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- tructed and tentatNely classified as Comprehensnon, Appllcatlon,_or

ald |n deCIding on the format of the |nstrument... The flnal !nstrument con-{f‘

' snsted of two 9-|tem subtests referred to as form A and form B wnth each

"-';n']-'udges, and by using an Item classlficatlon model designed for'

The maln purpose of thns study was to |nvestlgate and aftempt R,

-

Memorlal Unlver51ty, were ab'le to demonstrate comprehenslon pf selected;‘ . "

[

W

mathematlcal deflnltlons, termino]ogy,‘ structur‘e and prlnclples, .as we]]

T\

n attempting to\ achieve these obJective_s, L66 |tems were COns-""'--' L

e

.\__

Problem-Solving Ievel ltems A pllot study was . then deS|gned ‘to determlnef-'

the relatlve stntabllity and dlfflcult‘\/ \)f these Items, and a@o as an i

N

form containlng three items at each of the levels of Comprehensmn,
Appllcatlon, and‘ProbIem-So]vmg. ‘ rhe caté’gorlzatlon of test ltem_';at these

- Py . '\

SN CE

cognltlve level!; was accompllshed |n consult@tlon with a. panel of three B

".he stud




The resuit mdicated that neither the size of the schooi

R : . - \

‘ the programs oiffered bSl the schooi, bore any signifncant reiationshlp to

no

\ : ‘."-_ A

the students"performance on the instrument.' The students who had studied
ahon?)‘urs_: mathematics whl le attending htgh schooi perf,ormed mgnificantly Q \

better»than those'\kho had studied matriculatlon mathemati\:s, with the
.:(,--ic "..'

noteable exceptions of &tihe Application“gnd Probiem-Solving scores on f?orm

. / '
-) procedures, thei&- ai!:lity to apply mathematlcs, and their capacity to
engage in productive mathematlcai thought, gave cau5e fpr concern ‘, 'The"_;

l' .':correct response rate to the |tems on’ both Forms combined ‘was iiO per cent,

39 per cent I7 per cent and 32 per cent on the Comprehension, Application,
. . - ‘ \ v

i

.

Probiem-Soiving and total test scores respectlveiy

T N . #.

The study conciuded w:th a discussion of the findings,\some
& .

i - R~

implicatlons for curchuiar.reform, and aiso some recomrhendatlons for

future research
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'rea_llty, the‘essence of what educatlon |s'all about.

g senl_or 'hi"

. e
-statement in the Han?book for Senlor ngh Schools of Newfoundland and\
" Labrador (1980) R

.. - j-' CHAPTER L A N

YN , Do
BACKGROUND T0 THE .PROBLEM - i R N .

4The develop'ment-o’l’ students' |ntel lectual \capamtles |s general ly

acqepted to be an |mportant anm of educatlon The fourth sixth ar\d sevsenth

\\

alms, .as llsted |n The Alms of Public Educatlon for Newfoundland and Labrador !

. _.Schools (1965) are as follows ' —— - .

L 4
) - b, To help pupi ls to mature mentally. |
6. To ensure that all pupils master
-+ 77 the fu damental skills of learnin
. S to the limit of their. ablll ies.
s S T__L_To provude @pportunit or the —
/ E .~ development of. pupﬁ;l/e:;ll)ities/\to

thl;k/f,rh call o o — =

There/arr"e those who would clalm that the development of the lntel lect IS, |n :

!

I

In explalnlng “how the

/

'n, the steering committee . analy;ed these aimsy and/prlnted the f’ollowung

.

—~ o v

-~ Consnderlng the pressures whlch exlst

S ‘maKe_ the School resporsible for all aspects -
//of the child's development, ‘and the 1imited

‘time and resources with*which thé\ school . —

_-—works, it .is-appropriate’ th make the point™™

school program was developed to satlsfy ‘the alms of publlc educ-..

. . N o N . 3 .
. v AR ' — - — : na
-z o . - : ‘) )
A e P 4 ! . e . . o
- Tt R o by, ~-+u~ﬂmw»;7§,"'.*. et ST et e €3 Fa \,,
. E : 4
e o .. - . \ L, ) (" ) /
- . LA - i ' ‘ - . . B . a)

e INTRODUC'IION To, THE PROBLEM = - U LU

_ ] © that, while the school niay - work-rto ard the e '//'
' . .o+ 7. e  individual's 'best’ a’ggrful‘lest" developmeit, i
J— w ‘ its essential function is the-i ellectual—"
T S T 7 deve me'ﬁ't’of the studefit. This function. L
. - . . _..—'/- f i _.”/‘ '
_ . T o
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s is expressed prlmarlly in Objectlves h 6
-and’ 7. The¥school 'Is- respon5|ble for . .
provldlng all students. wWith programs designed
to develop |iteracy. and numeracy” and ‘to .
.Hdevelop thinking skills at |ncrea5|ngly : _ S
complex and abstract levels.. (p. h) T

hlerarchlcally s;rUCtured process., Consequently, students would progressQﬁ

\".Av .

12 ’ ‘Z
from'ﬁhﬂ Slmpllest of thought forms,.memorlzatlon for example, through var—

o

“ious levels of increasung complexity, to the hlgher levels of creatldfty and
C.. o .

.41 N -

‘ abstractlon From tlme to°© tlme-attempts have been made to ldentlfy and

v v

. describe the varlous tognltIVe'levels; Bloom (1956) ldentifued sxx~maJor
. v "N
cognltlve Ievels as. follows. Knowledge (slmple.recall), ComprehenSIon
T a L o ° ..
(lower level understandlng) Appllcatlon (use of’ generallzatlons n partic-

“.

.'*?ufj\?$f' ular sltuatlons) Analysns (breakdown of materlals lnto component parts)

r. L M 'W ,.

Synthe5|s (Ruttlng \ogether of data to form a whole); Evaluatlon (Judgmental

r]r S - . = .‘.- . . ,"\' .':-_ .. B' .
A decl5|on maklng) : 5“ R '_.;_j,,“: o ,‘u' , ,fJ T

SO :fIVVEP‘ ' Av;tal (1968) ldentifled three IeVels of mathematlcal thlnklng . N N |
R LN . e R ® I ‘ i

.

;_5;} Recall or Recognltlon of materrals |n the form in: which they were presented i

. N o -

":@;{;A Algorlthmi; TH|nking, the stralght forwardAgenerallzation or transfer from N

the learned materlal to slmllar materlal' Open Search the hlghest leveq<of'

- .,‘. . \ .
N ’ . Y . [N -

v mathematncal tHlnklng. AV|tal assocn ted 'open search' wuth Bloom 5.

A o

taxonomlc Jevels oﬁ analy5|s'}mm synthesus. He suggested that successful B f4

functlonlng a{ thls leVel would manlfest ltself ln students ablllty to

.3ﬂﬂ~ solve non-countlne problems, and to thlnk in ahproductlve, rather than a.
N ¢ . . A . LT

..i ;
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'}’fwhlch, although having Iimltatlons, has wndespread application._ It IS

-ff:ﬁ'simuitaneousiy a foundational science,and anrart form deserving of study,

ijvis,,ﬂh;for ItS own sake-”,The reaI essence of mathematlcs, hbwever, is that |t

A way of thinklng, mathematical thlnklng. WIISOn (I97I) suggested

] Mathematlcs InvoIVes a process, i R ST
' . way-of being, whlch ¢an “Be - Iearned ”j o T
~ In, fact, 'Doing. mathematlcai thinklng o N
can.be’ glven as ‘an answer . to ”What is )
Mathematics?” '\ LT _ L
, , e . . S

In genehei terms, mathematlcal thinklng can be subd|VIded“into

A

. ftwo dIStlnCt sters F stIy there lS deductlve or demonstratlve reasoning‘

- .. .

and, secondly, |nduct|ve reasoning Deductlve reasoning, or. trad_ onaI

IR : '

v,'-”,.logic had |ts beglhnlng wuth ArIstotIe and is concerned with déflnltlons,

-'axibms and postulates whlch guarantee through syIIoglstIc |nference,'

' : exactness, con5|stency and vaiidlty of argUment. =Deduct|ve reaSonlng‘ls.‘ -
systematlc, rlgorous, and Is pOSSIny best exempiified'through the CIaSSIC
L IWorks of EUCIIdL‘ It ls'the styie of reasonIng u5ed by mathematician;.and
o iltextbook writersvln presen;ing or ethbItlng mathematics as a finlshed
f‘ﬂf:j'i." product., Such formaI presentatlons, whiie an Int?grai and necessary part
L '5, of mathematlts, do not necessarliy give the Iearner any Insight Into the 'y'?

' ‘blrth and- dev Iopment of the mathematlcaI concept or princlpie in questlon.
L AnETEEIETOPERE: |
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g§$a Mathematics is a. weII ordered and developed body of knowiedge o
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I 1t ‘was out of f/goncern for the jextent to whuch schooi . b

¢ mathematics PFOQFamS should but pOSS : Y do not contrlbute substantive]y e
h ] . rl
f% to students wnteliectuai deveIopme ,partlcuiarly at- the open Search' S
s ' ‘ T i S . . AJ% AR
A 'IeveI that thIs study Was undertaken .ﬁ,',-“f - N .Q o
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. deductlon From general proposlt;ons but on gatherlng facts, on eXperlment-

. on movfng from the partlcular to the more general The characteristic

T\ attltude of the lnductive process |s one of curnosnty and opeh-mlndedness.i‘

. E—,.' o v -'_. v~
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Induéf&ye reasonlngilod the'other“hand ‘is hot,conCerned wltH'ratfohal‘
- \ o

f . \
H - N

atlon, ‘on conJectur|ng, On testlng conJectures and contlnulng to conjectu;e,_lfpﬁifﬁ..7

‘v

)' PO 4

". ~, . LN . .
f o

'concerned wuth dlscoverlng_

of lnductxon. He sald ”.=:"7l, j:-" ST
N V] . .. K

S Mathematlcs ls regarded as.’a demons-" o
trat:ve science. Yetthls-is only'one‘u-“"
g of its’ aspects., Flnlshed mathematlcs
. presented’ n a finlshed fgrm appears as
Cpurély: demonstratlve con5|stlng of
proofs-only.. . Yet. mathematICSvln the o Ce R
: Qmaklng resembles any. other "hutan - know- .ﬁ,.,“..“:"
SRS g ledge tn’ the . maklng Yol have- “to guess R
AR A ‘a mathemat:cal theorem before. you. prove' Yoeaeel
S "; it; you have to guess the.idea' of the 't .\
: ',;'~';' f‘ proof beFore you carry through the = 7'¢;;
R detalls.- You have to comblne observat-
|ons and’ Follow analogies, you- havesno L
. N " try'and try: againi The resolt of’ the HJ' '
e mathematlclan 5 creatlve work is’
e X 'demonstratlve reasoning,,a prooF but
thé proof .is discovered by plaUSnble ~
‘feasoning, by gue55|ng I the'g~1~(':f”
R learnlng of mathematlc_/n\flects to .
R any degree the' invention' of mathemaths
.1t must “have :a: place ‘for ‘gu 55|ng, for
plauslee |nference, (p, yl : .

e o oot e
Y / - ¢

ln summary, lnductlvezreason|ng, as lt applnes to the study of

"\ . - - s

RN -.-‘,

mathematlcs, maybe descrlbed as the process characterIZed by such cognltlve ?a'

- '*, . _-\._

behavlours as rememberlng} reflectlng, observlng, guessnng, generalIZIng,:};.ifj e
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:i . L analogI2|ng,‘analyzlng and synthe5|2|ng. Lf Bloom s descrlptlon of cog-£7 .
’iuv - . B . . ‘ B . .I."_-:‘ .
F nltlve development ls accepted mathematlcs would appear to be 2 d|SC|pllne :

ldeally sulted for the exercise and hence development of students' k

~ o

process of problem solvung Polya ha |nslsted for many years, t.':-fw

(fh';{a: ‘ ’*Bloom (1956) offered the followlng ‘

: . ) ; . . ' : “'.,". . ,
e L ';f:.ﬁw;ffThus, It ls expected that when: a'fi;_{'?;-.:’ﬂ‘“'""f
Mo v"ﬂfjstudent-encounters a"new: problem T

L e e er sntuatﬂon, he*wi 11 select-an:
Pl appropriate technique. fér. attacking
s 0 and Wi bringito béar thé T
L DT S necessary 1nformat|on,nboth facts. .
o et Deang % and principles. . This has been s+
R TR N Z'dfqlabelled “CFlthal th|nklng“ by
G U e 7 some, Mreflective - thinking'™ by,
T O -;"-.Dewey and-others and Yiproblem

b T Jxﬁ;j-"if'solVIng by stlll others.; (p 38)-
} | '" adoptlng a POSltlon on the dlrectlon that 5choolnmathemat|cs reform'f}“:f@;f“
.Q'ShOUld take ‘ﬂ the |9305, the dnrectors of the Natlonal Councrl for

',.ll ,". - . R . . et

. Teachers of Mathematlcs haVe recommended that the mathematlcs currnculum

' . éﬂ ’
‘{, be organized arOUnd problem solvlng (NCTM, 1980)

Some would contend that mathematlcs~programs, both tradltonal

.\‘

effectiveness as a tool ln fac|lltat|ng students' full cognl?
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;. Polya.(1957) exclaimed - o

VLo e FERE I L .Mathematlcs “In statu nascendl“ /ln

‘the .process. of belng |nvented has .
R " never’ been presented ‘in. qu1te this .-
“_ 7 manner to- the student, or 'to the.” . . .
e -'*7"teacher'hlmself .o ‘to the general e
iﬁpubllc (p vnl)* At

e VRN }; Such evldente as. has come forward
Lo e T “In the past few: years lndlcates
Tt ;z: " that’ whlle stidents’are: obvlously T
LT e . L _leafning new mathematlcal concepts'.
ST T e e 5?, \and terminology = undenfably desir-:,
A A able objectives. jin themselves -+
_the” 'modern'-. mathematlcs prqgrams“
o e e ~-have made Tlttie Impact on Wwhatthas i’ D1
T S "p' ‘been .the certral- goal ‘of mathematlcsT';»'
P ; lnstruCtlon._ - the development of .« .. "
R P the abllnty to utilize. mathematlcal;}j,;mh,_q
R 8 thinklng In" the-solitlof of* probieis.’
e el Y And no, progréss willl-be made until
T f we. clearly conceptualize ‘the diff-, -
o TN néls U T erence between: ! lower! (comprehenslon) LorTe
e ,,ﬁ*“f5~“t"f;':.}f', and: 'hlgher’ (problem solving) .modes’ _.E S
T ‘;-”:’ﬁbf,..ﬁ";5fw,fmn of" mathematlcal ‘performance . and take E
Lol e T - positive stéps toMdentify and: I
IR 'f.":;_l;'; strengthen these, latter capacltles :;_11',; o
o . -3S‘,{1f*3 In our students. : oo

C & L P . . <.."
. - ) '..'..-.. - A . . L.
va |, .«.'_ e [

There are also suggestlons that teachers of school mathematlcs

!, ; ”;"' Y N S .
LT -ﬂ:haVe elther falled to adequately address the lssue of cognltlve developmeq;

1

i _g';}i”ﬁat all levels, orzat best have restrlcted upper level act|v1ty for the

N e e
- -

erore capable students only WIlson (l97l) clalmed

Mathematncs teachers often state'thelr'"h' :
. .goals'of instryction to.include all i"' /owi:
cognltlve levels.‘ They ‘Want thelr _1:ui“
iu'students tOzbe able to- solve problems N




-"-,.L’-.' L U 'l;ifl._-'.."/-' ;

,~'creaqlVely, etc.. But then-théir '
- - fnstruction, -their testing, and
’f*_their .grading. tend*to . emphaslze
. the lower ‘level behaV|ours, ‘such,
.'as computatlon and". comprehensnon.
jfyThere is some loglc to’ clalmlng
2 that: perFormance at all’ cognInLve",
~levels should be expected for: all

T * students ..’ Plty ‘the studerit.who CE

< i . : has ‘never .been al]owed any Intereﬁt-‘

BRI . ing’and challenglng mathematics, . -
e “'.because he'1s'a slow iearser!' and"

. ‘henceis never expected or offered:
i anythlng more’ ‘than _routine comput=

'\.m.l\i; B

e ._‘atlon. (And plty the student. who' :
S \ :
b S Cise glven 00" much challenge and. o -
AR R " never led to success- by’ thoughtful}-f' .
e and- well-organlzed lnstructlon.) :

Ao 650)

RS

E - . ThIS study attempted to gather |nformat|on, relatlve to levels
E #-}}iﬁflh'u,;-nof cognntlve development"ln mathematlcs, on a sample of recent Newfoundland
B I f-hlgh school graduates., It was enV|saged that the study would shed some

T-:'at Memorial Un|Versity, were able to demonstrate.-"

. t .
- 0y . ) \. b iyl

e

a N, structure, concepts and prlnclples,ful“ug“g“nfj‘f}"_. Ao

Ablllty to reSpond successFully to test |tems categorlzed for the“ﬁl'j S

ot
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Secondary obJectlves of the study were.qg .'df:ijg"'

i"‘k’

x :f”r"'iJ5I:V3} To compane the performance, ln l and 2.above, of students who had

completed the high school honours mathematlcs program wuth those i ;j;j}ri

K ~|

ted the hlgh school matruculatnon mathematlcs

,.;.

:;f{students who had comple

'h{:Program.‘i”i L

lf\flz_:'lf - ﬂlfi'T3ﬂ~An’anaﬂyeléfof~the;datéiwae'carrfedfoyﬁ;iofteatfthe:followibg“:f'

B T R . L ‘ o ».' ..ﬁ', . K
- - hypotheses. - ‘;- L .-'; ~~; f
S f.if‘;:, There '5 no Slgnlflcant dlfference between:the performance of

71 ;'zf;?f'f,ﬂ'students who completed the'honours program and students who completed , § e

SR DR .1"' ;.‘..the_,!!lafr,!'culatlon prog‘ram.".‘".'." : '-'/-'.'; ‘ ‘
S Hz There |s no'5|gn|flcant dlfference between the performance'of .
;ﬁiﬁizl.f;wd;if_fi students who attended larger hlgh schdols and th05e who attended
S ' ai;; H3f;There |s no slgnlflcant dlfference between the perforhance of
=f' 5 - f. tudents who attended schools whlch offered both honours and
l matrlculatlon programs and those whlch offered only the matrlculatlon

L program;b;“~“
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The.study sought to compyle lnfdrmation and data only onqstudents 'fihhj:ﬁw I'

2

"}31f;}3l who comp]eted grade eleven |n Newfoundland on June, 1980 Data were

l
e

actually collected on d sample of those §tudents who entered Memor!al

IOIO The data and

" fecouﬁses lOiF ' "or 1011 and psycho ogy- 1000 ,

. ‘program from whlch the student graduated hahely, honours or matrlculation,'

:v{""__'-;',,::"'f ‘ 0y NN . e y ‘ e - . e ' . | I-
v "the grade eleven population of the high school attended the mathematlcs“j gf-';-yk‘.?ﬁz,'

-"ii'course~|n thCh the student was reglstered atrMemorlaI“ and the score on R

"-fthe instrument designed for the study

:fh;'prOV|ncnal examlnatlons ln)grade.e even‘in June,'1980

1. - «

In 197@ the Departm;ht of Educatlon of the Government of
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an i ‘ . 28 Y
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Matruculatlon Mathe atncs Program .J;.=v ¢~'m; . :

D T E o N

- . v .

A three ye r (grades 9 Iiﬁ prog?am for students wlth average ;o

L
, .

?3 abnllty The genera obJectlves for this program are stated tn the =

~. s '

Mathematlcs Bulletln Grades 7 11 (1980) as‘follow5'> ‘nﬂﬁ'ﬁfjilf, 'Ni'ﬁ'

ﬁ..\-.- .

e

.,q : : .

”‘ﬂ:.fﬁi?uﬂ' the knowledge and essentlal concepts and skllls needed for further;fl{;ﬁifi.* NS

- e
. Loaa L

,i* 4{ ' educatlonal pursu1ts,vcommertlal,’economlcal and socia1 endeavours R
I ) |n the life area of thelr—chocce S "f .
N :, . ‘.‘ "“ . s - : . : y J
. ./ i . L. il - K K
R gﬁ,:Honours Mathematacs Program ",'~4\ 'w, , ] .
et R o - ] ",' . . o -,. . ," '..' .' ,’

s S
o A three year (grades 9 1) program for‘students wnth superior

A U -y :.-_

'“;?mathematlcal abillty The geheral obJectlves for thls program are stated 'J;'.

¥ - ” e

'TZE {ffrﬁ;t{r;";:ﬁgmn the Mathematics Bulletln Grades 7 ll (1980) as follows..~ '”ﬁ .7’

L e R ...'-‘-".,'-.\-,

RO e 0T . .

I%i;'ff~l§”3f:31 R To provlde a more challengYng program for the mathematically gsfted

,Lflfluf EEEIE To provude recognltlon oF the hlstorlcal mnlestOnes fn the deVelppment

[
o _.-. o ,_‘.

' ‘,:_,of mathematlcal ldea//r Ideas whlch have hefped man In solvung many of

hiS prob]ems' s _:’L’“'-.-‘- e o ""."-,—';-' .

