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ABSTRACT

This report traces the development of 20 objective
test items for secondary mathematics, part of an Evaluation Project
designed to compile a reservoir of items to serve as prototypes for
teacher-constructed tests. The report first shows how an individual
item is written and tested. Next, a classification system of items by
subject matter and pupil response is described. The four categories
used for pupil response are the abilities to recall standard
procedures, to apply them, to choose the correct process, and to
dlevise original methods. This system is illustrated by a test
consisting of 20 items covering these four categories in each of five
topic areas taken from Form 3 mathematics (approximately grade nine).
Lastly, the report describes the standardization of this test,
including the preliminary trial, the choice of a representative

student sample, tne administration of the test, and the item analysis
of the results. (MM)
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CURRICUIUM AND RESEARCH BRANCH

LVAIUATION PROJECT

SECONDARY MATHEMATICS

Much of the current re-appraisal of school practices concernms
the role of the class teacher in assessment of his pupils, and a desire to
improve on past technigues in this area, The Evaluation Project has been
initiated to help teachers construct better tests of mathematics achievement.
Its main purpose is to compile a reservoir of suitably-tested evaluation items
which can be used as prototypes by teachers if they so desire.

In the ficld of secondary mathematics, there are additional
reasons for the creation of such an item bank, The changing nature of school
mathematics means that evaluation techniques must be modified no matter how
satisfactory they nay have, been in the paste It is hoped that teachers will
acquire a dceper understanding of the objectives and methods of the new courses
through a study of the cvaluation items themselves and the manner in which they
were developed, o

It should. be emphasized that the items collected in this Project
are merely prototype items. These have been showm to test successfully some

levels of cognitive thought relevant to mathematics in schools. If they provide

the stimilus for teachers to re-examine their own cvaluation techniques then the
project will have been worth while,

This report traces the development of twenty items for the
secondary mathematics item bank at the form 3 level, during 1969 The
time=consuming neturc of item construction and validation is illustrated by
following the procedure from the beginning, It is.shown that items cannot
be judged on appearance alonc - an item which appears satisfactory on the
surface mgy in fact be worthless or misleading as an cvaluation instrument.

Collection of Items., .
: The initial step in the constmctlon of an item bank is to ' l
collect a la.rge number of raw items from various sourcese It is most unwise
to.use items taken from published tests. By so doing the test will be .
ihvalidated, Most published tests depend for their effectivencss on the pupils
~being unfemiliar with the items in the test; familiarity with some items may
render the test worthlesss Text books and experienced teachers with some

knowledge of measurcment techniques have been the main sources of itcms used in.
‘this reports

A

Questions obtained directly fron text books are oftem.
unsatisfactory evaluation items. This is not a criticism of the questions
found ‘in text books, as they are not designed for this purpose. llost noderm
text book authors design a large mumber of their excrcises so that the pupils
learn fron doing then - they arc teaching itens, not evaluation itens,
However, text book questions can provide the stinulus for the construction o:f
nore satisfactory itens,

An cxenplc of the refinenent that is necessary to produce
so.tisfactory evaluation itens will illustrate the process involved, and also
the frustrating nature of iten constructions The following question wos
obtainod fron a text book:

"Is 6 a footor of 3n if n is (1) an odd integer

(ii) an even intcger?"
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The questicn osks for two "yeswor-no" answers, necessitating
an awareness by the pupil thot even nenbers contain 2 es a factors It is
a satisfactoxry text-book question in ti.at the pupils nust exmine whether 3n
is odd or even., Sone class discussion nay eventcole place on this point and the
sane principle ney be used in more ccnplicated excnples as later questions,

It is a good teaching iten if properly used.

The question was not satisfactory for evaluation purposes for the
following reasons:

1« There is a 50/ chance of guessing cach answer,

2. Pupils are aware from past experience that onc answer to
such questions is "yes" and the other is '"no", and the word
"even" in the second pert will provide the necessary clue as to
which are the correct answers., The correct answers nay thus

be obtained without investigating the question in the intended
nanner,

3. There is no way of kmowing how the pupils obtained tnéir
. enswers, and thus the teacher.will not know any rnore about the
. pupils' achievenent levels than he .did befor .-

" The /question was therefore altered to the following foms

'"If# n'is an even number, what is the largest.factor that
_ 3n MUST. have?

A,
B.
C.
" Da

L2

5

12
6

' E, a mmber which canrot be detemined frcn the
inforsiation,"

.-.The objcctions raised above Were NnOw Overcome, The plzpi.'l.a have
2 cholce of five answers, and four are designed to follow.fxon various :
incorrect nethods of approach, . Not only can the teacher tell.from the selected
amswer whether or not a pupil can "do" the question but an incorrect anawer
nill. reveal .a. clear deficiency in the pupil's nethods of - thoughte. .Each .
iistractor is designed to appeal to a particular line of approach.by the pupd.'l..

