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Terms of Score = a cuestion on which hy, on
the average, 211 pupils of one group
scored 80% of the possible marks,
Difficult Cuestion in Terms of Fcogg = a qguestion on whilch,
on the average, 2ll pupils of one group
scored less than 20% of the posszible markes
Fasy or Difficult Questions or Question Types in Terms of
Hank = For ezch group, cuestions ¢1@ guestion
types were ranked according to the PErm
centages of possible marks scored@ Rank
1l = easgiest,
Discrininative Power of = CQuestion or Cuestion Type = the
abllity to disecriminete between students
at different levels of achievement,

Percentage Figurs for Discriminative Power.was obtsined b
e} :

Gividing the score of ths lowest renking

group ("C") by the corresponding score

of the top vranking group(fa%),

SALPLE PaPERS FOR LOWER BTALP
The Departme of Education supplied 102, or 13.8%

of total "AM papers written; 103 or 13,7% of total "B": and
51 or Z89.2% of total "G, The fact that the failure rate
(15,5%) for the "A" szuple was exactly the same as for the

1letion was evidence thst g well beaelanced
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cholce of seample papers had been made, Becaure the better

A" (32,1%) and “B"™ (18,8%) were exenpted, it was decided
to choose samples of papers from the lower half of all three
groups, Using Christmas a:¢ Taster merks from the largest

City High School; figur- s were produced showing that had

N &1 S UL E &
exempted students written June tests their scores would not

-

have belonged in the lower half,

¥
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EXANINATION PAPER
In the zlgebra portion of ths ranination, 31 marks

° o '

for guestions similar %o

plained in the text; and 9, for !ori Oinal? cuestions
requiring one or more statements., In the geomstry
section; 12 merks were given for propositions; 15, for
‘original! Dblenk-filling itews; and 25, for Yoriginal!
uestions reoulring wmor e than one statement, Through

mastering just the previous June test and examples derne~
onstrated in the texts, a student could have msde E1%

“

out of s possible 50% in algebra, and 12% out of 50% in

o3

geowstry. Two-snd-a~half times as many narks were glven

lon for 'original!

[
r“f‘

in the geouetry as in the algrbra se
cuestions requiring several statements., It was concluded

that geomstry would reculre a more thorough understanding

°

of mathematical principles than algebra,

COMPARISON OF TOTAL SCORES OF THREE GROUPS

(1) The failure rate of "A" students was half

all comperisons mede as to total scores for
(a) 2lgebra and/or geowetry (means =nd per-

centiles 10, 25, 50, 75, and 100)



(b) all guestior

1
o
s
e}
)
t
(=)

(&) "A"s were even wore superior in geometry than

in slgebra,

COMPARIZON OF MARKE ON INDIVIDU:L QUESTIONS AND OURSTTON TYP

Averaus kerks On the 37 gquestions the average marks

in percentages ranked in an A", "B"  "C" opder in 30 of the

Lo}

questions. Table I, page 5, suumarizes the results, The 3

o

uestions without exceptlon were able to discriminste be-
tween the high scoring ("A") group end the low scoring ("g");

in all but two cuestions, between the middle scoring ("B")

group and "C"; and in all but five between "A" and “B",

Discriminative Power of Ouestion Types To £ind the

discriminstive power of essch guestion type, the total averasse
& v 5 (&}

U‘

merks for "A" wers divided by the corresponding totsl for "N

The quotients in percentages, listed in order of Increasing
discrimination were:
(1) forizinal® geows try cuestions recuiri
the filling of a blank with s nunber 78 . 0%
( 2) ocuecstions similsr to those for the previous
June, and of equal, or less, difficulty 72.9%
(2) ocquestions similer to those fully expvlained
in the texts 70.2%

3

(4) ‘originel' guestions reculrin: wmore than

Q')

one statement 60.6%



SUMMARY OF COMPARISONS OF RESUTAZS ON QUESTION TYPES
FOR THREE GROUPS

NUMBER R ANK ORDER

QUESTION TYPE of
QUESTIONS HAYBYch Hpliallc wykguge

Same as Previous Test

Equal or less difficulty (1b,le,)
(algebre only) 10 7 GIG R !
Added difficulty
(algebra only) 4 4
Expleined in Text
Algebra 3 1 1(9b:) 1(404)
Geometry e 2
TOTAL SOLVARLE BY INITATION 19 14 4 1
Original
Number in blank
(geometry only) 5 5
Reason in blank
(geouetry only) 8 6
ore than one statement
Adgebr 3 2 1(sad)
Geomstry 4 3 1(74)
TOTAL ORIGINAL 18 16 1 1
TOT4L ALGEBRA 20 14 5 1
TOTAT, GEONMETRY 17 1é 1
CGRAND TOTAL 37 30 5 2

#Figure in bracket 1s guestion number,
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(2) algebra only 66 .89

(b) geometry only 51.9%

(5) ‘original! geometry guestions reguiring the
filling of & blank with a reason 45

(6) questions simllsr to those of the previous
June but with one added difficulty 44 ,4%

When the following palrs of cuestion types were
compered, the second mentioned in ezch case prroved to be

more discriminesting,

a) solvable by imitation 65.7% 'original! 59.8%
b) elgebra 32.4%  geowmetry 58 .1%
c) mnumber in blank (least dis- reason in blank
criminsting of 211 types)78% (second most dige
criminsting type)d5,2%
¢) siwmllsr to June 1955 72:9%  same with added dif=
ficult; (most discriue
ln:ting of all types)dd, 4%
e) geouwetry cuestions not cone ’ geometry guestions cone
cerning the circle 68.8% cerning the circle 51 .3%

iy

and Difficult Questions Table II on page 7 gives

Jte

ons classgified easy or cifficult for

e
jou]
9]

a
(6]

the number of cuest
gach groups It will be noted that no cuestion was easy for
pupils taught by Permit Teachers and tle t not one 'originalt
cuestion reculring more than ons statement, nor one similar

to the previous June but with an added difficulty, was found



QUESTICHES

TABLE

LI

AND QUESTION TYPES FOUND EASY OR DIFFICULT

133 Aﬁ HBH ] Cif TOTAL
O BASIZ OF MARKS
Fasy Ouestions J 2 2 4
J 0
T 1 1 s
C.B. 5 1 6
Qe s 0
Total 8 4 0 12
s !/
Difficult Questions J 17 1# 1#4,1 4
J 1, 1
T 1% 1% 17 3
0sBs 1 1
0o 6 2 e 4
Total 2 4 7 13
ON B#SIS OF RANK ORDER AS T0
DIPFICULTY
Fasiest Question .
All test Geo,bb Geo,bHb Geo,la
Algebra only za b la
Gecmetry only 5b 5b 1a
Most Difficult Question
All test Alg.lec Alg.lec Geo,. He
Algebra only le lc b
Geometry only 8 8 Se
Easiest OQuestion Type
A1l test O0.B.R. O0.B.R. 0.B.W,
Algebra only J o J T
Geometry only 0.B.R., 0.B.R. 0.B.N,
Most Difficult Question
A1l test 0. S, 0. S, 0. So
Algebra only T T J 4
Geometry only 0.3, 0.9, 0.8,
KEY J = Similar to June 1955 (4 = 4AcGded Difficulty)
T 0.B.~ 'Origzinal' Blank Filling (R = Reason, W = Nuwber)
0.8.- 'Original' Recuiring lore than One Statement
T = Explained in Text
# = Algebra Question No, lc
Z = Algebra Question No., 9b
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(b) the motion problem,

In eddition to these two guestions "B" and "C" scored lecss

! iginal' geometry questions reguiring more

O
e
o

than one statenent, For at least one question of esch type
"o% scored less then one-~-fifth of the possible marks,

Fesy and Difficult Question Types An analysis of the

lower portion of Table II page 7 shows that, except for the
easy type for algebra, both groups of students taught by
fully cuelified teachers found the same cuestlon types
casiest or hardest, Other than finding 'ori
with more than one statement difficult, pupils of Permilt