G ST T e U e

To prOV|dewawarenes;\\? the direct‘applicatlon of mathemat:cs to
, S y . .) [
fbehavfoura] soc!al and applied sclences. s

.
o,- PR . L

"
"o
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'lon mark and grade XIXover-'

The course con5|sts oF\remediaI

f;~students whose grade XI matrlculation mark or grade Xk overal] averag -

;'75 per cent or better.- Ex h0nours students whose grade X1 mark |s less :

. _ than 75 Per cent may also regustentfor th'\ COurse.,j'fr 155'?“,1 iwf. .
“ ) ,. }, ,_' A Lo - ; A R e 14 R - \ o ‘- ';".'. e 1'
,athemahcs 1508(1011) = R

-"',."-'{;;""'--,'~ An |ntroduttory course |n*calcul us’ ntended primarlly for ;tudents

h.3"=j.. whosexgrade XI honours mark 1s 75 per cent ‘r better.

0
ﬁ

']::regnstered |n thls course are requlred to‘

(-
. :

test Is a]so ava|lable to ex honours studen

EEMathematlcs IISO

?rous of be°0m1n9 prlmary or " ;*w-;.)-f“
elementary teachers, whose grade XI matr|culatlon or honours mark |s 50

A e . , ) ,
per cent oF. bettér.“

) ‘A course deslgned ﬁor students des

o i
o .

)

FON

D« S

. _"__

',@athematlcs
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- ] '-'\f o o _/_« ‘ o~
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T \ L . ot "‘ . "";‘;:‘:? -',, R v
R T ¢ Lt SOUATA RSN IS PR
P ychology IOOO VoL Q”“\ e e e T
0' . _t‘ ‘.'. ‘-, S L ._‘.‘ LERS R et e

- t e.sc1ence oFIbEEESIOur The cou;se Is a; prerequlslte to all other

: B sychology courses.. L N .
e " o - (AP .
/ L. R .:"...'
fi'g'zf'éx honours students'f' ¥ 3

LA

"}[rtnf¢LA$§r%icATioN{ﬁQDFL{i[?'.

.,_(' _"' "

\ T "
ment of test‘rtemSLa
"{qg .,1 :

£ each oF the cognitlve Ievels to be assessed ’Td

._'- L

if:ﬁ m7;é closely the model due to W|Ison (197\) The model was also Influenced

y the‘schem% devised by Avltal (I968);3;Although items at the knowledge

' e

not lncluded Jin the study, the model whlch wull be presented

kY

',L An |ntroductory credit course deS(gned to nntroduce students to f”

The first and most critical stage of the study was the develop-.i‘

contacns the Whjor cognitlve levels of Knowledge,'iuj?\




mey have fanled to contrlbure substantlal]y'to the cognltlve developmenti
“of students by having negleeted to’ include real'llfe problems and.related
L}ﬂproblem SOIV|ng activitues ln suff|c1ent quanilty |f this !s the dase,
‘7fthere is.an ureent need to'either SUpeleEE#t the current currlcu10m wnthi
‘,,j"“-.:p,-oblem salvvhg act|v1ties or,_as suggested by ,GCTM (1980)‘ to reorganxze

“;i\the currlcu]um around prob\em sokvlng Before anyth!ng else

,’~ ’ |/.- . oty - ' 4
One of the most |mportant anms of educatlon.tS‘the full

.t

andvproducﬂlve thinklng‘dyl'ﬁ h;: ,*-;”'

‘cgggfosslbly moreso than‘other schoo] SUbjects,

"t

1f”Modern mathematics” programs may not haVe adequately

.\;‘ -, ',-

.f”fzitaddressed the ro?e of mathematlcs |n the cognltlve‘deVe\op-"t““‘

Y

<ment of Students

-~ . P

\t has already been suggested that modern mathemattcs programsh;?

\i" e "y TR

o %

v

'ﬂq3asc

T T v

_u-.
’t

»
v

erta[n the current cogntt[ve ab|llt|es of Negfoundland hlgh;sthool




9
‘. o, c

Chapter“._ conta|ns a revlew of selected related‘Ilterature and

z

L T e e R S+ L VU

brlef reports on three maJor mathematics achievement.studles. A detalled

v

1uding the formulatlon of a model,preparatIO" °f m{-'

[ ,a '\.

‘ .

cognltlve levels,.ComprehensIon, Appllcatlon and Prob4em-50¥v1f

LNy ."L N 7 ¢

E"

v e ,\- -

”771 educatlonal |mpIJcat|ons‘of the find]ngs w:th‘éomé recommendations for g
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f:;ff:q ; . As a]reaJ; Indlcated In chapter 9 the model us

' 31; useful to. con?uder two claims and one

aﬁr N

ed

inchaSSrfyihg test items accordlng to cognltlve Ievel was

.‘|.'

? of the taxonomy of Bloom (1956) to the subJect matter,of/mat'ematlcs. -lt; S

o "

was therefore necessary to flnd emg,LJCHT’evidence that Bloom S taxonomy
//

o

(hereafter referred;to/’ﬁgthe Taxonomy) provides a valid the net¢caJ

g
framework }n‘whic

-r—;."_.__ .‘,

be rellab]ygascertalned. Before reportlng speq;flcally, It i's perhaps

._. .. ,,."\

. \
to thls study

r I
‘

ln identlfying the major cogn[t]ve Ievels of r;‘

'filnstructlonal obJectlves.

Knowledge Bomprehension, Applicatlon, Analy5|s, Synthesls and Evaluatlon, f.ff.fff"”

3 1

L Bloom et al claimed that the cognltive processes can be placed ;!ong a.

fore so order“d that successful performance at any level lmplles mastery
R V- _
d? skllls and acqu15|t|on of. knowledge necessary to perform at the
(f preceeding levei . B]oom et al (1956) also claimed that the Taxonomy was
i SN

. generally aPPlIcable to al] subJect matter but cautloned :'~~
e %
‘e 7‘ ‘:l.
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Toty e oo R By tan

. . ) 6
CE T - ' - One of the major problems in the \
B : . . . classification of test items which
oo . : - - this study revealed is that it is
oo R necessary in all cases to know or
j o S assume the nature of the examinees' ’
b S . : prior educational experlence. Thus,
. o R o " a ‘test problem could require a very.
L , - ; ~ complex type of problem solving
O ' S .- behaviour if it is a new 5|tuat|on,5
RO - - ' . _while It may. require little more-
, _ than simple kind of recall “if the
_ ' T vndlvndual has had. previous Iearning o
o S . o experiences in whlch this’ very prob— T
CL T T e e was‘%nalyzed and discussed. . -This o
o E " 'suggests’ that in . eneral - test
- - material can. be«satisfactorlly
BT R classified by means’ of ‘the . taxonomy .

test problens wereused is known or " S
assumed '(p 2]) - S v
g . )

Slnce 1956 the Taxgnomy has recelved wIdespread USage. to éompare

1

: ‘the dnfferences betWeen examinatlon |tems and stated course objectlves, to
S . ~ .
. ~» analyze teacher made tests, .to |nvest|gate the degree to whlch teachers

.

verbally questlon the:r students at dnfferent cognltive levels; to class:fy

T 2 . "textbook questions, exercises and problems, to Formulate obJectIves for

S i teachcng varioys subJect matter 5to estab]lsh standards in evaluatlng

F— “

o learning outcomes.f Investlgatnons tonnected w:th the above activitles are.
w o . , "

{

f% _— ' . numerous, and although related to the,present study,.do not,bare dlrectly
i . . - .
!

Cheer . _,uoon its main intent. According to Begle (979)

L . : . A numbeér of -studies have been carjied . ¢
AT RS ' N [ © out, wing a variety of subject matters,
. ) : / C ' that together demonstrate that.the six
. . levels of, the Bloom Taxonomy are ‘
. : - emplrlcally as: well as conceptually
C distinct.. Studies of this kind, but
”restrlcted to mathematlcs seem not to
“be known. p. 16) oo

e var o S - - PR TR o L= T L S SRS 8

.'only when', the context in which-the- 'f B

re

L ant L e RS A R
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. ' Although Begle's survey of the literature appears to have
. . : ‘ . o
= thoroughly covered the period. 1960-75, it 'did not disclose a study by ' w
i Avital (1967). This study will comprise the focal polint -of the llterature lw
] review for two reasons: ¢ '

% to the design of this study, “arid- .as’ éegle suggested there i's a deartn\éﬁ\;; j S
! v : ‘
'g, such studies pertalnlng to mathematics."' : ._._: S . :.ﬁSﬁ-‘-
1%3 ;‘t Q' Avntal sought answers to the\followlng questlons; _;:": ."“T-iit’/iiﬁj ’
ﬁé, ">,' . ;_ 1:_ Can the categories of the Taxonomy be used to d|5t|ngU|sh T B
;i. ' : ;theoretica]ly and to a maJor extent exhaustuve1y, dlfferent,; EE
;%ﬂ ' ;bahaV|our patterns usua\]y connected w1th the learning of . al'f:‘? g
- _? mathematics?.. ' »'. e {f i." - B W h
.¥ if ~,?. s it possible to construct azset of items‘fqllowing the -
o . dategoriea of‘tne'Taanomy to measure students':attalnment
Lo In hjgh,scneo] mathematics?
C L ) 3. Can the hrerarchica[ natUre_qt th%'Various canéorles'be )
.T—7f7\if sustained or should ;He order ef some pairs of categorfesf
; He reVeraed? . |
‘E % antlclpatlon of the posslblllty of obtainlng afflrmatlve answers to.the ‘
;? :first three questlons, AV|ta| formulated an addntlonal questlon ‘e .
.k L, What proportuon of varlance of scores in teacher-made ;
f?- tests - Sin mathematics can be accounted for by stugents"
\Jaél ‘ . aehievement on items_correspond!ng tq the,tbree,jowest i.; ‘}-:' i
'@ : ‘ 1'|evelé of tne TaXOnehyf" S E i | .
e - : ,
, Ll
‘ N
7. Y . ¢ ' ,
,'(.' = Tt o .(:“’
i ' R ST SR

Avital's research procedures relate mosg closely

vy

FEEOASRDAE . : EE
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,:f;:#encodlng decoding from one 5|gnal system to another. ComprehenSIOn and !

R P MY B T P BTy Frton o v~ RO AT Y ey

In arriving at His descriptions of the psychological mechanisms
which underly the categories 'of the Taxonomy in relation to mathematics
. - N . ) T e ., o

learning, Avital drew heavily on the writings, tea'chlng's_and empirical

findings of mathematiclans, psychologlsts and mathematics educator?

Accordlng*to Avntal QQE Knowledge leVel COVerS pure recall elther'rote i_;:

':or meanlngful \Whereas the Comprehen5|on and Appllcation levels deal lnif:iu’

@2,

.
o, .

'z_.Appllcatlon also deal ln low level problem solvnng whlch can b"-l

j‘,as stlmulus generalizatlon, the dlstlnctlon %etween the tWo categorles

s,
’ . d , '’

fbélng the amount of novelty and remoteness oF the requlred generallzatlon."

A

-Analysis thCh |ncludes Evaluatlon, is the process of breaklng pp a glven

o : TR

stxmulus~complex into the underlylng parts, and djscoverlng the relatlon-

shrps among the parts, and wrth,the whole. Synthesus is- the rearrangement
S R
of the,éar_sllnto a-new.entity which has a_neyl-not-preVIQUSIy seen, ==

)
. . 5

meaning. '

Avltal consldered the category of'synthe5|s to be the hlghest

- -

form of performance ln mathematlcs learnlng He polnted out that ln the

'

- conteXt of the TaXOhomy, the category of Evaluatlon becomes a Judgmental R

[
¢ PN N N

process carrled ‘gut by the learner upon flnlshed products.- Evaluatlon innf-*

’ .
~

"mathematlcs learnlng, accordnng to Avntal \15 a verlfylng process whlch
_deals with the results obtalned by the learner, or problem solver hlmself
and hence of a Iesser order than the actual solutlon generatlng processes‘

H:AV|tal therefore satlsfled hlmself that the answer to questlon one was
]afflrmatlve. The Taxonomy-dld lndeed provlde a theoretlcal frameworkv

_'whlch those behaviours pecullar to. mathematlcs learnlng could be clearly

3 - -

dlstlngurshed;; Avltal concluded that psychologlcal underplnnlng may be

e

e

sttt admear e tart
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glven to Flve out of s:x categorles lncluded in the Taxonomy. Avltal'

<

concern f’or emplrlcal val |dat|on can best be conveyed through hls own

words: o co e

_ N " ' . B

N IR ' : Howaver, slnce educatlon is a socnal '
R ) S §clence a basic point In any educat- ' ) Lo
o ' T S djonal investigation is-its practic-. - SER R

A RTINS -,.ablllty In the.case of thls study_ T L
VoL LT R AP "_'the problem of ‘its’ appllcablllty is ‘j,.'- PR
T SRR AR R dpen. i -Sucha problem could be /- Lo
;Tliattacked in at least o ways, ' elther ST
- by- producing, a-set.of* hlerarchlcally U
,"'jj.ordered obJectives and actual Ty o0 e
"organlzlng a’ teachtng- learriing- exper-': re
:"lenge based on-these objéctives, or’
; .'producmg a. test which’ wou Id"be’ rated
" .by.a’ gFfoup of [nformed people as’- -

) '.organlzed along ObJeCtIVES based on the
- L ... - Tdkonomy and thén.applying it to a, . :
e ] S e LT groups of “school thildren to. evaluate: N '_";
‘ © ST . theit :attanment of -these objectlves
R Co e ~ . . The second form of attack is fOIIOWed

B P 1 thls study (p 54) : o

RERERAN . [N : . ) . Y ST A

c Tyler (l949) extenslvely analyzed the l‘elafl‘onshlp betWeen e
' \ currlculurn .‘eonstructlon and achlevemen-t testlng. : 'Based on thls analysls,
L Avntal cOncluded that the crucxal problem in hls.stndy was: the’ constructlon
\ e oF a set of test ltems whlch would measure achlevement .along the vamoUs
» i catoegorles of the Taxonomy ' The feasnbillty o‘F such a constructlon would .
) 'l;n'turn, support the clalm that obJ‘eottves dlrected toward the hlgher' 2
. " levels of the Taxonomy could be formulated Flfty-eight ltems, together " .
).

.:.. . .

Varlance.. There was less agreemeht obtalned on the ltems ln the Synthesns

‘l

and Eva 1 uatlon categorles

almost all cases being less than 10‘ per cent of the maxl'mum possnble
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|tems of the multlple chouce format cou]d measure performance at the %ﬁ k1

’ synthesis l'eve'l. Some raters contended that the category of Evaluation

S T T

the tests- mdicated a con5|derable decrease In mean performance wlth

3-‘-|ncrease ll'l the level of the Taxonomy, wl th one e)(ception The mean

performance oF all hlgh school grades wlth the exceptlon of‘ grade 13, on

il e I

not comprehended at a sat rsfactory Ievel , _even |n grade 12.,‘ Awtal suggested

;that abuse of the |dea of the splral,,curriculum, at all grade Ievels, may
-partlally account for th‘is phenomenon.-.— The results also revealed a

subsltantual drop xn performance of ai] grades betWeen the categorles of

‘:'Analysus and Synthesis.-_ Thls study, then accordlng to Avltal supported

‘ _the contentions Qf the authors of the .Taxonomy that It has a cumulatnve

Llalso showed that lt ls possible to get a high‘ ‘rater agreement on the SRR

et c . . . P . . .
i o R e L = e e e T R N Spon e, e

e .4classif|cat|on of test |tems at leve]s of Know]edge through to Analysus.

o

e s e

had no dlstlnct place in mathematlcal performance..s o ‘, T

Forty-elght of the 58 |tems whlch had° been rated by the

professional mathematlcians were put together to for‘m the test.

2

The test e.

v ,‘.' A

e

the Comprehenslon subtest was lower thar‘r the:r mean performance on the

Appl lcatlon test. ; \Avltal 's experlence suggested th{a‘t ba5|c concepts were Lo

Y

-~

'

.

d h]erarchical structure in terms of increasnng complex1ty Thls study




,f3 "TT. The remalnlng studles to be reported on fall Into two categorl:f“ ,flﬁ}.f”*hﬁ

? : ’ the earller studles of ‘the 19605 whfch tend to support the clalms'ot the. .:ﬁ“ﬂ;g: ;i::_:é
j;f" Taxonomy and the later 'studles whlch tended to he.more crltlda] of |ts PR 'T%

ij: 'ﬂﬁw-valldlty A cruc]al step dn tbe development ofltests 1n wh{Eh |tem5u-r?;frn.;fflﬁu

i 2;55}-:.;.& suppdsedly evoke response behavnour at various cognltlve Ievels,_is the ﬂﬂ';F;?Jﬂhﬂ'a'f_if

: ,l" F‘ i nves t -

h

1_:;51fi€- abillty of the users to approprlately classnfy these |tems

oL . o

I ’ ' -

studled the Taxonomy For four weeks, to lhdependently c]assify the test Ei'57Lh:“€?2ﬂf;"

5 e i-:[. utems accordlng to the subcategor:es of the Taxonomy, rhe agreement was

'! Stoker and Kropp (196’4) conducted a study In whlchhone of the
R ‘ research questions was.. Can Judges agree on the cognltlye:processes' ;
2 ”*};.”J“:' Wthh an ltem'ls-lntended to measure7 Two readung comprehenS|on tests

1constructed Each

SR ,'iai* 2 each conslstlng of 36 multlple chouce questlons weru

“'test was based on a 900 word readlng passage deallng with sclencei _,_' ;

A ijudges, who were doctoral students an educational measurement and fam!luan

R w1th the Taxonomy, were asked to Independently classIFy the Items, fuve ftﬁ;:ﬁ.ﬁ

A

for one test and four for }he other.' The agreement wa's 77 per\cent and?f'h

Y




el

é ;
— lhac‘urai science cour‘ The judges lnitiaily agreed on 85 per cent of
' "\the items, n after consuitatlon w:th a subject matter expert agreed : "',
] o N -~ f SR
e e remaining 15 per cent.-.- ln this study lail Items feii within the.‘

.

[
. Fi

':""‘:-Evaluation Cox concluded that the .Taxor)omy was a. re]iabi%‘@nstrument in

.

N

.:'-ClaSSlf‘/lng test items ‘éccordlng to instructlonai _ob_yectives t‘hey were

o

; ",I L

de5|gned to measure{. S '_

Seddon (i978») attempted to appraise the findings of var:ous

Y

'nvestigations Whlch deait with validating the~ propertles of the Tax0nomy.

e , \Vlth respect to the reltabiiity of judges ciassifylng test |tems to the
Rt @ : S
n, _.-Taxonomic categories, a summary of tne reievant studies is preSented in

oy td
LR :,

St Tab]e i taken)from Seddon Seddon went on to say

_ As mentloned previousiy, an obvnous o 1
';.j.and important difference betweer N Sl e T

' '-,"Fairbrother s experlment ‘and- the N
L viothers experlments was the” number. of .- -
k L j'\.:-,:'i'-,_]udges taklng part fn’ the ciassifi- )
' - RS M .. cation. exerc.se.,. Also aithough not
VLT T e T _'beiné drawnr atirandom, Fairbrother's ~. e
I T i ‘»-judges were’ almost certamiy more\
. . X . .'_-:,""representatlve of-.a meaningfui pop- Tl e
VR LT e s Mylation: of ‘educators (i.e.; s school- L e B

T T T R ;,_teachers) ‘than those used in the" \ ~L '
T e ~ -, other’ experlments.- ‘In' fact,” fiom' he.

» -t-detalis provlded in: the actuai reports,
, P e e UL I s most uniikeiy “that i the Judges\f
N R "_,-.taking part in the other. eRperimentq
e el T TR K " were. representatjve of -any popuiation
Wwooof - educators who might-wish .to commun-
,'_"'Icate with each other ‘about’ the: nature
“iof the educationai objectwes or: items
- “being consldered It-1s" therefore ]
";-j__'iikeiy that Fairbrother s ‘result%- and:
:"."cbnciusions are the- most - gEnerailza!:ie -
.. - to reals iife educat.lonai contexts. B \
| (p 306) L A PO

s

L T D v T W e % e s
P
.

-..',_"First four Taxonomic ieveis.' None were classtfied as Synthesis‘or
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'TABLE l

PERCENTAGES OF PERFECT AGREEMENT - f;%g;f-“f

IN THE SEDDON (1978) REPQRT’ ff

ON JUDGES' CLASSIFICATION OF TEST lTEMS

< Mimberof
_dudges

Numberiof |

Percentage
perfect

agreement R

 Geography,|

":féqxﬁtj9§§y'?:

P

“Natural .7
Sclence. |- -

e

|- stoker & Kropp (1964)

b‘ChéhﬁEny:,ﬁ f'

- §lze”

E ; relatjdns

] Herron- (1966) 5 L

oy

.t
' .

