSa 0.0
Minimum 5 zub queztions B4e or BSb 0.0
Maximum & zub questionz | B4f or BSe 0.0

g 00 00 00X 0.0

%| 0,00 0,00 0,00 0,0
Guideline:| 6.0) 9,0] 4.0 1.0] 200
%| 30.0| 45,0) 20,0] 5.0
Tolerance (Points):| 3.0 4,00 2.0 2.0

Total Calculator
& 00 00 00 00 00

%| 0,00 0,0 0,00 0,0

Guideline:|18,0] 270|120 3,[1_ 60,0

B9|30,0( 450[{200( 50

Tolerance (Points):| 3,00 40 20 20

Total A and B

& 0,0 0,0 0,0

%
Guideline:

Tolerance (Points):| 4.0( 5.0 3.00 2.0
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1.2. Generic MA 5P Matrix

EUROPEAN BACCALAUREATE - Generic MA 5P Matrix

Element of Question Learning Objective {specific syllabus Paper-specific Marking
Examination reference(s)) Scheme
== 2 |z
owl , | 2 B
LS 2|4 |2
s = | (25| 2
3502|253
g8 S |ES
3y o (T
| Part A - Non Calculator !
Analysis Al 0.0
Geometry AZ 0,0
Probability A3 0,0
Sequences Ad 0.0
Complex
Mumbers A5 0.0
Analyrir or Geom or Frob AB 00
Analyrir or Geom or Frok AT 0.0
=] 0,0 0,0 0,0 0,0 0,0
%| 0,0 0,00 0,0 0,0
Guideline:| 7.5[120( 90| 15 300
G| 25,0(400)300( 50
Tolerance (Points):) 1,00 20| 20| 1,0
Part B - Calculator
B 0.0
Analysis 0.0
0,0
Minimum drub quertions 00
0.0
0.0
0.0
Mazimum #rub quertions 0.0
=] 0,0 0,0 0,0 X 0,0
%| 0,0 0,0 00( 0,0
Guideline:| 50 80 60| 1,0 200
% 250|400(300( 50
| Tolerance (Points):| 20| 40 3,0( 1,0
BZ 0,0
Geometry 0.0
0,0
Minimum drub quertions 00
0.0
0.0
0.0
Mazimum #rub quertions 0.0
=] 0,0 0,0 0,0 X 0,0
%| 0,0 0,0 00( 0,0
Guideline:| 50 80 60| 1,0 200
% 250|400(300( 50
Tolerance (Points):| 20| 40 3,0( 1,0
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B3 0,0

Frobability 0,0

00
Minimum drub quertions 0.0
0,0
0,0
0,0
Mazimum £rub quartionr 0o
=] 0,0 0,0 0,0FX] 0,0
%| 0,0/ 0,0] 0,0 0,0

Guideline:)] 50| 80 60| 10{ 200

%) 25,0{40,0/300[ 50

Tolerance (Points):| 2,00 40 30 1,0

B4 or B4 and BS |B4a 0,0
Sequences B4b 0,0
and or Bdc 0.0
Comples Mumbers  |B5a 0.0
BSb 0.0

B5c 0,0

0,0

0.0

s o,0] 0,0 o0

%| 0,0 0,0 0,00 0,0

Guideline:| 25| 40 30| 05 100
%|25,0(400])30,01 50

Tolerance (Points):| 2,01 4,0] 30 10

Total Part B - Calculator
& 00 00 00 00 00

%| 0,00 0,01 0,00 0,0

Guideline:| 17.5] 28,0) 21,00 3.5 70,0

%| 25.0] 40,01 30,0/ 5.0

Tolerance (Points):] 2.0] 4,0 300 1.0

Total A and B

3 00 00 0,0

% 00| 0,0{ 0,0] 0,0
Guideline:|25,0|40,0{30,0)1 50| 100,0
Tolerance (Points)| 30 50| 4,0 20
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2. Paper-specific Matrices

These matrices use the 2019 Baccalaureate papers to illustrate the procedures laid out in the Matrix
Manual Mathematics, which accompanies this document.

