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. ' S Chapter 1
“OVERVIEW o

- »

The Mathematics Achievement Test Project (MATP) was set up
-+ by the Learning Assessmsent Braach of the Binistry of;ggggggig9g/n,&',-
- to develop testing saterials-to assist teachers throughout .thée o
province in the task of evhluating students® performiuce in '
sathesatics. The tvo major objectives of the. project ware to/
construct "banks" of test itess referenced to the curciculus
guide for mathesatics (1978 edition) in Grades 3, 7, and'tJ), and
to use these items to construct tests which coald be used 2ither
as achievemsnt measurés or as diagnostic tests. -

, Yor the classroom teacher, the task of evaluating stadents”,

+ performance in mathematics is a demanding one. If a test is to

be used in -this process, a serious effort must besaade to

control for the influence of factors such as the leval of

difficulty, reliability, and'content validity of the iteas, the

length of the tast, and, the adejuacy of .®coverage™ ‘or the

. conten?. Unless factors such as these ‘are controllad, the
results obtained may be misleading or meaningless.

In constructing the MATP tests, a serious attemspt was made
to take into account the influence of factors such as ghosz just
mentioned: MNoreover, the ¢tests were designed’ with saveral
attributes which shonld enhance their fisefulness to teachers.

1. lll;llg!§.!I§.§!£Il§!l!!:§£§2ﬂz Bach item developed for
- the MAT Project is linked to ab objective from -‘the. curciculunm

guide for a particular grade. With the exception of a small

‘nusber of those objectives which do mot lend thesselves to
Paper-and-pencil testing, all objectives im the guila are.
included. : - o . -

2. The test. items are soupd. Bach ' item acceptei  for
inclusion in an item bank went through several .stages of review

by teachers of mathematics, and pilot testing on at least 300
studog;z selected at random fros across the province. An; ites
vhichfailed to wmeet stringgnt psychometric standards (See

v Chaptér 3 for details.) was rejected. This means that the itesms
. have content validity and that they aumeet accepted -~ test
developaent standards. _ L : o ‘

» . L
3. Ihl.&!!t;}I!!!.lllfh!. -for _Qdiaapostic purroges.
Virtually all the fitems inclyded i the iten  hank are or the

sultiple-choice type, and the distractors were devaloped.
primarily to reflect. frequently-occurring merrors, Waerever
appropriate., Horeover, since the items are linked to spe=cific -
curriculsar objectives, a student’s level of mastery of each such
objective may be validly assessed. This meang that teathers will(
have access to the¢ kind of 4information they meed to» plan .
" {yresedial prograss vhen required. . ', o .
‘ | N .
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4. The test items for a given grade were calibrated on a
SoREQD _gcalg. All the items for a given grade wery calibrated on
& common wmeasureament acale. so ‘that item results my - be
seaningfully cfnpated with, each other even if the results are
obtained from different samples. The use .of this calioration

procedure, which 1s. based on the Rasch -mode)l (see Chapter 3),
vill provide two important'benefits to users.: L

.- &« Tests may be constrncteﬁ to pro;ide' £he ‘'most accurate

N information at any apility 1level desired by the user..
Thus, utlike standardized tests which are constructed to
. . ' be most suitadble for the ®waverage™ student, tests

constructed from the itém bank smay be designed to.-be amost
agpropriate for a particplar student ability leval. Por
-example, as different test forms become available in the

future,  a teacher. ‘could administer one test form to low

o o ability students, a second form to better students, ‘and

yet still be able. to mike direct comparisons 5f their
telativg performances. - o ;

/ " b. Results obtained from different tests ay be coapared
o since all {tems havé been calibrated on a coamqp scale., .
This means, for example, that different test forams aay be
used as' pre- and post-test measures and that valid -
S estimates of students® gains in achievement may be aade.
' This wolld be true even if the tvo test forms had no items
" 4in common, #Horeover, use of the Rasch model will enable
valid cosparisons to be made of different groups of
. . students who take different tests. | -

To sumsarize, (15? BAT Project was intended to provide
teachers of mathematics with test items ‘and tests ‘that are
psychometrically sound, that are referenced to the curriculum
guide, and that can be used with confidence. Initially, aleven

\ - Strapd Yests vere developed, and their construction, use, and,
_ application are the subject of this manual.

zhé.jm_inug.rm_snagfn&-

" At each level, the mathematics curriculus way be divided
intd a number of wmajor topic areas. The 1978 . editibn of the
curriculum guide lists aime such topic areas or gtrapis for
sathematics Grades 1 to 12: Sets and Set JOperations, Muspaer and
Sumber Operations, Geometry, MHeasurement, Problem Soliviag,
Graphs and Punctions, Applications of HNathematics, Logicdl
Thiaking, .and Probabjlity amd Statistics. At any particular
Jevel, certain  strands are eaphasized vhile others ares given
little or 20 emphasis. Por the Grade 7 level, for exampl2, the
‘curriculun guide 1lists six strands and for Grade 10, threa.

4

"Por the, purposes of the MAT Projsct, the strands ware re-

- defined (See Chapter ‘2 for details.), their ausber reducel, anid
- almost all of the  objectives . listed in the curriculua guide

assigned to HATP Strands. Those fev objectives 'whica vere.
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excluded were judged to be untestable. ‘Por exasple, a 3rade 7- N
objective which was excluded states that, "The student . is. able -
to distinguish betveen the concepts of number and numeral.® It

‘was felt that such an obj ve would be extremely difficait to*
test in the cqitext of a/paper-and-pencil test. RS

.

-

| At the Grade 3 level'there afe three MATP strands: Sets and
Numbers, Operations with Whole Nusbers, and Geométry and
*  Heasuresent. Por Grade 7 there are five MATP Stramds: Se:is, and - °
Numbers, Operations on Whole MNumbeys, Operations on Ratisnal
Numbers, Geometry and Measurement, and Applications. At Grade 10 3
there are three: Algebra, Geometry, and cOnsnpqt Hathematics. L

)

‘ A forty-ited test vas constructed for each strani. Aall
. items incluled on these tests are of the multiple-cboice variety
. with four response choices, each of vhich 15 a possible aasver
o the exercise. There are no responses such as "I don't know"
of ®"None of these.” A breakdown of each Strand Test by objective

is contained in Appehdix A.. : - S

Bach Strand Test may be usél at either of two leveLé_andq
for that ‘reason, each is identified  with . ‘%vo grade :
" levels:. Grade 3/4, 7/8, or 10/11. The Sirand Tests may pna used . - 1. ¢
either as achievement tests or ‘as diagnostic tests. -In the '
former case teachers may vish to use them to assist in tna task - .
of assessing students® mastery of a given strana apon completion [ -t
of that strand of at the .end of.the school term. Teachers of the - -
" subsequent grade can use the tests for diagunostic purposes to -
‘identify areas of particular strength or veakness before they -

. begin to teach a major umit. _ o :
© Muivisterin® and Scorjng the Strand Tests | —_—
. Bach Strani Test teqhir;s forty-five minutes to admipnister;

this is the time limit that was used in all of the pilot testing
of the items. Users who wish to use the- tests for assigobing
grades ' or . for copparing their students' performance to the
_ provincial average should adhere clos8ly to this tise limit.
: Although the ' tests:'are pover tests and not,.s rictly speaking,
... Bpeed tests, any significant départure from the *IQ limar may
' ""make such comparisons invalid. ok | - B

. N .
. -

) Stndentsxshould not be alloved .to ﬂle hamd-ield calculators -
or any other cosputational aids during the tests. Similarly, the
' wse of a compass or protractor is hot permitted,

. . 2he Teacher's NHanuval which accospanies each test .contains a \
ecoring key and a Class Record Pora which say be vtilized to
analyze the results in detail. Yor , exanple, the Class gecord

“'?orm car be used to identify, a student's strengths and
veaknesses. Areps of weakness will be evident if the /stadent S
frequently or consistently ansvers iteas. corresponding to a
particular objective incorrectly. . - o

Y - . )
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: v sach’ analyses, 'hovever,- mist be donehilti/ffzzution#
Mg .1 Information from a single test item or from a small set of itesds
A Y is subject to & certain amount of measuresent error, and saould

5] ‘7( ',.' o 194 (SN S

. !‘hﬁs ¢

“w.. - only be used as one piece of data to .be- confirmed by other
. N i performance  vecords. As  with - any gingle test #core, -
"rdomalification of a possible student weakness on the basis of

8ts * should be considered tentative until confiraed by

t
gl n‘t}ﬁ;pn‘ tion,

el .. Teachers %Qg obtain diagnostic information by examining the
.. ... .. incotrect response choices made -by students- because the

.. distractors. were constructed to include frequently-occurring

. errorss “for example) consider the folloving Grade 3/4 iten:. -

"f.sfsﬁbttagt: 1&29:- e T

-hus

P . a. 83
o o b. 183
: s . Ce 123
(.)\ o /"/_a.‘) 223
y v N o/

<

_ f"kn]f - kach incotgggtwan use choice - (b,c,d) is'illuﬁtratgve of a
Cq e faalty-a1gorithes or mislearmed concept. Students .who select

.« tesponse ¢ may ‘have learned to subtract by serely finding the
... .absolute.diffgrence of each pair of d4aigits in the exearcisge.

“ .6 from 9 48 3. 2 from 4'is 2, 3 from 4 is 1." Stidents

}u~f‘“~[};l_se1éctipg responses b or’'d may be having difficulty with pPlace
o : value concepts, and in particular vith_the concert of regrouping

oA

or “borroving™ in subtraction. . T

/

_ For more infosAation cgi=;rning- the attributes of a
particular test, teachers should examine the test itself and the

Teacher's. Banual .which accompanies it. The remainder ~df this
sanual is devoted to a descriptionm of the developmental process.
vhich led to the creation of the Strand Tests whica bave
appeared thus far, Chapter 2 is concerned with the development _
of the HATP Item Specification Moilel, the Amplified Objectives,

and the test items themselves. Chapter 3 contains a descraption,

of the
4nd in

procedures that wvere folloved in pilot testing the iteas
putting the tests together. Also included in Chaptar 3 is .

