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Introduction

Starting in 2018-2019, the Mathematics 30-1 Diploma Examination will contain
written-response questions. The purpose of this document is to provide information about

these diploma exams. Examples of written-response questions, sample responses, and scoring
rationales as they relate to the scoring guides are included. This document should be used

in conjunction with the Mathematics 30—1 Program of Studies and the Mathematics 30—1
Assessment Standards and Exemplars documents, which contain details about the philosophy of
the program and the assessment standards. For examples of machine-scored questions, please
refer to the Mathematics 30-1 Released Items, which can be found on the Alberta Education
website.

Teachers are encouraged to share the contents of this document with students.

If you have comments or questions regarding this document, please contact Delcy Rolheiser,
Mathematics 30-1 Exam Manager, by email at Delcy.Rolheiser @ gov.ab.ca, or by phone at
(780) 415-6181 (dial 310-0000 to be connected toll free).

Intent of the Written-response Component

In 2016, it was announced that high school mathematics diploma examinations will integrate a
written-response component that will require students to communicate their understanding of
mathematical concepts and demonstrate their algebraic skills. Therefore, the written-response
component is designed to complement the machine-scored portion of the diploma examination
by allowing for greater coverage of the learning outcomes in the program of studies.

The written-response component also provides an opportunity to address the mathematical
processes outlined in the Mathematics 30-1 Program of Studies. Of the seven mathematical
processes, the written-response component will focus primarily on communication (C), problem
solving (PS), connections (CN), reasoning (R), and visualization (V).

Each specific outcome in the Mathematics 30-1 Program of Studies lists the related mathematical
processes for that outcome. If technology (T) is not listed as a process, students are expected to
meet the outcome without the use of technology and must use an algebraic process to receive
credit on a question involving the outcome.
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2018-2019 Diploma Examination Specifications
and Design

Each Mathematics 301 diploma examination is designed to reflect the content outlined in

the Mathematics 30—1 Program of Studies. The percentage weightings shown below will not
necessarily match the percentage of class time devoted to each topic. The diploma examination
will be developed to be completed in 2.5 hours.

Specifications

The format and content of the Mathematics 30—1 diploma examinations in the 2018-2019 school
year are as follows:

Number of
Question Format Questions Emphasis
Machine-scored
* Multiple Choice 24 750,
* Numerical Response 8 ?
Written Response 3 25%

Note: The three written-response questions are equally weighted.

Topic Emphasis
Relations and Functions 53%—-58%
Trigonometry 27%—-33%
Permutations, Combinations, and Binomial Theorem 14%—18%

Procedural, conceptual, and problem-solving cognitive levels are addressed throughout the
examination. The approximate emphasis of each cognitive level is given below. An explanation of
the cognitive levels can be found on page 40.

Cognitive Level Emphasis
Procedural 30%
Conceptual 34%
Problem Solving 36%
Alberta Education, Provincial Assessment Sector 2 Mathematics 30—1
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Written-response Instructions

The following instructions will be included in the instructions pages of all mathematics diploma
exam booklets.

» Write your responses in the test booklet as neatly as possible.
* For full marks, your responses must address all aspects of the question.

 All responses, including descriptions and/or explanations of concepts, must include pertinent
ideas, calculations, formulas, and correct units.

* Your responses must be presented in a well-organized manner. For example, you may organize
your responses in paragraphs or point form.

Written-response Question Design

The written-response component is designed to assess the degree to which students can draw

on their mathematical experiences to solve problems, explain mathematical concepts, and
demonstrate their algebraic skills. A written-response question may cover more than one specific
outcome and will require students to make connections between concepts. Each written-response
question will consist of two bullets and will address multiple cognitive levels. Students should be
encouraged to try to solve the problems in both bullets as an attempt at a solution may be worth
partial marks.

Students may be asked to solve, explain, or prove in a written-response question. Students are
required to know the definitions and expectations of directing words such as algebraically,
compare, determine, evaluate, justify, and sketch. A list of these directing words and their
definitions can be found on page 39.
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General Scoring Guides

The General Scoring Guides, developed in consultation with teachers and Alberta Education
staff, describe the criteria and performance level at each score-point value. These General Scoring
Guides will be used to develop specific scoring descriptions for each written-response question.
In scoring the written-response questions, markers will evaluate how well students
* understand the problem or the mathematical concept;
e correctly apply mathematical knowledge and skills;
* use problem-solving strategies and explain their solutions and procedures;

e communicate their solutions and mathematical ideas.

General Scoring Guide for a 2-mark bullet General Scoring Guide for a 3-mark bullet
Score General Description Score General Description
NR No response is provided. NR No response is provided.
In the response, the student does not In the response, the student does not
0 address the question or provides a 0 address the question or provides a
solution that is invalid. solution that is invalid.
0.5 0.5
In the response, the student demonstrates In the response, the student demonstrates
basic mathematical understanding of minimal mathematical understanding of
1 the problem by applying an appropriate 1 the problem by applying an appropriate
strategy or relevant mathematical strategy or some relevant mathematical
knowledge to find a partial solution. knowledge to complete initial stages of
a solution.
1.5 1.5
In the response, the student demonstrates In the response, the student demonstrates
complete mathematical understanding of good mathematical understanding of
2 the problem by applying an appropriate 2 the problem by applying an appropriate
strategy or relevant mathematical strategy or relevant mathematical
knowledge to find a complete and correct knowledge to find a partial solution.
solution.
2.5
In the response, the student demonstrates
complete mathematical understanding of
3 the problem by applying an appropriate
strategy or relevant mathematical
knowledge to find a complete and correct
solution.