2.1. MA 3P (Based on the Baccalaureate of 11th June 2019)

EUROPEAN BACCALAUREATE - Paper specific Ma 3P Matrix (11th JUNE 2&19”
Element of Question Learning Objective {specific syllabus Paper-specific Marking
Examination reference(s)) Scheme
25 z |e
R . 2 |88
2E 2 |2 2=
$E| £ | [E5] 2
HIERERE
2§ S |E=
X a [T
Mon Calculator
Analysis Al Solve an exponential equation 30[ 20 5.0
Analysis AZ Determine an equation of a tangent 100 20| 20 5.0
Analysis Ad Sketch a possible graph 200 z20] 10 5.0
Analysis Ad Dietermine a primitive function 1,00 301 10 5.0
Analysis Ab Calculate an area 200 200 1.0 5.0
Probability A Calculate a probability 200 201 1,0 5.0
Probability AT Calculate a binomial probability 200 30 50
Statistics AB Determine the median, quariles and 20/ 3.0 5.0
represent an a boxplot
315,00 19,0 6,0 0,0] 40,0
% | 37,5 47,5|15,0] 0,0
Guideline:[12,0{ 18,0{ 80| 20{ 400
%| 30,0 450|200] 50
Tolerance (Points)| 301 4,00 20| 20
Calculator
SREICTT WaTdETE -0 =TT FOIE O
B1 Bla in+nrc~nr+ihnp E'D E'D 4.0
Analysis B1b |Calculate area of a region bounded by 1.0 1.0 20
Exactly Erub querkions B1c |Use parallelism lineftangent line 001 20] 20 40
3 30| 50| 2,0 0,0 10,0
%|30,0( 50,0(20,0] 0,0
Guideline:| 3,0 45| 20| 05 100
% 30,0 450(20,0] 50
Tolerance (Points):| 3,00 40 20 20
B2 B2a |Exponential function-calculate values 1,00 1,0 20
Analysis B2b |Draw the graph 1.0 20 3.0
B2c  |Interpret limit of a function 1.0 200 30
Minimurm drub quartions B2d |Solve an exponential equation 200 1.0 3.0
Mazzimum Srub quartions (BZ2e) [Interpret maximum growth rate 1.0 20] 1,0 40
3| 50| 6,0 2,0 2,0 150
%|33,3| 40,0(13,3|13,3
Guideline:| 45 68| 30| 08 150
% 30,0( 450(20,00 50
Tolerance (Points):| 3,0 40] 20| 20
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B3 B3a [Calculate a conditinal probability™armal 200 10 3,0
Frobability B3b [Calculate a conditional probability 1,00 20 3,0
Bic |idem 1.0 200 30
Minimum drub quertinn: B3d [Calculate a probability/Binomial distribution 200 1.0 20
Mazimum Srub quertions (B3e) |idem 1,0 20 3.0
3| 30| 6,00 40| 2,0 150

%) 20,00 40,0(26,7(13,3
Guideline:| 45| 68| 3,0] 08 150

%) 30,0) 450200 5.0

Tolerance (Points):| 3,00 40| 20| 20
B4 (and B5) E4a Expon. model: draw a scatter plot and the 200 30 5.0
Statistics Eb Estimate the value 1,00 1,0 2,0
Ec Solve an exponential equation 200 1,0 3,0
Inh"”hn:vf_'sqmm Edd or B2 I;;il:Lr!irrl.inud“U” 0T EEPOTTETTINT 4‘.0 4-.':'
Minimum Srub quertions | Bide or BSb |Analyse annual percentage growth rate 100 10] 1.0 20
MazimumErub quertions | Bdf or BSc | Estimate and comment an models | 2001 1,0{ 30
3 4,00 11,00 4,00 1,0( 20,0

%) 20,00 55,0(20,0( 5,0
Guideline:| 6,0( 90| 40| 1,00 20,0

%) 30,0) 450200 5.0

Tolerance (Points):| 3,00 40| 20| 20

Total Calculator

Z(15,0| 28,0112,0]1 5,0 60,0

%) 25,0 46,7(20,0] 83
Guideline:[18,0( 27.0{120] 30| 60,0

%) 30,0| 450(200] 50

Tolerance (Points):| 3,01 4,0 20| 20

Total

=(30,0] 47,0(18,0( 5,0{100,0

%| 30,01 47,0/18,0| 50
Guideline:| 20,0 450)200( 50(100,0

%) 230,01 450|20,0] 50

Tolerance (Points):| 4,01 50| 3,0 20

The Sums are

green: ok
orange: within tolerance
red: not allowed

The fields marked in yellow can be filled in, all others are protected.

For each individual question in the calculator paper (B1, B2 etc.), there is
maore flexibility in the spread of the marks but the overall weighting of the
marks for the whole calculator paper must be respected.
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2.2. MA 5P (Based on the Baccalaureate of 11th June 2019)

EUROPEAN BACCALAUREATE - Paper specific MA 5P Matrix (19th June 2019)