& discussion of latent-trait theory and“the Rasch model which
vas used to calibrate the items in the AATP item banks. ‘

®

, .</‘>. ; | ? _;:}




Chapter 2 ¢

- DEVELOPMENT OF ITENS | | | k

Por each grade, the objectives * listed 4in the curriculus )
- guide for wmathematics indicate, in general tergs, the content
that is to be taught. These objectives constituted the basis |
upodn which the NATP itess vere generated. - - . S

The objectives in the curriculum guide are stated in a fora
that allows teachers a 'fairly wide degree of latitude in the
selection of the actual material that is to be. presentel, and
'teachers are encouraged to read and jinterpret the content of the
gunide - in the 1light of their experience and knowledge of theirs
- students® needs and abilities. Such latitude is clearly
incompatible with a test. developament ‘program where it is
essential that all concerned agree upon the scope. and intent - of
the content to be tested. For that reason, it was Becessary to
revrite each of the objectives "in more detailed forer so that C
homogeneous sets of test items counld be written. - - - )

Meplified Obiectives ' .

. Por .e%dh objectivé' in the cutriculum guide which was
appropriate for assessment by means of paper and pencil tesEing,

an Applified Objective was developed. Ap Amplified Objectiveé is
an expanded statement of an objective which provides a dethiled
description of the topic and bebavior impliegd by the objective.

~ Ithis expanded statement. reduces ambiguity about what woulad
constitute a satisfactory test item to assess the degrae “of
‘mastery the student -has attained. The major purpose of ' the
"Amplified Objective is to assist ites-3evelopers to ‘produce
coherent sets of test iteas. L . T R

A AMeplified OQbjective'has two major components: Stimulus
‘Elements and Learner Response Options. The. Stimulus Elaments
~ component consists of a thorough description of the content -of a
" test item which would be wvalid for that objective: It imcludes a
list of the restrictions that are to be placed on the itezas for -
. ~ @ given objective. The Learner Response. Options section 'is a '
a statesent of the nature of the sethods the student wall be .
expected to .use in responding to the itesm. Por spltiple-choice .
. itens, this would consist largely of a description of the ansver
choices, both the correct amsver and the distractors.’

" Yo 4llustrate the concept of ;n lnpliti;d Objoctlve an . - :li
exanple is given below. The objective, X1.C.7, 4s takea froa -
section TI1.C of the curriculus guide for Grade 7. |
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... specific ob Jective ar.c.m -

~ + The student. is nble'to:

. Brite sets of equivalent fractions. A L L

/o

"llplifded objective

Stinulus Elemepts -
- A Students should be able to broducé:(reédgnize)-set§ of
tvo or sore (up to S) fractions equivalent ‘to a given

fraction. . .
B. Given a prdportion with ome missing term, the studept:
. vill be able to identify the correct missing tern, v
* Ca Nuserators and denominators ased in the items should be
- restricted to “reasonable" nosbers. PFor examgle,
~ denoninators should pe limited to the following: ¢, .3,
_." '5' 6' 8' '0, ’2. . - Co o T b} -
D. Items concerning fractions equivalent to zero, one, an%f*“\\
|

« .

other whole nusbers should be used, _
E. The expression ®lovest ‘teras® should be wused in
' exercises asking students to reduce fractions. ‘

. kearner Response options

Distractors should 1include the feqiprocals of the’co;fect-
response. Y say also be formed by adding or - subtracting
— “the¢ nuserator and denominator rather than by Rultiplying
3 ’gr'dividing. | S : | S ‘
/ . Saaple Itea

l"

Wbhich fraction is equivalént to 6,8 ?

VK

',;;";",,'. . . ) ) 4

“'&5‘"“ T a. 8/10

B Y Y |
o e 820 T

. .. ¥hile wmot everyone,vould necessarily igree with all of the .~
restrictions contained 4in this Anplified - Objective, it is
evident that the objective 48 mpuch moré specific and less
ambiguous in this form than £n the original. In studyiny the.
_@xasple, it s faportant to bear in aing that these trictions
) are to -be placed upon the test fiteas to be developdd, aad are.
Bot intended as directives regarding the vay in which the topic
should be tanght, Yor example, the Amplified Objective rvestricts
the fractions to be used .4n these itess to those with
denosinators selected from a very smll) -set,’ 2 teacher aight
. wgdl decide that this is tog tost%lctlv.jlnlotat as the teaching
" the topic 4is concerapd, and such & decision might wall be
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. - The , IATP.ﬁtel Specifécation Hodel -consists of thréb
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appropriate 1n the cltcnlstlnces. uov.ver, to ensute that thete
_1s general agreement about uhat constitutes a suitable test itea
- for such an obhjective, ‘is imperative that an oﬁerstional
. Gefipition be provided. rhis is the fnnction - of the llpllfled o
--objective. . , _ :
.' . . . . . %:(J
, ‘The e:istonce of an l-plified ohjective lakes 1t pPo>ssible
- to deci e, on grounds of content and face validity, whether or

Rot given iten is acceptable as - a measure Of A given
6bjective. | B . R IR
lss_en_le.nse,. - S un.mztt.l:_l&e -
lhlch fraction is equivalent , -lhich fraction' s eguiva;ent
o to 6/8 2 : _ - to 11/51 _
8. 8/!0 A : . : a. 12/52 .
" b, 8/6 / ¢ . '_"b. 97/357

fhe nnacceptable itel violates one restriction of the
Stimulus Rlements and one restriction of ‘the Learner Raspoase
Options. The fraction 11751 should mot be used in a test item
for this  objective., If the item were to .be alloved, ‘the
distractors vould have to be - constrncted differently. :The
inverted forl of the correct ‘respounse. is not ia the ltst as
required. .- ) o ;

Amplified Objectives wete developed for evety bhjaumive -
JArom the 1978 edition of the currlculun guide for lathanatzcs '
which was-incluled in the NAT Project.

A I&ea_ng!slenzsns

dimensions: it content, level of dAifficulty, and “lavel of

cognitive behavior, The model'for Grade 7/8 is showvn in Pigure'

1, by way of 1llnstration. 0nly the content dilension varxed
amon ades. o

t:n.:entsnt : o R : e N
. .Prior to the developlont of the Amplified Objectivaa and.
the actlal test items, the objoctlves from the curriculus guoide
- for eact grade wvere partitioned into strands. Bach strand
- Fepresents a major block of content for a given graia. The
+ Teacher®s #lanval for each Strand-Test contains a 1list 9f the
actual - objectives froi the curriculus guide which are iacluded
in that strand, These lay also be tound in Appendix a. -
. rho coatent of each ctrnnd was further cpccltiod oy the R
, Cénstruction of the Ampli¥ied Objectives. As was mentioned (.
onrllor. abn lnplitiod Objective ms vritton tor oach obJuctive
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that vas included.in the MATP strands. ‘ -
LR L R .
-~ Applications
Geometry & Measurement

'Wholg‘Numbers
" Sets&Nos. /”
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. DIFFICULTY. .-
. : o Y4l '/)/ 1
A I
W
- @
. Low Medium High..~ . - . . - .
YL | L ' = ST
'gligure'l.‘fha ﬂhﬁ? Ites Specification qué; < ¢rade 7/8.

. . An o{;;}t vas made to enspre that the items producei vould .
- be-of varying levels of difficulty. Ites developers were «asked
to Pproduce itens that were of loy, medium, or high difficuley,.

“basing their judgament of the difficulty of a9 item on their

@xperience as teachers of mathenatics, Items of lov diff.culty

were defined to be those items #hich had a predicted p-vaiue of
approximately 80% to 100%; . msedium ‘Gifficulty jtems were

" predicted to have & p-valve of approxisatély 305 to 79% high

approximately OX to 29%, It 4 ¥as /intended that, fdr each

aifficulty items. were - prodic-odzﬁ;to have . & p-vaiue of

objective, 40% lof the items p:odu,még\g-if 14 be of lov difficulty;
40% of medius difficulty; and 20%% high difficplty. . .,
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The three levels of coqnlgxze behavior used in the MAT

Project "were Knowvledge, Comprebension, and ‘Apalysis. Just as-

vhen oae proceeds from lov to high difficulty ftems tha iteas

‘becone “hbarder", so ALoo as one proceeds from Knovleije to
::“Ezsis the items become cognitively more cosplex. The use of °

three catcgori’s of cognitive behavior ensured that itess
would b;hptoducod at varying levels of copplexity. Such a.scheme
vas mecessary because the purpose of the prfoject was to Qanetate
iteas at varying 1ev€18, and ‘pot merely dtems to test l;ninal
compe tencies.

[,

. The qqtogoriiiiioﬁ of each‘itél by cognitive level was déne

on an § priori basis, as it wvas  for 1level of difficulty.

“Prequently, this involwved a difficult and sosevhat arvitrary ;

decision because the dividing line 'between the categorzgs i

- rather lll-defined and vague. The classification of an-item can
. probably ‘omnly be @ade accurately for an_ individual scudent,

taking imto. account his or her iudividual‘backgronnd. Hodever,
such a categorization, in mpite of its veaknesses, does sacve to
ensure " thqt items- vtll be- generatcd at vations cognitive levels.

There would appear to be relatively viaespreah aq.eelent

" about what': copstitutes behavior at the Knowledge level. AS the

behaviors becose moife complex, hovever, the definitions opecose
pore difficult to apply to a popnlntion of studernts)as i, posed
to an individual student. In some categorization schelies, there
may be five or more cognitive behavior levels useld. PFor the MAT

Project there were three. It was intended that, for each .
- objective, 50% of the itess produced would be  at the xpouledge '

level, and 25% at each of the other two levels.

§ rh- lnovledge:ievel, in vbich a student 13 aot, required to'
‘make decisions or use coaplex memory, consists ‘f knowlauge of

specific facts, knovledge of terminology, and tyaﬁdbility t0 .use. -

algorithas. The Comprehension ' level, in which "a studsat is
require] ta msake decisions and-use complex memory, consists of

gen
sod another, and ability to read a&nd interpret a nathaahyxcs
probles. The Analysis level,. in which s student is Teqguired to

. tno§lo:£e of ,athepts, .kmowledge of principles,” rules, and

give a séquence of respoases, consists of the ability t> solve -

tontino problens, to analyze data, and to rocognize patteras.