Specific Scoring Guides for each written-response question will provide detailed descriptions
to clarify expectations of student performance at each benchmark score of 0, 1, 2 and 3. A
student response that does not meet the performance level of a benchmark score may receive an
augmented score of 0.5, 1.5, or 2.5. Descriptions of these augmented scores will be determined
with teachers at each marking session and are not an exhaustive list. Each bullet will be scored
separately and the scores will be combined for a total of 5 marks.
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Written-response Question 1

Use the following information to answer written-reponse question 1.

Two rural Alberta towns experience changes in population due to the construction of a new
highway. Equations modelling the population of each town, where P is population and 7 is
the number of years after January 1, 2016, are shown below.

TownA P, =4000(0.97)
TownB P, =2500(1.05)

Written Response—5 marks

* Describe the significance of each numerical value in each equation listed above. [2 marks]

A POSSIBLE SOLUTION

The first numerical value in each equation represents the starting population of each town. This
means that 4 000 is the starting population of Town A and 2 500 is the starting population of
Town B.

The second numerical value in each equation (inside the brackets) represents the rate of
population change for each town. This means that 0.97 represents a 3% annual decrease in the
population of Town A and 1.05 represents a 5% annual increase in the population of Town B.

Alberta Education, Provincial Assessment Sector 5 Mathematics 30—1
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* Algebraically determine the number of years, to the nearest tenth, that it will take for
the population of the two towns to be the same. [3 marks]

A POSSIBLE SOLUTION

PA=PB

4.000(0.97) =2 500(1.05)"

(4 000
2500

)(o 97)" = (1.05)'

1.6(0.97)" = (1.05)'

(1.05)"
(0.97)"

1.05
1.6= (097)

1.05
0.97

1.6=

logl.6 = tlog(

_ logl.6
1.05
log 0.97

t=5.930 692 186

t=5.9 years

The populations will be the same in 5.9 years.
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Specific Scoring Guide for Written-response Question 1

Bullet 1:
Score General Description Specific Description
NR No response is provided.
In the response, the student does not The response does not contain a valid description for
0 address the question or provides a any of the numerical values in either equation.
solution that is invalid.
For example, the student could
0.5 e correctly identify the significance of one numerical
value in one equation.
In the response, the student In the response, the student
demonstrates basic mathematical » correctly identifies the initial populations of both
understanding of the problem by towns
applying an appropriate strategy or OR
1 relevant mathematical knowledge to » correctly identifies the specific rates of population
find a partial solution. change for both towns
OR
» correctly identifies the initial population and specific
rate of population change for one town.
For example, the student could
1.5 e correctly identify the significance of three numerical
values in the two equations.
In the response, the student In the response, the student
demonstrates complete mathematical » correctly identifies the initial populations and specific
2 understanding of the problem by rates of population change for both towns (the rate
applying an appropriate strategy or of increase must be explicitly differentiated from the
relevant mathematical knowledge to rate of decrease).
find a complete and correct solution.

Please note that the augmented score descriptions (i.e., the italicized statements) are determined
at marking sessions. They are not an exhaustive list.

Alberta Education, Provincial Assessment Sector
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Bullet 2:

applying an appropriate strategy or
relevant mathematical knowledge to
find a complete and correct solution.

Score General Description Specific Description
NR No response is provided.
In the response, the student does not The response does not contain a valid equation that
address the question or provides a could be used to represent the problem or relevant
solution that is invalid. algebraic steps that would lead to a solution to the
0 problem.
Note: An answer determined from a non-algebraic
process will receive a score of 0.
For example, the student could
0.5 * create an equation that represents the problem but
does not attempt to solve the equation.
In the response, the student In the response, the student
demonstrates minimal mathematical e creates an equation that represents the problem and
1 understanding of the problem by completes an initial algebraic step but does not arrive
applying an appropriate strategy or at a solution or arrives at an incorrect solution.
some relevant mathematical knowledge
to complete initial stages of a solution.
For example, the student could
e create an equation that represents the problem and
1.5 correctly complete some algebraic steps to arrive at
a correct solution; however, the response does not
contain the correct application of a logarithm.
In the response, the student In the response, the student
demonstrates good mathematical e creates an equation that represents the problem and
2 understanding of the problem by correctly completes some of the steps of an algebraic
applying an appropriate strategy or process. The response contains the application of a
relevant mathematical knowledge to logarithm but the solution is incomplete or incorrect.
find a partial solution.
For example, the student could
e create an equation that represents the problem and
2.5 correctly apply a logarithm; however, the solution
is incorrect due to a misunderstanding of the
mathematics.
In the response, the student In the response, the student
demonstrates complete mathematical e creates an equation that represents the problem and
3 understanding of the problem by correctly completes all of the steps of an algebraic

process to arrive at a correct solution (the answer may
be incorrect due to a calculation error).

Alberta Education, Provincial Assessment Sector
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Sample Responses to Written-response Question 1

Note: The sample responses are intended to inform teachers and students of how the scoring
guide is applied to specific questions and to illustrate the expectations for student performance.

Sample Response 1

Use the following information to answer written-reponse question 1.

Two rural Alberta towns experience changes in population due to the construction of a new
highway. Equations modelling the population of each town, where P is population and ¢ is
the number of years after January 1, 2016, are shown below.