“ Chenmisery|

Fifoster (1971)

_Social -

Poole (1972) 3 | istudiest | frk

l'*E;irpf§§ﬁéf;jqéjs)f;;f

Physncs
Physncs

o e

. . P - . B i celsT L i . 4 . '."
After-maklng allowanc%szfor the fact that some Items effectlvely
oéturred more than .once.. In the tot T

jl(ltem p001




O~ R A S TRV 3t
R S R A O S S T P
. Lo - ) ‘- L o * 8 ) ! “:. 'F,.' - - B ‘-.,le = oo _' n _'. ’ '-_ e '
.‘ ) . . .,' . . _,. .ll . . '," .', L ; . _‘ - _ ' -:‘ ’_14 ..
e R \ln looklng For perfect agreement, Seddon may Well have set -an-

i ;:fv-j;H_ unreallstlcally hlgh standard Stoker and Kropp (l96h ,.already reported

on |n thls chapter, used nlne Judgesyand not elght, as Seddon claimed

Seddon reported 31 per cent perfect agreement for Stokeﬁfand Kropp (1964)

';f on* the multlple cholce test on~S|ze relatuons, for example.: In other

g:fwjf’dﬁ.ff }j:;_::; Qt': Falrbrother (l975) collected polnlons from 22 physlcs teachers

on the ablllty belng tested by each ltem on. two multlple cholce examln-:

.1 atlon papers. The papers Were the l970 and 197l coded answer (multtple TQV'VZ

[

ch0|ce) papers of the Nuffleld Advanced Physucs examlnatlons and consnsted

:T :f hO ltems each.l Each Judge was grven . descrlptlon and |llustratlve '

examples_of four;abllltles based on the Taxonomy, Knowledge, Comprehenslon,

Appllcatlon and Analysls/Evaluatloh The Judges were also¥asked to get the;, .,

:ab|l|t|es clear ln thetr mlnds before worklng through each ltem and asslgn—".;:"q.

£

N

» _maklng a'declslon., As reported by Seddon (l978), all 22 judges agreed

.-that theaflrst three ltems of the 1970 examlnatlon belonged to the‘u

:b qu lt to an_ablllty catepor‘m 'lt was" also suggested that |t would be jr E i}é;vruig o

Knowledge category Thls represented seven per cent perfect agreement.,_;

.,z i




. "'tlon of |t mas due to the safme: - few-Judges Item 35, for example, was g

crlterla._.- He sand

T . '."v P M . MR N
B et el ovon s vo S AR I

' _and Kron had done." lt would be Informatlve to know If dlsagreement

tended to be even]y dlstrlbuted over aH Judges or if a slzeable propor-' :

11+ and as Ana|ysns by the remain!ng Four. , The extent to whlch |tem 35__
l:»"could rellab)y be placed 'ln the Appllcation‘ sect|on of a: test wm{ld be--_ll.'

greatly .enhanced |f the inVestngator knew,

- ,‘(questlons. j- (p 205)

’ for one person lnvolves Comprehension or some other ablllty for others

f “ \

oy

.

L4

categorlzed by four Judges as Comprehensuon, ‘as’ Appl lcation by another-.-

Pt .

'for example that six of the

.P.

ST lt would have been better to
... .= rgather the - ‘teachers together
T to discuss ‘the: lnterpretation
T ofthe instruct|ons before '
.,-;asklng them to analyze the '

Accordrng to Falrbrother, some disagreement was due to mdnvnduals solvung,

questlons d!fferently A prgblem whlch anOIVes Knowledge leVel a’b|1|ty\

ltem one on the 197] paper, for example was rated by 19 Judges as - . S

Knowledge Ievel ahd by the remammg three..._‘ udges as Analysus._:_ ltem le D o

On the same paper was rated as Knowl edge by fwe Judges, pomprehenslon

by eight’ Judges, Appllcatlon by ‘seven Judges and Analysls by two Judges.-‘,:.":;"'

Fairbrother recommended that hls reSearch be repeated ,lth a larger group_-

':~0‘F teachers who had been better brlefed .';




Studles relatlng to thel blllty of Judges to |ndependently

-asslgn test ltems at the various Taxonomlc levels suggest that such

: attempts represent onerous tasks There is ‘a consensus that Judges must.'

;.,:'be thoroughly famlllar wlth the Taxonomy,. |ts cla1ms and Ilmltatlons,

S

_ - ,and ideally, should be currently teachlng the~'g:ontent upon whlch the
IR S S Lo - .
: test is'. based

A -'drscussed Iater In chapter ‘I.'I:l:',-'.

‘ descrxptlons oF or re?erences to, three maJor studles are also xncluded

|n chapter III:.; The lnternatlonal Study of Educational Achlevement (IEA)

l Nat|onal Assessment of Educatlonal Progress (NAEP) arld the Natlonal

'. Longltudlnal Study of Mathematlcal Abll lties (NLSMA) Jn the remainder

of vhls chapter brlef reports on the mathematlcal achlevement aspects of

5

these studles are presented " These reports pertaln to "problem-solvlng"
’;';._ o' open search“ actnv:tles, for the age group 16 to ?8 years.;.~

to. _‘{‘ :-.,. - ’.

.l. . "‘"

nge attempt was therefore made to determine whether or not students had '-?

I ""."’

-'\' - ~

learned mathematlcal thlnklng as. well as the’ “facts“ of mathematlcs..-,_.j"'

J e .ﬂu.q.,

)

DA N e re s e - e e

i Populatlon 3a was most relevant to, the present study, snnce |t consl;ﬁted




")'

In general ~student:s of populatlon 3a appeared to find the,"-:',v'..."

on

- 69 item test dlfflcult.. TheA"'aVerage score of the 12 phr‘ticlpatlng

',«countrles was 38 per cent. . The hlghest scorlng country was Israel wlth-~ )

SE ‘p_;r cent and the lowest was the Umted States wi:th 20 per cent. Of

"§_the 69 ltems,ﬂﬂ were categorlzed as "lOWer process“ a d_the remaimng

. ~28 were categor |zed as “higher-'process"

-'...-1"Thus thege appears to be _sorie sl ight
dnfference in:the. funct|on befng '

i measured ’ by the scores), but: ‘the ~

- différence s, $1.1'ght,"and. the" ‘scores: "L
. ‘are- haJ'dIy .dlfferent enough, to make’ R
' ":-.thelr separate analysls promlsung.'

o Weathermen estimate that the amount of

i '.water In reine lnches of snow i's “the same
.as ‘one’ inch: of ‘rainfall.: A certain

: "iArtic.island’has’ an annual “snowfall of

7'.':._-1602 Inches. Its annua] snowfa]l is t:he

- Same .as. an annual rainfa]l of - how many

"._-'___Ii,lnches? . :




T

Oniy ‘iii per cent of 17 year cnlds were abie to determine the numbe:‘_;"~

o ,' % N
. " votes a candidate received in an e.iectionj given that he received 70 per
cent of the 4200 votes cast TWenty-elght per cent of 'i7 year-oids ‘were’

'.-' ;',_abie to calculate the area of a square of perimeter 12 inches.._ Accordmg

PRI ORI S AUV N

been driiied through teachmg an .

_,\‘

" < N .)P
\They need practice with two-step
’ problems, It which they must decmvde
- which’ dimensmns are neéded.’ tol .
calculate the area’ or perimeter and:.

R IR A .'-cannot plug ndmbers ' |nto formuias by oo
N o " . . ': = 'l. "".". . —*- . L . - -‘,i'Qt;e. ] (p [*61') ‘.i - A g it ] ‘ "-l: 3 .

et C i.i ) .:_. : -_\
iyl N

o

FOr NAEP ai\i target popuiations Were representatlve nationai ,:'

P

sampies.. The 17 year oid sampie inciud‘ed high school dropoutS*as weli

e

P ’e o
t . - .

. as eariy graduates.. ) .'f"i PR

e 'f' ’_‘ ; ‘.li"."...,-;. _: .- The second a.;sesenient of the National- Assassment of .Educationai ‘:
:, . q- . Progress repor’ted that performancé on one step word problems Was good._'j'.'_.”""_ < L
f i'hese studerfts however, as ciid their counterparts who were sampied i :

"';._the first assessment,\had great rc:Li fficulty in anaiyz:ng non-routine or.,‘;’.'

: mtri-t»i-sﬁtep problems. On a probiem simiiar to the foiiowing, oniy 29 per

cent of the 17 year—olds were able to arrive at the correct soalqtioi‘\"

~':'Lemonade costs 95 cents for one 56-’
- ounce’ bottie. At ‘the school fair:
.Bob sold.cups- hoiding elght..ounces .
for.: 20 cent's” each.” | How much- money
.-"-_-_did the schooi make on each bottie? '




Javt

ST

IS R AR

e 93 47T

R .o
T SR N

TR TR ORI ey S e 1

o

NE

" j_As was true of the First assessment',

o ,the i‘easonableness ‘of kX resu]t. Sl '. ;,~."'-‘ R

. that 5|nce the flrst assessment' the performance of 17-year;

a /‘\
attentlon‘Jt wou]d have to Be problem olvnng. ."

- at all age levels'

;dld not appear to have any of the bastc problem solvlng skllls.‘ Carpenter'

R \

-'-_(SMSG) had Instltuted a NatIonal Longltudlnal Study of Mathematlcaf

educatlonal attamrnent., Acc.ord!ng to CarpEnter et al (1980) lt appeared

declmed across almost aH categorles of problems. Carpenter et al (1980)

..,Abll itles (NLSMA)r -

-

ma_]or ob_;ectlve of NAEP was to determlne change In students'

Y

]

-d_'i' S

e

It appeared that students Wer'e

L0 BETAE

'.':learnlng mathematical skllls at a rdfe mampulatlon ]evel w!t—houtlJunder--_

"".standlng the concepts underlylng the tomputatlon.- Students In general

eb al (‘930) clalmed- S ! L °'
IR R R '.'Rather than attemptlng -to think LI
TR through a problem and. ftgure out . z
ST what |s ‘needed to be-done. to ‘solve: e
o+ - i 0 'theproblém, most\'espondents stmply =~ 7.
o wml . tried to apply.a- .$1ngle arithmetic . = -
T T ,'operatlon to. the numbers ln the
Sl ,‘problem : T -

Students, acpordlng to Carpenter et a] (1980), were not famlllar wlth

and In vurtua]]y eVery content area, performance wa S, R

s.. i -. -‘-r——~"‘

.........

uch baslc problem-so]vlng strategies as drawlng a plcture or, checking _7,::

-l:r,-' .

~

Durtng the early sttIes, the School Mathematlcs Study Group

. A

The ma_;or purpose of this study was to' nVestlgate .
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“revisions of mathematics curricula. Students in the Z-population during

the third year of the study (1963-64) were high school seniors and

numbered 15,364, :0f this number, 10,874 students were enrolled’ in

col]ege preparatory mathematics.courses. In”the“spring of'1963—64 these °
students took nlne tests containlng 47 ltems at the Comprehenslon leVel

11 items at the' App]lcatlon Ievel, and 11 items at ‘the AnalySIS Ievel.

_n' —

.:The-raw score.

AR

Then NLMSA examinnng mode, isvdescrubed-ln chapter Jld.

'J\

e oL means for all these students on all nlne scales were 58 per. cent for the B

.

nd 66 per

Comprehen5|on |tems, HS per cent for the AppllcatIon |tems,:

cent for the’ AnaLy5|s |tems. Compared tg the assessments dlscussed W

4 - . ear]ier: the results .on thé Analysis |tems appear to be qute good. The

¢

nine tests administered to the 2-popd1ation.wefe used to compare the

LA
-~

" chlevement of flve dlstlnct textbodﬁ groups: CG](Functtons), CGZ(Trrg-
‘

CGB(Ca1cu1us) 'CGH(Advancpd'Algebra)

onometry) ﬁndeCGS(No Textbaok). o

Fhe CGS:group performed signlflcantly poorer on all tests except the ,;,- o
the CG5 group, who haV|ng

'S|ngle l1f|ﬁemuAna}ysrs test. 0n this test

LAY e el

. s - & e )
. completEd a college*preparétory program were not studylng any mathematics
g e : )

T ; . durF%g the. year of testlng performed a]most as wel.l” as the h|ghest
S ? 4

e S performlng CG3 group.

Th|s wou]d suggest that the Analysls |tems were: i

K

for the most part t%p easy,«with some |tems probably too dnfficult
4 - e

For

b *gil » T most ‘all students. tested According to Romberg and: W|l on (1969) the
g' &- - 3 N
’ e ag§1y§ls of the Z populatlon testlng found féw surprlsI g resu]ts The .-
oy e T e ' .
e, ! tests Were perhaps too- easy as there were;several cases, especlally withe
. ‘i . . 0 ) coa :
- ' o ',the calculus group, that a Celllng effect may - -have prevented slgniflcant
> 54~jyarlatlont DT o ;‘filfi S EE .
., . .‘ . el . . . . oo .. -' . . - .
| RN " v '- ) ' . " noe u\"
n K4 2 i b i i . -
Vv I ) ' - T
AR SR ’ o e .

-~
-
-
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CHAPTER 111 R S o

v DESIGN "AND PROGEDURES e T | |

. - . ‘. :V ]

\ In chapter 1115 the item- cla55|ficatlon model* used in the study ,‘,%

. : ;

is. presented, and the procedures followed in constructing and categor‘nz:ng"r

'test ltems are descrlbed. Also |ncluded,\|s a descrnptlon ‘of the pllOt b

study, the |nstrumentatlon process,” fﬁecadmlnlstratlon oF the lnstTument
'and the sample used The chapter concludes WIth a Q(lef dlscusslon oF the»‘_iff_.; o W

~- .a.

\ .-methodology to be |mplemented ln attemptlng to achneve both the prnmary and

,ﬁsecondary obJectlves of the study S - "" B »L' o ,'"

CITEM CLASSIFICATION MODEL = . ~ o ~

v - \ .

As its primary aim, °this study attempted to detérmlne the extent !

=;__. | ‘ to which Students.ln'thelr first.semester at unlverslty.wer le to demon- '
: ° ‘ - ‘ ' . : o
DR strate mathematical achievement at different cognipive levels, Accoripanying
}{ | 'thls objéctive was the assumption that node mathematlcs prdbramglhéd” ER u
. . neglected to prov:de for the development otvstudentsn hlgher cognltIJe. e :;i:‘;! .
; abll!tles. IF thl@ assumptlon were tzue, a. descrlptlve hodel based on the ;i:»'-{ f'!f
1(;‘ - actual currlculum materlals used teacher-made tests and examlnatlons wrltten,. |
.f ‘4 and the types of learning experlences:hrovlded‘by.the.schools, would not

B
3

‘have - been useful since such a model WOuld not have lncluded the more complex~

‘cognitive Ievels. Whah ‘was needed was’ what Taylor (1965) reFerred to. as a

norMatlve"model' Such a model havung been derlved From some theory, would

i

‘3

) ' : v I S
be used as anrame of reference for confrontatlon wnth reallty and would N
. S ’
.. have to. completely descrlbey {in behav1oural terms,dthe whole range of -
cognitive abilities as .they @pply .to mathématics. ° N . T
\ S P , Fa L a e ; A ) 1 T
. . . : s Lo } b .
. 1 é NS N 5 . ) N
. .-‘ L4 i . ) : ;{ , . “_ * u
] ‘.' A . . v
? s a 5 s ]
. : : WK . | "
- - 2 K i e . ' '
e RCHIC e IR R
s 4 - 3 / ¥ . ! e
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' follows.' S B G :VL
CAL Knowledge and- lnformatlon.‘frecall of deflnltlons notatlons, concepts

”:1.Bﬂ;fTechntques and sklll : fcomputatlon, manlpulatlon of symbols

- lﬂf'Knowledge o= recall of speclflc facts, termunology, symbols

- 32 -

. F * .
.Many evaluation projects, which have been concerned with the

multivariate nature of mathematics learning outcomes, have .adopteéd normative
. N . . . ’

.-models. The International Study of Achlevement in Mathematics (Husén 1967) ﬂif'

S

- used a model which was'almost ldentical to tne model used by the Item

lBanklng Project un England Wood (1968) described the latter model.as-:

i

C,'fComprebeasuonghn‘ffﬁz»';':"capaclty to understand problems, to';f L

translate symbolic forms, to follow and
.extend reasonlng s
D. Appllcatlon . ' ‘“f;f'of_apprOprlate céncepts in unfamiliar '

- mathematical situatiohs

E. Inventiveness ooy .reasonlng creativély in mathematics

S|m|lar models were used by the\Natlonal Assessment of Educatlonal Progress

::(NAEP) and the organlzers of the prellmlnary study for the lnternatlonal

Study of Educat|onal Achlevement (IEA) These models were based on the :

six major levels of cognltlve thought ldentlfled by Bloom (1956) and can

6 e

"*,be descrlbed as follows. ‘:

_fdata, methods or processes, patterns, structures,"

. or settlngs. ' ;l an
2. Comprehenslon"-‘ low level understandlng of mat%rnal presented a

) course Or From a'textbook etc. Students should be

“ahle to |llustrate, translate,\explain, mterpret

-

.or extrapolate.
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R .Synthesis3f 'jij:-puttlng together of data to form a: who]e' establishlng'-ﬂ""

Ievaluatlng as\}evement ln mathematlcs.v The major obJectlve of NLSMA was :h_'

s PR ) . .),;.l‘
- ' ; 5

‘-233 -

Vo
3. Application - use of generallzations, abstractions, pr:nclples,

theor.es etc. In partlcular sutuations.

L. Analysis - .breakdown“of matérials inte combonent pacts-
g Vol K

-d:scovery of Interrelat|onshlps betweennthese parts,

-

o duscovery of relatlonshlps between the parts and NS

.:)_

the whole..-.é.ﬁ- 3'95:.'4*
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"-_:re\atlonships between materlals which were apparently;;é'"

o

yooeo L

o ' 34;"f-"“g-:i‘"tbunrelated |n their orlglnally presented form.Jvfh[‘ﬂél”[ﬁT;_-

. . . N I

6. Evaluationh . = = | judgmental declsvon WIth respect to the extent

: v 8 e
C . that procedures or materials satlsfy a given or: '

7Self developed set of criter|a. -'“5§f l' .
) . : _

. . »
.« . . e . - . - . ,.
. K ” . .

Wulson (1971) devised a model whlch was an extenSIon of the, ] ' B

e

model "used by the School Mathematlgs Study Group (SMSG) In ltS Natlonal

4

Loggltudlnal Study of. Mathematical Abllitles (NLSMA) Both of these'.*j.

models represent adaptatlons of BIOOm s Taxonomy for the purpose of

‘to |nvest|gate, in the long term, the effects that varlous mathematlcs ) . -

‘programs-had on students achlevement at dlfferent cognitlve levels. :Td‘f'

i ' ;chleVe thls obJectlve, the NLSMA model was two dImensionaI Eg:}ent by . .
;?‘ Cognitive leveJ. Table ll is a slmpllfled verslbn ‘of the NLSMA model
1 Th; C;tegorles A, '; C D and l 2 3. had several sub categorles In the '-;RE-E#;
3 er5|on actually used by the study.' i: o (2 -
. . . : . - . ’

|
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TABLE I

L - CA MpDEL FOR MATHEMATICS ACHIEVEMENT (NLSMA)

L ' . Sy o0

ST L VLCOGNITIVE BEVELS

] L
Ao
)

e e R g, oL ISR H I AR N -ﬁ'<e;nibi’f’ﬂ'fw
~-Content™” - " iﬁomputatlon Compreheris oy’ Applicatlon Analysis .|

B T W e ]
',;11.0;Number“$y§tems ,;ﬂl}':ﬁ

"3g:d;Gebm?iri D ;fﬁafﬁﬂ.;Ff“';di?;ivffff,.ff%f’a;'”

T T PO UL
_Wilson, {1971) elaborated on. the._ intent andhence, significance of the
 NLSMA model.. . & i

The mode1, even in thlS sumpllstlc

_ . ) ;gform, emphasizes the complexity of
Soe oLt e Wloutcomes Tn’mathematics. learning, | :
PR T . Take any mathemdtics topic, 'such.as ., '~
- : AR - - whole numbers;” there are outcomess. = ..
' i " “for each of the cognitlve Ievels. .'.-1ff'~ R
2] thére.are affective outéomes as well.. .ot v 0
R _y"§1~;Jt ‘I's -not enough that - Students Iearn FZ~' Do
" T < manipulate whole nimbers: Rather
oLy ,“_'i..ifhe must also understand something
B - about:the system of:whole - numbers. ,?-z; -
' .70 andalgorithms for ‘their-manipulation; . -
- o f ' he.should be’able. to, usewhole, numbers
AT - ‘. and whole ;number- concepts Tn SOIVIng
,problems, and, he shoulld-be able.to use’
. “whole numbers In unfamlllar sltuat]ons .