As Englxtﬂgg rho Knovledge level 1ncludos the least
coaplex behav ors‘vhlcb one expects fros studepts as outcomes of

mathenstics .Anstruction. The 4itess in this category should

. T,
So., .

4

' t.qnlrc only siaple rocall and rontino aanipulatlons.

pory

cluo ors ns-lt vas prosontod in clnss. Ilp_inc uded ur,,“basic

B . C ’ /1 . ' o N
& . ‘i > ¢ , feng A
CNY s . N

ralizations, ' ability to transform probles elements foga one .

l.1.,lnovlodgc of SPociflc r.cts. xwﬁ*igilﬁonld ru;uiref_'
- stulents to reproduce or recognize material fresented in the




. 'wnits of ln°'19590 to uhich the stulent has been exposai over
N long periods of time . ‘

Examples " ~_

. ‘ M5 b 35, e84 2
' §rade_1: ~7}1§h of the’folloving is l?T'a uho%g‘nnlberf-.
] a. 0 b. 3 c. 172 d. 4 | -
;;;13_19: Which .of the fblloving is not deti@ed’ for reak .
_ . auabers? , - ' : ) o i
" e3¢0 b éxd . 0/3 a4, 30

s N y ] ’ A
. A.2. Knovledge of Tetninoloqy° Itels should requice the
-.//\itndent to recall the meaning of terss and syabols.

Exanples -

' L) .

~ gEade_3: ¥hich sign says ®add"?
) Q. - \.bo X - GV. R 7 0 a. <

Grade J: lhich of the folloving is' a prile,nulper?

_ | ‘a. 33 b. 35 c. 37 4. 39
. g;;ég_JQ:* 5! aguals,.' ¢gy' | o . ,
©  a.5x5¥5x5x5 b. 55 ‘

Co.5 X8 X322x1 . 4.5 408 ¢362¢1

.+ - B3, Ability to’ Use' Algorithas: .Host' teachers of
mathematics would probably ‘consider this toc. .be the most
Japortant subcategory of the ‘knovledge -level. The 4items should
‘a0t regquire a :student to select the proper algorithm, i.e., make
a docizion.,*but aerely to apply the required ptocedure to the

, olononts 1n the -tinnlus.. O
< " o ey S < ' ’ -~
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, | . Examples | ' -
Grade 3: s . S
. . * 20 ” B |

.« - a. 227 b. 638 c. 418 d. 649 .

l . 5 ‘w' b - ‘ . N l(’
grade 7:  1¥208 . e

b T ac 16 b 170 oo 18 4. 19

h Y

' grade 10: 0.02 X 0,13 =

C , W 0. 26 e 0026 c. 0.0026 4. 0.00026
B. _Conprebension, - The Comprehension' level consists ‘of
behaviors which are more complex than.those at the Kndwledge
level. The dividing line betveen categories is somevhat ill-’
» defined and ‘items at <this level frequently regquire beaaviors
b from the Knovledge level as well as from the Comprehansion
level. Items at this level should require more than simple
- recall; the student should have to make a decision about vhich
) concept or',lgorithn is appropriate. - ®

. Ba1. Knowledge of Co&cepts: Since concepts are abstract and

abstractions require some impYicit decision-making, Kmovleige of

p Concepts is in the Comprehension level, Itens should requice the

'~ student to maka2 a decision about the applicaton of a conzapt or
" whether or mot ah object is an instance of a specified concept. -

Examples B : '\\

, ¢ @rade_3: ° To measure the¢ length 6[ your classroom which 2z the
' folloving .units would be used? *

(

| . a. metre 5. granm \ c. litre 4. kilogranm . R
) g;;g;,z:leltite the prime factors ofzﬂ??\ , S
f © au 1, 36 b2, 3 ce6,6 W4, 9 :
\Q;lig_lQ: If tvo angles arc.00lpIonatani}'thon both‘are
| a. ecute b. obtuse ‘c. right 4. congruent. .

u - Be2. Knoyledge of Principles, Rules, and Generalizations:
+ For items in this category the student is expected to recujnize
a prisciple, rule, or geaeralization. and -its applicatione.
Shether or mot a’ given 4item from this sub-category :ls a
Comprehension-level 4tes will depend mpon what the student has.

been taught. If the item reguires that the"student generate the
RS - , | _ o |

»

e




: r ' L k4 '
| rule, prinbiple, or gcnetlll tion, then thnt 1tcl vould belong
. . 7 to a higher cogunitive level for that studont. - Y/ '

(! [ 4
‘Exa plos , ’

<:fj>‘ E;lii_z. If you add 0 to a nusber ) the sun

a.-uill be greater than'n

b. will be less than p ' | . | ' \,/
Co ui;l ,ho/ equal to p ‘ e ) : Q >
d. say be mqre or less than p . - A NG

.- grade 7: If the decimal ;;\it in a number is moved ;h;gg_gliggs
o .30 _the right, ve are

a. dividing the mumber dividieg the. lulbar o
by 1000 _ | by 100"

-

4

C. lultiplyxlg the nnlber a. lultiplyxng the nuuber
~ by 1000 ) by 100 '

- W 'ﬁgggg_lg- The sum of the angles of a ttzangle
a. is between 900 and 1800, " . :
b. iS JBOol‘.
c. is betveen 1800 and 3600, . o

' ' l’q

; 4. depends on the sizes of the angles.

L8

, k - Y, ) -
. / B.3. Ability +to Tranmsform Probles [Elesents: rni§\\
. subcategory is central to the Comprebension level. T> solve
~ dtems from this categbry the student may.be teguired to caange "
the fore of a pumber or to change a verbal, ‘symbolic, or a
pictorial teprcsontatlon to oither of the other forms.

' [}
- 1y » ) a
[ ] . R . R .
. . . .
N : N N Vi
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Coa . a [ ) '
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§rade 3: Johﬁ/hus 8 marbles. Bis btother gave hin’ 5 .sore

marbles. Hov sany marbles™does John have nov?

Which -of the follovwing conld be ul;d\tp solve the
story probles given above? .

\ o

a. VM -5= ' b, g- 5 .
cCe 8 ¢5= a.-axs-_‘
. . . - |;
] grade 7: Suppose that an operation ¢ on any nuabprs 4 and p is

S “defined by a *b = a‘¢+ (a x b). Then 5 § 2 equals

a. 10 . b 12 . c. 15 d.- 20
e 10:'1/& l of N = v' L ;( A
2. o.ooousu _ b: 0.00125§ - c. 0.8N  d. 0.08F
-

'l

-Boti.. Kbility to Read and Interpret a nathelatics Prablenxi _

 The ability to actually solve mathematics word probleis belonys

at the -Analysis 1level. ®hile the skills involved ‘in this

subZategory are a- necessary step to solving mathenatical

probleas, théy ' are:not sufficxﬂpt. lecordingly, they beloug at

the Caaprehension level. . \

Itgls for this category may involve ptoblens vhere readiag

, and interpreting ‘ the “question is .the difficult part of the

" solution. That ls, the sanipugkations of the problem elemeats are
- mot difficult, :bit the comprebension of  what elements to

- manipulate may be. This category may als® include itess where

0

the: student is required to ansver guestions about a ‘problaa and

.- how to solve it but is not raguited to producélthe solut;on..

* o ‘ Bxalp;ps p

)
.

‘ﬂggj;_}:. It is trua{onf iul‘is 60

And ve differ just by 2 \ -,

‘ 1f you want to find our mames ) ] ’;
. Some thinking you nnst do. -
’ WHO ARE WE?

Whick of the folloving is trne about the lnnbers in‘
- the ltory qivon abovc?

' ( )
8. Both nnlbots sust bo loss than 30
b. Both ausbers pust gp groatqr than 39
.V."/' o A . )
' A f ) , o U . ‘ ‘ . ‘/ .




L}

EV’A\,' :.

. class,

' | \ .
Ce Onlf one nhlbit‘lﬁitrhn.gtlhtqf.fhan;so“ oy 'f .
’ - Only one mumber must .be less than 60. /w\> o,

Srade-7: Hrs. Brova bought a table at a sale. The bti:e- tag
"T} stated that the orijinal price was $60. The tables
vere selling at a 20X ‘discount. What was the amdunt of .
the.discount? (Ansver the question belov; 3o not
801'8. ' ! o " : A - I.- -
Which of the folloving is true about the story’ﬁfoblen.
given above?. T .

1 4

o T nrs.'Brovn,paid'Sso for. the table.

o
AN g

'b. HMrs. Brovn paid more than-$60 for the t@ble -
C. Nrs. Brovn pa1d loss)tyan $60 for the table

d. HNrs. Brown received a discount of $20.
) . W - 2!

.

[

€ _10; What uhdle nymbers make the foiloning -entenceﬁtcue?- ,
| 5< N+ 3 < 0. i
& WCwW b. > S “
c. 5<NCW " 4 2<w<8 .
Cs Lngizgigt The AMnalysis level 1i§;udes’itels that reguire -
a sequence of responses fros a student. It is this "seguance of
responses” that distinguishes this level from the other two '
levels. As with the first tvo levels, Anflysis-level beaaviors
are closely linked to a course of study, and Analysis-level
itess shoull be sisilar, but mot identical, to items studied in

~

C.1. Ability to Solve Routine Problems: In its simplest,

- form, an item at this level would reguire the studeirt’to select

apd vtilize an algorithm., The items may be made mor complax b

‘involving. the student 4in selecting a principle or ruse, in
choosing the appropriate algorithm(s), or selecting the proper
Seguence of steps go be followed. . .) E ' (f\

¥

Y
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| Ny ‘ . . ~ '
8rade _3: Susan lad"tz?dl 62 pages of a book. Then she'read 25’
o mbre pages. Hov many pages of the book has she rwad?