-

teachers rated as easiest and most difficult,

Conclusion The results on cuestions similar to thosse

of the previous June but with one added difficulty led one to
suspeet that "A" students depended least of =11 three groups

on memorized rules withoutb undprstaxc ing for solution of

algebra cuestions; and "C¥ pupils, most of sll, Results on

D

a

2]

geometry cuestions reculring one r on for each answer,

e}

seemed to indicsate that scholars of Permit Teachers had relatively

[0)]

little understanding of geometry concepts. In algebra, the



ranking of cuestion types for "BY, and "¢" led one to infer

that "c" students spent relatively more time studying algebra

examples fully explsined in the text; and "BY, algebra quections

b)
2y

of the previous June,
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CHAPTER I
THE PROBLEM

Statement of the problem During the past two years,

several comparisons of failure=rates in the Grade XI Depart=
mental Examinations of June 1956 have been published. These
surveys have consistently shown that school districts employ-
ing larger proportions of qualified teachers have recorded
lower fallure rates than those engaging teachers lacking pre-
seribed qualifications for high school instructions "The
Failure Study for School Distriet Number Ona“l,'for example,
indicates that the percentages of pupils who failed 1n math-
ematics were as follows:

School Distriet Number One 1C. 5%

Province outside School District No. 1 23%

Provinee of Manitoba in general 19.8%
Professor C. R. Germain, in hls review of the situationz,
‘quoted the mathematiecs fallure-rate for Winnipeg City Publie

Schools as 10.6%, compared to a rate for schools outside

Grester Winnipeg of 23.8%

1
Appendilx A,

2 (larence B. Germain, 4 Statistical Study of School
Examinations in Manitoba (November 1957), p.p. 7 and 8,




Three elesgses of high sehool teachers are employed
in the Province of Manitoba; (1) fully-qualified, (2) permit,
and (3) first-class certificate holders. Of the 5120 pupils
whe sat for the 1956 examinations, 130 received their tuition
from permit holders.® This study will report results achieved
by pupils; in the lower half of mathematical achievement, of
three groups of instructors., These groups will be designated
ag follows:

1. "A" students = or those taught by fully Qualified

teachers in publie schools of School Distriet of
Winnipeg Number One.

2, "B" students = or those instructed by fullye

gualified teachers oufside Distriet Number One.

3. oM students - or those trained by teachers on

permit, in rural schools.

In all high schools of Winnipeg City, as well as those
of some other municipalities, students may be excused from
writing the Departmental examinations if thelr term grades
are sufficlently high. Since over 500 of the better puplls
in accredited schools were promoted without sitting for
these tests, it is impossible to make valid comparisons on
the basis of all Departmentsal examinations written., This
paper will therefore be eonfined to the consideration of

the mathematics marks earned by the lower=half of the Grade

3
See Appendix Be
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4

XI Groups. liathematics answer-booklets selected by the De-
artment cof Educatlion as reprssentative cof the three groups
will be the source of data useds,

Mearks, awarded for algebra, and/or geowmetry, on saumple
papers written by groups "A¥, "BY%,  and ®C" will be cowpared,
Average scores made by pupils of each group on each questlion
and question type will be set out, in order that a decision
may be reached as to which problems can be solved as well
by pupils of permit teachers as by those of fully-qusalified
instructors, For each test item the average marks of the
best group will be compared to those of the poorest group, so
that questions can he listed in order cf discrimination.
Using the average percentages of marks made by puplls, guestions
and question types will be ranked and coupared as to the rank
difficulty for sach and all groups of students,

This study will also bes concerned with an analysis of
the 1956 test items, with a view to assessing the relative

values assigned guestilions involving mathematical understanding

as opposed to those solvable by memory,

Importance of the study

Lle The high fallure rates of Grade XI students

4See Chapter Ile



4
have recently evoked wany expressions of conecern. During the
surmner of 1957, for example, a Winnipeg daily newspaper pub=
lighed an article critielzing the variation in fallure rates
for the City's Public Schools.? Evidence showing the rssults
of pupils In these schools (which are staffed by fully=
gualified personnel) as compared to those of students taught
elsewhere by fully-qualified teachers sesms partleularly
pertinent at this time,

2, Mathematical sclence is constantly assuming ever=
greater importance in the world of today, High-School math-
ematics, forming as 1t does, a.basis for future work in this
field, warrants careful consideration. |

3o Over the past few years, there has been considerable
eriticism of the fact that so many permit holders are engaged
in the Province, It should therefore be of interest %o
compare the degrees of success achieved by these and fully=
gualified teachers; as well as to aséertain the types of
guestions which appear tokbe answered more=or-less equally
successfully by pupils taught by either group.

4, It is believed that the aecompanying classifi-
cation of the 1956 examination questions according to marks

scored will serve a useful purpose in the setting of future

Sarticle in The Winnipeg Tribune, July 18, 1957




examination paperén This breakdown, supplemented by an
analysis of the teét problens with a view to determining
the proportions of marks awarded for mathematical under-
standing rather than memory, way be of interest to Grade XI

mathematlies beachers,

Timitations of the study (4.) Since 32% of the

better MA" students and 18% of the "BY did not write De=
partmental examinations, inferences cannot be drawn as to
the relative mathematical achievement of the better half of
the students, However, it is interesting to note that the

medians for the entire sSawuple were as follows:

Median wptt ittt ft gt
Total scores 61 58 51
Algebra 235 27 26
Geoumetry 29 on 21%

(Be) Differences in achieVemént cannot be enbirely
attributed to quality of teaching as similar clrcumstances
do not prevall in the selection of those who take algsebra
and geometry in Grade XI; €.Z.

1 In large high schools not all students are re-
quired tq take the course reguiring algebra and
geometry,

2 In rural Manitoba the school leaving age 1is four=

m

o e e L3 () o
teen years and in Winnipeg City, sixbeen,

6School sttendancs Aed




3 Permit Teachers in the main go to the poorest
(poorest_in more ways than one} of the high
schools,

(G) The number of figures,used to find averages

which were compared,were not always egual.

Qrganization of the thesis Chapter II is concerned

with the representativeness of the original sample papers;
as well as a discussion of the validity of the scores made
on the papers finally selected as representative of the
lower-half of the range of mathematical ability in each
entire group of Grade XI students, The total scores for the
algebra'and/or geowetry sections, will be discussed in Chapter
III, Chapter IV will cover the division of the 1956 test
questions under three main headingsg

8, those similar to problems on the June 1955

examinations

b. those worked out in detail in the texts,

c., those appearing to reqguire original thoughte
For each guestion in these three classifications, Chapte: v
will present comparisons of results achieved by "a", "B¥%, and
Mo® gcholars; and, using scores of the best and poorest groups,
comparisons will be made as to the discriminative power of each
section and cuestion. For each and all three groups guestions

and question types will be ranked and compared, as to rank



difficulty. In the final cheapter, conclusions wlll be
drawn as to the relative sueccess achieved by the three
groups of pupils and as to the comparative difflculty
and discriminative powers of the various questions and

question types,



CHAPTER II

SAMPLING

Introduction Samples of Grade HI 1956 Mathemaetics

answer=booklets, selected by the Department of Education
as representative of the three groups described in Chapter I,
were made available to the Faculty of Education, This Chapter
is concerned withe
le relliabllity of the sampling as typical of the
entire population
2. c¢hoice of papers représentative of the lower=
half of mathematical achievement for sach entire

group of Grade XI pupils

Reliability of original samples Information fure

nished with the papers indicated the number of examinations
written by each of the three groups was: “A", 750; Wpt, 7503
and W%, 130, It will be noted that there 1ls a slight dis-
erepancy between the foregoilng A" figure and that quoted

in “The Failure Study for School Distriet Number One® as
indicated in Table XVII, Appendix B, This difference of two,
however, will have only a negligible effect on statistics
derived for this investigation, The samples cqnsisted of
103, or 13.8% of total “A"™ papers written; 103, or 12.7%

of total ¥B¥; and 51, or 39.2% of total ®(H,



Inasmich as papers of almost two=fifths of all "¢®
Grade XI students, as oppossd to about 14% of WA and "B¥,
were included in the sampling; "C" results are likely %o be
the .most represeantative of the three groups..