P ::v’_:r“f; ‘to apply themin. the ‘solution of~ P
. o ' problems he has not encountered prev-T‘
s iously, or- to. generate ‘new. algorlthms -
L S LT i for'using whole humbers in solvnng '
S e . . vLts i classes of problems.‘ Further, Tt L
e e i"u'ﬁ[gessential that. .the. ‘student derfve some R
e Cowtur LU v enjoyment. and. apprec1atlon of 'whole ! '«
LR .+ humbers ; “their’ use’and their structure.fhl
' 1'f(pp 649 650) ‘ T
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Ty to'a context in:whlch- there’has been nois ..o o -
cor ‘practise:’ p 662) o R
~~ THEMODEL . - ‘. 4 .;\, ‘ \ A *‘.
) - .;1411 The model |n this study deflned and proV|ded psychologlcal
descr]ptlons for the cognltlve Ievels of Know]edge, Comprehensuon,
, Appllcatlon, and Problem Solvlngt‘ Althqugh the |nstrument :ncluded

Y . .
’ o= 35 -
Whereas the NLSMA'MQdeI was concerned only W|th cohtent and cognit|Ve
3 behavlours, the Wilson Model extended the NLSMA model to |nclude the

affectuVe behavlours of lnterests and attItudes (E 0 ) ‘and Apprecuatlon
«(F. 0. ) (Wllson, 1971 pp 6h6 6&7) Bqth the WIlson and the NLSMA models

Loy renamed Bloom S Taxonomic level of Knowledge to that of Computatlon and

.~\

-H:ThIS bthIour 1evel,is the hlghest o
- of the . cognitlve categorfes --com—'-
ot .J,:,;pr|51n9 ‘the.most’ -comp.lex behaviours," PR o
Con e vt [neludes most. behavTours HeScribed }~'.\t""°

oo e -7 .in‘the TaXonomy (Bloom 1956).-as “analy- ., 71
Ve -7s!s, synthesis or evaluation.t e, -

. é.includes what ‘Avital ‘and. Shettleworth
‘ £ (1968) ‘have called ”open search“?
. & . " Here we'will include nonfoutine’ prob—

' - o ,"lem-SOIVIng, dlscoVery ‘experiences, RN
R ..vand creative -béhaviourias it-relates -to o
ce T ffmathematlcs.; It dlffers from appllcatnon-

N level or comprehensaon level behaviotrs .

2 20 l# ih'that it involves a, degree'cf“transfer

'h' ._: ,- . -.'-

v chose to Include only four cognltlve ]evels, the hlghest belng Analysls._” S

',WIlson's (1971) lnterpretat:on of the Ievel of Analysis was as fo]lows._:{“-fffj“'y”
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: ‘}r':i"r' -f . CognitrVe'Leveis S Troen o

' Arvf Khow1edge

A 1 Knowledge'of basié:facté.'LA

A 2 Know]edge:of termlnology,_”:

A 3 Knowledgefof algorlthms hfjf"”

‘ VN

A h Knowledgeﬁ

A 5,,Know1edge'

B 5 Ab|1|ty to follow a I[ne of reasonlng

'}ﬁfi :f'g: ‘,T .;; B 6 Abl]lty to read and Interpret a problem

App]lcat|on ;-ﬁf*:f'-.;'i ‘3-7:"*_,;f31

C 2 Abl]lty to make comparlsons

T 3 AbITIty to analyze data 5;fglj'

C h Abl]lty to recognlze patterns,.lsomorphlsms, symmetrles

_ ',shnsz

or relation




ﬂ,p;3-

Z'Problem-601vlng

;Ablllty to solve non routine problems

*Ablltty to construct proofs:

_VAbI]lty to crltlclze proofs

1

AbllltY to dlscover relatlonshlps, patterns,'symmetrles or lsomorphl5m5

.

Kl

"5.f:'nlze an ObJeCt as belng an’ |nstance of a concept or. prlnclple, |nter-':f’”

-§tudente openatlng atlthls level arelahle to repeat
.Hrecognlze a Factu term|nology; routlne manlpulatnon or algorlthm, ;ﬂ'
*;ta rule, procedure,.ln the form ln whlch lt was expllcrtly taught ori‘
"ipresented The knowledge\level can be assoc1ated wlth memorlzatlonf

“more so than any other level ST S f f.ﬂ_“-n..?,v-‘ :""g,"'

Comprehenslon Level -'{ - )

'jfthe process of slmple tr?nsfer, glve examples to Illustrate knowledge

'flevel phenomenon, translate From one: Form (mode) to another, recog- '17

‘5proof ,‘TheComprehenS|on level can be assoclated wlth understandlng

.',knowledge..;

reca||>c+-""

’ L e

i W
. L-

Students operatlng at’ thls level are able to generallze or carry out :f“f BT

/R

L .
3

A B
¢ B S . Lo Lot .
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' C. . App]lcatlon Level St E ljm; y N P
"Students operating at thls level are able to perform a sequence of IR
responses and select from among avallable alternatlves, read and B
¥y : . v
) . |nterpret lnformatlon - manlpulate that lnformatloh - draw conclus- .
; ‘.|ons, recall relevan} lnformatlon = transform problem elements - *:. S

. " i o Ul e ST ‘
iil'-}f;..fﬂij.'manlpulate these elements ln a sequence - recognlze a’ relatlonshlp,- )

lfsolVe routlne problems. ,The appllcatlon level can be associated wlth -Tj:fi*:ﬁ3f”?

L ﬁfyﬁthe notion of uslnguknowledge.- Appllcatlon leVel behavnours are‘ 1
‘: , & closely related to the course of study and they deal wnth actlvltles }3-:. -
:'hthat are routlne{; Items slmllar to these appllcatlon level ltems f;?ﬁﬂ ffin'“}f o

S f—:m(not |dent|cal to them) would have béen studled The student should :*"w

o BRI ;have'SOJVed problems requnrlng slmnlar resPonse Seq“ences‘and the
. '"ﬂ.' ‘u:, Prerequlslte knowledgeﬁlnfoimatlonushould have been.stuﬁlfﬁxl” thgh
ll | rgoﬂfsei-'ffvii. i -”: s ':h ,x'i"flz :" o _f. --fh/él :h _.1‘3 1{3*"
) “. R T AL, LT

Vif@.;-' '“; i‘k D. Problem solvlng level ;W_f ‘f :: u“~q “'l._- :';. fze;:_:'g

f, ;xf,F . Students operatlng at thls leVel are able to generallze and trahsfer

<

e Hf.:;'jh'_‘.q‘:in to.a, context ln whlch there has been .no practlce; to manipulate f;jii T

P s s - P . =

b, "71,;,t75 jif;f]fl Previously'learned materlal in‘a nonroutlne manner to dlscover';},' :
:ﬁ;;j,f;~:;;;;inﬁA1'f,”' relatlonshlps among preulously unrelated concepts or prlncrples; to ';R RETR
: . . produce somethlng that lS entlrely new to h|m or her, to dlscover e

£ Tf \k‘"}:"#:“ : -inew relatlonshlps'rather than recognlzung famlllar“relatlonshlps,

AP o AT

Zto construct (produce) proofs rather than reproduce proofs. 1Ih§if"}x:f:‘ ,€;-7‘7

‘iProblem-solvlng leVel«of behav:our can be assocnated wlth produetlve fl7r".”:;j~'

'or creatlve thlnklng, whereas lower cognltlve behavnodrs can be

. a . o . g

'; assoclated wltflreproductlve thlnklng -"'__”" . ',_':; f%_r:ij




.. PREPARATION OF TEST ITEMS S .

# o "-v'- 8 ‘: Inltially'107'test items pertaining to the mathematical content

_ common to both the grade eleven matrnculatlon and honours programs, were

. ©
)

complled and categorlzed by content . Included in .the content categorles:'

ware, real numbers, functlons, solutlon of equatlons structure notatlon,.,

qf trlgoﬁometry,_and geometry.'till ltems, compriS|ng a slngle cohtent cate—vxkffgd'

"‘gory, were solved and analyzed with respect to the breadth and depth of
: . R B . . . l .

“coverage ln each of the grade eleven programs., In this rLgard partlcular

."attentlon was pald to the quantlty and quaLJty of textbook exerclses and f[ff*i

v

problems that students were requnred to complete.f Th:s analysls revealed

that the solut|0n(s) to certain ltems may well evoke dlfferent cognltlve

behaVlours dependlng on whether the student studled honours or matrlculatlon o

‘-t‘-- . ~

mathematlcs. For example several ltems relatlng to the analytlc geometry

d as 01 (dr hlgher)

S of the curcle, would have undoubtedly have been classlfn

.-vlevel |tems for students from the matr]culatlon program, whl]e belng C1

AR (or lower) level ltems for ex- honours students. tln 't : lnstance, the ‘N¢-'l:
i e . o I LT
T T honours program prOV|ded mo(e challengnng and non~ro tlne exerclses and

'~-,problems than d|d the matrlculatlon program thus glv Ag ex honours students
"j an’ advantage. There were slmllar |nstances wnthln other content categorles

1

Upon completlon of th|s analysls, 16 1tems were ellmlnated from the |tem

v v . S : AN

As lnd|cated ln Chapter | thls study sampled the populatlon of

grade eleven students who graduated ln June, 1980, -and who subsequently

reglstered at Memorlal UnlverSIty ln September, 1980 for at least one of
. 0 t

| the mathematlcs courses lOlF 1010 1150 or: 1011 Slnce there waslzszg*j';iﬁ§133'

uncertaunty as to when, durlng the fnrst semester the test was to be *nw;t'fﬂjf,;f".




. exposed to the content.of any of. theSe Flrst year courses. As a result5

| the tem bank vas reduced further by 17 items. e

'f_analyzed alternate solutlons were consldered and as a result, each |tem

'fjatkthe Kn0wledge level, elght were consldered to be at this Tevel and

'é;f:therefore ellminated from the bank The anestlgator tentativeLy categorIZedﬁ

18 D(Problem-sojving) ?;:1}

. Judges was’ asked to |ndependently assign some |tems to the apprOprlate -

:Jevel LA sampﬂe of 22 items was chosen from the 66 Item ban@’such that

“_;sub category 81 ;, Ds wh]ch,aln their op:nlon, Eestfsulted the eXpected

1 'i‘lsolution behavnour of he studentt 'E;'“ﬁ

admlnnstered lt was declded to.remove a]! ftems for which lt -was deemed,

\"

llkely that students' responses would be enhanced as a result of being

.!. .

d’

Y

s R

For each of the rema|n|ng 7& item&, the orlglnal solution waS'uu7¢u

R A

' ;the remalnlng 66 Items as B(Comprehen310n) 27 C(Appllcation)' and ’li.f*

a .
o

"

Yoo ", - N Lo Do -
o N P )
ooz . I s [ y T . i

,If]"‘E'h‘»CLASS.‘l:'f"l'é'i;\:'l‘_ll,OiNj— Pv“.UUD'GﬁS R R R P DT P
S ' , RS O S T ey
In order to establish an acceptable degree of confldence in the o
.j:investugator s abillty to classify test 1tems reliab y, panel of three";f?'*lf

v ~

A -

"a;seven wetﬁbrandom]y selected from the 21 Comprehenslon leyel items; nlne 1f:fi\?
,”'from the 27 Application Ievel ltems and siX from the 18 Problem-solvlng
Tlevel ltems. This sample together wnth a copy of the class;flcatlon

- model and the corresponding psycholpgicai descnlptlons was glven to each

e

h:of three Judges. ’After’the Investigator\mef undlvldually w!th each Judge'uxv

- . x et

ces ,

"L'Jn an, attempt to c]arlfy 1nterpretational matters relatlng to the model

t v p

the Judges were asked to nndepehdently asslgn to each of the 22 ltems th.,j';-hV-;"-

. . A ,




Tl o AN ) L
Two of the Judges were professors of mathematlcs wlth extensive,

i

.

'Jteachlng experience ln mathematlcs IOIO and 1011 whlle the tled Judge

'was a professor ofmathematlcs educatuon who had taught mathematlcs 1010

.:-

o and IISO on severa! occa5|ons. Two of the Judges had been hlgh school

.teachers and two had served on the provlncnal hlgh school mathematlcs f

'-_'They Were accustomed to teachlng students at the senlor hlgh schoo1 age,

S R ;were famlliar wlth high school mathematlcs programs and hence, were
SR EE R .'considered to be sultable-as item-classificatlon judges. The results of
o ‘ '”':':the Item classrf'cation, |nclud|ng the fhitial asslgnment of the inVest- S
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B O BRI CLASSIFICATION OF TEST IT_EMS_H,'.'- R ST
o R _. B - R X LA l.. . L i ' oo i . T .

o e [ 2]3 T4 s el rlelo o]y

* Investigator

A Exact Agreement

? Categoricai Agreement

As |ndicated by th%_tabie aii Judges and the ihvestﬁgator agrEed
exactiy on eight Items (36 per cent) and categorlcakiy on JS items (68 per ?-;ﬁ‘
cegt) For items 8,,13, and 19 Judges Y and-W cgncurred that their dlS'

P T s SO

yil-;ja75'{l'?i . agreement w1th the others was, due to |nterpretat|onai dlfficultie”landj’

would, after consultation, recla55|fy each ttemvto agree with the'other fifb?, .
. \__ r . .

raters.- Thls wouid then glve a categorlcai agreemggﬁref 18 |tems (82 per ;&L.A-f

,. . Sotae e

;11 cent) ln comparlng eachgjudge w:th the investigator, the foiiowtng emerges"?rfi‘.h"
G "'with Judge Y an exact agreement Pn 13 ltems (59 per cent) and a categorlcai

. [
S ”1’-

agreement on 17 items (77 per cent), with Judge Z an exact agreement on 13

items (59 per cent) end 2 categorlcai agreement on 19 |tems (86 per cent)

'w;th Judge W an exact agreement on 13 ltems (59 per cent) and a categorlcai

:

Ptemss(77 per cent) It was agreed that the Investlgator ;§T¥
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B : ' . two. sectioris of.mathematlcs 1010, 53 students In two sections.of mathemat-
i .. “ics 101F and 38, students in one Sectlon of mathematics 1508(1011). On the

average, the 101F students answered 29 per cent or 2,3 of the questlons

. .o correctly with elght 1tems not being answered correctly by anyone, .the

g o it

o lOl@ students answered N3 per cent or 3 7. of ‘the questlons correctly wnth

.

. 1

five items not.belng’answeredicorrectly-by anyone!’the’lSOB(lOll)'students.,:

answered 67 per cent or slx of . the qUestlons correctly WIth all [ tems

.'answered correctly by at least 25 per Cent of these students. The-tlme-_ .

= .-c')—v'l-:-l—-r‘:'f\ . :;:-;;1€7~.

}' .requlred by students to complete a subtest ranged from 30 to 50 munutes.

?he second pnlot lnstrument, consustlng of 12'|tems wrltten |n

the open -ended format, was’ d|V|ded into three subtests with each subtest

°

o - B contalnlng one Comprehen5|on level item, one Appllcatlon level |tem and
two Problem-solvlng'level items, These three subtests were also distributed'

_evenly. to 36 students in one sectlon of mathematlcs 1010. As:was the case

-f . ,.WIth the other pllot lnstrdment, student partlclpants were |nformed that
! their knowledge of mathematlcs was not be(ng examlned but rather, they
) P " were co- operatlng ina project designed to InVestigate how students attempted -

to solve certaln problems._ They were asked to work: seriously at the four

i tems for 25 mlnutes, .showing all attempts to: solveieach problem, even in ..
~,n 1“ .o
cases where a problem was not solved. At the end of 25 mlnutes,_students

AR ' were given two options, they'could hand In thelr tests.and solutnons'and

. v
v

leave, or, they could remain behlndffor‘a dlécusslon‘of thése problems and
o “their solutlons. Thirteen students remalned and the results of the

‘ enSU|ng dlSCUSSlOﬂ are presented in Chapter V.. Whlle the achieyement‘of

Nt e e Tt
. .

B 3

these students on the Comprehenslon and Appllcatlon level ltems approxlmated i'._ 'f

Ay
A

&

3 R closely that of the other lOlO students.who had eompleted the flrst pilot N B
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.. instrument, there w&a substantive decl ine in achlevement -on the Problem—
solving items, This result further ques\uoned the feasibility of using
multiple-choice items for Problem-solvlng level questions and suggested

the need for a further Iook.

' b Five Ttems, already ysed in one of the leot nnstruments, were
selected anl’ prepared as multlp]e ch0|ce (five optlon) ltems.' These flve
Y : - &
|tems constl,'tuted subtest M and the same items presented In yen ended
format constlttuted subtest 0 Subtests M and’ .0 were d!stributed to 37
'\v g students in one sectlon of mathematics 1010 wha comp]eted the tests in B
d R I N e,
} o . -
; approximately 25 mlnutes “The results of thls testlng are glven in- >y
: : s . S :
| Table IV. - . -«
! * !
TABLE !V
) COMPARISON OF STUDENTS' PERFORMANCES -
- ON MULTIPLE CHOICE VS OPEN ENDED ITEMS
; .
“Subtest M (mult-choice).n = 19 Subtest 0 (open-epded)n-=-18
f . Ittem .|| Number of correct responses | % . 'Numh'e_r_ -of_cerrect responses i'.
! -1 Wl - 12 67 '
2 ¥ 7 37 b T - ;e
3 ' 3. el 2 11
u o sl 5 %
. 5 /A ¥/ ; 1 6
o . . . . . /') ! _'.4. .

b I OIS STt p A_‘L::hu-wuqfl s p e Shadery [y un.:_lu.u.--.:..".'lh.'..d;-v,m..'.«rpragz~w-'
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_ THE INSTRUMENT .

‘l|6"- »

Item | was considered to be at the'Comprehension level, items 3. and h were

Application leve] and items 2 and 5 were Problem=Solving level |temsﬂ= The

results of this test and the second pllot study suggested that, erhaps,

A

for Comprehension and App]lcatlon Ievel i tems, the multiple- chonce format
prov:ded a satlsfactory means of. ascertalning achieVement,‘for Problem—

solving level ntems, however, the. open-end format appeared to’ provide a f ’

-more reallstlc approach

. . : N DR . -
N . . . . \.' .

4 [

"At the completion of:the pilot testinhg procedure}an instrument .

consisting of two.nine-item subtests, referred to as-Form A and Form B,

. was constructed. Both farms consisted of three items at each of the . :

cognitive levels of Comprehension, Application and Phoblemésolving. Form -

A consisted of items which pilot testing had indicafed”to'be of an average,

orlless~fhan-average diffieulty.. Form B items;xon'the“Other hand, were .

" considered to be of average or for four “items, greater than average

4

diff|cu1ty. These forms were not. meant to be paral]el but'rather, were

\

'

' meant to provide for.a‘greater CoVerage of'ltems, both from the:standpoint

of kind and degree of dlftlculty. In'both forms, the Comprehension and

Appllcatlon items were wrltten in the multlple-cholce format whlle the ca

Prob]emtso|v1ng items were presented as open ended |tems. -
B . - ST /‘r—

\THE SAMPLE AND POPULATION .. ~: .

;.-_ Originally, the instrument was to have been'admjnlﬁteredzto

- étudents in eeveral~seétions of mathemat ics ‘101F," 1010, 1150, ‘and. 1508

(IOII) _Due to adminlstratave dlfflculties, however, It was dec1ded to

.
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. resentatlve cross sectlon of flrst year students.

<

\

use. sections of psychology 100D instead, This prqcedural change should

not have dramatically altered the .populatio_n since approxlmate-ly 90 per

- cent of all first year students studled psychology. Fur thermore, only

students registered for one of 'mathematics‘ 101F, 1010, 1150 o:r '1011 were’

L. ; g . . B . . - . [H ._'.~.. ) L . .
Inc’lude'd-In-t'he" sampie. The instr'ument W'as'a‘dml'n'istered to -510 students. :
in lé sectionﬂ)f psycho]ogy 1000 I’he sample was deemed to be a rep- L

Since; one- of the obJectlves of the study qu to compare

'~achievemént between ex honours and ex matrlcu]at’ton students, |t was nec-

essary to ensure that a. suffnc;ent number of such students Were dispersed .

'throughout the psycho\bgy 1000 classes. The hlgh school records of 352

students regnstered in elght sectlons of psycho1ogy 1000, were cnspected';' ’

109 students (31 per cent) had studled honours mathematlcs with the

'ﬂremalnlng 243 (69 per cent) having studled matrlculation mathematlcs.

This lnformatlon, made, 'aval 1able t_hrough the Offlce Qf Junior Stl_Jd‘I’es.,

R

"”ﬂlndicat'ed' that samp ) ing in -th]s r.na;n_ner.', .sh'buld provlide -a sufficient number

.

of ex- honours students ' e, ARV
Slnce testmg had been de]ayed to mid- semester, It was. declded
to ask the partlcfpatlng psychology lnstructors to admlnlster the lnstru-

ment . It Was, agreed that the rapport, usually well estabHshed between

teacher and student at’ this po+nt in tlme, should be a posmve |nfluence

r‘,\

‘In(attemptlng 1o, obtatn a hugh degree of cooperatmn AH eight partlcn— -

'patmg Instructors consented to be’ eXaminers and agreed to the followlng

.'prpcedures.“ S : N s ST

T
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SAPEIARY.

',educatlonai research In prellmunary brteflng sessuons most mstructors
. pocnted out that sueh dlscussmn occurs as a part of the course and
‘hence, students should- re]ate we]l to the request Students were asked

" to co operate ful]y but, should they prefer not to particlpate, they were s

'.: \ ".,I tl N
. after Forms A and B were d|str|buted to alternate students and the TR

- |nstruct|ons\ and remarks for Parts One and Two were read Students \n}erefi {'""

| _'RESEARC_H'DE'SIG..N‘_- B L D

,'-cognltlve Ieve]s of Comprehensnon (ltems l 3) Apphcat.npn .(r_:tems 5-6),{,'
choice format while ltem_s 7-9 wer'e open-en'dedi

'.,'to whlch the. students sampled were able to demonstrate profncnency at K
.each level speC|f|ed above. It- was determlned that thlS obJectlv’e could
', be - partlal ly achleved by usmg the StatIStICS provided by the subprogram,.".'.