Element of

Learning Objective (specific syllabus

Paper-specific Marking

P uestion
Examination Q reference(s)) Scheme
- £ =
£ 2 £ |c
ol % S g
- gr=f—
g’.\ g =] wn B J.:I=
38 £ | e |25 2
E (=% g E = T
= |2
& E s =5
== e |le=
x O o
Non Calculator
. understand the concept of a primitive. P{x)C(x] where P(x] and G(x] are
'AnalySIS A1 pelynomialz of degres bwe or lezs 1‘[] 1‘0 2‘[] 4'0
Geomet A2 dekermine the relative pozition line'zphere 10 30 00 40
ry d I I
I tree dingrams of conditional ecventz
Prﬂbablllt}" A3 [zampling withaut replacement] 1‘[] 20 2‘[] 5.0
Caleulate 2 limit of zequence From the bazic zct of
SEqUEﬂCES Ad recurrence relations for simple cazes 1‘[] 20 1‘[] 4.0
Jetermine the magnitude and argument of the
Cﬂr‘r‘lplex Mumbers AR product and queticnt of twe complex numbers 21[] 1‘0 11[] 40
L cxamine the Following characteristics Far all the
Analysiz ar Geem or Prob Ab basic functions given above: tangent ak 3 poink 1 U 2‘[] 1 U 4.0
Analysiz or Geom or Prob A? determine the relative pozition of poink!line 2 f CI 21[] 1 i CI 5_0
Total Non Calculator
S 12,00 10,0/ 2,0) 30,0
%| 20,0) 40,0 33,3| 6,7
Guideline:| 7.5 12,00 9.0] 1.5 300
%| 25,001 40,01 30.0] 5.0
Tolerance (Points):] 1,0 2.00 2.0] 1.0

Calculator
wxaminethe Follouing charasterirticr for all the bariz Functionr qiven abowe:
B1 2 |— : 1.0] 1.0 2,0
"!'.rlEll'ff'SiS tl cxamine the Follouing charasterirtizr For allthe Fariz Functionr qiven abouwe: 2 D .1 D 3 |:|
- C .:xa‘rr.lr:;- the Follouing zharazterirtizr For allehe Bariz Funztionr qiven abouwe: .1 Il:l 2I|:| 3":'
Minimum drub quertions d imqmi::;: ;al-:ul-uto e imadae 1,00 20 a0
B i s Fallaiing charate rrias P allthe bart= Fanetens qresr abave: |5 0 (] 0
oxq;m:thoFulluuln-q-:h-ur-u-:torl.rtl-:rFur-ullkhoI:--url-:Fun-:hnnrqluon-ubuuo: : : :
LI P 2,0 10 3.0
a inkeqration ko caleulate arcar inaplane 1,00 20 3.0
Mazimum $rub quartions 00
S| 7,0/10,0] 3,0| 0,0 20,0
% | 35,0| 50,0)15,0] 0,0
Guideline:] 50] 80| 60/ 10) 200
%|250/400)300] 50
Tolerance (Points):| 20| 4,0{ 30[ 1,0
EE a Find parametriz and zarkerian cquakionr of aplane [Z8] 1 |D 2||:| 3.':'
Geﬂmetrﬁf t| <alzulate the acute angle if it exirer made Eyilinefplanc 3||:| 3.0
the analytizal cxprerrion of the realar produzk (ot
I: d I-:n‘hm . E kbl n..nl-l-\.nF:u knr -1I|:I Ell:I 3IEI
Minimurm drub quertions d uring 2 1,00 1,0 20
o oyt e e 200 100 30
f dekermine the relative porition: linefplane -1 ||:I EID 3.':'
g dekermine the relative porition: painkfrphere -1 ||:I EID 3.':'

Mazximum #rub quertionr

0.0

S

2,0

9,0] 80

20,0

B

10,0

45,0( 40,0

Guideline:

5,0

6.0

20,0

%

25,0

40,0130,0

Taolerance (Points):
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B3 a troo diagrame ofindep ondent cuentr (rampling uith repl I [S6] 1.0 20 3.0
Probability D [sever thoarom 1,0[ 2,0 3,0
C zaleulate prababilitior far abinamially dirtributed random variable 200 1.0 30
Minimum drub quertionr d find zumulative prakabilitior 1.0 20 30
o Thuertiqate data qiven in atable ora diagram to dotermine a carrorponding 10 10
nnnnn | dirtribasti ' '
cumulative dirkribukion Function Far a
R R 1.0] 10 20
g moqnI:oxpn:-:'m-duqluo].u-url-un-:oqnd:kqndqrddoumhunui-u-:unhn.unu.r 2 ':I .1 ':I 3 ':I
Mazimum frub quertionr h urg the normal dirkribution with probabilivy of independent evenkr '1 ||:I '1 I|:| E.D
3| 4,0 90 30 0,0 20,0
| 40,0) 45,0150 0,0
Guideline:| 50| 80| 6,0 1,0 20.0
%| 25,0 40,0 30,0] 5,0
Tolerance (Points)| 20| 40{ 30 10
Ed- or Ed. and EE Ed.a caleulake bermr of arcquence uring the kypeor of definitionr abowe. '1I|:| 1.'--'
Sequences Ed-tl roluc problemr inuolving the properticr of arithmetiz and qeometriz .1 |:| 1 D 2 D
andlar Bdc qiven the Firrkkermr of arcquence Find the cxpliciknkhkerm andarthe 1 II:I 1 IL-J EID