The ®innipeg School Board reported that 116, or 15.5%
of the 748 Winnipeg City students writing, failed in Grade XI
mathematicsg -In the "4t sample, 16 ( or 15.5%) of the papers
bore a grading lower than the pass-mark, The equality in
percentages failing for the entire “A" population and "A"
sample, led the investigator to conclude that a falrly-well
balanced cholee of sample=-papers had been made,

No comparable "B" group failure figures were avalle
sble, However, since the proportions of total "A" and "B"
papers supplied had been so nearly equal, and tle same
selsction principles had applied, we should expect the
scores for sammple "B" to be as reliable as those for “A",

Becausse the "A® and "B™ samples each represent 14%
of total papers written, it should be possible %o combine
these results and obtain equally=reliable scores for pupils

taught by qualified teachers throughout the Provinee,

Pinal samples chosen 1In vliew of the faet that
different proportions of the better students in groups %A

and "B" were exempt from final examinations because of

1See Appendix A ,
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superior term marks, it would have been unfair to compare
results of even all June "4A%, "B", and “C" papers. Only
67.9% of “A" pupils wrote Departmental Examinations; 81,.2%
of Wp¥: and 100% of "%, Samples of the papers from the

lower 50% of all pupils in Grade XI were selscted. Table I

shows that' QQ 9‘ or 76 papers, of "A" sample were chosenj

O e s
20 63 NBs and 50%, or 26, of WCU ther: word
8l.2, °F s OF and 50%, or 26, of “c", In other:words

the best 27 "A" papers were rejected; the best 40 "B" papers;

and the best 25 ¥Q* papers,

TABLE I
DERIVATION OF FINAL NUMBER OF PAPERS SELECTED

% % Original Final Sample of Tower Half

of of Sample Fraction of
Students Students Original
Exempted  Writing Number Sample Number
. | ~ s

wpt 32,1% 67 9% 103 7.0 76
WBY 18,84 81.2% 105 — % 65
ngt 0 - 100% 51 50 26
¢ % , 100

Exemptions All ®A", and some ¥B¥®, schools are aeccred-

ited if, among other qualificatlionss=
1l Each teacher has:

(a) a eollegiate certificate



1l
(b) two years successful teaching experience,
(¢) two years university training in the subjects
taught.
2. The pupil exempted has:
(a) attendsd regularly throughout the school year,
(b) a complete standing in Grade X,
(¢) no Grade XI subject-average lower than 50%,
(d) an average of 67% or better on the full
Grade XI General Course,?
In 1956, there were 354 Winnipeg City students pro=
moted without having written June examinationsa3 Through
an analysis of Christmas, Easter, and June marks in a certain
" school (to be designated as School I), evidence will be
presented attempting to prove that 1f “A"™ exempted pupils had
writtens
l. probably none would have failed
2, the few who might have scored in the lower=
half of the range of marks would not have
.decreased to any extent the marks of the lower range.
Through the co=-operation of the Principal and a mathe-
matics teacher in School I, the marks awarded its 1956 Grade XI

students were made available for this report,

Provramme of Studles for the Schools of Manltoba
Senior ngh Schools 1958 = 9 (Winaneg, 1958) b PPe 174 =175,

3
Seec Appendix Be
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Becauss School I had a failure rate 1.6% above the City
average of 10.5% and a reglstration of 24,7% of the Grade XI
students in School District Number One (See Figure 1, page 13)
it was thought that its average marks would not be higher than
those for the entire District.

Compositse scores ( computed as 40% of the Christmas
and 60% of thie Easter marks) were available for 177 pupils
eligible for accrediting except on the basis of composite
scores, and for whom there were both composite and June marks,
Table II indicates that marks earned by the 177 were on the
average 9.4% lower on the School tests? than on the Depart-
mental Examinations., (Could these lower term marks have been
due to more difficult School tests, more severe marking or less

opportunity for review?y)

TABLE II
JUNE AND COMPOSITE (XMAS AND EASTER) SCORES FOR SCHOOL 1

No. AVERAGE

of = June Cor= June
Pu- ) POS= =
pils % it Conl=
% posite

Exempted pupils who did not ‘

write in June 69 719

Exempted pupils who wrote

in June 11 879 84,4 3eH

Pupils qualified for exemptlons '

except on composite scores 177 5963 49,9 o4

4 gsee Appendix C
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In Sehool I puplls' marks on the average went up in
June. However, in his study Professor Germain states:
"The number of such students® has been added to
obtain the “N® on which the failure rate is
based, This obviously tends to make the record
of these schools look better, Sinece some of these
students would almost certainly fail one or more
examinations,.®
The evidence at hand would lead one to believe that had School
I exémpted students written the June 1956 Mathematies examin-
ation, practically none would have falled, Of 177 students
gualified for exemptions, except on the basis of marks, only
one who passed on the composite score (55%) failed in June
(41%)e She was a special case a Buropean displaced by the
Russians, who had suffered great emotional strain, This
student had entered Grade X immédiately after emigrating from
Germany, and while writing the Departmental tests, was pre=-
paring to move to New Jersey. This girl had:=-
(a) a failing composite mark in social studies
(b) an average composite score on all subjects of 58%
(¢) a composite score in mathematics of 55%

(d) a June mathematics score of 41% ,

53’.38° exempted students

6Germain, OP. Cit., PelRe
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The record for the 69 exempted students would likely be
even better, for they had:=-

(a) no failing composite score

(b) an average composite mark on all subjects

of 67% or more

(c) an average composite mark in mathematics of 71.9% .
As far as School I is concerned, there would seem to be little
likelihood that an exempted student would have failed in the
June 1956 mathematics test. Becauss this school, which reg-
istered about one guarter of all "A" students, had a failure
rate above the “AY average, we should not expect the failure
rate in the other three-quarters of the “AY population to be
any higher,

Now as to the possibility that had all pupils written
in June, the medlan score for all (or top score for the lower
half of the students) would have been lowered to any appreci-
able extent., The lowest composite mark for exempted students
(55%) was made by three individuals, Again assuming an ine
erease of 9.4%, these three would have fitted in the top
guartile of the lower half (Qé for "A" students equals 63% )
Including these three, there was a total of twelve pupils with
composite scores of 61% or less who, even with the average
increase of 9.4%, wmight not have reached the entire "A¥

population assumed-median score of 71%. These twelve had

#See Table III pageld.
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an average mark of 58,.5%. If the expected increase of 9.4%
is added to this figure their June mark could have averaged
67 .9%

It should be emphasizsd here that this 9.,4% increase was
sestablished by non-exempted students. Inas-much as exemptecs
are the better students, one could reasonably assume that the
differential between their June and composite results would
have been somewhat better than 9.4%; that is, an expected
June mark in excess of 6709%3 The third quartile for the
lower half is 63%. We should therefore expect that exempted
students would have belonged in at least the upper quartile
of the lower groupe.

The final sample papers of "A"™ students constituted
6,9% of all “aA¥ Grade %I's’, This would meen thet .528
{062 x 12) of a pupil'ffom School I woulélbe inecluded Iin the
seuple of the lower half of "A¥ students. Because School I

registered 24.,7% of all ¥4" scholsrs there could be expected
1

to be Bed (;gga-x ,828) exempted students included in the ®a
sampl&!a

If one considers thet some of the twelve School I
exempted students with composite marks below 62% might have
had a June mark of 71% or more and that School I had an

above average fallure rate; there probably would have been

7See Appendix E page 92,
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fewer than & such people in the A" sample of the lower half,
Including in the final A" sample of 76, three or fewer
students with an expected average score of 67.9% - plus,
woull not have affected, to any great extent, the marks of
the lower=half (which ranged frowm 21% to 71% and averaged

b
55%) o

Conclusion The papers selected for “AY and ¥(® groups

as semples of puplls in the lower-half of the scoring range
should be expected to yileld quite relisble results,

Since term scores for "BY students were not availstle,
it was impossible to produce evidence showing that the June
scores o exempted ¥B¥ students would not have @screased the
marks for the ssumple of the lower-half of the pupils in this
group, However, ascuming that the "B* scores would have been
lowered, the difference between “A' and "B" ratings would then
have been greater; and between "B" and “(¢%, smaller, In any
case, valid couparisons for the lower-half of all students

could still be made at some of the percentiles below 100,

bSee Tables IIT and XX,



UHAPTER I1IX

COMPARISONS OF SCORES

Introduetion The purpcose of this chapter 1s to

present a nuwber of representatlve comparisons of the marks
for the three groups of Grade XI mathematics students in

algebra, geometry and total June scorest

The following
scores will be found and compared: the means and percentiles
100, 75, 50, andé 25, The 100th percentiles of the three
lower groups can be consi@ered the medians of all Grade XI