" = he comstruction of suitable -incorrect distractors is. a task .
that is quite as denmding as constructing the iten itself. No distrastoxr -
should be so obviously wrong that it will be discorded without full consideration.
If suitably designed, incorrect choices can be just as i.nfomnt:we as correct
choice to the teacher who-is evaluating his pup:l.la.,

There are. nany pitfalls in "thc construction of distractors.
Theae cre discussed in nost books on test construction. Perhaps the nost
cammonly -occurxing fault is in making the ‘correct answer either much longer
‘or nuch shorter than the others, thus ncking it stand out to the alert .
‘pupils . -Often the correct answer is- couched in more. exact tems than the others,
which is another-clue Yo the .pupil searching for the .corceet responsee

k prelinina.ry trial of the iten in this fom, dlong with tue
‘otlnr 19 itens that had been constructed, revealed that it wos an . unsatisfactory
iten. - The distrcctor B was mmech too appealing, -and the correct answer (D) was
chosen .by only a very snall nunber of mupils, as the following table shows. -
The upper group consisted of the 30 purils who obtained the mcrks .on the test as
a whole, and the lower group consisted of the 30 pupils who obtained the
‘lowest narks on the test as a wholeca :

3




Regponse

Upper group (N=30)

Lower group (N=30)

' The iten was nuch too :dirficult as it stood. Only 5 of the

60 pupils represented in the table obtained the correct answer. An attenpt was
nade to noke distrector E less appealinge Perhops it was preferred hecause it
- was longer than the rcst,. or because it was-so all-enbracing. The rcasons for
its popularityceon only be sumlsed o.t th:Ls suage.

The distractor E was tlu.reforcr changed to "4".. A choice thus
had to be nade between fire nunbers, and in this forn the question oppeared in
the finel trial of the test, with .the following results:

Response Y O O - R c - D B

Upper group (N=100) g 1 ey

Lower group (N=100)| 7 14 60 10

For unlmown rcasons, distractor C hzd become the popular cboice.
The iten ‘wos still unsatisfb.ctory as an eveluatior. instrument, The 'hvo naln
reasons for its unsuitsbility ares S
T 1. Ncarly as nony pupils who perfomed badly on the

test as a whole (i.e, lower grouyp) chose the correct answer

as pupils who performmed well on the test as a whole

(i.e. upper group)e The iten did not discrininate between

high achicvers ond low achievers, ond is thus of little

valuc.

2. ‘The iten was still too difficults Only about one-~fifth
of the pnpils tested obtained the correct answer,

The iten nust bte discarded as an evaluation itens It nay, have
uses in the classroon but its value for neasurcnent purposes is noneexistent,

It is interesting to reflect on how nany test questions which
appear to bc suitable on the surface but in fact have little value, have been
used in schools. An even nore disturbing situstion occurs vhen nore of the
lower group choose the correct response then of the upper group, and the 1ten
is working against the obler pupils. This, situwation is not uncormon,

Cla_gs:.gc'xtlon og Itens o ,

1t

-
- oo .4....__,........ ....-.—- .

A necessary prelininary to the constmcticn of on 1ten bank
is a clasgsification systere This is necessary to ensure thot itens on a
particular topic ere readily obtained from the bonk, and also to ensure that the
bank is conprehensive in that it contains iteus on_a wide Jrange of categories.

There are two classifications nccessary for each iton:

1. Subject Matter Classification (i.c. topic). In the

present case (fom 3) the topics were taken from Course of
Study, Foms I to IV, V.U.S.E.Bs Ao it is convenient to have
each topic of rou;hly cqual weight in texms of ‘teaching tine

in the classroon, sone topics were divided and others combined.
In this way each topic heading in the classification systen
assunied the sane inportance as far as the neecd for items is
concerned.
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2o Pupil rosponse classification (objective)s It is part
of the ain of tecachers of all subjects to produce changes in

their pupils:; ~Before suitable:evaluation con take placey, it - -
is nccessary to decide on the nature of desirable changes so

that test itens can be constructed to measure the extent to

which the tecacher has been successful, Teaclhers have objectives
in nind when they teach their pupils, and wish to evaluate

the effectiveness of their teaching,

Anyone viho attenpts to list the objectives of even the specialized
area of nathenatics teaching will soon‘beccne convinced of the difficulty of such
a tosk, and it is doubtful if full agreencnt would be reached with nany other
tcacherse The task of defining éducational objectives has been cttenpted by nany
writers, perhaps the best lmovm of which is an Anerican cormittee headed by

B.S. Bloore This comittee decided that teachers attenpt to produce changes in
their pupils in three nain arecos =

1e The Cognitive donain = 1nte11ectual -abilities and skillse
2, The Affective donain -~ interests, attitudes, values ctc.