N
a. .87 b, 37 c. ©62 A. 25

§iade 7: A class of 48 pupils decided to impose a ,Lbooc-loss

R insurance fee based on the average book price of $2. 40

. and the rate of loss in the previous year of 3 books

B lost per 24 pupils. @hat fee ‘'should each pupil. he

o charged "in order to civer the total expected loss for
‘the current year? : N : :

» - | A [ ™ . ,
. . S . ‘.- 30.0 5 b. 30. Jb . . Cea '~" 0. 80 . -d-‘ ‘0090 .
grade 10: Brs. Roland bought a fur coat prized at $500. Fhe
.o ¢ SB¥les tax wd§ 8%, and the luxury tax on the coat was

15%. Vhat was her total bill? C '

-y

 a. $519  b. $586.50 c. $595 d. $690 .
S e N o .

C.2. Ability. to Analyze' Data:. This - subcategory Olves

~reading data, interpreting data, organizing ta, making:
decisions about data, and drawing conclusions based on the data.’

. Such abilities are necessary to separate a problem” inty its

‘cospopent ° parts, to distinguish relevan nformatiou fron

_ extraneous information, and to connest the’ Sub~problems which
.. bave already been solved in order to solve the 'stated provien.

. . | Exasples _ ) .
. ' grade 3: 'Race horse .+ 64 km/h
: . Deer h -+ B80.ka/h
.+ ) Homing Pigeon ' 100 km/h
Cheetah : - 110 ka/h
) B | L
. . b homing pigeon was taken 400 ka fros hose. Abdut hov
. - many hodrs would it take the homing pigeon to fly back-
» o hoae? . : - '

* a. 3 b. & ¢ 5 4. 6 ,
grade 7: Five spelling tests are to be given in Deanna's class.
Each test has a value of 25 points. Deanna’s average
- for the first four tests is 20. What is the iowest
scors she can get on the fifth test to have a 75%
average on all five tests? L , S

a. 13 bo 18 e 15 a. 20 i

', ) . \ . P

Sy e . '

* .
Y oy “ |
S |
o . |
K / B . I
i . L4




. | gﬁggganz Barriet wanted 6 pnits‘of socks. Store X s0ld thea at
o 2 pajrs for $1.25; the sase Brand sold in store y at 3
(" pairs ‘for $1.98. To be econosical, what should iarriet

do?

' ' a. _Buy the socks at Store X

) : 'a .
b. Buy the socks at Store Y )
o L % ‘ ) . ) ‘ N\ )
7~ . €« Buy ¢the socks at either store; it wmakes no
' difference. S N [
d. . It cannot be determined from the facts given.
‘\ I . . ’ ‘ ) -
.o , . ! S - Ry
R C.3. Ability to BRecognize Patterns: The student may be
. required to recall relevant information, transform pLoblen ,
- elesents, -manipulate the. problem elements into seguenca, and )
© recognize a relationship, Basically,: the student is required .to -
} © find ‘sqmetbing fasiliar in a set ‘of data. ' w
| o ‘Examples . ' | |
! 2 g:ggg_;: Uary‘ had fégc.piécqs'of baper with the unlbers_l‘to U
' written on thes as sho’n. - - o B
./! i ’ o —— (( . I | B . | .
/ ; _ P 2 g I S R L \
/ T R —— L ] . : ) (1 ' ‘ o
- ‘ T . -
/’ She made a list of all the 2-digits pumbers she cauld
. make with the pieces of paper. What nusber is-missing
- from her 1list? _ . : ' {
e 12, 13, 1, 21, 23, ____, 31,32, 34, 41, 42, 43, T
| '9'.‘, R o o ‘ ’
. @s 22 . b. M4 c. 4 4. W2
@rade 7: In ap $lection 356 people vote to choose one oi five
g candidates. The candidaté with wmost votes .s the
% wipner. What is the smallest number of votes the
| .- % - winner could receive? | '
: 8179 b8 e TV . a2 T
. - ~ i ’ ‘ s !
§rade _10: The lagt dfgit in 410 {g : SN ! 7

E—

\'////a. 0 b, 2 c. & 3.6 R
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Bost of . the “itess for a given qrade,uL:e dovelopai by i
tear : of classroos teachers, mathematics supervisors, - and .
-atbelzgkza educators during & uock-long writing session. Rach

a

item thdy went‘through a three~level validation process. at each
level thevitems were scrutinized using the following criteria:

, 1. Would success on the ites be a valid indication of
- mastery of the objective? ' B ,

- - ﬁ A . | | o
5 2. Was the item appr priate for éﬁe specified grade level?

»
B ~ " ' t ) ‘ O
" 3. Did the item meet all of the restrictionms c&hiaiqed in
the Amplified Objective? L L}~ I :
4. Was . the iten “properly categorized with fespgct to |, .y

cognitive level? .
‘ : -

5. Was the ites clearly written?

- Bach pair of ites~wvriters was rfsponsible for a specific
strand, and they conducted the first level of validatiom of the
items for that strand. The second walidation was doaa by
another pair of,itel vriters at the sjme grade level.

After the ites writing session was completed the third
validation wvas perforsed. This vas done by the members of the |
project teas who were not involved in writing the items.  IteXs .,
-that survived this validation procedure vwere then preparcd for

" field-testing.. . : ‘ - : :

. . L. -
€ N - B v : A}

v .."'
Referenges

| . : épphau; i. Jales.JSeleéting objectché and generating test itenss

for objectives-based tqsts. Problems in Criteriop '
Beferenced Heasurevent, CSE Monograph Ser'ies in Evaluation,
Busber 3. Los Angeles: Center for the Study of Evaluation,

| 1974, pages .13-25, | o
. wilson, James V. Evaluation of_lnutilug 1n;iocondary schbal'°\

Loy mathematics. In B.S. Bloos, J.r. Hastings, & G.P. Haiaus

L o Rt ang anshne Bduatiane v

A | ~—
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trait theory 1le )
‘Mlthough the three-paraneter model probably - yields a “"truer"
~plcture of the testing situation, there aie .a pumpar of

A © - Chapter 3 | ' .

-~

STATISTICAL PROCEDURES -
. | 3 ~

In addition to the conétraints imposed wupon HAT? iten

‘”developnent and validation procedures by .pedajagical

consideratiops such' as those discussed earlier, thers were
seyeral = fasportant’ psychometric considerations as wels. In
particular, it vas intended that _ ' ) o
1. the tests would provide greatest precision for measuring
the achievement of ' students at . the pass/fail ievel,
since .classification errors at/ this point are more
-serious than 'at other grading locations, apd -
2. by placing all the items for a giyen grade on a common
'~ scale of difficulty, scores obtained on different tests
measuring perforsance on the same content would be
~ directly coamparable. ' : ' G '

T It was apparent that traditiomal ..salple-depen’ént
approaches to test development were 1nadequat’- to meet these
conditions. Instead, procedures derived froam Jat j

vere ' proposed as a means Of creating tests having the rajujred
characteristics.. . : ,

© © Latent Trait_Hodéls | | B
! rvo"lateht trait models were :1niesiig ted for their

‘potential application -in the BAT Project: th three-parameter

m0dé1, and the one-parameter model. In the former case, the
probability that a person of given ability will ‘correctly
ansver an item is assused to be a non-lipear function of three

_parameters: the difficulty of the item, the item discrimination,’

and the probability of obtaining the correct ansver by guassing.
Ia the one-parameter model, the performance of an indiviiual of
a given ability (18" assumed to be a functicn only or the
difficulty of the itenm. L

y S

An  extensive roviof'of the literature and discussious -with

to tbe adoption of the one-faraseter model.

_measurement quc:;;ints vho were active 42 the area of .iatent

seresolved issues concerning its use. Por example,” the

. suitability of the procedures used to estisate the paraseters

‘has not been .adegquately desonstrated. Horeover, the inclusion of

- & guessing paraseter in the model is mot aotonslhlg/ for - open-
. ended questions which ‘were originally planned to'con

titute a
portion of the ites bank. Hence, although the one-paianeter

.

/ ' (\ ,\ ' . . ; _ | \
o ’ ‘ ( - ’ . ' . ¥ ‘ . ' ) . o A
. ) o ) . N o . ‘ ' . s . .

| | . S
o,




model requires assuming that all of the fteams have similar
discriminating power and that the probability of success au- any
item tends to zero ‘for students of very lov ability, it was
concluded to be the more useful of the two aodels. The
successful implementation of an item-bank project in Portiand,
Oregon based uponh the one-parameter model also facilitated the
deci%ion to base the MATP item bank upon it as well. A

The Basch Simple Logistic Model

- The model wused in developing the MATP tests is basei upon
the conceptualization of the measurement situation put torward
in. the 1960's by Gedrg Rasch. Rasch argued that the best that
Iav scores Oor percentages on a test can do is rank students in
'order of achievement. Hovever, if one vishes to compire the
Performance of two individuals, percentages indicate only which
person performed better, mot by hov muck better. Por exampje, if
person A obtains a score of 60X on a test and person B obtains a
score of 30%, it cannot be concluded that A achieved tw,ce as
well as B. If such a conclusion were warrantell, what woulid be
the score of person C be who did twvice as vell as A?

N

several desiraple characteristics: FPirst, the radlative
performances o tvo individuals should be uniquely detzcmined
regardless of the itesms used on the test, Secondly,
quantification of the relative difficulties of two iteas should
not depenl upon the abilities of the persons to whon they are
adeinistered. Finally, if one person is twice as aople as
another, the more able person should solve a Froblem twice as
difficult as one qgiven to the other person with tae sanme
"expenditure of effort" as the less able person needs /}Q_mgxert

In settingg up the model, Rasch atteapted to build in
f

in order to solve the less diffi-ult.

Basch als> wished to incorporate in his model a feature
relating person-ability aund item-difficulty such that, ror a
very capable person faced with a very easy item, the probavility
should be very nearly one that the person would obtain thé
correct ansver. Also, if an item were nmeither too difficuit nor
too easy for the respondent, the outcome would be uncertaiu, and
the probability for a correct solution should therefore b. about
0.5. “In other words, there should be about a 50-50 chance of a
correct answer. : . :

A probability function meeting the requimgments sujgyested
by Rasch is the following:




where, P(si) is thé probahility that pPerson § correctly
ansvers itea §,

a(s) is the ability of person g

4(i) 15 the -difficulty of itenm i. and

e is the base of natural logarithas.