Latine ko,

Comples: Mumbers

BSa

reprorent 3 samples numkber qeametrizally

1,0

1,0

B5b

determine the magnitude and arqument of the product and quokicnt of tuo

20

20

B5c

1 b
dekermine the magnitude and arqument of the produ<t and quokicnt of tun
1 b

20

20

0.0

0,0

S

1,00 50 2,0] 20

10,0

%

10,0] 50,0) 20,0 20,0

Guideline:

25 40 30] 05

10,0

%

55.0]40,0{30.0] 5.0

Tolerance (Points):

200 400 30] 10

Total Calculator

S80Il 3.0 70,0

%| 25,7 47,1| 22,9| 4,3
Guideline:| 17,5] 28,0{ 21,0/ 3,5 70,0

%[ 25,0| 40,0] 30,0] 5.0

Tolerance (Points):{ 20 4,00 30 1.0

Total

S| 24,0( 45,0| 26,0| 5,0 100,0

S| 24,0( 45,0 26,0 5,0
Guideline:| 25 0] 40,0) 30,0] 5.0{ 100,0

Tolerance (Puoints):

300 50/ 40 20
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3.Sample Bac written examination

For reference the MA-3P 11t June 2019 paper is included here. The same approach can be applied
to past BAC Exams for 3P and 5P.

>
: § ~ EUROPEAN BACCALAUREATE 2019
TS ME ORGEAEA

MATHEMATICS 3 PERIODS
PART A

DATE : 11" June 2019 Afternoon

DURATION OF THE EXAMINATION:

1 hour (80 minutes)

AUTHORIZED MATERIAL:

Examination without technological tool

Pencil for the graphs

SPECIFIC INSTRUCTIONS:

= Answers must be supported by explanations.
= They must show the reasoning behind the results or solutions provided.
= |f graphs are used to find a solution, they must be sketched as part of the answer.

= Unless indicated otherwise, full marks will not be awarded if a correct answer is not
accompanied by supporting evidence or explanations of how the results or the
solutions have been achieved.

= When the answer provided is not the correct one, some marks can be awarded if it
is evident that an appropriate method and/or a correct approach has been used.

113 EN
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EUROPEAN BACCALAUREATE 2019: MATHEMATICS 3 PERIODS

PARTA

Page 1/2| Marks

1) Solve the equation e**" =1. 5 marks

2) The diagram below shows the graph of a function f and the graph of the
derivative 7' of .

Determine an equation of the tangent to the graph of fat the point 5 marks
where x = -2

3) The table below gives information concerning the function f and its

derivative '
X -4 -3 -2 -1 0
f(x) 0 4 2 0 4
F'(x) + 0 - 0 N
Sketch a possible graph of this function . 5 marks

4) Consider the function f defined by

f{x}=2x—3+L, x=-3.
X+3

Determine the primitive F of f given that F(-2)=2._ 5 marks

213

10/27
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EUROPEAN BACCALAUREATE 2019: MATHEMATICS 3 PERIODS

PARTA
Page 2/2| Marks
5) The diagram shows the graph of the bt |
- i | .
function f defined by f,-\ : I
|
flx)=x%—4x. \-\
3 ! el — 4> x
Calculate the area of the shaded | ' / 5 marks
region. Iu' 2 \-/
|' .
6) In aclass of 21 students
12 students study Biology,
14 students study Music and
2 students study neither Biology nor Music.
Calculate the probability that a student selected at random from this 5 marks
class studies both Biology and Music.
7) In an experiment, slices of toasted bread are buttered on one side.
The probability that a slice lands butter side down if you drop it is g
3 slices are dropped.
Calculate the probability that exactly 2 of these slices land butter side 5 marks
down.
8) 10 students score the following marks in a test:
M0 2 5 7 8 5 6 7 8 4.
5 marks

Determine the median, the lower and upper guartiles, and represent the
data on a boxplot.

H3
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_é EUROPEAN BACCALAUREATE 2019

TS s oRarrEA

MATHEMATICS 3 PERIODS
PART B

DATE: 11" June 2019 Morning

DURATION OF THE EXAMINATION:

2 hours {120 minutes)

AUTHORIZED MATERIAL:
Examination with technological tool:

Calculator TI-Nspire in “Press-to-test” mode

Pencil for the graphs

SPECIFIC INSTRUCTIONS:

» Use a different page for each guestion.

» Answers must be supported by explanations.
= They must show the reasoning behind the results or solutions provided.
= |f graphs are used to find a solution, they must be sketched as part of the answer.

= Unless indicated otherwise, full marks will not be awarded if a correct answer is not
accompanied by supporting evidence or explanations of how the results or the
solutions have been achieved.

= When the answer provided is not the correct one, some marks can be awarded if it
is shown that an appropriate method and/or a correct approach has been used.

= Some of the questions can be answered only with the help of the calculator. The
wording of these questions makes this clear. All other questions can be solved with
or without the use of the calculator.