‘FREQUENCIES of the SPSS (Statlstics Packages For Socual Sc1ences)

. of students"solutlons, and attempts at solutlon for |tems 7-9 and also,._,:‘_:' :

the frequency of mérrect chouces for |tems 1 6

- 48 -

PROEE[)URE FOR TEST ADMINISTRATION
3 ’ U

“At the begir{ning of ‘each. period, the e)iaminer made a short

preSentatlon addressmg the importance of and the need for, continual

4 f L

":'-4|nformed that they should Ieave before the period began or shortly there—

.,

)

: requested to comp]ete the lnstrument lf p0551ble otherwise to spend theli-' L

entlr.e 50-m|nute period a_t’te_mptlng to do_ s0. L T .

The instrument consasted of two nine-ntem tests, form A and

l

for,rn‘B Each forrn was dnvlded |nto three subtests correspondmg ‘to . 'che

&
o .4.

and Problem-.solvmg (ltems “7- 9) Ite.n).s 1_-6 ‘Were.pre's'en'ted ‘in ‘the .muj’-t:ip]e.-,

LN
- S

_The p'rima'ry objéctivé of ‘the. study :was ’to"a's'certa\i'n the 'ektent- .

n

program In“addltion, lt was deemed necessary to lnvestigate the nature
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“i.l;ﬂfl Lcompleted th' matrlculalPén program

'~.};{':For each of the above hypotheses, an. lndependent varlable was def«ned

] analysns by usung the subprogram, REGRESSION, of SPSS.»

© . LIMITATIONS. .

i R L. l;é -

The secondary Ob_]eCtIVe of the study consisted of analyzung the .

data to test the followung hypotheses

Hi. .There is no sl'gniflcant difference be.t_weeh the performance.of’ o

st ents who completed the honours program and students who

" ,"students who attended larger hlgh schools and those who attended

‘,

i "'j..smaller hlgh 5chools T

‘ Ha‘.:i"."‘rhere is no sugniflcant dlfference between the Performance of P

r

.'students who attended schools whlch offered both honours and ,

program. .

."All three lndependent var|ables were subjected to mult|ple regressnon
Thls subprogram.

"as part of nts output, automatlcally supplles F tests of sngnlflcance

-, »

for each of the independent va'rlables.

The results of thls study are only as valld as the ltems used

sy

to obtaln them.. Although ltems were constructed at three dnstlnct levels

'_:'”of ComplBXIty, form A contained Items consldered by the lnvestlgator to

: There ls no slgnlflca, t dlfference between the_;performance of" A ‘

o

L matrlculatlon programs and those whlch offered only the matr‘lculatlon

. be easy and stralghtforward, whlle/form B contalned some |tems especlally .

et

‘Z"“at the Comprehenslon level,iconsldered to be of the more demandlng varlety

In both cases, It was felt tl-Jat these ltems should be wlthln the capabllltles ',
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'.;'recommendatlons, can' only..:be general Ized to the populatlon samp]ed

of most"of the étud'ents bn ‘the sample. It is sti']l -possible, however,

that the Hmrted number of items at each cognltrve Ievel cou].d-g.wive an.

' |nval |d lmpression of students .‘abl l |tlas and mathematlcal maturlty

Even though precautlohs Were taken to ensure that students
. cooperated ful]y, there cou]d have been those who d not treat a. math-" 4

\|~' 7-

The flndlngs of thns study, wlth any ensuing conc1us!ons and

‘ N i

name y,

I . kN N

™ N ey ~.'- -

' mathematics In Newfound]and as per the 1980 syHabl, entered Memorlal '
. K '_ L : . ST ke
Unlversity the followmg year.- e s . T
- L . o . ) v :
' -, . K ., : . .:.'
. v . R ' !
g .';.‘Q:-\ " ‘ s ’ '
. : ; ;
I‘ ..,v ", .
' - . A

those stud_ents who, after completing euther matrlculatfon or: honours

W




. :ﬁGenerally stated these object|Ves were ‘ll) to determ]ne the level of ',

'_"ﬂunderstahdlng that these students were able to exhlblt ln relatlon to some '~j;;‘ T };[

- :and had not completed h«gh sohool mathematlcs at all, and hl were not

' freglstered in any, mathematlcs course( ).j These students, numberlng 94

-
J
1
§

Csie . o o
. CHAPTER' IV
- _ PRESENTATION AND ANALYSIS -OF DATA ' R ;
In thls chapter, students' responses to. forms ﬁ and B of the -~ : _{25

' lnstrument, and data related to thelr mathematlcal background aﬁd the
l,‘. K ) _ Lt Q
school attended, are presented and analyzed Ihe purpose of.. th|s analysls S

PR

—lu-was to achleVe the obJectiVes of the study as- outllned ln chaptersl and III,fﬂ“ﬁ ";3fp

." .

'."baslc mathematlcs, and also to ascertaln the degree to whlch these same- R

$
routlne and non~routlne manner, (2) to test the three hypothes s as stated - .
. - . . ) . . ) oy
,,;lon page 8 T f. o = -
As stated In chapter i, the'instrument'was'admlnlstered to - . C

.510 f|rst year students in 18 classes of psychology 1000 at Hemorual Uni~
: vers;ty of Newfoundland 0f thls number, 33 students had completed grade P j -
_eleven mathematlcs prlor to June - 1980, sux had completed hlgh school math--

emat|cs elsewhere than ln Newfoundland lh were accepted as mature students

L8

3} were therefore removed from the. sample As also mentioned ln chapter ll

"every effort was made to ensure that supjects cooperated fully All test

admlnlstrators reported that students once havlng dec1ded to spend the _/
'full 50 mlnute perlod, appeared to work qulte consclentlously. To-maXH'

iumnze c0nf|dence ln the,results, however,\lt was declded to ellmlnate those-'

: \ ¥ s
:,scrlpts whlch showed .no evldence of the student havlng attempted to solve o

. /

-




_52_

at-least one of the three open=ended problems- on the instrume'nt.' As a

restlt, 81 scripts were ellmlnat'ed and the‘sample was finally. reduced to.

v

335 students of whom 170 completed form A and 165 completed form B.
The prumary ob)ecthe of the study was tcr lnvestigate the extent

to’ whlch students were able to’ demonstrate (1) comprehensnon of selected .
' mathematnqal deflnlt:ons, termlnology, structure concepts and prlncnples, S

-(2) abn I lty to respond correctly to test ltems categorized as Appllcatlon B

R B : LT e
I N : ; ca AT
' Lo

'and Problem:solvmg ' To meet thlS obJective two Forms of the Instrument

'were developed ltems on’ form A (TA)" and form B (TB) wefe denoted TA1, o
"JTAZ, , TAg and TB] > TBZ, TBg respectlvely. On each'.form,‘l.t'ems

.l'-3"wer‘e Comprehe'nslon level Ttems 4= 6. Appllcatlon level,.and ltems 7'-9 -

‘
-

Problem-solvlng Ievel. Each"corr?wpons_e was s_co_red one -and each

_' LA ) _‘Q " -0
' mcorrec't response was ‘scored zer The 'results ‘for -:th'e lZ'Comprehens-lon

and Appl lcatlon level ltems are presented ln thetorder in whlch they appeared

‘4. F

©_on the |nstrument, form A ;llowed by form B. : The presentatlon lncludes

KR

| T g
.7'each dlStI’BCtOI‘ for both the ex- matrlculatlon group (M) and the ex- honours

Tk . “ b

S group! (H), and ‘Flnally, some . d;scussnon. The results for the slx Problem-

. Lo ST a statement of’ the ltem, a table showlng the percentage of - responses to

: . . R
’ ..

: Solvlng -leVel i.tems’ are- presented and dlscussed ln order of lncreasmg

L : ,'dlfflculty, ds determlned by the proportlon of students who anSWered each
T item successfully: . S T >
:i‘: . . L B . ) s )
k ) (\ :
T L D
e ’ PP
. %. A P - \\N_,/-/. i B
‘ B ] <
o . . . v 1 N ! ’.
H ',
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COMPREHENSION  ITEMS ) '
=|'tem«T}r\1 )
Given thatv‘ (x - k)2 = k% + 2x + %2, Kk & eememen

, ’(a') 02, Loby1, (C'):’S, (C{‘ -1 (e),_'z.-

. .
N~

e n TR The percentages of responses to each dlstractor of Ttem TA1 are

o

glven in TabJe V ’_,:"' | . SRR > '.',‘;=.»

\ - \ -':-";-»_ TABLE v BRSNS :‘___ S
" PERCENTAGE or RESPONSES T0 ITEM TA1 RS TR

' DISTRACTORS”

‘Y -
]
V.

" GROUP

CRCICO IR PIP RN R S I N D IR U R

Hin) =hoy . - |l 6|23l | e | 6

£ correct reSponse - N - Q"'

Thlrty (61 per cent) of the ex- honours students and 58 (148 per-.l‘

cent) of the ex-matmculatnon students selected the correct response, k = -1,

‘Thrrty one percent of aH students, however, determmed that k= l was correct. -

Al but 29 st‘udents ellmlnated the Set {2 '-2 if} as p055|biljt|es for k
Tt would therefore appear reasonable to speculate that general ly, students

‘had: reallzed that if +2x was the second 'term of the trinomla] perfect square

k2 + 2x + x .'-' then the correspondlng blnomial expansion had to be (1 L x)2

"_.What may have been overlooked or not understOOd, was: that X + 1 wrltten ‘

in the form x - k, lmplies that k = -1 : o - i

wrtm ek em e maea e a




Item TAs
. ~ '\\\ . 5‘ '.

If a rettangle of width W, i}thﬁjﬂnes as long as it
is wide, then its perimétér is === - "

»
‘ -

(o) 10V, (B) B, () T (d) 6% () B

,ta,t:s‘l_:é; VI~

H
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Item TAs

: The equa (p.i on.

X+ 2

2(9(

.:l...x'._. l -

ER
one of the follawzng -'~'.'--,-_- ,-u-----‘—— o

)

TR
5 :."’ -

.l‘(a) 3(x+ 2)_ 6' .

. () 3x+6 —2x+2

3x+6-2x+2

PERCENTAGES OF RESPONSES TO ITEM TA3

12

t“,lv

TABLE VII

=

(b) 3x A+ 6 - 2x‘~

(d)

rz

R
[E A

-

".i"_s:'edti.ihve'lér}t “‘€o which

3x1+ 6- 2x --2"_ .

’

‘-;,'.GthP-"‘_"'&.

~ ]

oisteons

e

s

H (n(M) = 121}'..4‘
H{n(H)ﬂ* 9y

: 25°. -

76

- ﬂ_’OTALS .

‘.' ,2'1 :‘-...

ST,

C Zs-

On thl 5 - item, 37 (76 per cent) of the ex-honours students and 38

C was. equnvalent to

\x -1

T, A‘:
Lo

\.: ThaERy ‘,.i( ,.‘p'->

(31 per cerit) of the ex-matr

:expression equivalent to

.~_’<_._
A

=‘2 wth

..~'

x+2

x—].\"

R Py

"‘appeared &to be chOSen for two reasonsf either students thought that o (x_;_l_) e

: denominator mth the multlplicatlon axlom and hence
x +2 -

3(x+2)— 2(x— 1)
S

equated

s 6(2)

icu“latlon students correctly determlned the

dlstractors '-.‘-'.- -

: , or they confused fmdlng the ]gast common

!
Tl
»
]

. L. s

e A
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i . L -Given that a and b atéany wo real numbers (.b ;é 0), a student
. - g w  was infotmed that '% > 0

‘..- (a) ' the deduction 1s correct for a.l.l a and b
:.i N B /k\ (b) - t;he deduct.ton .19 correct only _1f a > b g
Aq .. . | RN el : I',:(_) the deductlon 15 carrect onlg J,f a.< b ‘ .-.-‘_:.
\ . (d) the deductlon is correct only if a > 0 E

f(é) there ds, some

AR SR lven In table \HII

, b :«'-_- . :/'.-". TABLE vm *':.":".ff"_-}- g% G e
g N . IR PERGENTAGES OF RESPONSES 1o ITEM TB1 : e e

Sl s T DISTRACTORE T L T L L
| GRQHP.,]_?'_' N I R Y " P -y ISR s e St
L. (n () = 128} | S LR IR LR ERS Tt Bt FL T N
R ,_..-.'{'n(H) 37} g SRR EE AR S AL TS S - Y SE T RN RN B
e T ] w [ 11 8 e '9
: : Flfteen (M per; cent) of the ex honours étudents and 26 (21 per

. cent) of the ex-matrlculatnon students selected (a) the correi:t response..rg
" The greatest proportlon oF students however, chose the dlstractor (d5 A
' fthe correct response.-, [t: was COn_j ectured that many of the students Pn the : s

'.',:.sample dld not understand that -— > 0 lmplies a. 5 -0 and b > O OR a < D,and

b < 0 and in both1ca5es, ab' >0 Negatlve va1ues of the varlables appeared'

'LQ’,""" ."',.‘,:;r\_:\:)\; .'_;:rv_*l_‘{ g e n g T

' symbo 1 |c' comp rehens j on '_

P < et




DISTRACTORS v+

] - . .:'_ S I B . B '_‘B,:‘,':_ ‘,. . c*: | :"J"d:. .: ‘.. él‘o| "_‘. '.‘ “ I_:.".'.. .
R S | " {n(M) 2 128} Al R20 L s 30 :

H{n(H)T 37}

USRI TER A ',.T‘(,)T.ALS“L ol e ] e NTRT I LR 5 S NSV S

: Twenty one (57 per cent) of the ex honours students and 26 (20

o & . "‘,f,‘ .-_\_‘

< \J

\ ce T per cent) of theex-matrlculatlon students correctly determlned that —g-was

. the proper responSe. , Thlrty two per cent of all studentsrchose (e) and '

1 S AR BTy et T 2T IR YA

ag et

another 23 pei- cent chose (d) Some of the stuoents who selected (d)

. ~

50 \uho selected d!s"tractor (e) indlcated ; by thenr novJQh calculatl‘ons, thaf

._; ‘o

l, f( l; * h"and extended the ﬂeflhltlbn. of ;

lll
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' /
ltem TBy . '
N In solving the equation (2x - .l_)z = (2x ~ 3)2, a student
" chose the\fo.l.l'owing procedure: - .
STEP 1: Taking the square root of both sides,
- - we have 2x - 1 = 2x - 3.
STEP 2: - 'Subtracting -2x From both s.Ldes,
' . we' have =1'= -3,
" CONCLUSION: ~Th¢_;‘e‘ is sl?Q- solution for the above: equation.
" Which 'dn;'bf the 'fo.l‘lé'w_ing '-state‘ménts is cdrréct'-"'—-'-'-'-;
o » .-', L ’—_———'—"‘“" . -
(a)  .the cqnclus.lon is, correct -, .. or the conclus:.on is wrong .
' .2222259 - : S - T
(b) béth 31des -of the equatlon are not equ:.valent
(c)  we cannot extract the sqiare root / ' !
‘ (d) the only way to solve the equat.lon is to open the
brackets flrst : . .
& . " (e) there is some other error in the'proc'edu._re
. i. T, .
- The percentages of responses 'to each distractor of item TBy are

IR T A

“.given in t

able'x. . :
o CTABLE X \\ .

Y . ' nLd
PERCENTAGES ‘OF RESPONSES TO ITEM TB3 v

"DISTRACTORS ™ .. o+, . ™

e .o e Tod ol e

M {n(m).
TH AN )

S 7 I TN A E RS S T 22 |16

TOTALS "~ * 4o a7 | . SO ORI [ R
'- . L SEEUIEUIR I 4
N . . °

=28y || s | e | s |10 | Tae
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-

Six (16 per cent) -of the ex- honours students and 20 (16 per cent) i '

of the ex- matr]culatlon students selected (e) as the correot response. It

was agticipated that many of the students who did not understand that
. (2x - 1)2 = (Zx - 3)2 implied + (2x - 1) = + (2x - 3), wou d have used
distractor (d) as a hint for actually checking the validity of their

> conclusnon‘ It would appear that this did ‘not ‘happen, at Ieast not to any
/l -

‘

' slgnlflcant extent It s noted tha5 equa] proportlons of ex= honowrs and

ﬁ.

ex-matrlculatlon students responded correctly to this . |tem ’ As pointed

)., ‘.. . .

out on chapter |;-It IS claimed that the’ honours course provides a: more’.

! -t
N

;“l challenglng program for the mathematically glfted student w1th empha5|s on S

. e

the developmental and structura] components of mathematics.’ The matrucul-

v

.atlon program on fhe other hand was desngned for students of average abil-

’

ity, and empha5|zes practise rather than involved. mathematical structure
and terminology; It was noted that Lo per cent of all students determlned~

the presented solutlon to be ‘correct.

/. In table‘ I the percentage of correct responses for each of the f'

. Ce comprehen5|on |tems, on F rms A and B for ‘both the, matrlcu]ation group (M)

and the ex- honours group (H) are summarlzed
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A TABLE XI
_PERCENTAGE OF CORRECT RESPONSES ON

COMPREHENSION ITEMS

—

>

YN

' ' i ITEM (Per cent CLofrec ; .
- | GROUP  ([n{TA)=170; n(H)=h9;. . n(M)=121 " [n(TB)=165; Y(H)=37; n(M)=128

el e | e [ | e | ey
T T B e B A T
| roms ¢ _'ﬁsz - 79 N uuh:°_ .'zé' -l 29 f: | ié' B
- = - A ——

23

- . K item-difflcu]ty can_ be determ1ned by uging the percentage of
correct responses, then the order of lncreaslng dlfflcurty was, TA2, TAl,. )

" TAs, TBg, TB;, TB3, - lt was nottd that the performance of the exhhonourS'J -, :33_$'

and ex-matrlculation students dld not dlffer ‘at all on the most dlfflcult:':' -
. and’ Ieast difficult items T83 and TA2 These.ﬁesults are shpwq.ln Figure I.
R ') '. . ) * . . B ,
. . ﬂ s '
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; * Ex-Honours H iataiiatatelatabetd
I _ S IR ' Ex-Matriculation M
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o) )
i n o | LA E '
- o 70 '
‘..\ (2] !
o 60 .
E, B - )
= . -.. _.,'
| 890
R T ’
i _,'0 CholR
. @ :
) - ‘
. '1::_: :'30L_ . - .
T L H] T . .
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v -TA2 TA1 TA3 TB'Z TBl \Tﬂg ' \
S ' . -Cdmpréhc[i's,"i.ori Items .
| ¢ o -
4 g : FIGURE, 1. o
. A COHPARISON OF THE PERCENTAGE OF CORRECT RESPONSES .
ON COMPREHENSION ITEMS BETWEEN THE EX HONOURS AND EX-MAFRICULATION STUDENTS!’] .
X . C SN o -t o
—.';: N . ") . B ,
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APPLICATION ITEMS
I tem TA; %
E,_ If f(x) = x2 ¥ 2mx + 3 and‘f(32,= Di then m = ir—j' . . o %
3 (a) 2, (b 0, (c) -2, (@) -k, (e) -3 §
%.:, . . The percentages of responses to each d:stractor of item TA; are: ;
§ e given in table XII : K ‘,:-3 . .; " 1
R T TABLE xn o |
P S PERCENTAGES'OF RESPONSES 70" ATEW TAu [ 5
PR ‘DI'STRACTORS '
CRCICRCRC I Y I AN RO 2 N I N
'g' Htn(H) = 49 || 20 e : 75",'..',"-0 I

<~ - A ‘.

~CTOTALS 20, T 7 R A B e e .
- - - L ! R -3 ) : - I . .. .
: U ey

vy
.

) P ‘ ' )
Thlrty-seven (76 per cent) of the ex~honours students and 85

-3

T S T

(70 per cent) of the ex matrlculation students responded correctly 'to thls‘

a3,

'item._ Thlrty six of .the. rema{ning students chosé (a) m= 2 rather than

5

:t"‘ = -2' Thls could suggest dIfflculty in determxning whether or not’ ;

TEI : 9 ; 6m + 3 0 lmplies that“6m =1-12 or that 6m-= ;; The |tem was based - ;
é . 7‘.2 : .ion the concept of function and the solutlon relled on two applicatlons of ;E
'}%:;- ‘Wgef substitutlon Thls Item was the Ieast dlﬁficu1t of all Appllcatlon items | -!

g e U
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Item TAg

If the diagonal of a square is 4 centiheters, its ared in square

centimeters 1§ —~-———=——————————r
(a) 8, (b) 10, (¢) 12, - (d) 14, (e) 16 "
The percentages of responses to each distractor of’ Item TA5 are
: : , . ‘ R
gtven in table Xt " - , R
nﬂaLE X1 o
; PERCENTAGES OF. RESPONSES To ITEM TA5
S s T T DsTRAGTORST T e
-GROUP o — —— |
M {n(M) = 121} 45 2 3 3 A7
H{n(H) = 49} 5 -0 T '1,5',
" TOTALS L6 2 s T 2 . 46 -

Twenty

per cent of'the

be-eight,square

the pythagorean

[

‘ were encouraged

q'catlon |tems) fo

student had cons

:square wuth sides perpendlcular to ItS alagonal

five (51 per cent) of the ex-honours students and 54 (45 \
ex- matrucu]ation students correctly determlned the ‘area to.

centlmeters. It-was anticipated that students would apply

,.\

theorem which practically yTelds the result ‘at once.- Students

L

to use the reverse slde of part l (Comprehenslon and Appll-fw

T rough wbrk and calculatlons‘ There was evidence that one -

v

tructed a second square through the vertuces of the orlglnal

but falled to reallze that

,\the area of the orlginal square was only one half that of the new square. Jt

K

80 happened that 46 per cent of all students selected the dlstractor (e), the

P .