PU.pilS - f&‘AlI’ ﬂBﬂ and S!CL§°

Comperison of total scores Table III, page 19, gives

comparisons made between the means and five percentiles in
total scores. In each czse, the order of merit was “A%, "B¥,
Wk, Pigure 2 on page 20, shows graphically that, on the
whole, the differences between "B and "C" were greater than
thos ¢ between "a® and "B%, However, the differentials at
the 100th pereentiles of the lower half (medisn for entire
populations) were the sameé in both instances, while at the
tenth percentiles the differential between WA and "BY was
29 more then between "B¥ and “C%,

The failure-rate of the final ssuple as shoﬁn in

Table IV page 21, indicates that the ¥A" rate was slightly

1ﬁppendixes D, E, and F tabulate algebra, geouwetry
and total June scores for "AY, "B¥, and "C% studenta.
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TABIE IIX
COMPARISON OF TOTAL MATHEMATICS SCORES FOR PUPILS OF THREE

* GROUPS
Percoent=
ile A B c A=B B=G
10th 35 26 19 9 i
25th 50 38 25 12 13
50th 57 50 33 7 17
75th 63 55 40 8 15
100th 71, 61 51 10 10

.

Mean 54,7 44,8 888 9.9 11.5
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less than half that for ¥B¥; and the ¥B" rate slightly wmore

than half that for %g¥,

TABLE IV
FATIURES IN SAMPLES OF LOWER HALF CF THREE GROUPS OF PUPILS

A B c
Number of Pupils in Sample 76 83 26
Number of Failures 16 28 22
Number of Failures as % of ' ‘ '
Sample Puplls 2le.1% 44 4% 84.6%

Cowparison of algebra scorss Table V on page 22 for

algebra, as in the case of Table III, page 19, for total
scores, shows the same ¥a¥%, YB¥ *o" panking, In particular,
at the 75th and 100th percentiles, there were decldedly
greater differences between "BY and "G", than between A"
and ¥B%, An examination of Figure 3, page 23, reveals that
the 50th percentile for “A" is the ssme as that for "BYs |
75th percentile, and the 50th percentile for “BY exceeds the

75th percentile for “C" by 1.

Comparison of geometry scores Table VI, page 24,

shows an "aY, "BY, ®c¢", pank order for geometry scores, as
‘was the case for algebra, Figure 3, page 23, indicates

that, in geometry, the differences between ®A"™ and ¥B¥,
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T4BLE V

COMPARISON OF ALGEBRA SCORES FOR PUPILS OF THREE GROURS

Percentile

A B c A=B B=(
10th 17 12 7 g 5
25th 24 18 13 6 5
50th 31 25 19 6 6
75th 35 31 24 4 7
100th 42 40 33 2 7

DD e T o B B
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TABLE VI

COMPARISON OF GEOMETRY SCORES FOR PUPILS OF THREE GROUPS

Percentile A B ¢ A=B B=C
10th 16 11 6 5 5
25th 21 15 1c 6 5
50th 26 22 15 4 7
75%th 22 27 21 5 6
100th 41 55} 28 8 5

i e ot s

Mean 26,0 20.5 15,1

[@3}

@

o
[9)]

]

th




on the whole, equsl those between “BY and "¢o%, The assumed
‘median scores for the entire populations showed a Jif

tiel of 8% between “A" and "BY, end 5% between “BW and "c%,

Comparison of algebra and geometry scores Fhen come=

(‘)
(——I—

parisons were made of the means and five per iles for

o
L

algebra and geometry, 1t was found that, without exception,
the geoumetry scores were lower than those for algebra. The
data presented in Table VII, pasge 26, show that in each

group the differences between algebra and geomelry scores

were 1% at the 10th percentiles and 3% at the 25th percent-
iles. The hundredth percentiles of the lower-half of the

students, or median for the entire groups of Grade XI

studsnts, showed a differentizl for group A" of 1%; for “B"
7%y and for %C", 5%. As judged by examination results, the

middle student in the entire "A" group seemed to have mastered

th
¢ it

geometry alumost as well as algebra, whereas"B" and middle

3 .

pupils found geometry wmore difficult than algebra,.

P
An examination of PFigure 4, page 27, the scatter dia=-

gram for algebra and geometry scores, shows that 7 "We" studente

(27%) wers wmore than two intervals of five per cent lower in

geometry; 11 WBY (17%); and 14 A" (18%), In geowetry, 10%

vigher marks than any in the "B" and "¢

,34

of "WaA" students had

groups, as compared to 3% in algebra,(see TableVIII, page 28 ),
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PERCENTAGES OF PUPILS

TABLE VIIT

SCORING INTERVALS

IN ATGEBRA AND GEONETRY

28

EXAM 4 I ¢ E B R _A G B O M E T R Y
MARES 5 B c TOTAL, A B C TOTAL
0-5 O Ze2 7 2 o4 13 4,8 7.7 26
6=10 2.6 4.8 115 4,8 1.3 4.8 23,1 6.1
11-15 2,9 6,3 15,4 6.7 5.3 15,9 25,17 12,1
16-20 9.2 1l.1 23,17 12,1 14.5 17.5  23.1 17
21-25 13,2  21.7%F 23,1  21.8 25  22.8%% 19.2 23,6
26=30 19,72 17.5 15.4 18,2 22.2%28.6 5.8 21,8
51-35 52,97 20.6 .8 23,6 19,7 4.8 10,9
36=40 15,8 4.8 9.1 9.2 4,2
41-45 2.6 1.2 1.3 o6
46=50

ZInterval for mean

#Interval for median

A B C Total

Algebra more than two intervals
of five higher than geometry 184 1765 26,9 19.4
Geometry more than two intervals
of five higher than algebra 769 468 77 6.7



29

Conclusion Table IV on page 21 shows that Grade XI

students in Winnipeg City Schoolsg had half the failure rate
of those taught by qualified teachers outside School District
Number One, and one dquarter of those trained by Permit Teachers,
fhatever led to the consistently superior methematical achieve=
ment of "A® students apparently had a greater effect on géomefry
than algebra. The facts brought out in this chapter led the
writer to wonder whether the superior “A" results were due

to one or more of the following reasons:

1. ™A% teachers having had more experience

2e more professional stimulation in large Winnipeg
High Schools than those smaller institutlions
found outside Winnipeg City

2., the City's choice of better teachers

4, larger schools having teachers who give in-
gtruction only in mathematilcs.

5, Because in Winnipeg City there are more technical
vocational and /or high school leaving courses
avallable, YA" students who elect or are permitted
to take the general course may be a more select
group than "BY,

Purthermore, in every comparison, *C" scores were lower

than ¥BY, Could this fact be accounted for as follows:

1. inferior professionsl and/or academic

training of the unqualified teachers
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30
permlt holders having, on the average, more
subjects to prepare
o' pupils who are limited in their choice of
Grade XI courses beling a less selected group than
"B" students who elect to take the General Course

poorer schools having wmore Permit Teachers?