B The Psycho-notor donain - nanipulative or motor=-skill
activities,

Within cach donaim, educational objectives were defined and illustroted.
~ The work of this committee has been criticized for the very
‘reasons thet the writers advence as its strengthes In attenpting to definc
educational objectives covering oll sub jects,y the particular contributions that
cach subject can moke nay hove been overlookede In ony case, Bloon's
classification systen noy be more suitable for professional test constructors
than it is i’qr infomal clm,sroon testlng. A smple systen: should suffices,
This Proacct is restr:l.cted ‘2% present to the evaluation of
intellectusl abilities and skills. ~ In the area of school naothenaties, four
types of pupil response can be distinguished. These cre:
- (a.) ability to re‘all, _
(v) ability to apply standerd processes;
(e¢) ability to choose the correct response;
(d) ability to devise an original nethod.

Thesc four catagories are defined fully, with exonples in. the
followmg table,

CLASSIFICATION OF OBJECTIVES IN MATHEMATICS

s _Ability to Recall - reproducing standard theorens, synbols, definitions,”

formulae, proofs, ctc., which are required to be cormitted to nenorxy,
€e8e What does a probablli‘by of $ inply?

At whet point does the graph of y = 3x + 4 '
intergecet the y-axis?

Prave the ongle in a seniecircle is a
right angle.

Stcmdard gemetrl cal construct:.ons. '




e 5 -
" 2, Abildity to Apply Stondged Drocgageg -'E{-;blymg sto.hdard routing formulae

and other processcs in which there has becn extensive practices No choice of
nothod is involved; the situations are fmmilior,

e.‘g'.’”"Ft\ét‘orI:zo 16x2'-'9y2' o
. . 2 \ ...
Find {x:x «-Xx=1=07 by the "fornula" nethod,

2 .
X+ 1 * X - 1

Sinplify

3, _Ability to Choose tho Correcct Process = applying standard processes but firstly
choosing the correct onee The pupil nust "type" the question, Therc is the ..
possibility that an incorrcet choice ngy be nade, '

eele Trigonouctric identities,

Geouietry m’.ders .

Problens requirlng o ddagron to be drawn
frordiidata gn.ven. :

Ability to De: 0 ‘Method = no "tought" nethod is availoble =
the problen cannot be "typed" ond requires insight, understanding of ‘basic concepts,
etcey in p novel situation, :

Ce8e Which single digit, when dcubled,

doubles the fraction :-?i 2 L
TrE
Scme Curromezlth Secomn 1 ory Scrolership em.a.na:uon qt.\.stions.

Ttens can nov be clossified in two ways, sub:;ect:ue.tter and ‘pupll’
responses For o conplcte iton b.,nk, itoru are nceded covering overy - topicerand: -
every type of pupil respongse, For tidio purpescy a grdd wos constructed along
thie following lines: | e '

Objectives
| 2 3 4

poica

chk o W N =

Q@eCe

Souc cells of this grid camot he £illed with itens bocause ndt
evexry topie that is studied can produce results in every objective, MHany topics
are stud:ted in schools becausc of the changes thoy ean produce towerds one or two

Wf

of the ol};loctlves only. FRESEIRE R

; The conplotc grid for this fom 3 study 1is mproducod on the noxt

Pagey and the: itwenty quostions that are:the concern of this report are ploced in
thelir approprlate colls. ;
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FORM 3 TOPICCATIGORY GRID

1

CATEGORY

CATEGORY
-

CATEGORY

3

CATEGORY

-Sets of Rational Nupbers

Expansion of brackets «~ Distribe law

- Factorization

Mensuration

Fractions

Multe & Dive

Add & Subtre

Partinl iroctions

Solution scts by factorization

Sets_of Rgal Numbers

Square roots

Field lows & other properties
Indices

Logs and stde. form

Other tables

Pythagoras

Trig. applications i

Rclation ond Fure tion

Lincar graphs

Linear cquations (algebraice)-
Simultcnoous equnse aph)
Travel graphs cte, )
Simultomcous equns,
Quadratic functions
Quadratic graphs
Quadratic equations (alge)
Graphs of «f ond log functions

(algebraie)

Translation to olgebraic fom "~~~ |

Theory of sine, coes, ton functions
Fermulae

Deduotive Proof--

Use of symbols & texms

Anglc sun of &, & applications
Parallelogrme

Isosceles A.

Angles in circles

$ional .

Similar [\ 's
Congruent [\ 's
Syrmetxy

Iineor inequations (alg.)
Migcell angous

Q.1

Qe5

- Qa7

~Qe13... .

Q.2

Q10

Qe14

Q.8

Q.19

Q3

Qe 11

Qe15

Qe6

Q.18

N ~Q04

e

Q.12

Q.16

Q.7

Q.20




Itens Userdl :ln This' Tegt

" \*in order to disrupt the nomal tinctables in the trial.schools as
little cs posaible, twenty items were sclected and grouped together as a tests In
thia way, €ll that was required fronm a school wos the aveildbility of o form 3
elass for ono pericd, iour questions, une fronm cach objective category,

were cnosen in cach'of the following five topic arcas:=

Graphs,

Congruent triangles,
Factirizrtion,

Use of symbolsa,
Real nunber systen,

There verc thus five questions in each cbjective cntegory, and the twenty items
cone Xwon twenty diffferent cells of the form 3 gride "As a result of the pmlinino.ry

e trial of these items, this schieric was dlsruptcd 8lightly becausc scric itens were

- shovm to be unsatisfactory, and alteration of then caused one cf then to be
displnced fron 1ts original cell.