1Y

. )
© Suppose that a test consisting of 40 items is administered
to a saaple of 3C0 persons. The computer program, BICAL (wright
and Bead, 1978), may be used to estimate the difficulty, d(1),
0f each'itea and the ability, a(s), of each Person. All persons
obtaining the same raw score, [, are assumed to have the sanme

ability. The common scale underlying both a(s) and d(i) is an’

®qual-interval scale ranging, in theory, froe positive iafinity
to megative infinity., The-unit of ‘measure for each paramerer is

the Jogit and, in practice, the usual range for each parameter

is approximately -4 to o4 logits. WNejative walues far a(s)

- dndicate lov ability persons, and negative values for d (19
. indicate easy itenms. . '

A simple manipulation of the model gives the folloving
odds-on-success, O(si), for a  given individual faced with a
particular itena:

a(s) - d(i) .
O(si) = e . . ~

The pature of the equal-interval scale may be seen by
examining this formula. . Suppose persons X, Y, and Z bhave
abilities of 1.30, 1.60, 4nd 1.90 logits respectively. Wote that
the difference between X and Y, and between Y and Z are equal,
pamely 0.30 logits. Wow suppose that each is faced with an iten
of difficulty -0.20 1logits. The odds-on-success for parson X
would be e?-30 - (-0.20) = @1.%0= y4_50, Similarly, the oilis-on-
success for persons Y and Z woull be 6.05 and 8.17 respectively.
The olds—on-success for Y compared to those for £ are
6.05/4.50 = 1.35 times as great. The odds-on-success ror 2
compared  to those for Y are 8.17/6.05 = 1.35 times greater.
Hence, the equal intervals on the ability scale Yield equal
ratios for odds-on-success. In other words quantifiable acaninjg
bas thereby been given to the assertion that one ‘student is
"tvice as able™ as another. '

' ¥

Yhere are several other advantageous properties of the
model and these have been investigated and supported through the
analysis of real data. ©Pirst, within reasonable limits the
estimates of iten Adifficulty are independent of the saaple of
persons used to calibrate the items. That is, regardless of
vhether a sample consists of bigh ability or 1low apility
sobjects, the difficulty value assigned to any given ftea will
be the same. This is in direct contrast to the traditional model
which wuses the p~valnq<§t percentage of correct response 1in the
population tested as an\index of the difficulty of an ites.

S
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Secondly, estimates of a person's ability wmay be owtalined

. from apy collection of previously calibrated itess. Mithin

limits, two persons may be assessed using completely difitaerent
items, and the' estimates of their abilities will be directly
comparable. This characteristic is particularly desirable in the
copstruction and utilization of item banks where the bbjective
1s to match ftems to persons. Lov difficulty items are best
suited to measuring persons of low ability, and bigh difficulty
iteas give the most precise-estimates of the abilities ot high
achievers. Using Rasch-calibrated ‘items, such tests can be
Constructed and the two abilities compared on the common scale.

Closely related to the foregoing is the matter >f the
standard error of the ability estimates. In the Rasch mod:1, the
standard error of ability is gmallest for -qgiures derivel fron
central scores, becoming larger as the scdres tend tovird the
extremes. Thus, the best estimate of a perspn®s ability will be
obtained fror a test containing items for each of vhicu the
probability of success for that 4dindividual is 0.5, Oa very
difficult questions the problem of guessing may confouad the
issue, and on very easy questions the’ probles of boreddra may
arise. Hence, if the intention is to create a test whizn best
measures the abilities of low achievers, items having low levels
of difficulty should be selected from the itenm pool?wf

Ihe Jtem Caljbration Progcedure

A fundamental requirement in the creation of &n itea bank
is the determination of the diffizulty of each coaponent itea on
a comaon scale. By definition an item bank consists of a large
musber of items. Since each stulent in a calibration sample
cannot be expected to respond to all-dtems contemplated for the
bank, an alternative procedure using the responsgs of difierent
students to different sets of items must be emplioyed. It 15 hete
that the power of the Rasch model is realizéd. By ut.lizing
blocks of common items as ljnks between diffetent tests, the
difficulty values of ifitems may bé interrelated. Various linking
ppofedures were used at the thre> grade levels for which itenms
were developed. The calibration procedure for the Grade 10/11

items is described here in some detail as a CORpPresensive
exanmple. . . L '

Three strands were required for Grade 10/11: Aljebra,
Ceometry, and Consumer Mathematics. Imitially, the items ia each
strand were calibrated independeatly. A common procedure was

folloved for each strand and that procedure is represented
diagrammatically in rigure/iﬁ’ - .

A, B, C, D, and E repressnt five test booklet: each
containing 40 items from a single strand. Each booklet consistéd
«of four 1links or blocks of ten items each. Rach of tue ten
blocks of fitems - a, b, ¢, .../ -"linked twvo booklets. As a

result one hundred items were calibrated in ten links Jf ten
items each. .

~




Figure 2. Linking network for items in a Grade 10 strauu.
> ’ '

el

’ ¢

A provincial probability sample of 1500 students was'
obtained for each strand by selecting an appropriate nuaser of
Grade 10 classes, stratified by geographic location and size of
school, as follows:

1. A1l schpols in the province which contained -iasses
cospleting Grade 10 mathematics in the first seaester
were ' sorted into six geographic zomes. The sampla size
chosen in each zone was propartional to the raported
Grale 10 enrollment as of September 30, 1978.

2. Within each zone, schools were ranked in order or grade
enrollment, and the estimated mumber of classes in each
schonl was also listed. This estimate was based on the
average district class size for each particular gra.ie.

3. Within mach zone, grade size strata were defined an such
a way that, within each Btratam, two or three :classes
would be aselected. This ensurel that schools of all
sizes were represented in the final sanmfle.
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4. Within each stratus the first class was s¢lected
randosly while the second (and third, if mecessary) was
selected systematically. This ensured that the schools
selected represented the larger and the smaller schuools

!

within each size stratunm. . o ' .

5. Within schools, primcipals wpre asked to select ciasses
by a randos procedure dogcrlbed in a letter to thea.
Most schools were asked to select . only one class but

some of the larger schools were asked to select two or
mole.

The return rate was approximately 175 per booklet, wyell
below the"design level of 300, probabfy due to inaiegquate
infor-atiqn}yeq rdiny semestering. The entire procedure was
repeated at the end of the second semester with a design sanmple
size of 800 pyr booklet. As a result, an average of 457 returns

per booklet wbkre available for calibration.

The responses to each of the sixteen different Grada 10/11
test booklets were first analyzed by the computer program LERTAP
(Nelson, 1974) using traditional item analysis techniques. ¥yt
reliabilities were typically around 0.84. Items were jidentified
for closer content analysis if their results showed one or more
of the followiny characgteristics: .

1. the  point-biserial correlation for the correct respoase

vas less than 0. 20; : '

2. thc point-biserial correlation for an incorrect rasponse
vas greater than 0.05; ~

3. the percent correct response was considerably lower than
the percant choosing one of the diStractors;

4. a distractor was selectel by less than one perczat of
the respondents.

Some sguch items were onmittel sasntirely from any further
consideration, some vere set aside to be modified and calibrated
at a later date, and some were retained as tested becaise of
their content validity. A susmary of the results is given in
Table 1. .

The resaining items from each booklet were sybjected to
Rarch «calibration  using the cosputer program BICAL (Wrijaut and
BRead, 1978). This program generates several .-statistics which
indicate whether or mot 4items fit well with the rest of the
collection. Such a lack of fit might occur when students Juess
at the correct answer or, Perh:ps, when the wordiamg of au iten
discriminates fa favor of a particular sub-group of persous. The
critical statistic used for determining lack of fit was tae fjit
Real_Bsgudre, with axpected value of 1.0. An jtem was reje:ced if
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Table 1 K\ N

- Summary of Items Deleted - by Strand

b,

Number of Items Algebra Geometry Consamer
Batheaatics

Pilotéd | 100 100 190

Set aside for wodification ' 8 11 6

Deleted (LERTAP) 0 2 ° 4

Deleted (BICAL) 0 1 1

Retained 92 86 37

its fit wmean square exceeded 1.0 by three standard ercars on
each of the tvwo forms on which that item apreared. The final
aumber of retained items is shown in Table 1,

.

Baving decided which items were to be retained in the bank,
the next step was to ase the links to bring all calinrated
difficulties to a common scale. Pigure 2 above shows bookiets A
and B coonectel by the ten limking items in link g. Simce A and
B contain items of varying difficulty, and since the bidxlets
are calibrated 4independently, the difficulty of each iteam in
link a will be assigned two wvalues: one resulting froa its
inclusion 1in bookle® A and one fror booklet B. However, bacause
of the equal-interval scale anderlying the model, one s¢t of
difficulty wvalues may be taken as the standard, say those for
booklet A, and each wyalue for booklet B may then be adjusted by
the same amount to bring all the items into line. The amoint of
adjustment was determined by first averaging the difficult.es of
the linking items as determined fram booklet A, then averagjing
the difficulties of the linkinq}itels as determined from buoklet
B, and- findiny the diffeérence betveen these tvo means. This
difference should be constant for al) ten pairs of difficalty
values, within ' a margin of error. If any difference exceeded
that margin, the item was omittel from the 1link apd a nev
constant calculated. 1In this .vay the development of stable
linking values was ensured. The r2sult was a direct, >Jue-way
link from A to B.

"As a additional check, three «possible two-way limking
values were calculated:

A—>C-->B, A -~> D ~-~-> B, and A --> I ~--> B,

These three values were averaged and the average of that value
and ‘the . One-way value was used to determine the final liaking
constant for each fora. ’

L haniing
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Finally, the appropriate linking constant was added to each
item difficulty to obtain the final calibrated diffaculty
Parameters. ° Yhe result was three independently calibratey sets
of items: Algebra, Geometry, and Consumer fla thematics.