CHAPTER IV
ITEMS ON 19856 TESTL

INTRODUCTION
"Students of mathematics agree that power, ingen=
vity, resourcefulness in problem-solving is a
major objectlve of instruction. They interpret
problem-solving as finding, by reasoning, a sate
isfactory response to a situation which is novel,
for which there is no available recalled response',
According to this definition,; questions similar to thosse asked
for June 1955, or worked out in detall in the texts, might not
test the problem=solving ability of those puplls who depended
chiefly on theilr memory,.
This chapter will be conterned with grouping the June
1656 test dtems under the following headings:
le questions similar to those for June 19555

(a) of equal, or less, difficulty

(b) with one added difficulty

lJuﬁe 1856 test 1s in Appendix G,

2Jo.hn R. Clark and Howard F, Fehr "TLearning Theory and
the Improvement of Instruction = A Balanced Progrem", The
Isarning of Mathematics Its Theory and Practice, TwentyFir st
Yearbook of the Natlonal Council of Teachers of Mathemati s,
Chap ter II (Washington, D, Ce.y 1953), pe34l,

@]

See Appendix H for 1955 examination,



2, questions for which there is a full
explanation in the texts
%, Voriginal! questionss=-
(a) those for which one blank is left for
the answers
(1) a number required

rec

}_h

(2) a reason requ
(b) those for which more than one line

is reguired,

1. JUNE 1956 TEST ITEMS
STMILAR TO THOSE FOR 19558

According to authoritlke s,

%7t has (also) been found upon znalysils that
on the avsrage, pupils do wellon material
that has appearved in a number of previous
exsminstions, although i1t was not included
in the course of study; and that they do
poorly with material listed in the course o
study, but not included in previous testale”

At the Manitoba Text Book Bureau, the only examination

4“Evaluation of the Progress of Puplls", The Place of
Mathemsatics in Secondary Education, The Final Report of The
Joint Commisslion of the Mathematical Assoclation of America
and The National Council of Teachers of Mathematlces, The
National Council of Teachers of Mathematics Fifteenth Year
book, Chapter IX (New York Bureau of Publications Tesaschers
College, Columbila Universlty, 1940}, D. 168,




avallable prior to 1956 was that for June 1955, Since the
test for the previous year is usually the most readily availe
able for reference, questions similar to those for June 1955

will be considered solvable by imitation,

June 1956 algebra guestions similar to those for June

1956, and of equal, or less, difficulty The following guestions
would be familar to students who could accurately recall the

mechanical manipulations required for the June 1956 test:

R i

Question \ Ques=
No, and tion

Value June 19568 Test Item Nos June 1955 Test Item

= v

la (1) How much greater is 7a+4. la Sutlract 8 = 4b <+ 5 from
3b = 4c than 3a = 2b +$ 38 = b - 1
8¢ %

1b (1) Evaluate: a° = 2% 41 1d IfX = 3 and y = 4, find
when a B2 the numerical value of
8-2 (5x2 - y2)

le (1) Ségplifgml 5b Simplify and express with
X7 e ox positive indices:
o+l N
Tgﬁm) n; 1 e ( 21’1-; 1‘5'?1"" 1
14 (1) What value of k will le et _number must be added
meke X2 = 5% $ k a to X = 3% to make it a
perfect square trinomial? perfect square trinomial?
le (1)A/8 4 A3E - a8 Simpliry§/F - /B)°
Ga
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Question Ques= ==
No, and tion
Value June 1956 Test Item No, June 1955 Test Item
Salve for Xs
bx e 4a X n X
lf(l)}(."‘ X ’IE+ - -ﬁ-}m
e (4) 2. .1 .o W dhole quantitiss “M*™ and “n%
Xed  Xe=Z in question 4a for 1955, re=
Questions 4c¢ for 1956 gulre procedurss similar to
and 4b for 1955 required that for "2% in question 4e¢
the use of the quadratic for 1956
foraula, Question 4c¢c for 4D
1956 and 5 for 1955 had 0 22 - ax v
1% in nuwerator of 3 Simplify o o

fraction questions

+4

x24 Bxy

Simplify (and express with positive indices$§

-2 = - Ll
= =2
5b (2) 4x0 4 (28)° wn .

1o ( -2% yz} i
Solve graphically
8 (4) x2 - 686X 4 8 =0 8a %% w 4% Z 0

June 1956 algebra guestionsg similar to those for June

1955 but with one added difficulty For students who depend on

memorizing mathematical rules without understanding, a small
change in a question (such as substitution of a fraction or a
surd for a whole quantity, or a binomial expression for a

monomial one) can make the solution more difficult to perform



_through mewmorized mechanical manipulations, On the

following page, four questions (together with added diffi-

culties) are listed along with similar 1955 questions,

June

with

II

June 1956 geowetry gquestions similar to those for June

No June 1956 geometry question wgs much like any for
1955, However, four questions had something in common
those for the previous year,

Questions Involving the Use of Formula A 2 % b,=2

(A) Question 1b for 1956 (value 2)
ABCD is a rectangle with an
area of 36 sguare units A M B
DF = 6 units ZEm
FC 8 & units
(a) BC =
(b) Area of Z& DM =

8 B 5
(B) Question 10 (first in geometry section for 1955)
ABCD is a rectangle A 6 B
/_ B = 45° ,
AB 2 6 units 7
AD = 4 units I &
£ i e Z
Area of figure ABCE = E ) o

Questions Involving the Dimensions of Similar Triangles

(4) Question 3b for 1956 (value 2) ,

DE// BC

AD = 3 units
DB = 2 units
AR = 4 units
DE & 5 units
(b) BC =

(B) Question 12 ( 3rd in geometry section for 1955)
1=/ 2
AC #s perpendicular to BD

BC = 3 units
CD = 4 units
CE 8 5 units

AE

Hi
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III Questions Requiring the Reason: "Tangent chord angle
equalé the angle in the alternate segment

(A) Question 5¢ for 1956 (value 1)

(B) @Question 14 (5th in geometry section for 1955)
required the use of this reason as part of a
proofe

IV  Proportion Questions

(A) Question 9 for 1958 (value 7) was a proportion
one requiring:

(1) the construction of a diagram from the
given description

(2) the proofs and proportions for two pailrs
of similar triangles

(3) the use of the substitution and equallty
axioms in the sets of proportions for (2)2

(B) @Question 13 in geometry section for 1955 re-
guired :
(1) the proof and proportions of only onse palr
of similer triangles

(¢} Questions 18 (9th in geometry section for 1955)
reguired:
(1) the construction of é diagram from a given
description
(2) the proof md proportion for one pair of
similar triangles
(3) the use of the substitution axiom for radii

Conclusion It would seem that, while some of the same

principles were involved in the geometry sections of both tests,
the dlagrams and applications of these principles varied suffic-
iently to meke the questions difficult to solve for pupils depend=

ing chiefly on imitation of the solutions required for June 1955,

In the algebra portion of the June 1956 test, there were

more questions solvable by imitating those for June 1955,

& Steps nused in 100 per cent student answer booklet
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(1) Ten questions (worth nineteen marks) were very
simllar to those on the 1855 test, and of gqual,
or less, difficulty.

(2) Pour questions (worth twelve marks) were similar
to 1955 items, but each had one added difficulty,
namelys

(a) fraction for whols quantity

(b) binomial numerator for monomial

(c) unorganized arrangement of terms for
descending order,

Ten of the similar questions on the examinations for

1955 and 1956 came iﬁ approximately the same position on

both tests,

2o QUESTIONS FUILY EXPLAINED IN THE TEXTS

In the Algebra Text5, some exsamples are worked out
in detall, together with checking methods. Propositions are
fully explained in the Geouetry text®, Solutions for such
items used as examination questions therefore could not
always be consildered the product of original thought on the

part of the pupil,

5 panisl #e Snader, Algebra Meaning and Mastery (Toronto:
John C. #Winston.Co., 1954,)

® w. 3. Oliver and P. F. Winters, A First Course in
Plane Geometry (Regina: School Aids and Text Book Publishing Co.
Ttd., 1954) '




For the simultaneous fractional equations used in -
guestion 4b (value 4}, a full page in the text' is used to
demonstrate the method and check for this identical question.
Rote~learning could help provide the responses to two geometry
propositions reguired for questions 6a and 6b (worth 12 marks),.

There are also two algebra questions similar to those
explained in the text except for a change of sign and/or number,
Question 2a: = "Factor fully: ax = by 4 ay = bx", was worth two

8

marks. In the text, almost a full page™ is devoted to methods

and a check for, "Factor ax + by - bx - ay",
~ Problem 9b (worth 4 wmarks) is:
A man travelled 15 miles at a constant rate,
If he had travelled 2 miles per hour faster,
he would have gone the same distance in two
hours less time, What was his original rate
of travels®
The distance, rate, and time formula is discussed on pages 13,
30 and 98, On page 143, expressions are written in symbols,
together with & given Figure for Wah, Wgh, Wah, WpW gng Mgt

In the text, is an exampleg regquiring the use of the same

formula as that for 9b. Two methods and 2 check are denone

rZSnacier-, OPe Ciltey, P. 2736

®via., p. 212,

QIbida, D280 = p, 282,
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strated for this text question which reads as follows:

i certain train has a scheduled run: of 100
miles between two cities, If the average rate
of travel were decreased ten miles per hour, the
run would take one half hour longer., Find the
average rate of travel.™

There are a few minor differences betwesn the text and test:

D

=L 2z B1 Rg T, g
Text 100 100 R R = 10 T T 4 A
Test 15 15 R R 4+ 2 T T - 2

t

The text question had larger numbérs and an added fraction

difficulty.