Pm]_.mina:_q Trig;

L, t
PR TR P

.The itens werc adninistered to one class in coch of the co-t.ducational

"*"“ﬁigh schools in“the netropoliton arens The total number of pupils tested ‘at this

‘stage wns’ 1164 The schools were chosen as representing o recsohcbly wide range of
* pupil type, being located in different socioeccononic crees, ond widely separated
geographically. 'There was nu need to sanple rondonly at this stagc as no conclusions
were “to be drmm fron® the pupils? responsces other than that the item.s appeared
satisfoetory or unsatisfactory for the nmoin triale The purposc of ‘o prelibifhary
trial is to po:wt up weclknesses in the structure of questions (poor wording,
t,,rpist's ‘errorEy tWo ‘correct cnswers, otc.), and reveal distroctors which are
-@ither oo appenling or not sufficiently oppealing (too obviously incorrcct otCe)e
Obviously it such faults can be rectified before the meoin trial, nuch tine and
effort wili be savede

: On the basis of the pupils' responscs, 14 of the questions were
considered satisfactory for further triale Of the ronmnder, ninor alterations
were nade to 5 in an endeavour to ncke thot mere suitoble, These alterations
usuclly censisted of replacing onc or two incorrect distrcoetors which were too
appealing, or providing izore clues to tle corrzet cnswer in the sten of the question
in an effort to moke it less difficults The renmcining question was cxtensively
chonged, (This is the question.deseribed in the early nart of this report,
coroering the factors of 3n.)- .

) The questions were then duplieated in their final fom, ready for
triel. 46 o result of tue olterations described zbove, the $est now covered:6
topics. instend .of -5 but there wexe still 5 questions in each objcctive oo.tegory.
The questions are reproduced ot the end of this report,

Sanple

It is necesscxy when choosing a sanple to ensure that every nenber
of the populction has an cqual chance of being included,  This is the basic
requirerient of randon smnpllnﬂ:. Unless this is donc, the vacioup statistical
technigues thatoan: bc applicd to the responses noy not glve corrcet results.

A betier brocedure, of course,. is to try the itens out_on.the.whole population
(in this case, all fom 3 pupils) The need for sampling proccdures is brought
about because of the lmpossibility of trialling the whole populotions

Beforc a smple is token, the population nust be clearly definod.
In this case the population was chosen to be all forr 3 pupils attending
co=cducationel high schools in the netropolitan arca, in 1969. .ny results
obvained fron a s\_\mplc of this population eannot be applied- to pupils outside
the population. . For cxanple, pupils gt-single=gex high schools, country high
schools, @irls secondary ochools, etc.y nay perforr quite differently, Results
obtained for one population cannot with certainty be extrspoloted to a different

population, although inferences can be nade in nmy cases with little possibility
of exrror.
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The lorger o sonple can be nade, the more accurate will be the
results obtained for the conplete population, The most comnion method of achieving
a satisfactory randon scnple is to assign a nuaber to each newber of the populatian,
and then use a table of rauiden munbers to select the sanyle. Other conon nethods
are to include all nenbers of the population with birthdoys on a certain date
(selected rando_lly), or every fourth (or fifth or twentieth etc.) person fron
an alphnbetical list, .

Many "randen" soaples are not randen at all beesuse the sanple is
selected fronn o different population from the intended onee A sanple of Melbourne
residents sclected from a telephone directory is reclly only a sanple of Melbourne
residents listed in this book, ond conclusions obtained will apply to thie select
group only cnd not the overall population. Similorly, if all people whose surnaws
begin with a certain letter are chosen as the smiple, then various rational groups

© _will be cither over-represénted or under-represented, (for exaaple, the "Macs"
" or the O'Briens arc either: 0.11 in the sample or ~l1 out of it).

If the populaticn contains distinet groups which noy perfom
differcntly on the experinental naterinl, it is permissible to obtain a randon
smple fron each of these sraqups. These.snall randon saaples ‘can then be canbined

. o fom .o .randon socaple’ of the population as o wholce The smple so obtained is '

called a.strotified randon.somiplee It is necesscry to keep the proportion.of

..Sub jects. chosen for the, sauple const...nt 1n all of the groups.

. FPor example, ."supp_ose_- a random sanple of high'school-teachers
is:desired, and that one in twenty are to be included in the smaple. A simple .