An attempt was made to avlibrate the Grade 10/11 {iteas on
the same scale as the Grade 1/8 {tems. This possibility was
investigated by means of a sixteenth test booklet containiug ten
items from each of the three Grade 10/11 strands, viz. onz itenm
from each of the ten links within a st%and, and ten itea; fron
the previously calibrated Grade 7/8 items. The feasibility of a
tie-in with the Grade 7/8 item bank was determined by exiaining
the calibrated values of the t¢én common items. If each pair’ of
calibrated wvalues differed by a constant, within a cartain
margin of error, the inter-connection would be feasible. Using a
margin of three standard errors it was found that 6 of rthe 10
itees failed to behave as required. Three were much easier than
had bee’!predicted by the Grade 7/8 calibration, and threc were
more difficult. Since more than half of the items failed tu mcet
the criterion, the result was Judged to be sufficiently wejative

to reject calibrating the Grade 10/11 jtems on the Graije 1/8
sCale.

The sixteenth booklet, which contained ten items froa each
strand, was also wused to test the hypothesis that all three
Grade 10/11 strands could pe calibrated on the same scale. Using,
the procedure outlined in the preceding paragraph for coaparing
item difficulties, the difficulties of the iteams in eacu group
of ten were matched with the difficulties as determined by the .
scale of the appropriate strand. The results of this procedure
vere positive; only one iter failéd to meet the criterion. Tais
vas Judqged to be acceptable, and all three strands were
calibrate)l to the same scale using the constants derivel frona
the final booklet as linking values.

In all cases, the original logit s-ale was transformed into
& Bore convenient one. The transformed unit of mReasure was named
the BRIT (BRitish Columbia unIT). The centre of the Bcale was
s¢t at 1000 and each logit was set equal to 100 BRITs. Itenm
difficulties on the new scale ranged from 700 to 1200 uadlITs,
approximately. ‘

Pinally, an attempt was wmade to establish letter grade
boindary walues on the BRIT scale. Each teacher in tho pilot
testing procedure provided a letter grade for each sgtudent. 1In
making their decisions as regards these letter grades, taachers
were asked to consider only the students® achievemcnt 1in
mathematics anl not to take into consideration such factors as
motivation, work habits, and the like. 1In partidular, the
teachers were asked to consider six dimensions of achievgment,
and to use them 4in deciding which letter grade shousd be
asgighed to each student. The six dimensions Were:
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1. Achievement in solving mathematics probleas.

11. Achievement 4in perforaing routine mathematical tasks
) (e.g., arithmetic skills).

III. Achievement in grasping mew mathematical concepr ;.
IV. Achievemwent in making ‘mathematical gemeralizatijus.
V. Performance on mathematics tests.

VI. Performance on wmathematical quizzes and evuryday
assigpments.

These assijned letter grades were then translated into four
variables, dichotomously scored, vielding the A/B, B/C, C/?, and
P/F cut-oft points, respectively. They vere treated as any other
item and calibrated onto the BRIT scale. '

Iest Constructjon Procedure

In selecting the items from ‘the bank for the Strand rests,
tvo factors were borne in mind. The first and wmost important
criterion was content validity. That is, it was nRecessary that
the objectives related to each strand ‘as “defined by the
curriculus gquide be fairly represented. 1In every case, a
judgment was male as to a fair veighting of the objectives and
this was reflected in the nusber of -items selected fo: each.
Secondly, the tests were designed to Yield the most precise
measure for students on the borderline between succass and
failure. To meet ¢this requirement the items selected vere
generally taken from the lowver difficulty end ‘of the scal=.

Having selected the sgpecific forty itess for each strand
Test, a conversion table of raw scores to Rasch ability scores
on the BRIT scale was determined; that is, each score froya 1 to
39 was assigned jts corresponding BRIT value. As witn any
measurement process, each measurem2nt is subject to uncertainty;
in the Rasch model the standard error of the ability wmeasure is
least for scores in the centre. Assuming that each raw score was
centrally located in a confidence interval of 32 srandard
errors, the préviously determined grade cut-off levels were used
to determine rav score ranges for each grade level. This
information was summarized in piftorial form as shown in rigure
3. ' 3

\ .

In order- to verify the appropriateness of the jrading
procedure, each of the final grade 7/8 Strand Test; was
administerel to a probability sample of 1000 Grade 7 studants in
June, 1979. It was hoped that this procedure would confiras that
the information to be provided to test ysers was reliable, thus
freeing the test developers from the necessity of using a
separate noraing ‘sample to obtain letter grade information, and
rexulting in considerable econdmjes of time and monay. The
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FPigure 3. Assignment of letter grades to raw scores.
(Grade 1. Algebra Test)

results were satisfactory in terms of the traditional pointe~
biserial and reliability dindices, and in predicting tne mean
scores on the tests, However, a serious discrepancy was evident
betveen the number of respondents scoring in each grade category
and the number predicted from the model. Actual performance on
the tests was considerably more peaked than had been preiicted.
Typical findings are displayed in Table 2.




Table 2

Discrepancies beiveen Predicted and Obtained Grade Pregquencies

Grade Suggested Rav Predicted % Obtained X

Score\Range of Bespondents of Respondent;
1
A 39-40 10 2
B 35-38 V22 - 1
C 23-34 - 34 52
P 11-22 21 32
4 0-10 13 3 »

o

L3

‘The prohXem was resolted through discussions with various
persons experienced in the application of the Rasch .model, and
by a re-analysis of the Procedure used to generate the jletter
grade cut-off gcores. It appeared that the difficulty lay in the
probabilistic mature of the model, as {is illustrated in the
folloving example. :

Assuse that the calibrated difficulty value at the A/s cut-
off point is 1200 BBRITs, and that a test of " jJust one ites of
difficulty 1200 BRITs is administered to a sample of 560 pursons
with trye abilities as shown in Table 3. The probability of
success on the item for each person at each ability lavel is
given in the second column. Aultiplying the probability of
success by the nuaber of students at each level Yields the
expected number of persons who will be successful on the iten.
As a result, ninety-seven persons, i.e. 17% of the sampla, will
likely ansver the ites correctly or, “in the. e@arlier
conceptualization, be judged as A-stadents, However, tue true
puaber of A-students in the sample, that 1is those witay true
ability levels of 1200 or above, is 60. This is Just eleven
percent of the sample. It appears that the estimated mumbar will
alvays exceed the actual mumber for the extrenme grade leveis, A
and F, whenever the samples exhibit mormal or norsai-like
distributions. '

The failure of the procedurs to yield valid cut-off scores
posed a serious probles. Por the Grade 7/8 tests, the resuits of
the norming study could be used to establish BCoOre ranges
yielding the observed percentages in each grade category based
on the teachers' judgments. Nowever, for the Grade 3/4 ani 10/11
tests, this option was pot available since Bo morming studies
were carried out at those grade levels.

An alternative procedure was therefore investigatei. Por
each of the gjxteen test forms which vere used in May 1979 to
calibrate additional items for the three iten banks, the saction
of the BICAL output showing the distribotion of person sCores
vas isolated. For each form, the ability scores were adjusted to
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Table 3

Probable Proportions of a Normal-Like Sample
- ®"Passing” Item A/B of Difficulty 1200 BEITs

True Ability Probability of Number in Probable Mumber
Level (BR1Ts) Success on A/B Sample *"Passing™ Itum A/B
700 0.01 20 J
800 0.02 &0 1
900 0.05 100 5
1000 0.12 240 29
1100 0.27 100 : 2]
1200 0.50 a0 20
1300 0.73 20 12
560 97

by subtractinj the mean ability on that fornm.
Ability scores for the eatire - s1mple of approximately 6600
students at each 1level were then agyregated into a frejuency
distribution, and the cumulative percent frequency distripution
was graphed. Using the teacher estimates of grade distripuctions
on the original calibration sample, ability scores corresponding

& comROn scale

to the grade boundary points were estimated frce the apility
ogive. This graph is shown in Pigure 4. '
00+ ¥ ) Soand
A 2% —
 : 2 |
¥
[}
80 .:uu ' x
]
- /
: X GRADFE 7
jag €Y 4 (Ns8391)
0 E B
% |
Yol C 3% /}
¥ | 7 ,
|
40+
|
{ ¥ /
0- f /
P:lu% X
=
ms_§ ) ’
70 }
Flasx )
0. R Y L § Y T .
00 00 $00 1000 100 200 1300
:k Plc cle Bja /
L ."iO .!K)

ABILITY (BRITs)

§. The use 61 the cusulative frequency distribution
to establish grade cut-off smcores.

) | 3
| J Ny

P




TOTAL SCORE

¢ 3N

' Operating on the assumption that the distriﬁntxon of
abilities on each Strand Test replicated that on the agjregate

of items, the ability cut-off scores were used to establish raw
score boundaries on each test. ' '

The revisel cut-off scores for Grade 10 Algebra are shown
in Pigure 5 along with tke origigal cut-off scores. The greatest
discrepancies occur at the extreses. Grade leve] categorizations
based wupon the original wvalues would have underestimated the
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Pigure 5. A comparison of the.original and revised cut->ff
scores for Grade 10 Algebra.

mosber of low ability and high ability students. In genera:, the
lover the school qgrade level, the less serious the discrepaincies
becanse, ranging froms 5 raw score points for the P/P cut-off in
the example given, to a difference of 1 rav score point tor the
same cot-off point in the Grade 3 Sets and Numbers test.

The information obtained in the norWing stndy for the grade

7/8 tests was used to validate the foregoing frocedurz. The
qrade distributions from the calibration sample were ased to

P).)
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establish but~off points on the histogram for each of the strand
Tests in the morming sample. The results are shown in Table 4.