,’response whlch was twice as large as the correct response.

P T
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Item TA¢

T TATIIL
s

2 1. "1 - .03 2 1 4.4 3 .1
372 6 (1) Z2-3=37

i - : " N
v . . . ’ .

4 20

g et

.Which one of the fbllowuhg is an aléebraic genéralization '

(iii) T -3=55 -

‘ ' of (i), (il) and (iii) above? mmmmmm— .

D R T I 2n -1 _n-1_._ 1.
(@) =1 n+1 n<-1 Sk T -2, -

"2n-1 2n% ='n

] ¢ (9? n n(nl+j;¢..fd) n+ 1 L n(n + 1)
m ' o SR ST : ; L
- 'f(e) hohé}pfttﬁééef L e _

' .The percentages of

glVen In tab]e XIV . - .A',‘ : é.,-:- ‘. -’( Lo
. o TA*BLE le

L S D
S
;

~.l.
‘ PERCENTAGES OF RESPONSES TO ITEM TAG

V. . . | -

s
b

responses,to each distractor-of ‘item .TAg are -,

R B ‘D!STRApIoRs

;7 GROUP

a oo . :» b A . c : - d* ' -_ ) e r".

e ey =2y || 8 7

G T ‘H.{AIHj- - ugy 6 | w3 | a2g

7o) 25 | w T

A”~(II) and (i)

1:‘ o

TOTALS

R

6 |- Car

30

1

.1'0

N Twenty one (43 per cent) of the ex honours students and 30 (25

iper cent) of the exs matrlculatlon students selected the correct response.

n - n =1

g

1.

: recognize that

I

n+l 'n--"'-—

n(n + 1)

. -

RN

.,
.

‘lSIxty snx (hO per cent) of all &tudents selected dlstractor (e) ‘nane. of

was a generalization of (l),

' ,these, as the" correct response and hence made known thelr Inabllity to :i'
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o > ltem TB,
5 ~3 oo If m .men can do a job in d days, then m + r men can do the -
1 same job in how many daysp ——=w=—=-= .
: . ' ‘
I S d wd )
s ' .(a) 4 + r, (b)a - i!': (C.?) mnAr’ (d.) s (ev)ld(m + r?
iy . . o o
£ The percentages of responses to each distractor of item TBy -are
B . given in table XV. y . . S o

) TABLE XV

K ‘..";u.» SRR PERCENTAGES oF RESPONSES 0 ITEM TBQ

Ll S UDISTRACTORS: T Ml S
.. “GROUP e TR .
BRI ER a o) ar e
R {n(M) . 128} st 2w s T a2
“ L {n(H) s |03} e | o35 | a2r | 3
TOTALS s e ws T e 33
o ——— 1l _ — : L e ‘
“;; , { o - Ten (27 per. cent) of the ex= honours students and I7 (13 per cent)

 of the ex- matrlculation students determined correctly that (d) was the
' .

DL ) proper responae. rhlrteen (35 Per cent) of the ex-honours students and 61

,(48 per cent) of the ex- matrlculation students ﬂetermtned that (c) was the'

e U PR T I T T e s

(-correct response,_ These responses suggested that many students did not seem
RN .‘to comprehend that meni doing work andcthe time taken to do |t, have an ln-~

i -ﬂ_verse relatiqnshlp. The rough work.revealed the followlng. m men can ds
o - , . . _
;g ’”a JOb In d days therefore ;1; man can do the Job ln g-days and hence m + r’

* 7'.4

days.- Some students used more concrete

lif{f'.;ia-ga}.rmen wlll do the Job ET:*F

.J'L;_examples before generallzlng. 5 men can do a JOb ln 10 days therefore 1

- v

tman can do the Jo n J%- ry day and hence 16 men can do the job Jn

~

Ty

PRI l

O 16 X 7 or. 8°days. R
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capacity to transfer fral

T Twenty (54 per cent) of the, ex- honours students and 70 (55 per
cent) of the ex- matricu]atlon students determlned corregtly that (b) was
the proper response. .Ihé/sblutfon\FE1red~on‘§gggents"comprehension Ievel

he verbal mode “to the symbollc.x_fff$'~"

o
A "y : Y
. R &-' : & . I -
o o o .
i ¢
: " ) .
. a M . . -
. v T . . 2
o A ' ©
YU . i . .
| X : . . . , . .
Q3 ., . -

< N -
Q- .. y
- 66 - ' o
-‘1f1'
Item TBs ‘ .
In a group of cows and chlcken, the number of legs was 14 ) :
more than twice the number of heads. The number of cows j
in the group iIs --—t————aou- ——————— ———— .
. , | T |
\ (a)- 5, (b) 7, (c) 10, ° (d) 12, (e) 14
.The percentages of responses td each d{stractor of item T85 are
given in table XVi. T . T
‘ . - L TABLE XVI L '}'f:.”? S L
: PERCENT!GES OF RESPONSES T0 ITEM TBS : R
e R ,ﬂ S
Ao D e T DI STRACTORS e L :
©UUGROUP L e e P
Sl el e T e e e e e
| MAne) =728y {13 | Tss 19 10 L) 130 ,
CH () = 37) [ es T s W[ 0 [ g 20 :
CTOTALS - Y SRR IR N TN Y- B IO [

1 RS
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ltem TBg : .

t : . If when x 1§ added to both the numerator and the

denominator of the rational number a/b (a # 0, b # 0), — ]
the value of the rational numbez' is changed to c/d, ‘ ' ‘
then x = mmmmmm ek CL : ) C

_ be - ad . -  ba -
C ad (b) bc ad ) bc ad

g

‘a) bd: d-¢ _ c + d.
e . ad-.be S ad = be : "
N - ’ The percentages of responses to each dlstractor of item TBG are \ 4
L 3gTvéh ln table xv1| R R ; Con N
e : Lo | " TABLE: XVIl ';_}"ﬁ': :,';,;“ .
3 o yPERCEN'AGES*OFeRESPONSES TO ITEM TBG FPRACNEE I
v 2 : S ' o o l
S SRR | A DISTRACTORS . . ] '
GROUP" SRS N E———
: ' S a . © b# Ceever St -d “er
o o M An(M)y =128y ff 220 f 130 |- oo f 220 | 270,
.ti . }-1H co_ | W Agn@m) = 37y 0 | 27 R T- R BN T: S B B
SOt e T TTOTALS | e e | 16 ] 280 9.~
O SR SSCHESRA IS | LI O SLEE S S S - :
i ’ g_'f‘.', ' \ Eaan Ten (27 per cent) of the ex= honours students and"l? (13 per cent)
i@f' U Qflu'-: of the ex- matrlculatlon students determinechorrectly that X 'E%}{}f?i.
Styles Tl Some students set up the equation as %,\S& : 1—- yielding either I
T T .E -P”.*l = ':1:' or axb: bx Fl . with neitﬁr lead{ng to one qf the suggested
 ::.$j fdbtiOneu Host of the students who ShOWed'the‘r rough calculatlons, however

- X
'.Set UP the correct equatIOn,‘: T g

About 30 per cent of these students

© . L e . . e - N
1S BT ' X

were able- to solVe the’ problem.,.
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Al
°

In table XVIIIl the perc&ntage of'correct rg@ponses torreaéh of

g

. ) ~_
the Application Items, on forms A and B, for both the ex-matrlculatlon

group (M) and the ex- honours group (H) are sdmmar|zed

=g Lo )
TABLE XVILI i o '
PERCENTAGE OF CORRECT RESPONSES ON S
' APPLICATION ITEMS r'{,-g'ﬁ#= N R
. _-‘ : “‘ i . v P

ITEM (Pericent Correct) e

PR

-~ eroue.., || miTm)=170; )= 49, n =121 - [ n(TB)=i65; ; n(ﬁ)=37,.”n(h)=ﬁgg \ffﬁgij'ﬁ{.,
'hié:;hf {i.;“'.i';3ﬂ.;: f i“fpuv% '5" 'TAS';’:;;jfhéi't . TBq.f-:hFTéng"Tva;rhgﬁGJ."??f;n ‘
e e e s s s L s T
o s sl s I B A R 7 A
: roths oz |owe | s0 T 1 '-f?ss; e
.} ' Generally, there was less.dlfferenCe between the performance of
3 the ex- matrlculatlon and ex.honours groups for Appllcawlon ltems, than was.‘
the case with Comprehenslon ltems.v Thls I's - Illustrated by comparing the
S graph in flgure 2 wuth the one relatlng to" Comprehenslon |tems on page 61

It ls noted that on TBs,‘the ex- matr|culat|on group showed sllghtly superlor\~

‘ performance to that of the ex- honours group

RIIE e

g
!
'
Ry
N
o
!
:
. Z‘

e ‘ ; : T R ; In summary, the results of the Appllcatlon subtest were slmilar B
N SRR T PR B
LT to those on the Comprehen5|on subtest 0n all Appllcatfon Items, the per—~'
N 3 '.‘:”.J centage of correct responses was 39 per cent whereas, the Comprehenslon

‘ﬁlltems yielded a success rate'of 40‘pdr cent.. Students had the best success

s

: i\lrate on tWo ltems whlch requlred a slmple well—establlshed procedure and

.r.. L]
a were Iess spccessfui In cases where the procedure was sllghtly more involved

,'or.leff“ahyjroomgfor:!nterpretat{oqpfiz";fyi

ar oL
. 2
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Ex- Honours H-- o mmmmmmes

Ex Hatrlculation Moo o

RN

ON APFLICA'I ION ITEMS BETWEE& THE EX HONOURS AND EX-MATRICULATlON STUDENTS

“Application ltems - R
" FIGURE 2.

\
[l

A COMPAR!SON OF THE PERCENTAGE OF CORRECT ﬂESPONSES

; » -
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.-.- - . : ) . -4
R N a . : o
'” N5 ) Ny 70 - " R N :
% * ) . . . - o I S
CE PROBLEM-SOLVING R o ~ ' :
£, : .
‘_ ““;:. N ~
Ty - ltem TAqg |
-, [, . . . .
. 7;‘ .- . ‘ R .. - @ « . N R y
’.51 \ . : ' "Each g1r1, in a group of 50, is elther blonde or brunette ) IS PR
A ' “and, either blue—eyed or. brown-eyed.' If 14 are blue—eyed._'. e N
blondes, 31 are brunettes and 18 areabrown—eyed, determine [ :
L Y tbe number of brown-eyed brunettes. . N o
hfrty four (69 per cent) of the ex-honours studenﬂs and hz :

I

are blondes, then 19 o 14 = 5 are brown eyed blondes, and flnally
.uli :.' ' :ﬁ. }f-f? 8 = 5

L3 are brown Qng brunettes - Although the method appears concise ,

g and efflclent, some students who Were unab1e to solve the problem tended Lo
NOST . e N to write th complete sentences, for exampde, “S‘nce'there are; 31 brunettes,'
:ﬁ"gl":;;a L ::ithere’are 19Ablonde5” “lf Ih of these b\ondes are blue-eyed then S‘mdst

'f S ' H,vbe;br0wn-eyed”: : iy 3

P It |s posslble that many such sentences tended to co‘fuse
U sl ’
S T ;rather than clarify the glvens.

] Two students used a. rectangular array
ST -snmilar to the 3 x 3 grld shown ln Flgure 3 7}.53

s

':Blonde

e , :“.k%'glf:.. el
SERE SN q_';,fZe;iﬁn‘h-,;gr.'h_.;Brunette

g
oo
O

~,'f?_roms_,,- |

Step 2 (two posslbllltles)

',.Step 3 (two posstbilltles)




4'3_ calculatlon.: Several students calculated up to 3“ and then stated that.:

' i§' The unSUCCesful Students generally copled and re copled the g|ven '~f:. e

";statements and apparentlyadld not perce|ve the slgnlflcance of the number

": problem, Most of these students were able to do so wtth a mlnlmum of

'-2'pattern of repetltion-for the last dlglts and stated the last dlglt |n a
.rﬂ‘verbal fashlon.‘ The llB students who dld not solve thus problem “ppeared
”;:'not'to have ton5|dered the mathematlcal

ae Hany Students expanded 3l+0 Well past th

¢~§ P

A S .
' .%;l- :.}.'55 o x:,:' ‘:f" ~ Zl:. - IH i k.:';'_"'; - di';ll'i. ;";f Til} r-;;;&” '.‘”"?1t,jlnjlf‘if
. " For th's problem, it '5 Probably the latter method thaf\vould havelbeen N .
'f_ N .':fchosen by the experlenced problem solver.; One of the students who chose :
fl \Tthls method was the only stqyent to 5cori the other scoréﬁ ; The ..I;fdfﬁukfrﬁu.
ig o 'lflrst student had 3: on' the Problem Solvlng composlte score,_thé;second 'i :

: '| tl‘erll' 'TB7 !

. o

' The lasgﬂ

dzglt in 3“0 s ? '}ﬁf f‘”lzli ;*frfyh;;.

e

\

T ~, . .. _.,.“

‘;= (3“)10 = (81)10 E ......rl:f Other students qulckly dlscoVered the}

S

-

PERAEAN

,problem-solvmng strategy, lts development

pattern searchlng |s a useff

.,.‘

should be_enbangee,thnough practlse. The natpre of these responses provldeS'

some evldence that, In all probablllty,




s

ltem TA,

L
The points (1, Y1) and (-1, Y,) are on the graph of the

~ equation y = ax2 + px + ¢c.and Yy - Yy ="=8. Determine
the Value of ‘b, ' .

¢ b - .

L -Nme (18 per cent) of the exs honours students and fifteen (l:2".,' :

) per cent) of the ex-matrlculatlon students were able to solve thls prob-—

< '

g .l.-,'lem.- Of the lll2 students who dld not solve It, approx1mately 90 students S

attempted to do so., Some students appeared to have percered S

" Y1 - Y2 ='-8 to be related to - the slope of a llne and spent some tlme :.,-“

' attemptlng to flnd an expresslon for Xl' - Xz._ 0ther students attempted

_to gain some lnslght by graphlng Y ax2 + bx ¥ c ‘and th’e ponnts, Most, :
other attempts appeared to be nothlng n;ore than statements on. varlous
f-' ¢

: components of the problem but vold of any sense of - dlrpctlon. l{he ,

lngredl’ents of’ the sol‘htlon were Knowledge and Comprehenslon of the '
o N .

pr'lnct_ple that lf 'pomts‘lle on thé graph represented by' some . equation, . .
lthen"_the co.-ordina-tes of.the'"polnt”s-must'sat'lsfy .the'-equa'tion._ 'I'.h._ls '

RPN

"should prompt Y1 =a+b + c @ arlq_ YDQ = a b+ @ ;'sl'nce' i '.,,’.

.,»— Y2 ; —8 @ is already known, thlS should $uggest @ @

.yleld“lng Y1 =Yy = 2b . by compar’lng @ and .b 'Slnce R

,students generally d|d not produce equatlon . It Is dlfflcul‘t to know

lf they were aware, or- could recall the prlnclple of pounts on a graph

PRI
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7

——— e,

o

'.“.l_.._‘the new sum 7S + 112 rather than 75 + ”2"- : They d‘d not appear to

prmc»ple ln thIS problem. 7n1'+ 112 + 7n2 + 11 \

2 x = the number of rooms and y =, the number of students._ However, that was

l.as far as they were able to proceed

.

) tfrustrated efforts,,some of whlch came very close. Although students had

T - 4

'~--"_."_-".demonstrated some ablllty to solve routlne word problems, TB5 for example,

t.
’ , -73-.
Atfen TBg -~ .. S L

N HECIEN . ' . , . . :

., ~ A set of n numbers has a sum_ of S. If each number n of the
f L ‘set-1s intreased by 16 and then multiplied by.7,.the sum of

. 'the numbers in ‘the new. set tbus obtaz_ned is 2.

T . . L L . o AR

. Seven. (19 per cent) of the ex- honours students and flve (four\'

o

._’per cent) of the ex—matrrculatlon students were able, to solve thls‘prob‘lem..

v

"-v.Many students presented the followlng (n + l6) =/ﬁn + 112 therefore ‘ Dy .

f
v o

o

'reallze that 112 occurred n tlmes. . Other student’s dud not recognize, or,

» \l'

‘ IF so, they dld not appear to understand the appllcatlon of the dxstrlbutlve

; 7(n1 S + n ) + n(HZ) lnstead of arrlv 0g at 7s + 112n, they o

- .oeR L

Cs oL 'A certaJ.n number of st‘udents can ,be acaommodated in.a hostel

r 0 If-2 students share a room, then two students will be’ left
“without ‘a room.  If 3 students share a room,°then two rooms
'w.7.ll be left over.‘. Determzne the number of " rooms.

- . . . e ’ L. om
.- . 4
PR

. '_Four (ll per' cent) of the ex-honours students and slx (flve per i

_\ S

'..cent) of _the. ex—matrlculatlon students ‘were: able to" soIVe this prgblem. Lk

N

Vlrtually aII studentsf recognlzed the method of solutlontas belng that of

L4

.
N 4,., .h

'jl'here was much evldence of many o
- ..-' : .‘. I' . ‘ -

f r-'

Ite!l T=9 ,-‘ - ‘ . ‘.‘ .‘-\. < o A ~ '.v' .. g .: 3 ‘ ’

two slmultaneous equatlons ln two varlables.r., Generally, all students let :""; K

[N

P N L

e e L e vt =



' utlon strategy, they JUSt could not set up“the p:oper'equatlons. Many gL 2
'lf'students, howeven were able to wrnte the flrst equatlon- 2x + 2 a:ldor:
R ( —{- X+ 1),} wlth some others gettlng Zx =~ 2 = Y 'For the second equathn,:?ff;J:
.{. there seemed to‘be a widespread dlfflculty ln translatlng._lil.lf 3 students :
‘ : share a room, then 2;rooms w1ll be left over“ to Vlf the student body
. dnvlded by 3 ( . then; ;:IS the number of requlred":ooms whlch istwo less
‘(x - 2) than the number of. avallable rooms, henc %——';\- 2 or 3x -'GT%Eyp;
. Thls problem féquired a degree of. dareful analyt:c thinklng whlch appeared
”;égaﬁ to. be lacklng ln the sample studles,'._d | ;'- r'{"ﬁ”,j-" : D
BT ;;. ‘ﬁl_ltheltatiohalhexpreseloh ff; 248 ;+:'h5“" .
v : xXe %, =2

B

" -y'-',"!\‘z.'-‘l:\’; (R _51*Tﬁﬁ5mmmm‘ S YETEIYS T . " o T = - ’ e v p—

. - T

- 7h - I

B . ’ ., £

the'extent that this abllity_had;been develOped:Qas‘obviously lhsufflclent
to eneompass this situatioh. hany.students expressed}frustration regarding
their lneffectlveness ln solvlng thls problem to the test adminlstrators.

They related. well to the sxtuatlon of students travelllng and llvlng In a -

hostel they understood the problem of accommodatlon~'they knew the sol-,

o ) ka . : -

Determlne a, b c,land d

: R + 8
-(X *, 2l(x - 17

6<+cl

ad + bx + bc

(x+7(x+ ) f;-

N -

O S Rt

i ferik

R
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PRV SIS P
. . - 1l

Mt L R T

Y n(TAy=170; -

“n (H) "'9)

n( M')".,=.‘=1:2,1"-

n(TB)=165, n(H) 37,,' B

n(n)=128: ).

- 75 - '
Q' - o
that ¢ = 2'and d = =1 (some had c.= -'2,‘d = 1). In some cases, t.hesé o :
‘ ‘X +8 - ' ax -a.+ bx+2b - ) y
students would arrive at: X ax -2 (x F 1T but dld : ‘
not procced to -(—a(:_b)’)((it ‘;‘; “and hence deduce that a + b= i and :
-2+ 2b = 8 and hence, b = 3, a= -2, Qne. of fthé-.‘commo_n-‘s,d'ld;IOn‘,s.u'/as: ! '
x+2- *x =1 x'\;+. c, '-"‘ x+ d- _b?ﬂ?e;‘.? x,b .8'.1.,&1 Te2rd: b "] T Voo
. . . . cot . o K . v N @ \‘ j..
As polnfed out earl |er, students' 'capaclty to perform at the
.'iE.Problem—SoIvlng level Was the maln concern of thls study |r| table XI)(~;:.'"'-,";V-' .?‘1.'. ’
. L -\. . . e }, VE', "u s R ) e
.:_-v-the percentages of correct responses to the slx Prob]em-Solving Items wrt O
' "al:e bres‘ented. ‘ ’ A : i ~ P i
IR TABLE x1x T |
. o v N L _ ,. )
R et PERCENTAGES or URECT RESPONSES ON L . B
e : PROBLEM SOLV e lTEMS B . R
L - NG :
SO <l [T (PER CENT. CORRECT) . o "

Ay

o

The T }-T_Ael .