.-random sample could.be obtained by-assigning each teacher a number and-selecting:

the sample from a table of. random mmbers. Alterncotively, the populaticn could .
‘be stratified according to their classification, and one in twenty’ principals,
senior teachers, assistants, etc. could be chosens As most teachers have a

“number in the classificd roll for promotion purposcs, this metinod would.be L

easicr. than the simplc. sample method,

Altema’twexy, all the teachers in randomly-ec.lected schools- .
could be included in the sgmple. In this way, the nrwestions vof -Senier- mgs
unqualifiecd teachers, m:ths tmch.,rs, men married teachers cte. would be. correcte
If in addition the schools were stratificd before a smple was chosen, the
“result would probably -be cven more acceptablee It could be decided to select
all the teachers in one-twtntieth of country schools and of suburban schools,

.cor grade A; B, C, D high schools. As long as the samc proportion is chosen.

from cuch stratmn, and .cevery teacher has an equal chance of being included in

" the sanple, then the smaple will be 2 random ongc,

In thls study, 1t was decided 1o mclude all the pupils.in
randmnly-selec'ted classes. - This decision was-made for obvious administrative
reasons. <he problem was thus reduced to choosing classes, which is a simpler
matter than choosing individual pupils. Before selecting the classes, it was
decided thot two important variables to be considered were the geographical

‘distribution of schools, .and the size of schools. A two-stage Stratified random

sample of schoals was thus made, and a2 third foerm class was then sclected .
raondomly from eo.o.h' chosen school, :

The following table su“uarizeo the dlstrlbution of large o.nd
small high schools in the netropolitan arca (1969), which fitted thc
deflm.tion of the population (i.e., oo-(_d hign .;cuools).

.-’

.. Hetropolitan drca - e
“"Noxrth ' - :South - Eaost West
... Large school.s (4 & B grodes) o8 13 . 32 9
Snall schools (C & D grades) [ 7 . Y T r

It wos decided’ to test one cless in c.ach of cleven schools, so -
approxinately one in ninc of these schools nust be selected randanlye

Q




" ‘The required numbers were:

North | South East West

Large schools 3 : 1 4 1
Bast Other
Small schools 1 1

The schools in each of the six categories viere assigned a mumber,
and by using a table of random numbers the eleven schools which were to
constitute the sample were obtained,

The class that was to be tested within each chosen school had now te
be selccteds This was done by contacting the schools ond nominating a time that
would be suitablcs The schools were asked if therc was a form 3 mathematice
e¢lass operating at this time which could be made availables If this was not the
casey then agother time wos nominateds 4t no stoge did a school nominate a class
to be tosteds -Any third-form class which contained both boys and girls, and studied
mathematics for 7 or 8 periods per week was considered eligible for selcetion,

Adpinistration of Itcms,

It is important that exactly the some instructions are given to each
group of subjects which do the teste Most published tests include a very rigorous
procedurc to be observed by the administrator (for exomple, the Cormonwenlth
Secondary Scholarships examinations), This is donc so that variations fron group to
graup reflect accurately differences bhotween groups, and are not i-aifestations of
differcnces in administrotions This is particularly important when nore than one
person adninisters the test. '

In this casc, the front page of the test consisted of printed
instructions to the candidate, together with a sample question and answer to
illustrato the type of response rcquireds No verbal instructions were given
regerding the teste The clags was allowed 3 ninutes to read the instructions
pagey, and then told to turn the page and commences Thirty nimutes weie then
allowed for the test.

All the selected classes were tested in October or November 1969.
By this stage of the ycar, differences betwecen schools caused by verying order of
topic arrongerents for the year are reduced to a nininun - all schools have
finished the nain work of the ycar by this stoge.

Results

The following table shows the distribution of totol scores obtained
by the pupils of each class, on the test as a whole, The highest possible score
is 20¢ As con be seen fron the table, 317 pupils were tested.

The concept of Upper and Lower groups has been explained earlier in
this circular. In this case, these groups werc obtained in the following way:

Lower Group
(8) cvery pupil with a total scorc ¢f B or less,

(b) holf of the pupils from each school with a total score
of 6, sclocted randonlys '

10
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" (a) every pupil with a total score of 10 or rore,
(v) every pupil with a total score of 9y txcopt for

6 pupils who were rejocted rmldomly, no nore than
one fron each school,

Tttt Tt This process gavo 100 pupils in coch group = o casy nunb- r to work
with, Tne following table also shows how tho gToups wero constituted,




i
SCHOOL | FORM TZST SCORE . o Upper | Lower
9 1¢ 11 12
2 Al e « = = =112 312 5 3 5 = = = = = = = = 9 | 34] 24 2
e
3 3 E| e =« ==437836 2 4 1 = = = = = = = = 7 | 38] 13 10
4 3| =a=124875=-3 1 1 1 « 1 = « = = = = 6 | 26| 6 10
o 5 {3¢|---24-555- 361 -1 - = = = - -f W 32N 8
...H. S m W&llllddd“&““d“lllll'll w,—mdc W
T %llluaaaﬂomwdwlllllllll 71 291 4 12
N
8 B|e = =3453553 1 = = = = = = = = = =| 6 29 3 14
9 3B|le =1 =123 1565 3 =« 1 1 = = = = = = = g| 231 9 66
10 £l - 411332153 3 2 1 = = = = = = = = 8| 25| 9 9
1 |- 1 =13 38363 3 = 1 = = @ = = = = = 62| 32y =7 12
. TOTAL @ 2 213 32 29 42 51 40 42 28 19 14 1 z 0 O 0 0 e O 7 3171 100 1 106
g