Conclusion For examination questions identical %o

examples explained in deteall in the text, four merks were
given for algebra, and twelve for geometry., Two algebra
guestions (worth six marks) were similar to text sexamples
(for which detailed explanations had been given), other than

for changed nuwmbers and /for signs,

& ORIGINAR QUESTIOCHS
For a geed student who had carefully reviewed the
previous June test and examples dewonstrated in the texts,
the foregoing guestlons would havée been comparatively easy.
The writer therefore, interpreted an 'originall
problem as one for which Bhere was no parallsl on the June
1955 examination, nor a.detailed expianatory example in the
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"The most velusble achievement in mathematics
lesrning is thorough understanding as deuwe
censtreted in adaptation and applicetion at
the point of need for use, This is therefor
the most appropriste behaviour to eveluste®ll

One realizes of course that teachers are not limited to &x=

planations of examples from the texts and previous June exaii-

fde

netion, Good teachers provide wider experlence. For their
students so called 'original'! questions mey not be enbtirely

new, HNevertheless the investigator believed that 'orignal!
problems as defined were more likely to evaluste this behaviour
than those 'solveble by imitation'. However; for solutions

of 'original®' guestions requiring az straight-forwerd one-lined
answer, one could not wmlways be certain whether the response

vas a guess, the result of memorizations, or evidence of genulne
understanding. It would seem thet, the more statements required
in a coherent loglcal sequence; the less guesswork was likely

to be resorted to in arriving at the correct solution, \.ccorde
ingly, ‘original' guestions will be sortéd into categories
according to the length of answer required; 1l.8.:=

oo

(a) involving only the filling in of e blank space

with as
(1) number

() reason for a given stbatement

10honovan Johnson and E. G, Trimble “Evaluation of
Mathematical Meanings and Understandings®. Emerging Practices
in Mathematics Education Twenty=Second Yearbook of the National
Eouncil of Teachers of Mathematics, (New York City: Bureau of
Publicstions Teachers Colkge Coluwbus, 1984), p. 343,
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(b) inveolving more than one written statement.

(a) Answers recuiring the filling in of a blank spsace

v

Geonietry questions la, 1b, 2, 3a, and 3b each called for an
enswer in the form of a number. With the exception of question
2, these questions required the recollection of formulae or
rules and thelr application to solve srithumetic oguestions in-
volving multiplication or division by a one=diglt number,
Geometry questlons 5a to 5f gave one mark for each

reason suppllied for a given statement,

(b) Original guestions recuiring more than one written

-statemﬁnt In the algebra portion, there were three 'originall
guestions requiring more than one line of explanation:

(i) 2c (value 3 marks) - a factoring question, the

answer to which comprised three binomilals,

(ii) 4a (value 3 marks) = an eguation with one unknown,
and inclvding three binomisl expre#sions, each of
which had an arithmetic-frasction fasctor.

(1ii) 9a (valve 3 marks) = a problem qguoting the area of
& triengle and asking for its altitude,

The geometry section, on the other hand, had one more
Yoriginal' question than the algebra (of the type recuiring at
least two written statements). These were:

(i) 4 (valve 5 marks) = concerning sreas of over=

lapping triangles and parallelograms.
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(i1) 7 (valuve 5 marks) - = coﬁstruction question
necessitating description, but not proof
(11i1) 8 (value 6 marks) = calling for proof of equality
of two intersecting chords whose angle of inter=
section was bisected by a diameter,
(iv) 9 (value 7 marks) = a proportion-question
olving two sets of similar triangles and

use of the equality axiom,

Conclusion According to the classifications for

Voriginal' questions, the number of items and values assigned
for Yoriginal' questions were as follows:=
(a) gquestions involving only the filling of a blank
spacevwith a
(1) number = 5 geomstry questions, worth
9 marks
(2) reason for a given statement - 6 geometry
guestions; worth 6 marks
(b) questions involving more than one statement
(1) 4 geometry gquestions, worth 23 marks
(2) & algebra gquestlons, worth 9 marks,
Although an original question was more likely to produce
evidence of understanding; for the blank-filling answers, it
was not always possible to be sure whether the response was

a guess, the result of memorization, or evidence of genuine
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understanding., WNeverthelessg 1t would seem that the geometry
section was more likely to test genuline methematical under=

standing than the algebra.
CONCLUS ION

Table IX, on page 45, gives a summary of the numbef
of guestions of sach type in the algebra and geometry sections
and the marks assigned to each type.

In the algebra portion of the 1956 examination, 31
marks out of a possible 50 were awarded for questions similar
to those c¢f the 1985 test. Of the 31 marks, 19 were assigned
for cuestions of equal or less difficulty than those of the
previouns year; énd the remsining 12, for gquestions involving
one added difficulty. In the algebra section for both years,
a tendency to have the similar questions in the same order
was noted, For three algebra questions, worth 10 marks, de=-
tailed explanations and checks had been given in the text,

In one case, the text and test questions were identical:
in enother, the test question was easler; and the third,
differed only as to signse.

Both thé 1955 and 1956 geometry papers carried problems
necessitating the employment of the same principles, but their
applications varied in both tests. For a pupll depending
chlefly on a good memory, propositions in questions 6a and

6b (worth 12 marks) would be easier than those of equal



TABLE IX

VATUES FOR EACH QUESTION TYPE

45

ALGEBRA

GEOMETRY

NATURE OF QUESTIONS Total No. Total Noe
Questions Value Questions Value
Similar to June 1956
(a) of egqual ox
less difficulty 10 19
(b) with one added
gifficulty 4 12
Fully Explained in Text 3 10 2 12
Total Solvable by
Tmitation 17 41 2 12
Original
Blank left for
(2) number 5 2]
{b) reason 6 6
More thaﬁ one line
reguired 3 o 4 23
Total Original 3 ] 15 8




difficulty, but requiring originsl logicsl reasoning. In
geometlry, nine merks were given for 'original' gquestions
entailing the Insertion in blanks of numbers; six, for filling
in blenks with reasons.

On the whole, the algebra gquestions were much easier
to do by imitetion than the geometry, Two-znd-a-half times
as many marks were given in the geometry as in the algebra
section for 'original' problems requiring seversl written

statements,



CHAPTER V

CONMPARISON OF THE RESULTS ACHIEVED BY GROUPS
RaW,  WBW g Wot O INDIVIDUAL
EXAMINATION QUESTIONS
AND QUESTION TYPES

INTRODUCTION

In this chepter, questions as classified in Chapter Iv,
will be assessed according to the average percentages of marks
made by puplls in each group. Using scores of the groups with
the highest and lowest marks, comparisons will be made as to
the discriminative power of each sectlon, question, and question

typee
EXANWINATION QUESTIONS SIMILAR TO THOSE FOR 1955

Questions similar to those for 1955 and of equal or

less difficulty Figure 5, on page 48, shows the average

marks in percentages of three groups of students on ten Junse
1656 algebra questions, which were simlilaer to those of June
1958, and of equal or less difficulty. In seven cases ths

bar graphs diminished from “A" to “B" to “"C“, However, for
three questions (1lb, le and 1f), each worth one mark, "BW, "a¥,

%o was the order.