. ”:'...,‘ ,1’18 . KK

L Ty T Tae‘f‘- TRy
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,\i ' 5
.;\I - N
? 1 « ] \-
¢ the problems increased In difficulty. This convergent tendency is illustrated ) o
; in Flgure b, Thls same phenomenon was also trué for the more- dlff;cult ) ' ;f;
; . o L ’ .'-%_\.
? ' Comprehenslon jtems. .
g’ As.stated prevlously, the secondary objectlve of the study . E;ﬁ
_Vg conslsted of test[ng three hypotheses.. rhe statistlc usedL,ln each: case, .
- ey o - n
:l ' was the Fhratlo provlded by the output of the subprogram REGﬁESSION of the
S - . NI . A Co
3 ~_”-\SPSS program. _In preparatlon for thls regresslon analysns, the followlng ;
_SV. '[:l dependent varla les, as presented ln table XXH were deflﬁed |n dlrect .f;;ﬁ;, .
ﬁ}f:J o relatlonshlp to the hypotheses to.be tested the followang three Independent '35'73
J? ' varlables were deflned ~;\:' "Z‘T.ili" .fa”:;”:f,ﬂ 'tj :f ?_: =:-Lf'y ‘ .
i o . a : e . ' o
j%'; "EROGléstudent”brograM)l 'M;i."-"-Ex-metrlculatLOn:SfudentS‘- e
':%;ft : tx-honOurs studentsif , o
. ! . ) . ’-- . . . - '. ter __' N -
. SPROG (school prpgram) .;i.' Schools offernng honours . .
x : S ‘and- matrlculatlon 3 ' "
oy 'f” S P Schools offerlng L A o
T o Co L KR matrlculat10n only e KRR s
N . 4 . ..,,“’ B ~,. ; oot . LT ] . i . . ": . . ’
S SIZE (school size) » ,..;"“~ grade eleven enrollment, S
f . ST BT .w:, range 0l3 375 . . \\ L o :
,E : L. - . B
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. . - TABLE XX

Aol

_ DEPENDENT VAR'| ABLES

. . . _._L‘ N I . "._ B . '/ "l‘ .
DEPENDENT WARIABLE ..y " SYMBOLM | COERINITION T

Comprehenslon \ '
Composnte Score (Form A)

' ‘ . Comprehensxon TR
',;‘{ eomposn:e Score (Form 8) -
: App]rcation ST

Comp05|te Score (,Fprm A 30

S . . AppllcatioQ

g Compos | te ‘Score- (FormB) Chepl (B)- | .'TB;& . -i:‘TB"G ‘ -
. . \; | Al - -o )

Protﬂem-Solvnng o N B
COmpOSlte ‘Score {Form-A) Prob {A) -~ | TAg# .l..% TAg -

' -Prolg!gm-So']v.ihg"l N L e ‘ Comel
. ‘Coqipgéji.te_5¢ore (Form-B) | Prob, (B) ~ | . TBy#:i,. + TBg.
. .o R - ) . . . ' | c . { SRR ' AN .o ‘. oy ‘ NI B
'I_ . ., - - : < \ T L, L. B P A

B P T Comprehens;on -App ication e Somp {A):+ TR

Lo Compos;te Score (Form A) -'_App} (8. =" Tf\1+ ,';,""~:+'. T,»AG
Comprehensnon-App’l l‘ca’c!on, L
CompOSIte ‘Score (Form B). . |.

.-:’v.'l' ' - : ‘;_.') A
e Total Score (Form A)

* . B A
N - R - \_ S .

"\Tota_-] .Scbre” (Folrm"_'B).'- ‘




} o -

. ‘

? ' - ; | o

? o - o - 79 - ” | . O '
.é ‘ Almhough PROG, SPROG, and $1ZE were the only independent

i? J variables of direct concern to the study, it was declded to enter the i

.3 ; o ':followlng addltlonal lndependent varlables into the regresslon analysls. ..‘j
:g. ' '”:GRDV Qﬁ.ﬁﬁadeweleVen mathef'tlcs grade,_range 51 99 . N

1%", V;AVE ‘-' Grade eleven QVerall av‘rage,_range 60 97 ;ﬁfj d j, F ”{f';f’h'
!f??'; ”-;UPROG. Mathematlcs courses reglstered for at Memorlal Unlversity,‘
ﬁ%\;&‘hﬁ”'j“,i~e;gf ﬁ:xlfﬁMath lQLF Math 1010 HathlllSO Hath 1505(1011) o

7%‘i “"Tffﬁ‘i"“iséx“i; Hale, Female/ _?;Vf “? ST ,,ﬁ; . _ ._f T -
fj?_“-da }:' '-f?;f:.i‘kl The lncluslon of GRD AVE UPROG SEX ln the analysls.can be i

:é_ | ' ”;;Justltled in two ways Flrstly._thls lnformatlon was obtalned qulte easily
7% ) - and naturally ln the data collecting pr0cess. Secondly, should PROG ‘SPROG
213' ';-h 1ZE turn but ‘to be non- slgnlflcant contrlbutors to the varlance of any,

'/4or all oftthe dependent varlables, lt may be lnstructlve to - know lF any of |

;Qé,. . ”_‘tg, . the ‘other independent varlables were slgnlflcant e z‘ r:“."':
.ﬁjﬁ'"l, h.ﬁ" :.f.: JH}J ‘ Due ta; low enrollment ln Mathematlcs IlSOandlSOB(lOll) UPROG

_(Uanerslty Mathematlcs Program) was removed from the set of lndependdnt

% {;fﬁvarlables. Early ln\the multlple\regresslon analysls procedure, lt was. 7:i5-1ii”5‘
>::F'n:£ :zlf,dft-observed that the grade eleven mathematlcs score (GRD) and the grade eleven .j*
' ."‘lx'lv""

"—;?overall aVerage (AVE) had a correlatlon coefflclent of 0 79 and consequntly,_"m.p°.;

\

iﬁg&d ;L - AVE was remOVed frdm the analysls. Nle et al (1975) States that only one ,.ﬂh?.‘; K

')-\ .

%
i

- * P

B {;;--;Hﬂof a set of highly correlated varlables should be used to represent the
i‘ "'ﬁf:commonrunderlylng dlmenslon (P 3“‘) AS ar result °f thls prellmlnary

. "u _| ,\.‘,

. fanalysls, ten standard regresslon analyses'were run,.one for each of the

.f ,.fdependent varlables COmp, A) Appl (A), Prob (A) Comp (A) + Appl ( )
;ﬁ ’%4-TATOT Comp (B)- Appl (B) Prob (B) Comp (B) + App| (B) TBTOT wlth the
: .juflve lndependent'varlables PROG SPROG SIZE GRD and SEX"‘For each off‘”



T —

1

.ng ’ depeﬁdent variables, the‘thfee'hypotheees to be tested wered_,' ' o N
Sl , S ' A o _ e
:{- Hy s There is no sugnlflcant dxfference betwaen the performance of - ' .

¥ R o
S ' students who completed the honours prOgram and studentg who ' ¥ ) : s

' : R , - ompleted the matrlculation program. (PRQQ.; df i B '
. ‘T . : . ‘. ‘ -..\: . , . .. . . . - .. . ) .

S “-q'Hﬁ:: There is. no Slgnlflcant difference between the performance*of S ;
i B Kz, . . PR \ N Vo N ' 5
L et N students who attended schools whlch offered both honouHs and
; v - . matrnculation programs and those which offered only the matrlcul-" . .

;' ) o T 'j,_atlon p;ogram,. “;T ‘ {-?'_1L (SPROG) ,: o f«_ -'1: s “:\."}f
o g E ) L EECEE T 1 R - °‘- e C co L ST
- . ﬂs can be seen frqm Tables XXl and XXII Hf:had to;be tejeotedfi ' ;




’ ‘f .
_-.-,.;::A ‘) YH‘H"‘V‘";K; NI oy - }‘
‘ - ~ar- .
- . TABLE XXI
_F:RATI0S FOR THE INDEPENDENT VARIABLES |
(Form A_: 'n = 170)
) .-’.\\\ . . N ’ '
¢ |7 F-Ratlos fob- Indépendent, Variables -

V’ependent )
arlables<a

- $PROG |/

'SIZE "

4+

. Clpm'ié +-Appl
(TAY + -;."-. + fag)

Comp
(TA1 + TA2 + TA3)

Appl .
(TAu + TA5 + TAB)

Prob

(TA7 + TAe + TAg)

| PROG .
. O o S B RS N
Lo BB 04160, | 386

0.3
0.79

0.00- |

116,560
i}

15:85w ] 3

oo

Ll 3y |

slgnlflcant at the OS level

** SIgnIFicant at the’.Ol\Tevel




B L

N

S

Yo
'3
4

M
g
.

&
4

Y
4

H

1.,

N
A

e it

F Rﬁ?los FOR THE’ |NDEPENDENT VARIABLES

TABLE XXII

KForm~B...n

l65)

¢

ependent‘
Gariables

(TBy +.... + TBg)

(TB7 3 TBe + Tag)

;Cdmp 4‘Ap;1:

Comp |

(1B ™ +T83) B

Appl SR L
(TB|+ + TBs + TBB)

P

Prob ;uii<*=-"

v

";flgnlflcant at the

05 ]eVe1
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For both forms A and B, whether students came from schdol s of e ol ,

'high or low grade eleven enrzyent (SIZE), or: whether they came from - . i

- schooh‘. offerlng both honour d matrlculation programs or just the

: matrlculatlon program alone (SPROG) made no? slgnlflcant contrlbutlon to v

v ' [P -~

the explalned varrance oF,arry of the dependent varlab]es. B For Form A

ex honours-'students dld signlflcantly better at the 05 Ievel.({)n th

N - . iy

students, however, dld not achieve"slgniflcantly better‘on the Appl lcqtlon

ol ,\..;— . )

'-'_:'or the.. Problem-So]vlng" sectlons of fqrm Aw

-»a- '

"jOn form B, the ex h.onours,

.-.,-.

'-,-"students achleved *slgnlfican‘tlyr better, at the 0] ‘level on the total test

,."‘(TBTOT) and all sdbtests with the exceptlon oF the App]]cation compOSIte '

Ly PR -
. : P PRI
A . M B .

‘..':Score (Appl) ', S o e ":", RTINS

.3 .

.~
.

As pounted out earller |n thlS chapter, al though the independent

Varlables GRD (Grade eleven mathematlcs grade) and SEX (sex) were not of

L e "-T ', N R

dnrect ?ncern to the study, they Were lncluded ln the regresslon analysls

d'hence,.Warrant some comment.- On F‘g‘f'm A 'GRD explalned a slgnlficant

,. A . s

proportlon of the varlance For all

e

o s \\n

dependent varlables._ ls also noted

~ ~

that, except for the Comprehenslon composlte score,“this signlflc.'.
at; the .OI Ievel Oh form B GRDIwas signlf:cant at the 01 leve]

":’s_c.brffp} The "'f.ﬁd.ébéh&é’b‘t' v a |
'the tot-a‘}{’"‘orﬁ and at— the 05 level for»\_

r"

9 form B, only ln both cases males 'performed>at @ hi_ghe'

. Fema | s
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facnlltate such development.

SUMMARY

'.' _.", a

Theq,prlmary obJectLVe of":hlis 'study was to Invetstlgate and
v . ; ’l" . ) ,\‘
attempt.to determ'ne"the extent to whlch recent NewFoundland secondary -

: ]

. -8 , %

o CHAPTEB Voo e BESTERIN 5

- SUMMARY,. FINDINGS/ DISCUSS!ON '.f RN .
IHPLICATIONS AND RECOMHENDAT(ONS A :

]

- .‘-_,- . ‘e Y
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.-" . -

- : '*.”':- The secondary ob_;ecti\/e of the study was to te.st the following ,

.:'_‘ 3 . w' ] ) ; o ]
ROV hypotheses-\-'. A B e _.f e _,_-.:..‘_'g "f R

. U There is., no significant dlfference betWeen the pehformance of students '.7‘; .

- i ' who completed the honours mat:f.matlcs program and those students who
J f R el A A C w . '-n' NPT _ .
e S I completed the matriculatlon hematics program. . SRR .~
‘-*gl?Hg,,T_-. There |s no 5|gh]flcant difference between the performance of students ".-'i :

It =

Ievel By way of establlshlng ,aﬁ acceptable degree of confldence In the

[

1 & "'

- R
Investigator s abllity to re.llably classiFy te,st items, a panél of three

°

"'-:- udges were asked t ' lndependent]‘y asslgn a sample:

\.\ 1T

"'ievels. A categoricaﬂ agreement between a]'l judges and the Investlgator

IS

: _--.approximated 80 pert cent and was considered to be satisfactory;

T

A PI lot study was deslgned,,to determlne the relgtlve sgtabil lt\/.-'




o~ S0

L i e w T T TR

o B

X s collected and analyzed on 335 of \whom l70 conlpleted form A and l65

o

completed form B"":

not they came from schools whlch offered both the matrlculatlon and honours,

"mathematlcs programs or _]USt the matrlculatuon program, made no slgnlflcant

'.'1 Y

Lo

latlon students on the total score the Comprehensnon composlte score', and

the comblnatlon Comprehens:oq-Appl lcatlon score There was ne sngnlflcant

‘\‘

PP YELLE SIS SR UL

..l

- On fprm B ex honours students performed s:gmflcantly better on the total

Appl lcatlon ltems were wrltten ln the multlple cholce format Whl_l'e:,,the_." S

I'he Jnstrument was admnnlstered to 5]0 students and data was L

'dxfference to thelr total test score or any of the cognltlve-level composite

The hypotheses relatlng to the program whlch students studled
dulrlng the hlgh School years was, ln most mstances, rejected OnFormAJ ‘

1 students performed sngnlflcantly better than the el>_<'-i-'r'iia't,r""l*‘cu;":"

PRI

"'dlffTrence .on’ elther the Appllcatlon or Problem-SoIvlng composnte scores. L

te.St score 'and on all composlte test scores wlth the exceptlon o'F the : K

2D,



mathematica] thought gave cau5e for conCern

-

| Lo T
|

per cent, 17 per cent and 32 per cent on the Comprehension, Application,'i ;"n
Prob]em-SOIV|ng and total test seores respectlvely" -
zﬁ-f mﬁif77‘ L . . PR

- DISGUSS ION ,'

e

“3.lnstrument, was not supr|51ng To have expected otherw15e woﬁﬁd have f” i}’ﬁ'“

-y, - _"_,.'_ s ..1,

-j'suggested an, assumptlon that school slze and the quallty of mathematlcal'

experlence are either directly or |nverse1y related In a sngnnflcant manner;"

1, i »t --_ ot

students doxng matrlcu]atnon mathematics xn a schoo] where the grade eleven
¥ .

"-;'-enro]]ment may be ‘as hlgh as 250 studénts.: They use- the same texts,:complete-.gtLJ-ﬂ

Carr e
the same exerc]ses and attempt the same problems“”“Although“the quallfications ﬁ‘
i . - i ) NP

A“ of teachers vary from school to school the Incidence of enrlching and

supplementlng the standard prerams prescrlbed by the Provincla1 Department

'

Of Educatuon, ts normally low. _In cases where teachers see a need to add

-t Y,

: to a program, théy usually flnd that there is Just not enough tlme i There




L
the students

' ex matrlcu]atlon students who attended schoo]s where the honours pr‘ogram )

"
.»1 K l. Ve .%-- ‘ ,.A:

had been -offered Wou]d have beneflted from student contacts and From I

..hon0urs nor the matngulatlon programé are effect I..ve ln Improvmg the

. ae
Y . ..

‘< A

R students' ablllty;"to perform on test ltems whlch requ;re productlve thmklng, i

'
" . o".. i

As already mentioned in chap’ter

B

1

ot £ 3000 2N s o NI Ty

TRA TP IS Owmeen. -« L '

T

RIS e b i

N oo vl - oL, - e Vo ot N BECEN . s -
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per cent success ]evel. :

however, the ,ex- honours students achleved at the 69 pen cent succes‘s ]evel

_'\n.o,.._ 3 u

sumabf"y sh wn the ex-honours-_students_performing,a

a'H students m the sample..- As pOI- ted out |n chapterk\ I‘, both pr'-'ograms'

o,

tributlon to explammg the varlance |n student performance on elther form o

N "r‘n:

' of,the in‘strument

S|gn|ficant]y better onr’both ﬁorms of the 'instrument and on most subtests

<%

counterparts.. Although thls s true, It IS noted that on form A




5, . formJ B the ex-honours students performed slgnlfncantly better than the T
" P f <o S J,
s{ ; ‘ f,x-matrlculatjon students at all cognltlve levels wit'h the exceptlon of
' . Appl,l catlon ». o : _!'
T T The study dld not 1nclude a mea ur of lntellugence as one of
- the Independent varlables Ebel (1966) clalmed that achxevement ~tests

constructed along the llnes of the Taxonomy tend to mea5ure general ablllty

rather than command of Knowledge KP&’P and Stoker (l966) »suggested that
/as the cognltWe level of the test rtem lncreases, correlatlon‘s between

; reasonlng abllity scores and taxonomlc level seores also lncrease. Assumlng

. " tha't general ablllty wou]d have added substantially, or even moderately,_

to the varlance accounted for on all of the total and mdlvldual cognltlve—: P

- / level scores of both Forms‘% and B the resultlng relatlve contrnbbtlon of
% S the mathematlcs program studled would have been consequently reduCed lt
T i s qulte concelvable that the 5sgnlflcance of the hlgh school program could

haVe been rendered nonexlstent, ln the case of form A and greatly reduced

: ».',:"':'3":,' |n the case of form B lt was lndlcated |n chapter lll that generally., )
"{ ::"-'.','-""'.—‘-'f, the ltems on form B were more .dlfflcult that those of form A. Madaus et
\ 4‘ (1973) suggested that as» ltems become more’ dlfflcult performance tends
Lo . .( -".'

B .-°-.- ’ s %

to corre'late more pos;tlvedy wlthxgseneral_ability, partlcularly at the hlgher .»

cognltlve levels. . lf this ls true lt ls poss:ble that the slgnlflcance of
t*,. e

the hlgh school 'program on form B especnally the Problem-Soleng composlte

._vr

score, was, due largely, or eVen entlrely, to the absence of a measure of

.

general ablll from the study

.- Ty

|n generall the leVel of achlevement on both forms of the f
lnstrument Was consldered to be Iow. The average score on form A Was llZ

. Ly S T A
per cent, and on form B, the ave.rage score was substantlally/ lower at 22 S

' //

\w
per cent. lf the results are consndered by cognltlve Ievel, the average

. B co ¥ T —_
£ L o o --P'.
N : e e . g
. .... el ﬁ-& ° S R
A . . ‘1: . : ".' ' . . T . .
SlAlery o "“-'m\mzmh wm?a;zw.tmr ~Lhwg.u;, , ) =
B N -
" ot v




S . ‘ . S o e -
.'lO. ; ‘_,fwg_«.:a-_.....:.. kg g &__m:‘,“: RPORLARE P —— . T . ((
Py ¢ - 2 o . W ; .
Dent for thevComprehénslon, Applicatlon and Problém Solvlng subtests WEI% T N
; CT 56 pér cent 119 per cent and 21 per cent respectively, on form A and 22 ¢ ‘ L
[ . : ,:'lf' T ,:_ o - ST
e P r cent, 28 per cent and l‘i per cent on f'or ' o -,“:-' - ( I AR
S .~' ) lt’ was stated ’In chapter lV that 81 scrlpts were removed e
‘\ :.' . . L ,;' ] o
B : because the students had shown no ev;dencg of. attemptlng any of the Problem- S
Solvlng |tems.' Had these scrlpts been lncluded (46 for Form A .35 for form ‘ T,
"- .. " .:'. ".>'~

N ,B")_, the ,.’average for the Problem Solving subtest wou)d have been) reduced L

v ,, .flrlo;m 21 per ‘cent to l6 per cent on form A and from 14 per cent to 12 Y S 'i,i('
[ A . P VR
: cent on form B lt should also be noted that -in developlng ,an Tfem bank .
"'-.jfor thewstudy, problem books contest books , olympnad reports Ieports oF . "._r
o -,I.’:\I"natlonal and lnternatlonal studoesf,- and many text‘books ‘were searched ln E . .
: order to flnd sultable. ltems ‘and determme a reasonable standard,.r lt i‘s’( |

felt that only the most dlfflcult ltems of both forms A and B could be , L o 1

P N
[

" ‘ consldered comparable w1th the least dnfflcult of ltems norma]ly included"»"' N

L on the usual mathematlcs competlt]ons fo% hlgly school students, even at the o
grades nine and ten ]evels I'f thls |s true, and-lt IS assumed that the o

students sampled ln thns study are’ representatlve of the Newfoundland hlgh .

- , L

school graduates who enter Unnverslty,_ then the results are dnsapponntlng - R

and dlsquletlng., Notlceable |n the results was the lncldence of low ach?’eve- k

L ment on |tems whlch contained a degree of novelty or ‘non* routlness.- These

-

students appeared not to be adept at general lzlng, and recognlzlng or _

‘.
[

dlSCOVer‘I ng patterns. '_ The development of these skl l s, whnch are clearly

) among the the rudlments of mathemaucal enqulry, appear not to be success-.' .