TownA P, =4000(0.97)
TownB Py =2500(1.05)

Written Response—5 marks

* Describe the significance of each numerical value in each equation listed above. [2 marks]

€
Pa = NOOO (o.qu)f\ﬁemtmd Pa~ 25 00(L.0S)" Seaame

< ’
ofgfral  qeouoth =, . L prswd.

lodSon. © ° oX€.
popioiion L;.(%b{ de(:a:;; ) pgp o (‘*?“(Kcé 2

7, calhuntk by 57/,
€ thme, eath un®4

of €t
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, * Algebraically determine the number of years, to the nearest tenth, that it will take for
the population of the two towns to be the same. [3 marks]

HooD (oj(o.m* 2 250igj. o3t

PA = P(ﬁ A0 & loq 0.3 =25 log1.0%5

HOOOOA* = 15 06 .03

2500 2500
.6 (0.4 = (l.os)*
oq%+* (0,a%) ¢
e = 80D an)

[.6 = (\,o?/o'qut
\-

€ — ‘03(\,0%’/0'6‘__;:\1’6

Score

Rationale

Bullet 1: 2 marks
Bullet 2: 3 marks

In the first bullet, an accurate and detailed description of all of the
numerical values in both equations is provided. The response clearly
indicates that 0.97 represents a decrease of 3% for each unit of time
(i.e., every year) and that 1.05 represents an increase of 5% for each unit
of time. In the second bullet, an equation representing the problem is
shown and an appropriate algebraic strategy, including the application
of a logarithm, is used to determine the correct solution. Even though
the final answer is rounded incorrectly, the error does not illustrate a
misunderstanding of solving exponential equations, so the response
receives full credit.

Alberta Education, Provincial Assessment Sector 10 Mathematics 30—1
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Sample Response 2

Use the following information to answer written-reponse question 1.

Two rural Alberta towns experience changes in population due to the construction of a new
highway. Equations modelling the population of each town, where P is population and 7 is
the number of years after January 1, 2016, are shown below.

TownA P, =4000(0.97)
TownB P, =2500(1.05)

Written Response—5 marks

* Describe the significance of each numerical value in each equation listed above. [2 marks]

+7 bing
Pr = 4000 (p.41)

\ \
MHA‘ Val/e CL\"”j(/

L/,

2500 (105)
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* Algebraically determine the number of years, to the nearest tenth, that it will take for
the population of the two towns to be the same. [3 marks]

4 voo Cowt'\fr = 15"00(,19353'*

1000 (han’ =009"
2500

V6 (oan)’ = Q.08

6= Quosd 6= sty
©a1) \ 16 =1
. U941 .082%
l\()i()kaf

ﬁ + = .4 yead

..-.\,..

Score Rationale

Bullet 1: 1 mark In the first bullet, the initial populations of the two towns, 4 000 and
Bullet 2: 3 marks 2 500, are identified as initial values. However, the solution does not
contain specific details regarding the significance of 0.97 and 1.05. In
the second bullet, an equation that represents the problem is created
and an appropriate algebraic strategy, including the application of a
logarithm, is used to find a complete and correct solution.

Alberta Education, Provincial Assessment Sector 12 Mathematics 30—1
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Sample Response 3

Use the following information to answer written-reponse question 1.

Two rural Alberta towns experience changes in population due to the construction of a new
highway. Equations modelling the population of each town, where P is population and 7 is
the number of years after January 1, 2016, are shown below.

TownA P, =4000(0.97)
TownB P, =2500(1.05)

Written Response—5 marks

* Describe the significance of each numerical value in each equation listed above. [2 marks]

"ﬂ;)«\ A P,q- = @0‘35 (0~°i7)%(<\
2 A 2~ Yomts /( (.-\3#5\ o rwe
PQGO‘A\&J'N,\ e\, Recle O‘Fﬁaéﬁ‘oaq

e Pesta»d‘l(‘-' o
Town R ),

= 250w 7. hi
P B ..4‘/ ( ;”:%) % “Fimg. N 2,“« 5 / /.-ens,“H’l
i :Jzépfya ”;.':Q;,:;«/ar‘iuﬁ Reste ¥ j“’m
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* Algebraically determine the number of years, to the nearest tenth, that it will take for
the population of the two towns to be the same. [3 marks]

P = oo (o.47%)¢

@5 = 2500 (0"

%’ ©=a Gear -\\\@j ool bfr\-\'\ oy

= ¢
X # i {
—— \ 0 feee amaR
N i
\»\\\_“\~
T T — A
Score Rationale

Bullet 1: 1.5 marks | In the first bullet, the initial populations of both towns and the rates
Bullet 2: 0 marks of population change are clearly indicated. However, even though the
rates of change are described as growth and decay, specific details about
the rates of change are not included. In the second bullet, there is no
evidence that the solution was determined using an algebraic process, so
no credit is awarded.
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Sample Response 4

Use the following information to answer written-reponse question 1.

Two rural Alberta towns experience changes in population due to the construction of a new
highway. Equations modelling the population of each town, where P is population and 7 is
the number of years after January 1, 2016, are shown below.