Questions similar to those for 1955 with one added

—

difficulty Figure 5 also shows the results of comparisons

made for four June 1956 Algebra guestlons which were similar
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to those for June 1955, but with one added difficulty., In
all comparisons an “A", "B®, “¢" order resulted,

It would seem that the added difficulty helps to

differentiate between pupils at different scoring levels,
EXAMINATION QUESTIONS FULLY EXPLAINED IN THE TEXTS

Figure 6, page 50, shows grgphically the comparisons
made for three questions identical to those fully explained
in the texts, and for two algebra questions ldentical, except
for changed sign and/or number, to examples explained in the
text., On both propositions (questions No, 62 and b) and the
factoring question (No. 2a) the pupils ranked "AM, ®B" and
Mo, Tor the simultaneous fractional equations (question 4b,
identical to text example), WaAlN, ®*¢%, “B¥ was the order of

merit; and "BH, ®AW, ¥c"® for the motion problem (No., 9b)e
ORIGINAL QUESTIONS

Questions requiring filling in blanks correctly

Figure 7, page 51, "Average Marks in Percentages of Three
Groups of Pupils for Filling in Blanks Correctly for 'Qriginall
Geometry Questions® indicates that the bar graphs diminished
from A" to ¥BY to WC" for each of the eleven questions ine

volvede

Questions requiring more than one written statement

Figure 8, page 52, concerning original questions involving



# No., of Steps Taken by Isbister Scholarship
Candidate with a 100% Mark
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more than one written statement shows that invariably all
groups had less success with the g eometry than the algebra
items of this type,

For algebra guestions 2¢ and 4a the order was the
usual ®A", "BY, "oM, However, the arez problem 9a was an
exceptlon to the rule, for "B® had an average mark of 1,9%
higher than "A", The writer wondered whether this léne
exception to the order found for original proofs might have
had any connection with the faet that children are tavght
from Grade VI up to find the area of trianglessl

In Figure 8, page 52, one also notes the usual "a%, "BY,
He% order for thegeometry questions, except for construction
guestion 7 (which reguired a description and no proof) on

which, on the average, "C" pupils gobt 5.2% more than "B¥,

Conclusion for 'original' gquestions For original

questlons requliring more than one statement there wers two
exceptions to the A", “BY, Yo" order 3= one, the algebra
problém on area; the other, the geometry construction questicn
for which no proof was required,

For the three groups of pupils, all original geometry
guestions requlring several statements were harder than any
of that type for algebra. For “A" and "B¥ pupils the blanke

filling geometry questions were the easiest of any original

1 Guy T. Buswell et al Living Arithmetic Grade Six
(Toprontos Ginn and Co., 1951) p. 256,
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s

geometry ones, On only two blank-filling items were YAY% ang
¥B¥ scores inferior to those for some original algebra
questions. They were geouweltry questlon 3b (on proportion of
triangles) and gecmetry 5f (which asked for only one reason
but required more)., Group "C" in addition to these two
exceptions, had lower scores for Geometry No, B¢, 5d and 5e,

-

then for some original =2lgebra questions,

s

on for all types Table X, on page 55, is a

o

Conclus

¥

summarization of results of comparisons made between the three

groups as to percentages of marks received.

=
G
Fy

The orde

L]

merit was usually; first, "A"; szecond, “B"
and last ®C¢", This held for 30 of the 37 gquestions, In the

20 algebra guestions there were 6 exceptlons to the sequence,
However, when the 17 geometry items were considered, there was
only oneé exception:~ construction problem (no proof required),
Only 2 of the 7 exceptions occurred in the 18 original aquestions,
On 5 of the questions "B" did better than "A®; but only on 2
items did "¢" excel "“BY,

On the whole 1t would seem that geometry rather than
algebra, and ‘original' questions rather than those 'solvable
by imitation', were able to differentiate between groups of
varying achievement. The 37 questions without exception, were
able to discriminate between the highest scoring ("AY) group

and lowest scoring ("C"); in all but 2 questions, between the



TABZE X

SUMMARY OF COMPARISONS OF RESULTS ON QUESTICN TYPES
FOR THREE GROUPS

i

IBER
NB?B”P ANK ORDER

QUESTIONS ®ASBYCY  “BYAYC  ®acYB

QUESTION TYEE

Same as Previcus Test

Equal or less difficulty (1b,1e)
(algebra only) 10 (1r4#)

~z

Added Difficulty
(algebra only) 4 -4

Explained in Text

Algebra 8 1 1(9b#)  1(4v#)
Geometry 2 2
TOTAL SOLVABLE BY INITATION 19 14 4 1
Original
Number in blank
(geometry only) 5 5
Reason in blank :
(geometry only) 6 6
lore than one statement
Algebra 3 2 1(9a#)
Geometry 4 3 (7
TOTAL ORIGINAL 18 16 1 1
TOT4T, ALGEBRA 20 14 5 1
TOTAL GEOMETIRY 17 16 1
GRAND TOTAL 37 30 5 2

# Pigure in bracket is cquestion number.

i



TR gpoup and "CY; In all but 5, between "A" and "BY, .
DISCRIMINATIVE POWER OF QUESTIONS 28 JUDGED BY "a" & "c" RESULTS

It has bsen shown that pupils of Scheool District Neg T
who were taught by qualified teachers outscored pupils trained
by Permit Teachers on every comparison made, To reach a do=
cision as to the discriminative power of sach section and each
quesfion, a percentage figure will be found by dividing each
sverage raw score for "C%* by the corresponding one for "aM,

A percentage of 63,4% was found for the algebra means; and
58,1%, for the geowetry, The percentage flgures for each

guestion are listed in ords

P]

r of size in Teble XI, oun pages
57 and 58, It will be noted that the smaller the percentage

figure the greater is the discriminative power,

June 1956 test items similar Lo those for June 1955

#ith one exception "¢¥s scores were at least 75% of those for
% on all questions worth one mark which were similar %o
those for the previous year and with no added difficulty. The
“exceptlon was question 1d ( on completing the sguare of a
trinomial) on which ®(C" did less than one-third as well as "AY,
0f the items similar to June 1955, the one which dis-
ecriminated most (1%,2%) between the two groups of puplls was
that on rationalizing a denominator with two surds instead of

one a8 in 1855
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On questione similar to those of the previous June,
Hol, on the average, did over two-thirds (72.9%) as well as A"
on items with no difficulty added for 1958, Questions with an
added difficulty, brought “C" scores to less than half (44.4%)

of those for 'al,

Questions fully explained in the texts Table XI, pages

57 and 58, shows that the proportion proposition yielded a
decidedly greater diffsrentiation (44.7% as opposed to 69,9%)
between "A® and “C" than did the proposition on the eyclic
guadrilateral, For questiéns fully explained in the texts,
the algebra distance,; rate, and time problem proved the mosth

discriminating (36,0%).

OQriginal Questions Table XI, pages 57 and 58, shows

that geometry gquestion 5¢ (requiring the reason "Tangent chord
angle equals the angle in the alternate segment)') was by far

the most discriminating item of any on the test, WY
o 3

scores
were 5,5% of WA%s on this item., Next in order, with 28,.8%
each, came two more quesﬁions concerning circles:=
(a) 5d = requiring the reason gngles ih the
same segment
(b) 8 = requiring more than one reason to prove
that two chords were egual
Eight out of eighteen 'original! questions concerned circles:

four of these were the most discriminating of the original



items with an average 24,8% as opposed to 59.8% for all

ginal gquestions and 58,.5% for all original geometry

s

or
guestions,
Geomsetry question la (wldth equals area divided by

total length) had practicslly no discriminative power, (87.5%).