[

4




-

Analysis of Results

. The following statistics werc cbatractod:  item difficulty, item
disorimination, end probability. Tho meanings of thouse torms aro given below.
| )
(1) Itom difficulty ' : ]

This 1o a measure representing the relative frugquoncy with which
an itom is corxectly or incorrvctly answoreds It is usually oxproesséd as a .
percentogo=- : o f -

GeBey if thu upper group &0 obt::.inc{l the corrcct onswer and 20
obtained the incorrvet answer, and these xosults were reversed in the lower
group, then

} no, wrong 100
Difficulty? = totol mmbor > 1

100 _ 100 - o
"200 * "1 . Lo
C ' P

P

A difficulty of nd meons that Tgs Of tho total upper and lowor groups obtainod o
an incorreci answor. T : oL ,

(11) Item discrimination o ' : oo

. " This index indicotes thu uscfulness’ of the itcme It is o numerical
moasurc showing how the results for this itom rolate to tho rosults for the test.
as a wholes If the itcm ic to fit the pattorn of tho test os a wholé, thenm - !
obviously more of the upper group should obicin the corréet answer than of ‘the
lowor group. If thc mmbekrs from both groups are about the samie, then the iton |
docs not digscrininoto botween high and low perfomers., The test would have been'
just as satisfactory if the iten hod beon anitteds This is not to say that the .
itons with satisfactory discrinination indicus arce necsurin, the desired troits |
botter thon others but sinply that tho iten "fits in" with the tost usc a wholoe
Whother the test actunlly neasures the traits it was intended to neasure is anothor
nattors , | e

v . ———

The index of discrinination tixus oxpresses the cxtent to which
cach test iton discrininates between pupils, and relates this to the extent to
which the test as a whole discrininates betwoen 'puplls, - : .

; . YL Lo
(111) Probability | = S S |

It 15 always possible that the results obtained!for an 4temicould
have been due to a chance occurrence. The probability index of an item is.a '
measure of the likelihood of this. Generally, it is required that the ; o
likolihood of the resulto being due to chance be less than 1 in 20 for test itoms, |
although 1 in 100 is often demanded if; the test icito bo'used for particularly
important purnosous : | ! '

| . i

—a—— -

E
1

i e ! | o '
-the fbllowiag tablo aunanizoé the results of tho item analysis,

i 13 ' i
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Item Analysis

(the correct enswer is underlined)

: Iteml
Question| Group|l A B C D E| N.Alff Difficulty discrimination Probability
1 ucfiaz | 131 3] 5 2f =~ | |
L flaa | 35 10| 3] 2 4% 0437 ¢ 04001
2 v 12 | s9)l 19|10 7] 3 S |
Lofi19 faalarfar| 5] 8| % 0s47 | £ 04001
'3 Ul 11 8] 6] 82 - :
iy s ofla]az] 5| 1 e |
Lofj1o | 1fa9ee| s 1| O 0,22 |, L0.01
5 U le slas | 43| i) 5
Lojaz | sfse ] s sifp T %% <ot
. — —
" o ,':.‘-_"‘ o _— ‘
6 U ofl1a pas it e ezl i |
1 fu a3l ls0]eol 6f 7 0.28 £.0,001
L b Y I R B xq? ‘.* :
L 9 77 10 25 17 2 59/0 0.}46 (0.001 -
8 v 0 2|l | 14 2] - .
1 |12 62 | 9| ol 1 2% 0440 < 0,001
9 v |l 2} 5] 2|10 - __
s | of 8| 1 ]33] s 46/ 0431 £ 0,001
——
10 U 3 135 (11 |21 17| 3
l p/
EKTC L 6 7113 136 29| 7 (72 0433 £ 0,001
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10

A%

0.37

' 0,001

12
19

19
17

10
27

0 047

£, 0.001

27

0e34

£ 0,001

10

44
49

26:

13 )

637,

0,22

15

45

32

13 .1
50 |

TS

0.22

<& 0,01

2 U
L
3 U
L
D 4 I.I
L
5 U H
| L
y
| 6 v
L

1114

14

ke

0.28

© £0.001

MR

395

0}?167

£ 0,001

12

-~ ™

2%

0440

< 0,001

21
58

ks 18

46%

0.31

£ 0,001

10 U

Hk:

"
13

-—

W
[0)

16%

0.33

£ 0,001

" Ny

T
60

—
[@ 3 5

895

£ 0.02

approxe.
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Questionm.

Group

N.A.

Difficulty

Ttem ="
discrimination

Probability

i .

13
18

12
15

o

26. .

59

13
16

7%

032

| <oio01

13

14

.29

10

a2k .