TownA P, =4000(0.97)
TownB P, =2500(1.05)

Written Response—5 marks

* Describe the significance of each numerical value in each equation listed above. [2 marks]

€,
\zab Pr: LOQO (O.QC‘I}’g
b T
Otorh The down 9"?"“"*‘“ deoreases
poplation by 37 each yeer (L)

Pe = 2500 (.os)F
A o
S'iwm& POp &‘ Pi'spu\o.-hen nereesss b\f 5 /o ecch yeer
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* Algebraically determine the number of years, to the nearest tenth, that it will take for
the population of the two towns to be the same. [3 marks]

C =\
\ :’ N Pl\ 3 Pg L (:= ng \,eers
o wooo (0.1 - 2scoflosy  EST
2500 2350c /
¢
L6 (0an)" = Los*
0.97° 0.97° é
OOO = R b
\03\.05 1.6 = L(‘JSE 4 /0-‘?7} 2800(( OS)
0.a7%

6= 1.0872°

Score Rationale

Bullet 1: 2 marks In the first bullet, an accurate and detailed description of all of the
Bullet 2: 1.5 marks | numerical values in both equations is provided. The response clearly
indicates that 0.97 represents a decrease of 3% each year and that

1.05 represents an increase of 5% each year. In the second bullet, the
response contains some correct steps in an algebraic process. Even
though the correct answer is given, algebraic evidence supporting the
answer is incomplete (i.e., an appropriate application of a logarithm has
been omitted from the solution).
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Sample Response 5

Use the following information to answer written-reponse question 1.

Two rural Alberta towns experience changes in population due to the construction of a new
highway. Equations modelling the population of each town, where P is population and 7 is
the number of years after January 1, 2016, are shown below.

TownA P, =4000(0.97)
TownB P, =2500(1.05)

Written Response—5 marks

* Describe the significance of each numerical value in each equation listed above. [2 marks]

Pa- Popuiakion of Town A —= popuiafan = Qoing dlon by 0.03

<D » - [ 50/:?
Po Populo\Hf?ﬁ JF Town 8 > f\j..g‘) 6}0% [,\g Q9 O ljﬁ,@/. Qa('hljeaer

4, Represents the time Jng Jmnuanf) 2216, f”mm‘no) Hotr the Population
0\2 e\ YOS facruals  Loadh Lje“" =
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* Algebraically determine the number of years, to the nearest tenth, that it will take for

the population of the two towns to be the same. [3 marks]

@00 oA Y = 2500 09)°
1 b0a T = U.08

T o1t 0.97¢
[.6 =

\.~ = \1.0g°

(O&\) \.03 \b

£ = 6.

1,051
(0.97)°

Score

Rationale

Bullet 1: 1 mark
Bullet 2: 2.5 marks

In the first bullet, an accurate and detailed description of the rates

of change are included; however, the response does not include a
description of the significance of the values of 4 000 or 2 500. In the
second bullet, an equation representing the problem and several correct
algebraic steps toward a solution are provided. A logarithm is applied
correctly; however, the use of a rounded value in one of the calculations

results in an incorrect final solution.
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Written-response Question 2

Written Response—5 marks

2
* Prove that the equation 1 + tan O = S€€ 0

tan ang san identity using an algebraic approach.
[3 marks]
A POSSIBLE SOLUTION
2
sec” 6
tan +tand tan 6
1 sinf 1 . sinf
sinf  cos@ cosl@  cosO
cos @
cos@ | sind 1 cos @

sinf = cos@ cos?@ = sinf

cosB(cosf) sinO(sinb) 1
sin@(cos@)  cosB(sinb) cosOsin @

cos26 +sin’@
sinf@cos 6

S S
cos@sin @

LS =RS
Because LS = RS, the identity is valid for all permissible values of 4.

Note: Many different proofs are possible but all proofs must end with a concluding equality
statement.
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* Determine all of the non-permissible values of the identity. [2 marks]

A POSSIBLE SOLUTION

To determine the non-permissible values, we must consider the denominators of any fractions
on either side of the identity and any trigonometric ratios that have undefined values. Tan@ is in
the denominator on both sides of the identity. Tan@ and sec 8 also have undefined values for 6.

tand #0 so 8 #0, x, 2w, ...

The general statement representing these values in the domain 6 € R is 0 #nw, ne<l.

w 3w 57

tan @ cannot be undefined so 8 # 5 Ty

The general statement representing these values in the domain 8 € R is 0 # % +nm, nel.

w 3w S7

sec @ cannot be undefined, which means that cos@ # 0 and so 6 # 5 Ty

The general statement representing these values in the domain 8 € R is 0 # % +nm, nel.

Combining all of these components, all of the non-permissible values for the identity can be
represented by the general statement

9#%, nel
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Specific Scoring Guide for Written-response Question 2

Bullet 1:
Score General Description Specific Description
NR No response is provided.
In the response, the student does not The response does not contain the substitution of
0 address the question or provides a relevant trig identities or simplification steps that
solution that is invalid. would lead to the proof of the trig identity.
For example, the student could
0.5 e complete one relevant substitution on one side of the
identity.
In the response, the student In the response, the student
demonstrates minimal mathematical  completes one relevant substitution to both sides
1 understanding of the problem by of the identity or one relevant substitution and one
applying an appropriate strategy or relevant simplification step to one side of the identity.
some relevant mathematical knowledge
to complete initial stages of a solution.
For example, the student could
* complete relevant substitution and simplification
1.5 steps on both sides of the identity but equality
between the sides is not established due to multiple
errors or misunderstandings of the mathematics.
In the response, the student In the response, the student
demonstrates good mathematical e applies relevant substitution and simplification steps
2 understanding of the problem by to each side of the identity but equality between
applying an appropriate strategy or the sides is not established due to an error or a
relevant mathematical knowledge to misunderstanding of the mathematics.
find a partial solution.
For example, the student could
* apply appropriate trig identities to illustrate how
2.5 the LS of the identity is equivalent to the RS of the
identity but equality between the two sides is not
explicitly expressed.
In the response, the student In the response, the student
demonstrates complete mathematical e applies appropriate trig identities to illustrate how
3 understanding of the problem by the LS of the identity is equivalent to the RS of the
applying an appropriate strategy or identity (equality between the two sides is explicitly
relevant mathematical knowledge to expressed).
find a complete and correct solution.