1/5 EN
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EUROPEAN BACCALAUREATE 2019: MATHEMATICS 3 PERIODS

PARTB

QUESTION B1 ANALY SIS

Page 111

Marks

Consider the functions fand g defined by

flx)=—x*-2x+5 and g(x)=x+1.

a) Sketch the graphs of fand g on the same diagram.

Determine the coordinates of their points of intersection.

b) The area A of the region bounded by the graphs of fwo functions f and

g between the x-values a and b is given by:

b
A= j |F(x) - g(x)| dx .

Calculate the area of the region bounded by the graphs of f and g

between the x-values —4 and 1.

c) Determine the x-coordinate of the point on the graph of f where the

tangent line is parallel to the graph of g.

4 marks

2 marks

4 marks

2/5
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EUROPEAN BACCALAUREATE 2019: MATHEMATICS 3 PERIODS

PARTB

QUESTION B2 ANALY 515 Page 1/1

Marks

Use your calculator in a), b), d), and e).

In an experiment the steeping time for green tea leaves is studied.
Hot water is poured over the tea leaves.

The theine in the tea leaves is then dissolved in the
hot water.

The theine content in the hot tea as a function of time
is modelled by the function fdefined by

f(x)=48-(1-e™%) |

where f(x) is the theine content in the hot tea, measured in mg per gram of

tea, and x is the time in minutes after the hot water was poured over the tea
leaves.

a) Calculate the theine content after 1 minute and after 6 minutes.
b) Draw the graph of ffor the first 10 minutes.
c) Interpret the factor 48 in the above equation.

d) The tea is ready to drink when the theine content reaches 33.6 mag/g.

Determine at what time the tea will be ready to drink.

e) The tea also contains tannin. The tannin content in the hot tea as a
function of time is modelled by the function

37

-3x+6 1

g(x) = 1+e

where g(X) is the tannin content in the hot tea, measured in mg per
gram of tea, and x is the time in minutes after the hot water was poured
over the tea leaves.

The taste of tea is best when the tannin content growth rate g'(x) is at
its maximum.

Determine at what time the taste of the tea will be best.

2 marks

3 marks

3 marks

3 marks

4 marks

35
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EUROPEAN BACCALAUREATE 2019: MATHEMATICS 3 PERIODS

PARTB

QUESTION B3 PROBABILITY Page 1/1

Marks

Use your calculator in all questions.

A factory has two machines, one fills pineapple juice into cans and the other
fills iced tea into cans.

The requirement is that each can contains 33 centilitres (cL). Cans which
contain less than 31.5 cL or more than 34 cL are classified as incorrectly
filled.

a) The volume of pineapple juice filled into each can follows a normal
distribution with mean u =325 cL and standard deviation o =0.5 cL.

A can of pineapple juice is selected at random.

Show that the probability that this can is incorrectly filled is 0.0241.

40 % of all cans filled at the factory are cans of iced tea.
3.25 % of the cans of iced tea are classified as incorrectly filled.
b) From the factory, a can is chosen at random.

Show that the probability that this can is classified as incorrectly filled is
0.0275.

c) Given that a randomly selected can is incorrectly filled, calculate the
probability that it contains pineapple juice.

The pineapple cans are packaged in packs of 6.

d) Calculate the probability that there is exactly one incorrectly filled can in
a randomly selected pineapple juice six-pack.

e) Calculate the probability that there is more than one incorrectly filled
can in a randomly selected pineapple juice six-pack.

3 marks

3 marks

3 marks

3 marks

3 marks

45
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EUROPEAN BACCALAUREATE 2019: MATHEMATICS 3 PERIODS

PARTB
QUESTION B4 STATISTICS Page 11 | Marks
Use your calculator in &), b), c), d) and f).
The table below shows the global production of plastic from 2010 to 2013.
Year 2010 2011 2012 2013
Time in years
after 2010 x| 0 ! 2 3
Plastic production y| 213 | 325 | 338 | 352
(million tonnes)
Source: https.dwww.thestlas.comscharts/BrAVFsirb
The function f defined by
f{x) - eﬁ.?45—0.(}4ﬂx
i= an exponential model based on the data given.
f(x) is an estimate of the plastic production in million tonnes at time x in years
after 2010.
a) On the same diagram, draw a scatter plot representing the data from the | 5 marks
table, and draw the graph of the function f.
b) Using the function f, estimate the plastic production for 2015. 2 marks
c) Using the function f, estimate in which year the plastic production will, for | 3 marks
the first time, exceed 450 million tonnes.
d) Determine an equation in the form y = a-b* of the exponential regression | 4 marks
of y on x using the data given.
Give the number b correct to four decimal places.
For e) and f) use the exponential regression model g, where
g(x)=313-1.040".
e) What is the annual percentage growth rate in the model g7 3 marks
f) Using each of the two models, estimate the plastic production in 2020. 3 marks

Comment on your results.