Table 4

Comparison of Gradimg Intervals Suggested by the
Calibration Ogive and Those Obtained in the Norming Sample

Interval % of Target Closest bew
Grade from- n Sample B Available Iaterval
Ogive

2ets and Ppupbers

-

¥

L 3549 118 11.8 10.2 .. 1.8 35-40
B 29-34 N 260 26,0 il}ﬁ 21.6 3u-34
C 22-28 343 34.3 "3y 34.5 23-29
P 16-21 . 193 19.3 21,2 20.0 17-22
14 0-15 , 85 8.5 12.6 10. 2 J-16
Qperations with Whole Numbers
A 37-40 168 16.4 10.2 12.3 33-40
B 32-36 307 30.0 21.6 21.7 34-37
C 26-31 309 30.2 3q.4 35.3 2d-33
P 21-25. 157 15.3 21.1 19.4 L 22-27
4 0-20 82 8.0 12.6 11.3 0=2T>
Qperatiops with Ratiopal Jumbers
i 36-40 199 19.3 10.2 10.7 3d-40
B 31-35 215 20.9 21.6 22.3 33-37
C 24-30 261 25.3 34.4 35. 4 23-32
P 18-23 172 16.7 o210 19.0 10-22
r 0-17 183 17.8 12.6 12.6 J-15
Gepmetry and Measurement '
A 36-40 137 13.0 10.2 13.0 3o-40
B 31-35 250 23.6 21.6 23.6 31-35
C 24-30 338 32.0 34.4 32.0 24-30
P 18-23 209 19.8 21.1 " 19.8 10-23
. 0-17 123 1.6 12.6 11.6 =17
Applicatjops A
A 35-40 132 12.6 0.2 12.6 3o-40
B 1 30-34 22% 19.9 1.6 19.9 Ju-3u
C 22-29 N16 36.8 in.g 36.8 22-139
P 16-21 203 18.0 1.1 18.0 1o-21
4 0-15 14y 12.7 2.6 12.7 9-15

[l
<
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On two of the ¢tests - Applications, and Geometry and
Beasurement - the intervals suggested from the calibration and
those obtained from the noraing were 4identical. On Sets and
Wuasbers, the A/B cut-off was the same while the remalniu; ones
differed by one unit. Por Operations wvwith Whole Wumbers and
Operations with Rational Numbers, the cut-off points differed by
one or twvo units., At the critical P/F cut-off point, Sctrs and
Bumbers ahd Operations with #®hole MNumbers were somevhat
conservative. The only area of concern might have been tne P/F
cut-off for Operations with Rational Numbers, but the region of
uncertainty for the P interval extended well below the “true"™
P/ cut-off.

On balance, the intervals determined from the c¢alioration
ojive would appear to be reasonable. A siwmilar procecdure,
vithout benefit of the morming study that was employed at the
Grade 7/8 level, was used to establish grade cut-off points for
the Grade 3/4 and 10/11 tests.
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Appendix A

DEFINITION OF MATP STRANDS
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Table 1 :
/
i Definition of MATP Strand: 7///
° SETS AND NUNBERS e
Grade 3/4
Objective Code Statement of Objective £, Item Nos.

J. 2t

3.3

3. 25

2.9

! e e . et s e e e —_—

1 3.2 means objective 2 fronm

uide, pay Y1-12.
‘clud ed for completeness.

3

A

During Year THREE the student-:
Reads and writes mumerals to 9999

Uses expanded notation in remaminj
to 9999 ' '

Understaﬁds the place value of
mumerals to 9999 '

Recognizes and uses éorrectly the
following terms: odd and even

Identifies unit fractions of 6bjects
and sets. Beads and writes equa -
tions using these fraction names

Is able to rounl off pumbers to
nearest 10 or 100
Skip counts by 2'g, I*'s, 5's, 10's

Uses ordinals to twentieth
L |

7,11,19,33,36

3,10, 18, 22,
27

2,3,9,12,14,
6,21,29,31,
32,38,39,40
6,2u

5,14,23,34,
35

4,17,24,37

15,25,26,30

1,20

es

&

The year 2 ob ject ive

1)

— . e e — —

the year 3 objectives in the :urriéulnl

(2. ) was

[P




Table 2
* pefinition of MATP Strand:
’ . i . OPERATIONS WITH WHOLE NUMBEBRS
v Grade 3/4
- n\, -
‘Objective Code Statement of Objective Iten NoOs.
During YEAR THEPE the student: o
"p ) 3. Recpgnizes and uses the symbols 2
a ‘¢, -, and x ~' »
e , .
3.5 Solves addition and subtraction exams-
ples with 2, 3, and 4-digit numerals
-8) addition, without regrouping 1,3
b) addition, with regrouping 7,9,13,16,20,
' . 23,24,27,32
. €) subtractiorn, without regrouping 22,35
d) subtraction, with regrouping 4,5,3,10,11,
) ‘ 14,15,17,25,
J 28,29,33,36
3.6 Solveg-lultiplication éxa-ples, 12,19
j.8 : Recalls with reasonable speed and 30
accuracy the multifplication and
division facts to 50
3.9 Translates a word problem intp 18,21,26,37
‘% pathematical symbols and solves
- using appropriate operations
¢ ¥.10 BRecognizes and uses correctly 39 - o
selected teras
3012 | multiplies by 10 and 10D 4 6,34,38
2.3 Solves addition and sadbtraction 31,40
equations including cqncept oF
v inverse aperations S -
b
— - BV — - B

' 3.1 means objective 1 from the Grade 3 objectives in the
corriculum gquide, pages 11-12, The year ™p objective (2.3) |'was
.included for completeness. ‘

. ‘ ' — \J_\‘;\/’
Jo { b~
7 .
. 1,
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Table 3
Definition of MATP Strand:
REASUREMENT AND GEOMETRY
. Grade 3 /4 »
////‘Objective Code Statement of Objective ' ) Item MOS.
During YKAR THREE the student:

. Recognizes and uses the symbols 6,2>,26,137

. $ and ¢

3.4 Constructs simple geometric models , 13,16,32
of 80lids and plane.shapes

3.15 ¢ Recognizes the axis of syametry 35

3. 16 Uses graphs as a means of recording 1,2,9,14,33

3.7 Estimates and measures length in 10,12,15,21;
arbitrary and metric units to 26,27,29,30,
kilometres 34

3.8 Estimates and measures arﬁitrqry and 19,45
metric units ih mlL and litres

3.19 Determines area by covering 2-D \ N
spaces with ca? -

/ -

3.20 Determines volume by filling 3-D 3,22
spaces with ca? \

3.21 Determines mass by balancing 'in 18
kilograms and graas

3.22 . Heads the clock to tell time and 8,2v,23,28
records in the conventional way

3. 23 Recognizes the division of units of 7,11, 31

’ time into years, months, weeks, days

and hours

3.2 0V Beads the thermometer in OC 5,30, 40

2.25 Classifies solids according to 4,30

faces, adges, vertices

t 3.1 means objective 1 from the Grade 3 objectivas in the

curriculus guide,

l

L33

pages 11-12, The year 2

“included for completeness..

objec&lve

(2.25) vas
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Table & ' ’ ~

Definition of MATP Stramd:
SETS AND WUMBERS
Grades 7/8

Carriculus Guide
Objective Cole

Statement of objeci}ve Itea Mos.
./// — -
The student is able to: )
1.1 ' use the following symbols 11,17,30‘
(a fbvcv‘:']
1.2 state or demonstrate whether two 10,2
se'ts are in one-to-omne
correspon dence
1.3 specify the elements of a set when 1,20
given a word description of the
set .
1.4 specify, drav, or state
a) the union of two or more sets 18
b) the intersection of two or 5,13,20,36
more sets . :
. . T
I1.A.2 state the valne represented by €ach 1,3,21,22,
digit in a multi-3igit dec%;al N
numeral /
I1.A.) write decimal numerals in expauded
fors usiny ‘
a) povwers of ten 12,37
b) powvers of ten in exponent 16,35
- form
IT.h.4 use the common mathematical 2,23,29,30,
symbols 33,40
I11.B.1 ifentify the elements belonging
to the following sets of numbers:
a) natural or counting numbers 6
b) rational numbders 25
I1I1.B.3 list the factors of a mumber 8,10,26,39
11.B. 4 list the multiples of a number 19
o ' ,
" N
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Table & (continued)

—

Curriculus Guide

Objective Code ' Statement of Obf;ctive . Itea Nos.

IT.B.S identify the elements belonging to

specified sets of nusbers:

a) odd numbers 4

b) . prime numbers ' 9,217,138
I1.D.1 recognize and use the following

properties:

a) associative for addition 15

b) wultiplication by zero 32

*

.
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Table 5

Definition of MATP Strand:
OPERATIONS WITH R HOLE BNUNBERS
Grades 7/8

Curriculum Guide _
Objective Code ‘ Statement of Objective Itam NoOs.

The student 1is able to:

« II.c.t perfora the operations of addition,
' subtraction, multiplication, and
division with whole muambers °
a) addition 1,4, 25
b) subtraction . 3,13,12,17,
20,29
' c) multiplication 16, 13,23, 34
d) division 2,8,13,21,
33,39,40
I1.c.4% viite a whole number as a product 15,28,30,32
. of its prime factors
I1.C.5 calculate the G.C.F. of two or . 7,9,11, 14
more whiqle numbers
/}I.C.6 calculate the L.C.N. of two or 6,18,206,31,
‘ , more whole numbers N & 37,38
I1.C.13 perform, in conventional order, a 5,22,24,27,
v calculation involving a series 35,406
of operations
™~
-t
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Table 6 ) A

. Defimftion of MATP Strand:
OPEBATIONS WITH RATIOMAL MNUMBEES
Grades 7/8

Curriculums Guide _
Objective Code Statement of Objective Item MNoOs.

L

The student is able to:

I1.C.1 pertors the operations of addi{ion,
subtraction, multiplication, and
division with rational numbers in

a) fraction fora 1,2,6,15,28,
o 30,-52,35,38
b) decimal fora , 13,19
“ "C) mixed numeral fora e 16, .3, 29
I1.C.2 round a decimal numeral to a 7,11,17,20,
specified plaz valug, 24
I1.C.7 vrite sets of ejyivalent fractions 22,39
I1.C¢.B-11 write an improper fraction for a
mixed numeral and vice versa
. a) improper fraction for mixed 14
numeral
b) mixed numeral for improger 4,5
fraction ’

vrite a decisal numeral for a
fraction numeral and vice versa

a) decimal for a fraction 34,30
b) fraction for a decimal 9,227,137 Y
vrite a percent nuowmeral for a . 7
\ fraction numeral and vice versa .
a) fraction for a percent ~ 25,490
b) percent for a fraction J.3,21,31 F\\
11.C. 14 ‘ solve simple open sentences 1€, 12, 18, 26,
33
Y —— e d #A-»V,,, o
v
&
I
, .
N
. -

A
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Table 7

Definition of MATP Strand:
‘ GEOHNETRY AND MEASUREMNENT

érades 7/8

#

Curriculas Guide
Objective Code

Statement of Objective

Itea dos.