Alberta Education, Provincial Assessment Sector
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Bullet 2:

Score General Description Specific Description
NR No response is provided.
In the response, the student does not The response does not contain relevant evidence
0 address the question or provides a that would lead to determining the non-permissible
solution that is invalid. values of the identity or the identification of any
non-permissible values.
For example, the student could
0.5 e list some of the non-permissible values for a
: restricted domain without providing supporting
evidence.
In the response, the student In the response, the student
demonstrates basic mathematical e creates a correct statement that includes all of the
understanding of the problem by non-permissible values for the identity but fails to
applying an appropriate strategy or support this statement with relevant evidence
1 relevant mathematical knowledge to OR
find a partial solution. * creates a statement that includes some of the
non-permissible values (or a list of non-permissible
values for a restricted domain) and supports the
statement with relevant evidence.
For example, the student could
15 * create a correct statement, supported by evidence,
: that includes all of the non-permissible values for the
identity but an error is present.
In the response, the student In the response, the student
demonstrates complete mathematical e creates a correct statement that includes all of the
2 understanding of the problem by non-permissible values for the identity and supports

applying an appropriate strategy or
relevant mathematical knowledge to
find a complete and correct solution.

this statement with relevant evidence.
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Sample Responses to Written-response Question 2

Sample Response 1

Written Response—5 marks

2
* Prove that the equation L tang =Y 4 is an identity using an algebraic approach.
tan tan 8
[3 marks]
R ! ol A SinB
cot9* +on b (5% - (238
(0S8 . Siab |
&b Cad® = ...,.—-l-——é— b § _(29__5_(..9:.._
(oS’ Sing
(65°@ * 6126
T 6\nG CosSe { = 989 05
CoSP SnG
)
T Gnpesh =L
Sin — = (056 Sine
w,\\\\ J
"~ _ [
SIA0 S B

LS =¢g

* Determine all of the non-permissible values of the identity. [2 marks]

i 9 I
Jong 20 —> 225 3 Lose#0 + O 2 T

T

2 "'—"" — 2 .
SCCQ io = (os*0 (650 # 0 — ¢.u @ £ .._ZL + [T

Score Rationale

Bullet 1: 3 marks In the first bullet, appropriate trigonometric identites are substituted
Bullet 2: 1 mark into each side of the given identity and are simplified correctly. Equality
between the two sides is clearly illustrated and explicitly stated,
resulting in full credit for this bullet. In the second bullet, only some

of the non-permissible values are provided with relevant reasoning;
however, the reasoning provided for the non-permissible values for
tangent is incorrect.
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Sample Response 2

Written Response—5 marks

2
* Prove that the equation Ly tan@ = sec’§ is an identity using an algebraic approach.
tan tan
[3 marks]
J 0
—, +4an S
s 1an@ an® — Yand
i
L 4 JanC
9 sec’l
JRUI-. 1ar®
i o
g
cos® . sinb tant
sing COSG i
| —
c0s® G020 1and '
e —
SiQese o |
I
cos?® +5i01E %B . 05D
—__—_—-—/-—’—\
<\nQ cost \
l e
. S
056
sy COSD sSinP cos

Ls = &S
* Determine all of the non-permissible values of the identity. [2 marks]

08 = O } a,m, Zﬂ")s 8= TMnyner
<50 =0 g i -3_[[

—_—

? ) 5 39:%+ﬂm3ﬂef
e ]

Score Rationale

Bullet 1: 3 marks In the first bullet, equality between the two sides is clearly illustrated
Bullet 2: 2 marks and explicitly stated through the substitution and simplification of
trig identities on both sides of the identity. In the second bullet, fully
supported statements that include all of the non-permissible values
are provided.
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Sample Response 3

Written Response—5 marks

2
* Prove that the equation Ly tan@ = sec’§ is an identity using an algebraic approach.
(3 marks] tan tan
. |
1, s ©%®
<Und os® "-—'_@_—/
—_— on
cos® (o8 ©
$n® 5O
sl 22T | B O
5 0 A AEm T T can®
=it [0 gD 08 CR
2
£0<0 4+ 90 9
(os® sn©
/’—\/’/
Los® S\ o
©
S S
\/ % =
e —* g
an@ 2
/
N

* Determine all of the non-permissible values of the identity. [2 marks]

Yon B350
SEXE \80°%n éh'@l

o,\

1,6

Score Rationale

Bullet 1: 2 marks In the first bullet, appropriate trigonometric identities are substituted
Bullet 2: 1 mark into each side of the given identity and some simplification steps are
completed correctly. Equality between the two sides is not reached due
to an incorrect simplification step on the left side. In the second bullet,
only some of the non-permissible values are given.
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Written-response Question 3

Written Response—5 marks

 Sketch the graph and state the corresponding equation, in factored form, of a Sth-degree
polynominal function with a minimum of two zeros. List the x- and y-intercepts below

your graph. [3 marks]

A POSSIBLE SOLUTION

y

101 A

10 -8 -6 -4 2

Equation: y = (x — 2)2(x + 1)3
x-intercepts: x =2 and x=-1 or (-1,0) and (2, 0)
y-intercept: y=4 or (0, 4)

Note: Many graphs are possible. To receive full marks, the equation, x-intercepts and y-intercept
provided in the response must match the sketch that is drawn.
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Use the following information to answer the next part of the written-response question.