5/
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4. Marking scheme

Below is an example of a marking scheme linked to the maths matrix. The 3p paper has been used to
illustrate the formatting. For brevity, the 5p mark scheme has been omitted as, given the common

approach being adopted for the 3p and 5p course, it would follow the same structure as the example

below.
Questions Part A (3P) - 2019
1.Knowledge and Comprehension 1. Learning
2.Methods Obi .
3. Problem Solving Jectives
4. Interpretation and Linking / Tasks
Al Analysis
Solve the equation e*~" =1. Exponen-
tial
equation
4x —1=0 3 S7: Define
the
solution x = z exponential
* function
S§2: Solve
an
equation
A2 Analysis
Graph of a
The diagram below shows the graph of a function f and the function
graph of the derivative f' of f. and ts
derivative
y
\ /]
||‘. / //_\ T",'/I'A
i".x,/ ; /Ll/'
!'I l\‘. f;/’,:‘
Al \ /
| \ /-
;' \\\ /( L
n" 1 }\ I 'l i /1/ !
— f (
Determine an equation of the tangent to the graph of f at the
where x =-2.
S6:

The tangent line to the graph of fin its point having x-coordinate

equal to —2 has equation
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Know the

y—f(=2)=f"(-2)(x + 2). formulae
f(=2)=3 for a
f'(=2)=-1 tangent to
y—3=—-(x+2) the graph
Apply/ use
ie.y=—x+1 the graphs
Solve
(Calculate
and reduce)
OR:
fl(=2)=-1
y=-1lx+c
Use the
f(=2)=3 graph
Apply a
y=-x+1 formula of
tangent
For a solution using the graph of f only, award maximum 3 p Solve
solution x = =
4
A3 Analysis
Show
The table below gives information concerning the function f understan-
and its derivative f'. ding of a
function
X -4 -3 -2 -1 0 and its
£(x) 0 4 5 0 4 derivative
f'(x) + 0 - 0 +
Sketch a possible graph of this function f.
S$6: Show
4 understand-
ding of ...
Sketch a
[ possible
g graph

For instance:
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A4

Analysis

Consider the function f defined by

A=2£$&&qumx=2{§—zﬂ]2=8

1
f(x)=2x+3+——, X>-3.
X+3
Determine the primitive F of f given that F(-2) =2.
S7:
For x > —3 we have: Determine
[f)dx=x?>+3x+In(x+3)+k a primitive
Using F(=2) =2 A
pply a
(-2)2+3:(-2)+Inl+k=2 condition
4 — 6+ k = 2, from which we get k = 4. Determine
The function F may thus be expressed by the primitive
F(x)= x>+ 3x+In(x+3) +4 given that ...
A5 Analysis
Area under
The diagram shows the graph of the the graph
function f defined by
f(x)=x>-4x.
y
Al |
|
Vs 3 .'
‘ f
2t |
|
/ I |’
|
3 f{ 3 1 3> X
I' Ak
|
| -2
|
" -3r
|
o
Calculate the area of the shaded region.
S7:
The graph intersects the x-axisat x = -2, x =0, x = 2. Define the
area under
o the graph
The arsa A of the shade% region is given t;y Recognize
A= [CIf)ldx=2[_,f)dx =2 [; (=f(x)) dx Determine
since the graph is symmetrical with respect to the origin. the
o integral
Interpret
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A6 Probability
In a class of 21 students Elemen-
12 study Biology, tary
2 study neither Biology nor Music.
Calculate the probability that a student selected at random
from this class studies both Biology and Music.
S7:
There are 19 students who take biology and/or music. Probability
Therefore, there are 14 + 12 — 19 = 7 who take both biology and Analyse and
music. explain
Calculate a
P(student takes biology and music) = % = g : probability
A7 Probability
In an experiment, slices of toasted bread are buttered on Binomial
one side. distri-
The probability that a slice lands butter side down if you bution
drop itis 3
c-
3 slices are dropped.
Calculate the probability that exactly 2 of these slices land
butter side down.
Recognize
2 . .
P(exactly two butter side down) = 3(2) (1- g) = 15%'5 binomial
parame-
ters
A8 Statistics
10 students score the following marks in a test: Elemen-
tary
10 2 5 7 8 5 6 7 8 4. statistics
Determine the median, the lower and upper quartiles, and
represent the data on a boxplot.
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Rearranging data: 2 4 5 5 6 7 7 8

Median is 6.5, lower quartile is 5, upper quartile is 8

Boxplot

10

S7:

Determine the
median, the
quartiles and
represent on a
boxplot

21/27

EN




Questions Part B (3P) - 2019

1. Knowledge and Comprehension 5 Learning
2. Methods . .
3. Problem Solving ObJeCtlveS/
4. Interpretation and Linking Tasks
Bl Analysis
Consider the functions f and g defined by 10 56/57:
Revisiting
f(x)=—x"—2x+5 and g(x)=x+1. linear and
quadratic
a) Sketch the graphs of f and g on the same diagram 4 marks models
Determine the coordinates of their points of intersection. Area Of the
region
b) The area A of the region bounded by the graphs of two functions f and
g between the x-values a and b is given by: 2 marks bounded by
. two graphs