0.44

?<(x601

14

.17
22

22 |...5,

16

oY

b
Tdo

.. 0424

€ 0,001

15

20 "I

: _ 0!l 12 r
- 15 - U -Jj.10. ) 12 {12 ] 20:}.1 4.

- 65%

" & 0,000

Y S

B

18

15

27 |

6t

- 0522
Pl
! "y

§ —

gy

15

12-

24

1
11

O =

[ P

L sab.

¢0.001

- 18

\nirq. 1.
fa 13

14

4%

" 0640

4£ 0,001

.19 ...

I= &

23

T3k

0.28

20

16

29
17

10
14

725

d’o 36

) < 0,001

15

&J.'.}a'm.n_».‘u‘-’a.u&a.y‘-w.“u
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Ninoteon of the twenty itens proved to be satisfactory in tems of

diserinination: between upper.and lower groupse (Q.11 was the unsatisfactory

one, with diserinination under £ 0,02 and an cven chance thot the results
obtained were not significant ot all), .

Many of the itens could be classified as very difficult. While
the porcentoge difficulties range fron 22% - 78%, cleven were over 607,
. This'is gatisfactory if the itens .are used with.this in nind (for exonple, in
conjunction with other itcns) but taken together as a test, there were too nany
difficult itens for satisfactory rcsults regording achieveuent levelse

. The testy, of coursc, was"nct."'inte'ﬁded to be an entity but nerely
o collection of itens thot were being trialled. | Thus we have ninctecen itens
for inclusion in the iten bonk at the fom three lgyel, and to act as prototype
- 1tens, Ty : A

AART R RN
* *_#
N
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EDUC..TION DEPARTHENT - VICYORIA

CITERICULUL\'I AND RESEARCH BRANCH

SECODARY HMATHEMATTICS EVALUATION PROJECT

. DRAFT TEST ¥NO. 1

This tést consists of 20 items, ZHach item is followed by five suggested
ENSWerse '

You are to decide vhich answer you thin: is the appropriate one, and
then circle the letter.of thls answer on the sepnxrate answer sheet, Do not mark the
question sheets in anyway,.

If you change your mind abhout an answer, cross out your first circle and draw
another one around your final choice,

Example

The sum of two and two is:

Ae 3

Be 4%

Ce 5

D. 0 °

E. none of A, By Gy, D
Choice E is the corréct one, so the letter E is circled on the answer sheet:=

ABCD@.

In many questions, you will find several choices which are partly correct,
so you will have to decide whichh one is the best answer,

Work carefully, hut do not spend too long on any one items If one item
seems too difficult, leave it out and come back to it if you have time,

Do not mark the question sheets in any way. Rough working can be done on
the sheet of foolscap provided, which need not be handed in.

You have 30 minutes to do this test,

DO NOT TURN OVER UNTIL TOLD 50 DO S0.

e id
. .&34;,@(:2«‘1&
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3e

A4.

5e

6.
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The area measure of a parallelogram can be found from:-

A,
B,
Ce
D,
E,

base hedsure ¥ perpendicilar height measure o

% x bese measure x perpendicular height measure.
base measure x sloping height measure,

% X base m=zasure x (sum of measures of parallel sides ),

% x base measure x sloping height measure .

What is the magnitude of. the area of this circular region?

A,
Be
Ce
De
E.

66 sq. ins.
346.5 5q. ins,
693 sq. ins,
33 sq. inse.
17345 sq. ins,

Two regions have areas of the same magnitude. One region is bounded by a
rectangle 16 ft. x 4 £t, and the other by.a_sguare, What is the magnitude
of & side of the square?

A,

B, .

Ce

D,

E.

12 £,

S ft.
16 ¢,
10 £t,
8 rt,

In the diagram, part of the whole triangular region has been shaded. Vhat

fraction of the whole has been shaded?

28
5/6

A,
‘B,
Co
Ds
E.

X and Y are midpoints of
sides,

2/3
3/4
3/5

If x and y are real numbers, vhich of the statements below is the correct one?

A,

. B

Ce
D,
E.

n

X =y =>x2=y
=y & x=y
=y ® x=y

x =Y

[\ I \ V]
[ O T \o B AV

i)

X=Yy

V]
n

X =Y

X=Y

On the number line below, §x @ %2 .4, xER} is represented by a closed._interval.

Which of the following is the correct interval?

A, CD
g PR S S A 2. BTN
. 5 w4 =3 =2 =1 0 1 2 3 4 5

LR

1
't
i
3
',:‘
:f‘
3

s e S i SN T

- LA el
e B S e e R 0

W g S

B R N
o Rl S o S

N e R N AR A S R R T
S N TR DS M AR AR L LU
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x and y are two negutive numbers,
below must be positive? '

Which.of the .expressicps.- ..