The graph of the polynomial function P(x) = a(x + b)? (x—¢)*, where b,c <N, is graphed
on a Cartesian plane.

* Explain how changing the a-value from 3 to —6 would affect the graph of P(x).
Include specific details on how the change impacts the domain, range, y-intercept, and
x-intercepts of the graph of P(x) in your explanation. [2 marks]

A POSSIBLE SOLUTION

Changing the a-value from 3 to —6 will vertically stretch the graph about the x-axis by a factor
of 2 and vertically reflect it about the x-axis.

These two transformations would not impact the domain of the function or the location of the
x-intercepts. The domain would still be {x ‘ x € R} and the x-intercepts would still be located
at x=-b and x=c.

However, the two transformations would change the range and the location of the y-intercept.
The original graph was an upward-opening graph with a range of {y ‘ y = 0}. The vertical
reflection would change the direction of opening to downward, making the range {y | y<0}.

The original graph also had a y-intercept located at (0, ab*c?). The vertical stretch and
reflection would require the y-coordinate of this point to be multiplied by —2, moving it from
the positive arm of the y-axis to the negative arm of the y-axis and making it twice as far from
the origin as the original.
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Specific Scoring Guide for Written-response Question 3

Bullet 1:
Score General Description Specific Description
NR No response is provided.
In the response, the student does not The response does not contain a graph that represents

0 address the question or provides a the given characteristics, an appropriate equation or the

solution that is invalid. identification of relevant points.
For example, the student could
0.5 e create a graph that represents a polynomial function
: with some of the required characteristics or provide
a partially correct corresponding equation.
In the response, the student In the response, the student
demonstrates minimal mathematical e creates a graph that represents a polynomial function
understanding of the problem by with some of the required characteristics;
applying an appropriate strategy or * provides a partially correct corresponding equation
some relevant mathematical knowledge | in factored form or the correct corresponding x- and
1 to complete initial stages of a solution. y- intercepts;
OR
e creates a complete graph that represents a polynomial
function with all of the required characteristics; but
the correct corresponding equation, x-intercepts, and
y-intercept are not provided.
For example, the student could
* create a graph that represents a polynomial function
1.5 with all of the required characteristics and list
the correct corresponding x- and y-intercepts; an
equation in factored form has not been provided.
In the response, the student In the response, the student
demonstrates good mathematical * creates a complete graph that represents a polynomial
understanding of the problem by function with all of the required characteristics;

2 applying an appropriate strategy or * lists the correct corresponding x- and y-intercepts and
relevant mathematical knowledge to provides a corresponding equation in factored form
find a partial solution. that contains errors or omissions (a correct element is

present).
For example, the student could
* create a graph that represents a polynomial function
25 with all of the required characteristics, list the
° correct corresponding x- and y-intercepts and provide
a corresponding equation in factored form that
contains one error or omission.
In the response, the student In the response, the student
demonstrates complete mathematical e creates a complete graph that represents a polynomial

3 understanding of the problem by function with all of the required characteristics, the
applying an appropriate strategy or correct corresponding equation in factored form, and
relevant mathematical knowledge to the correct corresponding x- and y- intercepts.
find a complete and correct solution.
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Bullet 2:

Score General Description Specific Description
NR No response is provided.
In the response, the student does not The response does not contain a relevant description of
0 address the question or provides a how the change in a-value impacts the characteristics
solution that is invalid. of the corresponding graph.
For example, the student could
e partially describe how the graph is impacted by the
0.5 change in a-value (i.e., the student identifies what
transformations are occuring or lists the graph
characteristics that are impacted).
In the response, the student In the response, the student
demonstrates basic mathematical e partially describes how the graph is impacted by the
1 understanding of the problem by change in a-value (i.e., the student identifies what
applying an appropriate strategy or transformations are occuring and lists the graph
relevant mathematical knowledge to characteristics that are impacted).
find a partial solution.
For example, the student could
e partially describe how the graph is impacted by
the change in a-value (i.e., the student identifies
1.5 what transformations are occuring, lists the graph
characteristics that are impacted and attempts to
explain how the characteristics are impacted but the
explanation is incomplete or partially incorrect).
In the response, the student In the response, the student
demonstrates complete mathematical e fully describes how the graph is impacted by
2 understanding of the problem by the change in a-value (i.e., the student identifies

applying an appropriate strategy or
relevant mathematical knowledge to
find a complete and correct solution.

what transformations are occuring, lists the graph
characteristics that are impacted, and explains how
the characteristics are impacted).
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Sample Responses to Written-response Question 3

Sample Response 1

Written Response—5 marks

* Sketch the graph and state the corresponding equation, in factored form, of a Sth-degree
polynominal function with a minimum of two zeros. List the x- and y-intercepts below

your graph. [3 marks]

|

Equ‘atrién:j

x-intercepts: Ve~ (\’l >’5( X+ l\)/l

y-intercept: (‘ l, O) &YlCl ( l \O)
(0,1)
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Use the following information to answer the next part of the written-response question.

The graph of the polynomial function P(x) = a(x + b)? (x—¢)*, where b,c <N, is graphed
on a Cartesian plane.