-

Ful ly addressed by elther the matrlculatlon or the honours program.. Lovv .

v

. ,'1 ach:evement on the flrst and thlrd Items of form B |ndlcated that these .

students were unable to follow a I|ne of reasonlng and analyze data, or

t L . . . N -

Ca .
.

. ¢
.
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vt

meant that thesr comprehensmn of |nequallty, especlally !n relatlon to

- zero and square root) was at best superi‘:c:la?k Low. achlevement on the

J

_.' ;second |tem of form B sugge(ited that the students sampled, a]though ab]e -
K . ‘. L f
to transf"orm problem elements from one: mode to another, as. eV|denced |n

(Y
!

: the flfth |tem of the same Yorm, had ‘not quy developed th|s ca ctty

""An examlnatlon of the high school texts used, and ‘the c.ourse outl ines
° N i . A T

-

'prescrlbed for both the: matriculatlon and honours programs, clearly show

that these SkI”S are neifher explicnt nor lmpHC|t obJectlve.s E In the
/_c_se of grade eleven, the provincnal examlnatlon papers for the past

. D l'. '.
seVeraI years,"make> it amply ev1dent that the maJor concern l‘s the perfor-: .

o

o

. mance of certaln routine and standard tasks for thCh the courses of study

.
\

. glve much pract|ce ,\: ) s '.'- " /

,Most of the deficlenues ]lSted in the above p%agraph are

-

"cognntnve behav]ours, yvhlch the model used by thls study places at the

-

ComprehenSlon Ievel A]though the ex honours students were able to’ achleve ,,', o

at a h1gher 1eve1 on Comprehensmn Items than ‘the ex- matrnculatlon students,

v

the depth of understandlng exhlblted by both groups left much to be deslred
"Awtal 's (1967) study produced simliar results, even |n superlor c]asses no

with hsgh academic standing. On eight Comprehensnon ltems, the percentages

a

"of correct responses for' the grade. 12 sample (n% 103) ranged from 35 to

: ‘87,. Av:tal (1967) clalmed S s T '1_ Sy
R 4 can be reasonably argued that - '
7+ insufficient comprehension has the ~. - -

" .greatest deterimental effect ‘on --. '

- ' ~mathe”matics learning. .- A student 5
o SRR “grasp of a concept’ may be, decisive In b
.= .. ... .his understanding of a fuil lecture’ ST

e : Our findlngs provnde some evidence . . .
T 'for Professor Steels' statement that .=~ =~ . 7. %0
‘ O S our pcesent crop of S\%dents can. oo

pr e e - - O LN Cfry Lot e gdalt




slon subtest.: It shOuld be bgrn ln mlnd hovvever _that uf the Taxonomy

BT

comprehenslon wl]l also be reflectea7|n 5c0l‘gs on, Appl lcation and hlgher-

' cognitlep level lterns » For example on the forth ltem of forﬁl B

Most of the Appl |cat|on level ltems were deemed to be routlne,

-——

and for that reason, the result was more d«sappomtlng than the cOmprehen-'"

-

possesses the, cumulatlve hlerarchlcal .property as ng;orted , superfic:al

e ‘

that stuq,ents were unable to solve the problem because they d|d
o .J A S
not ful Iy understand that the number of people worklng and the tlme taken

appear

to complete a JOb vary lnversely
v

:

were gnven an opportunlt@remam after the testlng had been completed

‘o

and dnscuss the ltems and thelr solutlons. «Most of the 13 students who

|.

remalned felt that thelr blggest drawback in successfully completl@g the

Problem Solvnng ltems was an |nab| l |ty to get st:arted ', Tl'1ey appeared to

s..,. B

possess few general lzed technlques ‘For deallng wlth novel 5|tuat|ons Others

cx_

lacked snmple conFndence ln thelr ablllty and unfortunately started W|th

1, Y

- a defeatest attitude ' Many students, lnc]udlng those\who d|d not remaln,

clalmed to have had no, or at least llmlted experlence wlth non routlne‘

' problems in thelr hlgh school prograrns Two students who remarned behlnd

after the other 11 had l‘eft, expressed dlsappolnt ent and frustratlon at o

not benng able to solve such problems One commented on: the practucal

.~ P u

vaguely recal led a problem chat she had encountered The d}oblem was B

R .wrlte bet\t>r looklng mathematlcsA"'J"" R S
o0 on paper;Thut sre Jess aware of the 1 L i
L " ‘underlying significance of what @ . - oo T
e 7".i'-".'theYka"e wrutlng” . (pp \'Iil/\fiz) -
' : I B T - 3.

-

i

value of studylng mathemat'ics, as they had known |t wh| le the” other . S

n ,:' Durlng the admlmstratlon of : the second pulot mstrument students e

R , concerned wnth matchlng names to the posu tlons on a baseball tear@nce- Y
L A - l‘J \ e ,:l.._,' T e ) _.’ - ::. L l. . A .I ;w-".‘
st IPEE) . . Lo '_.4,. ‘.. = o _. o - ._, . - ) ..‘i‘ - . . V -A )
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ﬁ,’several ref’levam: statements had been glven.;‘ The student remembered her i

' .frustratlon at not. belng ah‘le to wade bhrough the conglomoratlon ol"‘ .“-' ' '.1/_ ::';_

5
g‘ R L o - -' ®

¥ " "_.',',"_“_see\mlngly Independent and confuslng statements She reflected :tha,t the
o "" '- "-rectangular array method oF tabulatlng data, employed ln one of the prob- -

'_5;,-.?\ ﬁlems on the lnstrument would clearly%e an efflctent method ln thls case._ L

, R % Thls sta'ement suggested a practlcal dirnenslon to’ what could be viewed as :-‘;_" TIG JL

the theo etlcal clalms of others... Descartes, the great phllosopher and ‘
L / ‘ ‘( LT o '. L o '.' ; .‘.. - . .»J' . , " , : . . o
. mathemat clan oncelsald' R P DU

N Each problem ‘that | 501 ved. became .
@’ rule which” served ‘afterwards to :
o solve other problems (Polya, 19514)
v Polya (]964) also saw the generatlve value of solvnng any problem,
- a ' [ '-,_'-'u . ::‘ B -'.l _' N ].' - ; _.‘ ' - ) " "
v oz -‘.-~ A great dlscovery solves a great ;_a_,- T U t _‘\
N @ problem but .there 15:a.grain of< T R,
: vt discovery In the “solution-of” any-: ; )

e e T e problem. Your problem miay:be™ . R I PR A

N L AR __modest,.but if,it thallenges your - L el e BT T
[, =<+ ‘..corioslty and brlngs lnto play- yOUr, T
Koo oL, o Tnventive” facultles, cee Slieh o e
. experlences at“a susceptlble age may .. S e
" .create a .taste fof mental work ‘and -’ ] e
— S o .Jeave their imprint on: mind 'and , T LT TRy e T e
T R DA Character for a lzfetlme. .. v) Tl s TN ((

. -

o y - . - . A - . L NG

L _!hPLchTIONs AND’ RECOMMENDATIONS NI '; Sy

From the results of thls study, |t \Pas concluded that, desplte :

.. ,'._che elalns of" modern mathematlcs programs recent high school gradtxate‘s

¥ "',N_'.,seem to ave only a- superflcual comprehenslon of some of the fundamental
IR ' mathemat cal prmclples, concepts and proced&res The 3‘ students sampled
- T s .ln the study were comprlsed of 86 ex-ho‘ﬁ‘ours students and 2149 ex matrlcul-"--
2 ".ation st dents whose average grade Xl mathematlcs mark was approxjmately 80
[ > Pt . . . . oL . . . , ] i . ) .
“ ' ) T _\ R )
r ’ ’ _'-_. - W ‘ &.\‘/\. . L :\»— - ) ‘
TS SR, Lo N e , )
R RO - . t
h 2 sy .
1 .T._.,‘_‘,,..x.ﬂf.. Al ae ot A i
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This. cou!d well mean th}t ;eachers should conslder deve\opmg

per cent

more le‘ficlent %thods for ensuring that Students wH1 thorohghly under'—'

L

stand the n@thematics found ln thenr program

bf studnes.l' If mathemat:ics

.....

more chall,nglng and thought provoklng kmds of exercises le have to be
'the school mathematlcs programs AVltal aqd Shettleworth,

N

oA C teachers ‘can - foster :good

N -,comprehenslon of new mathematical™
‘concepts and; operatIOns by - present-

“ing them tnltlally, where’ posslble,

L "V.»"m more ‘than :one ‘way, -by relating’.

N “.them . to.a’ vartety of sltuatlons, and

L by requirnng stu ents.to “identify.

ST e e fthe;r appllcablllty to dlverse mat-

-erial (p ‘ e

T e

\'“Good“ comprehensnon |mp‘l ies that ln fact,_there well may be an hlerarchy =

) - - ‘

: that the students samp]ed possessed at best,,a superflclal understandlng of S
: 4;; . P

'A"-the mathematecs examlned It ls qutte posslble that the level of under-'.'" ’

: standlng attalned by students was, to some\ extent determlned by the type

3 Lt L L
" © .- B . l'.. N -~ : i
. ;o s [ -
o R Fo| o dow s . - .
Sty e s ; S
; IR PR A .
- N . - . .
a ¢ ) . -
. - ‘A . i P 6’
S - . -
o B R s tl
P - L o . - -
. . T ’ i .
B 95 .- ‘ > \ .

Leducators and tbachers are’ to deepen students comprehenslon of mathematlcs,

4';,‘related to degrees of und'erstandmg.' As suggested earller, : |t was concluded :' s

;'.-of questlens, exerc:ses, and prdb]ems,, that textbooks, teachers and examm-

'_'atuon papers had requnred of them. .7.' ?--J:-ﬁ':;.:: . ’ -
RIS It was evident that students, regarc!,,less of %helr h]gh school

experlenced great difflculty in coping wlth non routane problems

'program,.
y

. bv-‘

'-tf mathematlcs teachers and pregram deslgners ‘belleve that the deveIOpment

Vo s A "-\ B4

'.Iof students' crltlcal and lndependent thmklng capacntles ls an lmt/ortant -

-'educatfonal goa] and that hlgher Ievet mathematltal thlnkmg as manlfested

"':m the solutlon of non routlne mathematlcal problems is, ln fact, crttical

"l"l:':and |ndependent thinking, _then some attempt must be made to Introduce 5uch p g

- Y .

1 - - -
- - (R SO - =
CALy ~
F7 - .
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a p.r'ob'llen.w compd’ﬁen\t Ifi: the cu'rr'i.culdrh. ona less phx lo;ophlcal note if
':',."'we as’ mathematlcs educators are ¢oncerned that students be. provlded wlth
" -what many, Fncludlng Po]ya Feel to be the rnost effchent and natura] way.,l'.' ' —
"of ensurlng that students get to: understand apprecnate and fully utillze
N mathematlcs we must serlously conslder mplementlng a prob]em solvnng .
: approach to the teaching of mathematics Awta.l ._and ~Sh_ett,l ewort'h_ _(1968).

‘mac‘le;-the fol,lown_ng claim, -

. L T A . IR "
e . A most jmportant part of the Iearnin‘g S S

..not only recommended that prob]em solvnng be the focus of school mathematlcs
in the 805 but they have also suggested how thIS can be accompllshed
_'Based on the fi,adlngs of this. study, |t is suggested that those educatots :
‘responsibie for settlng pollcy and determlnlng secondary school mathematics_-r : A
'curriculum conslder adoptlng such 'a Forward Iooklng recommendatlon‘ For' R
..-'any 'such reforrnat ion to be effective, however, _teachers have to be conv]nced '

;.that the outcomes of mathematlc lealln‘rrrg are—'l nd/ed multlvariate and ﬁhpt S
actlvity IS overemphasuzed at the expense of the others. The h|story of

'programs have tended to be polarnzed Nl th respect to main, emphasls. g Du‘rlng- L

e T ge T

>

i
o
1

|

e . Y A

2 4.

- 7 .. . process |s  contact with the methods:, . .
L R by whlch mathematlcs ha's developed T ﬂ\f
L .the . arrangement of famlliar but ‘diverse ' o
o "ideas In'a newway to generate new ,
v . - conclusions. The ‘best way “of establlsh-
PR Ing ‘this contact and of bringing student )
.~ ... -to understand the nature of mathematlcs';'s
A " for students themselves to participate
In mathematical problem-solving. -(p, 34)

¥ . - . . . e B .
. “a . .

As pomted out in chapter I “the Boa.vrd of D-?r'ectors of" NCTM ‘h‘ave

r

o _/"

\

‘».

lt IS thel r responslbll |ty to make sure that rno one level of cognag:lve

—

T ”r\e

mathematlcs educat |on bears wntness to the fact that school mathemat ICS

N . - , ]
the pre s:xtles lt was computatlon the 5|xt|es and’ seventles wntnessed a- .

Joer
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‘ major* emphas i s ‘on '.c.or‘m':rehenslon throgoh structurk and ‘symbollsms . the ™ . . .'.\"
b elght'Tes may well see program planners: laoking to problem-solving for.the. "~ ;
v 7 answer.. - : . : L : : : ‘
.o . . L - " ' N /“ . N o " = - . ) RPN o~
' . '-The advent 6'f'~the revised hlgh school program in NewFoUndland ’
~ shoul d afford an excel lent opportun ity of lntroduc 'ng a problem solvlng
A, T 'component mto the cu rrlculum "As .tha di rectors of NCTM recomménded how- .

o ‘ever, the problem solvmg approach should permeate the whole school program
[ ! . . ] ’ ) NS

_ / ' - . JIt"t.herefore w:ll-be' necessary to '-d‘eslgn_-summer- |nst|tutes—on—afprov—lﬂc-l-a-l -
'le"vel to deal solely and thoroUghly with problem-so]vnng . The writings Q.bv_

T such mathematnclans and mathematlcs educators as Awtal Polyé, ‘and Wilson

. . i ' LA

- should provlde approprlate résource llterature. Such mstitutes wlll clearly

R g
‘have to followed up by dlstr|ct workshops and a comprehenslve in- servncing

“Jhe flr'\'clings‘of\t\f.'lf-study 'agree 'very,alosely with ‘tho':-l‘.e' of Avi tal_.'

"Mathematlc‘lans and educators such as Kllne and Fremont have been echomg

Sg F

'such concerns F6r the - past “two decades. The Board of Dlrectors of NCI'M

: In recommendlng that p\Eoblem solwng be the focus of school mathematlcs o

« -

;.'-" y ln.‘the l9805, made t_he)vfoll,owmg_clalm NCTM (l980) -~

o : o - These recommendaflons represent ‘both
Cdo e e e © 'reallsm and. responsibi 1ity. They .
g c T T L otare rea.l istic in thelr attention to . S
- hard data, We- are fortunate to'have ' .~ . . e
. .. . <. .= . moreinformtion about mathematics T
R 7. Soo0 . 0 .. ' classroom practite than W have ever -, -/
% N s t T ‘had, This useful information comes = '
'.,;"fl o T ~ principally from.a series of stigies "
r.qf R : ' . o  funded - by the Natjonal- Science S
- >~ . * .. Foundation and two mathehatics %ssess- . s
" ‘'ments of the National Asséssment of - . . | .
§ i 'Educatlonal ProgreSs. Cdp. 1) SRR S
.I" ‘:: . : o --(. L ) "
E 8 ~ :
- N S . »
O s ! ‘ . - Yo
: h A ~ -
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( EE It ‘5 therefore felt that 5|m|lar research if sampled frorg the same ey
» . -—..‘ ' - \ " / . oA
populatnon, will not add anythtqg subs'tefntlve to’ the findlngs of thlS ,
. - Ty, .
, S Study. This |s Rot. to suggest however,/-that this study céuld ot have SV <
: ' : o ) -~ S : B
. - .been-improved upon. Studles of a simxlar purpose and desngn mlght .' P f..' i‘ y:
v Ve |nclude 4 measure’ gf general abillty as. one of the lndependent variab)es. T K_ : °',l
. X . g
Also more ltems from other ar'eas oF ma\thematlcs could be mcluded paFt- BN 1-
. S N v’ :
‘ rcularly at the Comprehenswn and Appllcatlon ]evels . ’ . ) i -
: B o ' The lzri IHant mathematicnan and mathematlcs educator, Polya, - };
B L " . .
o hé’s devoted his 'Ilfe to the cause of problem-solving' He has bqen such a -1
v g - ,
o saurce of mspuration and en] |ghtenment to so emany students and teachers, T
H . - i) J— .
o that it was deemed appr'oprlate to* t:onclude thus report wn'ﬁh yet another Pn
B e .
quotatlon “from his wrttlngs. Polya (1957) stated '
. » . & ! & s . 3
W ' Thus, a’teacher'éf'mathematics has . . ;
' T . a great opportunity, If he fllls | e T L
T '- ‘his allotted time with drilling his s o Lo :
‘ : students in routine oper atlons he kills - -
. B their: Interest, hampers their intellect-
oS ‘ual development, and'misuses his oppor- -
- N tunity, . But If he challenges the. Co :
o duriosity of his students ‘by setting tHem v , , ‘-
R PR , problems proportionate to their knowledge, - Ll e ’
] ’ . and helps them to solve their problems .=
> - =T with stimulating questions, he may give ..
_. o S - ‘them_ a,taste for, and some means- of,
P - ST . Independent thinking, Ap.v) y
. o !
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e Please complete the fol]ownng mathemat!cs surVey.. Thls survey ls
attempt|ng to. determlne the extent to which students,venterfng Memor.lal’-
UnIVerSIty, are’ mathematlcally ready to: begln the ‘study of - unlversnty-'
- Tevel’ mpthemat)cs courses. Your partic!patlon, todgyr could” well" leadq
" Improvements’ In. both” ‘the h:gh school -and first-year universnty programmes

- ~of the future, and espeC|aIly 50, in’ the light of . the" proposed new’ grade
tWere programme “Your co-operatlon is: therefore greatiy appreC|ated ’
Thank you. - : : - .




2 +; 2mx + 3 and f(3) = 0 then m

Whlch one of the. ollow1ng}
'_ of}(l) (ii) and (||l) above?

. -"

f Please attempt each problem and |nc|ude,,|n the spaca provrded
your\attempt(s) ‘tp 'solve each problem.) In—caﬁe(s) where ‘youare. unable'f
to comp1ete‘thé solut[on, it-will be'

far you Were able to proceed

ST

F T gy 4 WA 4 A

LIS

.

,The ponnts (l Yl) and lrl 'uare on"the graph oF the equatlon
T ' - 8. Determine the value of ‘b

.,

: : 'grcup of 50 is elther ‘blonde. or‘brunette and SR
elther ‘blue=~ eyed or- brown eyed RERLE are'blue,'yed ‘blondes, 3] are.,
?brunettes_and 18 ate brown-eyed determlne the number’of-brown eyed
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T Please comp]ete the follownng mathematics survey This survey o

Is attemptlng to determine the extent . to whlch students, enterlng :

' Memorlal Unnversvty, are mathematlcaily ready to: begin the study” of :
universrty level, mathematlcs courses.: Your, partnclpatudn today,xcould
Swell lead to nmprovements‘ln both “the "high’ schoo] ~and, Flrét year -

:universnty programmes of” the future and especlal1y 'sQ;.. in+the:. light of :
the proposed new- grade twelVe programme. Yot co-operation ls. there'

fore greatly apprecjated 4 Thank you., ' - s

ﬂ"fleen that 3 and b are - any two real numbers {b # O)__
 “studdnt wasinformed ‘that:a/b > 0. The ‘student: then
'T;deducted that ab > 0s, Whlch”one of the fol]ownng

‘Vchg deductlon_'1s correct in. all of a and b ol
k he - deduct ion'.is .correct on]y uf a: > b.- v
deduction’Ts: corpect only i a b
ot deductlon 1s. correct onlyif ais'0" T
~Jthere is some other restr:ctlon on the'value of-a or b .




: In solv:ng the equatlon'(Zx--71)2 = (3x = 3)2,‘3 student}
‘,«L chose the follownng procedure. : : .

Taklng the Square noot of bobh 5|de5
“we. have 2x -u.==;2x}

Subtractu

'r-ls wrong becau5e o o
 .both-sides of. the equatlon are: not equivalent
Y cannot Bxtract” the square. root

) thé only way to. solve the equatlon

w ;the brackets flrst

'If when_x is. added to both the numeratot and the denominator;
1'6f the: Pationalnumber:a/b, (3% 0;ih # 0) the value “of. the-f
ratlonal number |s Fhanged to c/d theﬂ x : .

. A - .t




v

. 5 A set of n‘numbers has a'sum of s. lf each number n of the set )5

- P]ease attempt @ach probJem and Include, ln the space prov1ded
your.attempt(s) to-solve’ each ‘problem: . 1n ¢case(s) where’ you -are:unable’
to’complete the. solutlon, it will be extremeWy useful to see Just how far
your were ableqto proceed ‘ N 2

ncreased by 16:and. then multlplled by 7, the sum of the numbers In
‘the new set thus obtalned is? .'/u;. vl

A certaln number oF studeﬁts can be accommodated Inra h05tal«lf 24
stUdents share a room, then 2 students will ‘be- left without: A room. o
If thiee: students: share ‘a room, then two roomewIll ‘be- ]eft over Lf=#”
'Determlne the number of rooms.. ;e O
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