A= |f(x)-g(x)|dx
']

Calculate the area of the region bounded by the graphs of f and g
between the x-values -4 and 1

and between x-
values

¢) Determine the x-coordinate of the point on the graph of f where the 4 marks
tangent line is paraliel to the graph of g
1343 | ¥
ﬂ\) =‘~':-£' x+5 *» Ferlig
8(() =x+1 * Fertig /'
a) See - /
' (-1.5,5.78) ¥
Found using the graph /
Intersection points {(—4,-3) and (1,2) f2(x)-g(x)
The intersection points can also be found by /‘/
solving the equation f{x)=g(x) 20.8333 x1.2)
ml-.'f-(ﬂx]-g(\).u » x=-4 or x=1 1 ", 1
y 1 >
-10 , 1 10
|
b) ThE area equals i & |
(-4,-3) 4 \
J \ )
ral | fale)=ry)
1 125 3 | \
(f(x)-glx))dx = —=20.8333 [ .
-4 6 | ||
k |
N-a:89,-9 a3) |
The area can also be determined graphically | "
| -13.43 |.

Sketch the
graphs

Determine the
coordinates of
points of
intersection

Calculate the
area of the
region
bounded by
two graphs and
between two x-
values

c) The derivative fp ofI_f:

fp(x):=§(f(x)) » Fertig

solve(fp(x): 1Jx} 3 x=—3
2

The x—coordinate is — .

The tangent line at this point is drawn on the graph (not required by the students)

Determine

the x-coord.
Explore the
relationship
between
graphs/derivat.
Characterize
the parallelism
of two lines
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B2 Analysis
Use your calculator in a), b), d), and e). 15 | S7: Exponential
functions

In an experiment the steeping time for green tea leaves is studied.
Hot water is poured over the tea leaves.

The theine in the tea leaves is then dissolved in the
hot water.

The theine content in the hot tea as a function of time
is modelled by the function f defined by

f(x)=48-(1-e7%%)

where f(x) is the theine content in the hot tea, measured in mg per gram of

tea, and x is the time in minutes after the hot water was poured over the tea
leaves.

a) Calculate the theine content after 1 minute and after & minutes.

b) Draw the graph of f for the first 10 minutes.

c) Interpret the factor 48 in the above equation.

d) The teais ready to drink when the theine content reaches 33.6 mg/g.
Determine at what time the tea will be ready to drink.

e) The tea also contains tannin. The tannin content in the hottea as a
function of time is modelled by the function

37
g(X) - T_‘Q‘:;,—_ﬁ '

where g(x) is the tannin content in the hot tea, measured in mg per
gram of tea, and x is the time in minutes after the hot water was poured
over the tea leaves.

The taste of tea is best when the tannin content growth rate g'(x) is at
its maximum,

Determine at what time the taste of the tea will be best.

A
f(x) =45 (1-¢0€ %) « Fernig 60:1 ¥

a) f‘z(x)=48
f(1) =21.657  fl6) = 46.6885

Concentration after 1 minute: 21.6 mg/'g

Concentration after 6 minutes: 46,7 mg'g
) see graph -

o lim (fx) - a2

f1ly)= {f(\) 20

N (201,336 )  g5(Jeane

The upper limit of the theine concentration
15 48 mg/g and the tea is ready to drink

See graph «I
d) mlv:-(f(l)=33 6,x) * x=2,00663
After 2.0 minutes the concentration is 33.6

mg'g

Can also be found by using the intersection

command. 2 ?
2 1 10

Calculate the
y-value

Draw the
graph

Calculate a
limit/Interpret
a factor

Solve an
equation

23/27

EN




37

&) glx) wm———— » Fertig
14e 3 X6

d
gplx) =-J:(g(|]) > Fertig
D.{ax(gp(\’)‘\) . x=l
Can also be found on the graph

Can also be found by solving the equation

solve d (8‘\”:"! > I=:'i'