III.1

III.2

III.3

IV.2

Iv.3

Iv. 8

Iv.S

The student is able to:

describe or give meaning for
concept of congruency for:

+ a) segments
b) angles

the

use cospass and straight-edge to:

a) copy an angle
b) bisect an angle
c) bisect a sejment

identify from a diagran,

diagram illustrating
a) right angles

b) vparallel lines

c) quadrilaterals

d) parts of a circle

or drawv a

use a ruler to seasure length in

Retric units

ase a prot;gctor to measure angles

state and use the metric units of
length, angular seasure (degrees),

" area, and volunme

perform the basic afith-etic
operations usinj units of »

a) length
b) volume
C) mass

d) angular mseasure

’

easure

2,12
6,2,5,33

23,39

16,26
24,40
4,11,30
3,>,15,17,
N

22

1,14, 21

T,8,19,20,
27,29,32,34

10,13,28,37
14,36,38

9

35
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Definition of maATP Strand:
IPPLICATIONS
Crades 7/8

Curriculum Guide
Objective Code

prlals

Statement of Objective , Itam Nos.
The student is able to: (
v.1 analyze a verbal problem and 6,15,23
a) distinguish between what is
! given and what is to be fcung
b) recognize whether sufficient
information is given to sclve \
the problen
C)' determine what operations are \
required to solve the problen
v.2 construct a "model®” such as a 30,.3
diagram as an aid to solving a
N problen
v.3 translate ve)pal problels into open §,10,24,26,
sentences 36
¥.5 test the appropriateness of an 10,20, 25,27,
answer to a problenm " 38
V1.1 calculate the output number when 2,11,34,35
given input numbers and a '
function rule
Vi.2 graph on the number line
a) wvhole numbers 37 ,
b) rational sumbers 3,)§,u0
N
vIili.1 drav and interpret scale diagraas 1,7,8,21,32
" VII.2 solie problems involvingy percents ';$,18,19,22,
.(':\ ‘-
‘ vi1.3 calculate perimeters and areas cf
a) rectangles 5,10
b) triangles 9,14,29
‘VII1.8 calculate volames of rectangular

17,23
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Table 9

Definition of BATP Strand;
ALGEBRA
Grade 10/11

) -
Curriculum Guide
Object ive Code Statement of Objective Itaa Jos.
The student is able to:

1.4.9 use the axioss of real nusbers 15,17, 30

I.A.1Y erite a given positive integer as 24
tE?/prodnct of its prime‘factors

I.B.1 use the lawvs ;of exponents in 26,27
simplifying expressions with
integral sxponents

I.B.2 evaluate an algebraic exXpression or 2,11,23,0Q
foramula fory given values for the
variables |

I1.B.3 add and sultiply polynomials and 6,13,33
apply these operations to solving
open sentences ,

I1.B.4 Bvide a given polynomial by a 28
monosial

I1.B.6 find the G.C.P. of two or more 21
polynomials

/ I.B.8 ‘given a polynonmial cohtainfng a 8,12

common monomial factor, write.the
pPolynomial in factored fora

I.B.10 given a polynomial that is the 3,32
difference of tvo squares, vrite
it ip factored forna

I1.B. 11 wiite the square of any bincmial as 37
a trinomial

.
I.B.13 factor a quadratic trinonmial 6,1v
I.C.1 sOlve open sentences

a) s=mimple equations
b) simple inequalities

1,19, 20, 39




Table 9 (continuel)

Curriculus Guide
Object ive Code

Statement of Objective

Itea MNos.

I.D.1

translate an English phrase or *
sentence into an algebraic
expression or open sentence

solve word or "story" pIObY§IS

algebraically

given a table or a list of orderel

nuaber pairs, plot

given an equation in
graph the equation
coordinate plane

find the square root
squares of mnumbers
by factoring

a graph
tvo variables,

in the

of perfect
and msonorials

7,10

”/

5,14,22,25,
38

10,40

31, 44




Table 10

Definition of MATP Strand:
GEOHETRY AND MEASURENENT
crade 10/11

—etny

Curriculum Guide
Objective Cole

S

Statesent of Objective ’

Itea MNOS.

II.a

II.A.2

I1.B.1

IT.C.1

II.C‘2

11.C.3

Il.D.

The student is Able to:

determine from a given diagraam
vhether two or more limes cut by
a transversal are parallel using
one of the following properties:
a) corresponding angles
b) alternate angles
Cc) sum of the interior angles

determine from a given diajram the
Beasure of specified angles when
the diagram embodies parallel
lines cut by a transversal

calculate one sile of a right-
angled triangle given the other
tvo sides, the result being
expressed in numerical forna

identify from a diagram or draw a
diagram illustrating the parts
of a circle

deterwine from a given diagram the
seasures of specified segments,
arcs or anqgles using one of the
following properties:

a) the centre of a circle lies
on the perpendicular bisector
of a chord ‘

C) twvo tangents to a circle frons
an external point are equal
and make egual angles with the
line joining that point to
the centre

f) the central angle of a circle
is tvice the inscribed angle
subtended by the same arc

sake the folloving construction:
a) ‘locate the centre of a given
circle

deternine whether two triangles
arge sinmjlar

3

23
36
31

5,23,33

9,35

3,37,40

14

32




* Luf}
Table 10 {continu=f)
Carrrculum Guide
Object 1ve Code Statement ot Objgptivn Itea Nos.
< - - ' -
11.D.2 calculate a s1de of one of twc 6,1/
similar triangles
11.0.7 make and read scale drawings 18,424, 39
e I1.E.1 = determine whether two triangles are 2,10,13
conyruent
[1.6G.1 calculate the perimeter of .a 7,33
f polygjon and circle
11.G. 2 calcualate the area of a
af  triangle 21
. d)  trapezoid 26
J) composite tigure 28°
11.6G.3 given the formula, calculite the
sultace area ot a:
4)  rectan jular prism " 19
) cylinder 11
e) pyramid 1t
i
[1.G.u4 given the formula, calculate the
L volume of a:
a)  rectanjular prism’ 29
t) sphere 21
I1.5.5 deteraine from a4 given diagram the
measure of specified angles when
the diagyram embhodies one or more
ot the following:
a)  eqguilateral trianqgle:s 25
by /) 1sosceles triangles/
parallelogram:s 10
fy parallel lines ‘
IT.0.1 di1stinguish bhetween vector and 14
s5calal quantities
IT.H.2 construct a scaled vector diagran 22
to represent 1 situation
described 1n words
I1il.H.3 " calculate the resultant vector for 15

two Jiven vectors by a scale
diaqgram
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Curricualum Guilde
Objective Colde

1.A.1
1.A.2
1.A.3
I.A.4
1.A.5
1.4.7
I.ALA
ITI.A.1
TIITLAL
L1I.3.1
x

IT1.0.7
I1i.B.3
IT1.CQ\2

Table 11

pefinition of MATP Strand:
CONSUMER MATHEMATICS
Grade 10/11

Statement ot Objective

Itean Nos.

pertorm with increasing accuracy
the hasic operations of
arithmetic with the rational
numbers

round-off a decimal number to a
specitied place value

change a4 decimal numeral to a
percent and .conversely

change a fractional numeral to a
percent and conversely

change a decimal numeril to a
fractional numeral and conversely

convert numerals written 1n usual
notation to scientific notaticn

and conversely "

B

calculate products and quotients
1sing scientific notation

use the concept of simple interest
ih calculations of discounts,
commission, profit and loss, etc.

determine the number of days in
parts of a year

explain the meaning of compound
interest

calculate the number of interest
peridds in a given length of time

calculate bank interest (given the
formula)

calculate the true rate of interest
in installment payments when
given the formula '

27,293

5,13, 20

17

28, 31

16, .3

1,9

10, 15,19,
20,.1,22,
23, 24,430,
32,34,35

31, jo
13
12, 38

{

14, 39,40 |
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Appendix B
% ITEM WRITERS ’




v ﬁiﬂg_m

Lo .
.Sheila Donnelly 4 Quilchena Elementary
e ~~Yancouver
.\ r/ .

Evelyn Grimston Gilpin Elementary

Burnaby-

Kay mcKkinnon * Greendale Elementary

. + 'Chilliwvack |
Cathy nillard Van Bien EZlementary:

‘ Prince George
Linda Ofﬂeilly : Yan Horne Jaelentary
Yancouver
Linda Shortreid Anniedale Elementary
Surrey
Marqg .Stroyan . . ~ District staff
- ‘Nanaimo '
Doug Super Bitchell Elementary
. . : Richaond

Peggy Williamson _ Geperal Gofdon‘Zlelentary

’ Vancouver

& : »
\)«Q“ .
.
¥
- ~NA Y
A o

53
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_Dennis Halagucyi
Bob Holman

Ian Hooper
Lillian Laab
Warren anuillu;

Joan MNewton

Jim Whelan

Grade_1/8

Cad

W.L. Seaton Junior Secondary
Yernon

James Gilmore Elementary
Richmond

Gladstone Secondary
Vancouver

Charles Dickens Elementary
Yancouver

Uest Whalley Junior Secondary
Surrey

Pitt Meadovs Elementary
Naple Ridge

District Staff
Kanloops

4

AW




Dominic Alvaro
Bob Caspbell

| Les Dukowski
Sue Haberger
Bill Hall

Joan madison
Gafy Mitchell
Jake,Penner

Ken Silen

Dan Batt

>

55

Grade 10711

. M
Argyle Secondary ‘ Ny '
North vancouver *

NcRoberts Secondary
Richmond,

D.N. Poppy Junior Seconglary
Langley

Centennial Secondary
Coquitlans

Sentinel $econdary
West Vancouver -

Dr. Charles Best Junior Secoaudary /
Coqguitlam

1
\

Hount Baker Secondary:
Cranbrook

Prince George Sgnior Secondaiy
Prince George
Surr ey

Duchass Park Secondary
Prince George