* Explain how changing the a-value from 3 to —6 would affect the graph of P(x).
Include specific details on how the change impacts the domain, range, y-intercept, and
x-intercepts of the graph of P(x) in your explanation. [2 marks]

(e dowom wf// { #\ﬂ LWl 0(!40/ {/ta —m/evceﬁ{s
{/ |lc/\y !Lw, 6&% bgfdwf?/ //\a/ 3”’})1\ 15 gje 490[

vo)yfwﬁ aécvj X~ XIS
The ronoe w'// o f '5‘/ b couuse //e (?m;g/\

o f/ﬁ) wré'CZQ OAW"‘ f%@ f/p w.(/ a/c) Ce{am 1\

Score Rationale

Bullet 1: 2.5 marks | In the first bullet, a sketch that represents a Sth degree polynomial
Bullet 2: 1 mark function with the required characteristics and a correct corresponding
list of x- and y-intercepts are provided. However, the listed equation
has an error that prevents it from matching the graph: the equation

is missing an appropriate a-value. In the second bullet, the correct
transformations and characteristics of the graph that are impacted have
been listed but specific details about the characteristics have not been
included in the response.
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Sample Response 2

Written Response—5 marks

* Sketch the graph and state the corresponding equation, in factored form, of a Sth-degree
polynominal function with a minimum of two zeros. List the x- and y-intercepts below
your graph. [3 marks]

y
e — ] _ ] N ~
- |
b __.;A PV N S _
! * }
- s = = } - S— —— o - ’ - T
HEEEN
: —h— x
Lol i H _‘1_/4 i
NERREYAERN
HENEN REEERRENNEN
l — — ! — - S S NS |
RN | 1]
) rdl
Equation: j= (9(—4)(’)(‘1)(9("'3) (’X'I'S)
x-intercepts: -4 ; -, 2 y S
y-intercept: -7
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Use the following information to answer the next part of the written-response question.

The graph of the polynomial function P(x) = a(x + b)? (x—¢)*, where b,c <N, is graphed
on a Cartesian plane.

* Explain how changing the a-value from 3 to —6 would affect the graph of P(x).
Include specific details on how the change impacts the domain, range, y-intercept, and
x-intercepts of the graph of P(x) in your explanation. [2 marks]

The new oL valve wi\l make -the Srcxek Le
\)?r"rde down and Steepec . This wi\ c\nqnﬁa

the y—in-lef-(ef{- o be +wice our Jp'ng andl

the Sra.f:h Crosses on tAe nng—Hvﬂ. g—axis,

Score Rationale

Bullet 1: 2 marks In the first bullet, a sketch that represents a Sth degree polynomial
Bullet 2: 0.5 marks | function with the required characteristics and a correct corresponding
list of x- and y-intercepts are provided. However, the listed equation has
multiple errors that prevent it from matching the graph: the equation

is missing an appropriate a-value and the signs in all of the binomial
factors are incorrect. In the second bullet, the response addresses how
the change to the equation impacts one of the characteristics of the
graph but does not provide specific details about the remaining three
characteristics.
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Sample Response 3

Written Response—5 marks

 Sketch the graph and state the corresponding equation, in factored form, of a Sth-degree
polynominal function with a minimum of two zeros. List the x- and y-intercepts below

your graph. [3 marks]

Equation:  — (X + LDX X+ ‘—B()(—(- \3( N— \)( X- 33

x-intercepts:

y-intercept:
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Use the following information to answer the next part of the written-response question.

The graph of the polynomial function P(x) = a(x + b)? (x—¢)*, where b,c <N, is graphed
on a Cartesian plane.

* Explain how changing the a-value from 3 to —6 would affect the graph of P(x).
Include specific details on how the change impacts the domain, range, y-intercept, and
x-intercepts of the graph of P(x) in your explanation. [2 marks]

A

C’N’af:h l GIV&PL" 2

Score Rationale

Bullet 1: 1 mark In the first bullet, the sketch represents a 5th degree polynomial

Bullet 2: 0.5 marks | function and has an appropriate number of x-intercepts; however, an
equation and the list of corresponding x- and y- intercepts have not been
provided. Additionally, as a scale for the x- and y-axes has not been
established, the assumed scale of increments of 1 matches the binomial
factors in the provided expression but, when expanded, the constant

of the expression does not correspond to the y-intercept. In the second
bullet, the diagrams indicate an attempt to explain how the graph is
impacted by the change to the equation but specific details about which
characteristics are impacted or how they are impacted have not been
included.
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Sample Response 4

Written Response—5 marks

* Sketch the graph and state the corresponding equation, in factored form, of a Sth-degree
polynominal function with a minimum of two zeros. List the x- and y-intercepts below

your graph. [3 marks]

!

Y= x3(x-2)*

Equation:

x-intercepts:
X=0,2

y-intercept:

Y=
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Use the following information to answer the next part of the written-response question.

The graph of the polynomial function P(x) = a(x + b)? (x—¢)*, where b,c <N, is graphed
on a Cartesian plane.

* Explain how changing the a-value from 3 to —6 would affect the graph of P(x).
Include specific details on how the change impacts the domain, range, y-intercept, and
x-intercepts of the graph of P(x) in your explanation. [2 marks]

P<) = 3(xrp)?(h-c )™
vertical stretch and a vertroal red, (€c7707
Px)= =6 (x+6)*(x-c)*

lertical franstrmatons oo not aFfect the x-yaluec
S0 fhe domarn and the X-intree=ts o hot (’//m?g.

‘y 7

The old graph could fowk lke:

The hew 5/‘&,06 looks [1Ke:

/n The range, 420 becomes y<o.