\dx™

Tea is best after 2 minutes,

5.35 1 v

=~ -

Calculate the
derivative
Explore the
derivative and
how it may
vary

Solve an
equation
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B3 Probability
Use your calculator in all questions, 15 | S6:General
probability
A factory has two machines, one fills pineapple juice into cans and the other rules,
fills iced tea into cans. Dependent
The requirement is that each can contains 33 centilitres (cL). Cans which event_s,.
contain less than 31.5 cL or more than 34 cL are classified as incorrectly Conditional
filled probabilities
a) The volume of pineapple juice filled into each can follows a normal $7:Normal
distribution with mean x=32.5 cL and standard deviation & =0.5 cL. distribution
A can of pineapple juice is selected at random.
Show that the probability that this can is incorrectly filled is 0.0241.
40 % of all cans filled at the factory are cans of iced tea,
3.25 % of the cans of iced tea are classified as incorrectly filled.
b} From the factory, a can is chosen at random.
Show that the probability that this can is classified as incorrectly filied is
0.0275.
¢) Given that a randomly selected can is incorrectly filled, calcuiate the
probability that it contains pineapple juice.
The pineapple cans are packaged in packs of 6.
d) Calculate the probability that there is exactly one incorrectly filled can in
a randomly selected pineapple juice six-pack.
e) Calculate the probability that there is more than one incorrectly filled
can in a randomly selected pineapple juice six-pack.
Calculate a
probability
a) P(incorrectly filled from A) = 1-normCdf(31.5,34,32.5,0.5) = 0.0241 (normal
or normCdf(-=,31.5,32.5,0.5)+normCdf(34,,32.5,0.5) = 0.0241 distribution
b) P(incorrectly filled) = P(incorrectly filled|4): P(A)+P(incorrectly filled|B): P(B) = Know the rules
0.0241' 0.6+0.0325 0.4 = 0.02746 fora
i.e. 2.75 % of all cans are classified as incorrectly filled conditional
P(pineapple M incorrectly filled) _ probability

c) B(pineapple | incorrectly filled )= -
Plincorrectly filled)

P(incor‘rectly filled | pineapple)- P(pineapple ) 0.0241 0.6

- =0.526584
P(incor‘rectly filled) 0.02746
0.0241- 0.6
or by using the rounded off result from b): ——— = 0.525818
0.0275

d) P(exactly 1 incorrectly filled can in the 6-pack) =
binomPdf(6,0.0241,1) = 0.127996 = 0.128

e) P(more than 1 incorrectly filled can in the 6-pack) =
binomCdf(6,0.0241,2,6) = 0.008167 ~ 0.0082 .|

Investigate,
connect and

apply

Calculate
probabilities
for a random
variable with a
binomial

distribution
Id.
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B4 Statistics
Use your calculator in a), b), ¢). d) and f). 20 |S7:
Visualization,
The table below shows the global production of plastic from 2010 to 2013. Correlation,
Regression
Year 2010 | 2011 | 2012 | 2013
Time in years '
after 2010 o ! 2 3
Plastic production
(million tonnes) ¥ | S |9, | 38 | 9%
Source: htips MAvww theatlas. convohartYBRAVFsyd
The function f defined by
f( X) = eS TA5.0 0408
is an exponential mode! based on the data given.
f(x) is an estimate of the plastic production in million tonnes at time x in years
after 2010.
a) On the same diagram, draw a scatter plot representing the data from the
table. and draw the graph of the function .
b) Using the function f, estimate the plastic production for 2015.
c) Using the function f, estimate in which year the plastic production will, for
the first time, exceed 450 million tonnes.
d) Determine an equation in the form y = a-b" of the exponential regression
of y on x using the data given.
Give the number b correct to four decimal places.
For e} and f) use the exponential regression model g, where
g(x)=313.1.040",
e) What is the annual percentage growth rate in the model g?
f) Using each of the two modeis, estimate the plastic production in 2020.
Comment on your resulits.
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5.745+0.04 . 270
Scatter plot and Graph — /
%0
b) f(5) = 382. 382 million tons in 2015 d
350+ /
c) solve(f(x):450,x} » x=9,10619 £
x=10 (2020): f(10) = 466.38 > o
Exceeds 450 million tons for the first time »
330 /
in 2020.
| i
320
d) See spreadsheet next page. Result: ’
f1(x) = 312.765 (1.03993)* - Y
Hence 5=1.0399 00 10 20 30 40
years
®hye.. [Btons* o L| 370 ..
= =ExpRegl /
11D 313Tite |Régress... 1601
2| 1 325RegEgn a‘b*x L
2 338a 312.765 350 ,‘
& 3 3520 1.03093 |
o 0.999713 | 2 3401 3
6 r  0.999857
| Resid  |{0.23545. 330 £
8 ResidTra./{7.52529. o
) 320
"
} o L +—— "
00 10 20 30 40
v years

e) glx):=313 (1.04)" » Fertig
Annual percentage growth rate
(1.04-1)- 100 * 4.% = 4.0 % per year.

f) Entering the expression into the calculator it is automatically rewritten

> 74004 X _ 315 624 (1.04081)%  or flx) = 312,624 (1.04081)"

e5.745 0.04x _

or with powers: =312.624 and e (1.04081)x

Rounded off the two modehsfandg are the same.

Draw a scatter
plot/graph

Estimate a
value

Apply and
estimate

Determine an
equation of the
exponential
regression

Use a
regression
model
Interpret

Analyse and
comment on
results
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