Ao Yy x

Be xy R

Do x + ¥y

E. rone of the above expressions.can be positive.

Which of the following statements is true?
Ao ~THo>=4
Be . 0< 4
Co <3 . .
Do +2 D %2
Es none of the above0 ‘
Which one of the foJ.low:.ng eeta of numbera,ahnuld. be-inserted-in .this-sentence-to
make dt.oscreot?
{rat:.on al numbers] U {................ u {real mmbera}, "

A. Jintegers}
B. {negative numbers}
Co {fracﬁions}
. Do . {unreal numbersy
E, {irrational numbers} -
Which one ‘of the following expressions is not equal to (a+b) (a=d) if a+b ¥ O __

and c-d # 0%

A, (b+a) (o)

B, (b+a) (d-c) -
Ce (0'353)*(.3'+b), :
Do -{d~c) (a+b)
Ee (wasb) (d=c)

Unsatisfactory Iten

’

If x end y are whole numbers, each. divisible by-T, then-whieh one- ot'the_:tollowing

statements is not necessarily true?
A xy is divisible by 49

Be x°# y° is divisible by 7

Os x + y is divisible by 14

% =.y i divieible by 7

Tx is divisible by 49

19




- 19«

- 13, For the graph shown, an oppropriete eéquation is:
: Ae ¥ = o 3. Ay
| Bey=x=3 = ‘
Coy=x"+3
5

Do F=X - g
. (o] »X
E ~ 2 7 ) .
[ 3 ] K- ( }

e Virich of the lollowill squetions represents e straight line with gradient 2.and
y= in%ereent 1% -

A' y=x+2

(=4

Be 2y=x +
CQ y".'g:\..a
) D. 2}’-3!."-'

- ) b

Ee ym2x =

15+ For the greph of 3(x,y) 3y = x93 x,y--} the intersectionaj_ v&th the axes
. occur vherc, ; :

Ne X =B and y = =9
Doz =vi/380d y = 5
"Ef.':.a‘la.ndy -9
Dex=9mdy=«3
L EBex=12md y=3

.

16+ Tho graph of §(x,y)t y = 2x + 1, vhere x and yERY, 5 a straight line. Vhdch
of the statelents suzgested below is the best reason for justifying th:l.s'

A, ' The Interceptc oa cacl axis can be found.

B..The"equaoion contains o venstant terny 1.

Ce One-to-one cor*esnondence exists betwean c.lx.mcnts of the Jomuin and range.
Ds For cve*y iucrease of x ve.luc. bv 1y there is an ina.reast. of y value bv 2,
E. The equa‘l::.on is) a qmple one, with small numbers. '

17+ Vhich one of the following sets of conditions is not sui‘ficlent to show thet
freangles ,;&c .and IMN sre congruent? .

Ve e
PR

Ae n(lB) = w(lZ,y m(lL) = w(ilf),. n(XB) = m(TH)

Bo m(8) = n(¢L), u(AB) = m(IW), o(m) = u(IN)

Co n(AB) = M(TH)y m(AT) = n(W), =n(E0) = u(IW)

. Do u(f4) + m((D)y 0({B) = n( fD)y. w(LC) = m(Ly)
o~ Bem(ld)= L)y a(LB) = (i) n(3C) = m(iW)

20




A, \\

19.

204

¥
W\
N

0 is the centre

0 is the centre

B.

Yhich of the following transformations, when-bei"‘omed on a triar ‘e ABC, will
produce an imege A'E'C' which mey not be congruent to the original tr:l.angle?

A. tranblat:.on parallel to the x-catia
B. rotation about the ori gin

C. dilation vith origin as centre.

D, reflection in the y-axis

E, more than one 61’ the above, - . S i ,'

One of the following sets of figures 'has all its members congruent,

it?
Ao = {parallelobremu,
B. = {parallelograms,

Ce = {parallelograms,
6" '& N

Do = fparalleiaéféiné',‘

Ee = parallelograms,

'LG" b" 6" 6"

ecach with side length magnitudes 6", 6", 3", 3" S
¢ach with side length magm.tudee 6", 6", 6", 6"3
each with four right angles and one side length megnitude

each with anglés of magnitudes 120°, 120%, 60°, 60°}
each with one right angle and side "length magnitudes

f

Which one is’

18+ Vhich one of the follovd.ng'- diagrams—contains'tnangles—mhmm-wngmmw*‘

- —— e
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ANSWER SIEET

3

w....................O..-.......Fom....... ..'...'....SCHOQL..IQ‘..‘...‘.....‘

Circle the letter corresponding to the answer of your choicee The

questions are grouped according to the page on which they occur.
PAGE 1 QUESTIONY, A4 B C D E
24 A B c D L
3 n B c D B
4e A B c D B
5e i B c D E
6o A B c D B
PAGE 2 QUESTION 7. 4 B C D B
8e at B c D B
9 a B c D E
10 4 B C D B
11. A B C D B
12¢ & B c D E
PAGE % QUESTION3., Ao B C D E
14 A B ¢ D B
5%« 4 B C D E
16 A B c D E
M7 4 B € D E
PAGE 4  QUESTION1®. 4 B C E
19, A B c D E
20, A B c D B