7he y—/bfﬂz’fp/‘ /S AW neéqarive and 15 Twiceg as
R From the x-axis as 't Was bertpre
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Score Rationale

Bullet 1: 3 marks In the first bullet, a sketch that represents a 5th degree polynomial
Bullet 2: 2 marks function with the required characteristics and a correct corresponding
list of x- and y-intercepts are provided. Although an incorrect equation
written in general form is included in the response, the correct equation
written in factored form is provided. In the second bullet, the response
lists which characteristics of the graph are impacted by the change to
the equation and which ones are not. The response also includes an
explanation of the transformations applied to the graph of the function
and specific details on how the characteristics of the graph change.
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Draft Mathematics Directing Words

In Provincial Assessment Sector use, mathematics directing words have the following definitions,
which students are required to know. These words will be bolded in the written-response questions.

. Using mathematical procedures that involve variables or symbols to
Algebraically
represent values
Make a mathematical examination of parts to determine the nature,
Analyze . .. . . o
proportion, function, interrelationships, and characteristics of the whole
. Arrange items or concepts in categories according to shared qualities
Classify .
or characteristics
Examine the character or qualities of two things by providing
Compare characteristics of both that point out their mutual similarities and
differences
Conclude Make a logical statement based on reasoning and/or evidence
Describe Give a written account of a concept
Design/Plan Construct a detailed sequence of actions for a specific purpose
. Find a solution, to a specified degree of accuracy, to a problem by
Determine . . .
showing appropriate formulas, procedures, and/or calculations
Evaluate Find a numerical value or equivalent for an equation, formula or function
E . Make clear what is not immediately obvious or entirely known; give the
xplain ) . .
cause of or reason for; make known in detail
Make clear by giving an example. The form of the example will be
Ilustrate . . . e .
specified in the question: e.g., a word description, sketch, or diagram
Provide a meaning of something; present information in a new form that
Interpret . .
adds meaning to the original data
Justify Provide valid reasons, evidence and/or facts that support a position
Model Represent a concept or situation in a concrete or symbolic way
Predict State in advance on the basis of logic
Prove Establish the truth or validity of a statement by giving factual evidence
or logical argument
Provide a drawing that represents the key features or characteristics
Sketch :
of an object or graph
Solve Give a solution to a problem
. Establish, by substitution for a particular case or by geometric
Verify i
comparison, the truth of a statement
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Explanation of Cognitive Levels
Procedural

The assessment of students’ knowledge of mathematical procedures should involve recognition,
execution, and verification of appropriate procedures and the steps contained within them. The
use of technology can allow for conceptual understanding prior to specific skill development
or vice versa. Students must appreciate that procedures are created or generated to meet
specific needs in an efficient manner and thus can be modified or extended to fit new situations.
Assessment of students’ procedural knowledge will not be limited to an evaluation of their
proficiency in performing procedures, but will be extended to reflect the skills presented above.

Conceptual

An understanding of mathematical concepts goes beyond a mere recall of definitions and
recognition of common examples. Assessment of students’ knowledge and understanding of
mathematical concepts should provide evidence that they can compare, contrast, label, verbalize,
and define concepts; identify and generate examples and counter-examples as well as properties
of a given concept; recognize the various meanings and interpretations of concepts; and defend
procedures and personal strategies. Students who have developed a conceptual understanding

of mathematics can also use models, symbols, and diagrams to represent concepts. Appropriate
assessment provides evidence of the extent to which students have integrated their knowledge of
various concepts.

Problem Solving

Appropriate assessment of problem-solving skills is achieved by allowing students to adapt and
extend the mathematics they know and by encouraging the use of strategies to solve unique and
unfamiliar problems. Assessment of problem solving involves measuring the extent to which
students use these strategies and knowledge and their ability to verify and interpret results.
Students’ ability to solve problems develops over time as a result of their experiences with
relevant situations that present opportunities to solve various types of problems. Evidence of
problem-solving skills is often linked to clarity of communication. Students demonstrating strong
problem-solving skills should be able to clearly explain the process they have chosen, using
appropriate language and correct mathematical notation and conventions.
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Mathematics 30—-1 Formula Sheet

For ax®+bx+c=0, Trigonometry
_ —b+ Vb —4dac g="4
X= r
2a
_ sinf _cosf
Relations and Functions tan & = cos @ coté = sin @
Graphing Calculator Window Format csc = .1 sec O = 1
) sin @ cos@
X: [xmin’ Xmax> xscl]
1
y: [ymin’ Ymax> yscl] cotd = tan @
Laws of Logarithms sinZ0 + cos?0 =1
IOgb(M x N) =log, M +log,N 1+ tan’6 = sec’0
M
logb(ﬁ) = log, M —log, N 1+ cot’@ = csc? 0
10gb<Mn> =nlog,M sin(@ + B) =sin@ cos B + cos & sinB
_ log,c o B .
log,c log, b sin(@ — B) =sin@ cos B —cos sinB
cos(@ + B) =cos@ cos B —sina sinB
Growth/Decay Formula
L cos(& — B)=cos@ cosB +sin sin 8
y=ab”
tan(a@ + B) = 1tana + tan B
General Form of a Transformed Function —tan@ tanf
y:af[b(x—h)]—i—k tan(CZ—B)Z tana_tanﬁ

1+ tan@ tanB

Permutations, Combinations, and sin(2@) = 2sin cos &
the Binomial Theorem

— ol ainl
nl=n(n—-1)n—-2)..3x2x1, cos(2)=cos"@ —sin“

where ne N and 0!=1 cos(2) =2cos’a — 1
nPrz% cos2@) =1-2sin’e
n—r)!
2tan
_ n! _|n tan(2a):72
ncr—m nC,—(r) l—tan"

In the expansion of (x + y)", written in y=a s1n[b (x— C)] +d

descending np_o:vi:rs of x, the general term is y=a cos[b(x _ c)] +d
L1 =,GX Ty
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