Other comparisons Because the geometry section 1s

heavily weightd with original guestions (value 38% as opposed
to 9% for algebra), it was impossible to mske valid com=
parisons regarding total merks on
algebra and geometry., However, the three most discriminating
geometry questlons 5c, 5d and 8 (ranks 1, 35 and 5%f)were all of
the'! 'original! types 411 three concerned circles and two of
them required the filling of a blank with a reason. The

three wost discriwminatin

]

algebra questions were concerned
withs

(a) rationalizing a denominestor with two surds

(rank 2)

(b) completing a square (rank 5)

(¢) distence, prate, and time problem (rank &)

Of the five least discrimineting geometry items, four
(ranks 25%, 25%, 27 and 37) required the filling of a blank
with a nmuaberg %The fifth, discriminating raenk 36, (which was
a coﬁstruction guestion) did not require a proof. Ranks 28 to

%5 were all algebra questions of varlous typese
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To find the discriminative power of each question
type, the totel average marks for "AY were divided by the

corresponding total for "g¥, The quotients in percentages,

<O

'..Ju

listed in order of increasing discrimination were:
(1) Yoriginal' geomstry gquestions requiring
the filling of & blenk with a number 78 + 0%

(2) questlons similar to those for the previous

June, and of equal, or less, difficulty  72.9%

(SN

(

) gquestions similar to those fully explalned
in the texts  70.2%

(4) Yoriginal' guestions reguiring more than

one statement 60,6%
(2) algebra only | 66,8%
(b) geometry only 51.9%

(5) 'original' geoumetry questions regquiring
the filling of a blank with a reason 45,2%
<O
(6) questions similar to those of the previous

June but with one added difficulty 44 ,4%

Conclusion For the June 1956 Mathematics Test, the

following cuestion types have been compared with the result
that on’ the average the second mentioned in each case proved
to be more discriminating:

a) Solvable by imitation 65.7% 'Original’ 59,8%

b) Algebra 63.4% Geometry 58, 1%
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¢) Number in blank (least dise ~ Reason in blank (second
criminating of all types ) 78% most discriminating

type ) 45.2%

d) Similar to Juns 1955 72.9% Same with added diffi-
culty (most discriminating
of all types) 44 ,4%

e) Geometry cusstions not Geometry questions cone-
concerning the circle 68,.8% cerning the circle 51,3%

EASY AND DIFFICULT QUESTIONS

The investigator defined an easy question for any
group as one on which that group scored 80% of the possible

marks; and a difficult question, less than 20%

Rasy cquestions According to the definition the

following questions could be considered easy
(a) Algebra questions similer to June 1955
(14 in all)

Z

A ~7 k4 /Z v
la - "a%, B88,2%; uph. 84,947 Ycet, 75%

1b - "a%, 82,9%; gt 8937%23 wgt vz, 17
(b) Examples fully explained in the texts (5 in all)
Algebra 2a - MAY 89,5%%; "pY, 80.2%%; ®ot 71.2%
(¢) "Original’ geometry blank-filling questions
(11 in all}
S . mAn$ 8858%Z; “B“s 564%; ﬁcm’ 69@5%
fa- WA, 84,29%; “B*, 69.8%; "cV, 57.7%

. 4 ) 4% ;
5hm ﬁA!Jr, 96,179 s lﬁB%s 90@5%; lﬁcﬁ$ 69@2%



5G- ®Al, 8698%2; "Bl 75.4%; W, 25%
Be- Wil 80,3473 “BM, w3%;  “C", 38,5%
(d) 'Original' geometry cuestions involving more than
one statement (7 in all)
The highest mark made on this type was 66.2%
7t will be noted that over 80% of the possible marks
were scored by YAY on 8 questions; by ®B", on 4: and by oW
on none

-

Difficult cuestions The following gquestions produced

average marks of less than 20% for at least one of the three
groups of students

(a) Algebra questions similar to June 1955 (14 in all}

16 - MAM, 51,3%; WBY, 28.6%; snd “CY, 15,457
4t
i 7 a 173
6 =~ WAM. 49.8%;  “BW, 28,9%; and “g%, 7,.1%"°

(b) Bxemples fully explained in the texts (5 in all)
Algebra 9b - “a"  12%#: wph, 19,1%# and %Y,

4

4 Azo,‘/ﬁi

[ )

(¢) Yoriginael' blank f£filling geometry questions (11

l

Be = “aM, 69,7 %; “BY, 57.1%; Y, 3.8%F

(8) '"Original’ questions involving wore than one
statement (7 ik all)

Wes
Geometry 4 - WAW, 38,4%; YB%, 28.49; “o¥, 14.6%7
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Geometry 7 - A%, 28.0%; YB¥, 1908%2“0“ 25%
" /;
Geometry 8 - WA¥  24.5%; “BY, léeS%ﬁ; Ho¥ . ]m
It will bs noted that less than one=fifth of the

possible marks were scored by "A"™ on only two

o

guestions; by "B", on 4 cuestions; and by "¢

Cenclusion Table XIIL,; pasges 65 and 66, lists all items
clessified as easy er difficult for sach separste groups 1
guestion was easy for Group "C% and only two questions were
hard for “A" (algebra lc and 9b) #hen the total number of
easy end difficult questions for each group is considered the
usual Ha%, WB", Yo" order of merit resulits,

RANK ORDER OF DIFFICULTY FOR INDIVIDUAL QUESTIONS
AND QUESTION TYPES

Introduction Using the average percentages of marks

made by pupils, questions and guestion types willl be ranked

and compared as to difficulty for each group.

LY

[a
;_u
L.J-
93

In 1 Questions In Table XIII, pages 67 and 68,

o

are listed the 37 questions sasccording to the classifications

C

outlined in Chapter IV together with the rating from the
easiest to the most difficult for all three groups,.

The following cuestions were ranked among the elght
casiest for =1l three groups:

Algebra la = "How much greater is 7a 4 3b - 4c than
2a = 2b ¢ 5cot



TABLE XII 65

QUESTIONS FOUND EASY OR DIFKICULT OW BASIS OF PERCENTAGES OF
MARKS SCORED BY EACH GROUP

A B C
Algebra 1ad Easy Easy
1p° Easy Easy
lcj ' Hard Hard Hard
1d3v ’ Hard
ZaJG Easy Basy
s 4 ‘ Hard
th Hard Hard Hard
Geometry 2°b Easy
4°® ‘ Hard
5a0O Easy
ob
5b Easy Easy
5c°° Hard
ob
5d Easy
ob
5e Easy
pO® Hard
os '
8 Hard Hard
‘Totsl Reasy Questions 8 4 0
Total DI ficult Questions 2 4 7
J o= question similar to June 1955 (4 = added difficulty)
t = question explained in text
ob = ‘original! blank filling item
os = ‘original' question requiring several statements



TABLE XII Continued

66

A B C Total
Easy guestions J 2 2 4
I+ 0
t 1 1 2
ob 5 1 6
08 0
Difficult= " 4
Questions  j 17 1# 141 4
Jj + 1 1
t 17 17 1% 3
ob 1 1
os 2 2 4

#Algebra question No. le

7z Algebra gquestion No. 9b



TABLE XIII

67

RANKS AS TO DIFFICULTY OF QUESTIONS, FOR ALL THREE GROUFS

I QUESTICNS

= ~

SOLVABLE BY IMITATION

QUESTION
QUESTION TYPE NUMBER RANKE
Alga GGO'@ NAN liBﬂ i cﬂ
Ao Similar to June 19865
l. Equal or less diffi=-
culty la 4 3 2
1b 7 2 3
lc 37 37 33
1d 28 31 31
le 15 8 S
1f 3 28 23
de 30 25 24
ba 23 23 15
5b i 9 i
8 19 24 21
2., One added difficulty 2b 12 22 20
3 18 19 19
6 29 27 345
7 16 21 14
B Explained in text 28 2 4 4
_ 41 22 26 13
9b 38 3 Z6
6a 25 15 16
6b 26 30 25



TABLE XIIIContinued

II ORIGINAL QUESTIONS

T

QUESTION
QUESTION TYPE NUMBER R ANEKS
Alge Geoe TR wEw wow
&¢ Blank for answer
1. Number required la 11 5 1
1b 13 13 11
2 3 10 5
3a 9% 65 8
3b 27 29 27
Ze Reason requirsed Ba 6 12 10
5b 1 1 6
5e¢ 14 1é 37
5d 5 6% 27
5e 8 11 18
5f 20 20 29
Be Other thani blank filling ,
2e 21 14 22
4da 17 18 12
Qa 24 17 17
4 32 32 32
7 34 34 27
8 35 36 345
9 31 33 30
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This was equal in difficulty to & similar

oo

WAY vank, 4; WBY, 5; “ct,

o]

[»]
I 2
Algebra 1b = %YREvaluate a“,= 22" 4= 1 when & equals - 2%,
This guestion was similar to one for June 19565,
iyt , . Ut (>R o) |
A¥ rank, 7; "BY, 2; "CY, 3
Algebra 2a - "Factor ax - by 4 ay = bx"
In the text, almost a full page 1is devoted To
methods and check for a qusestion identical
except for two signss
oau0 o, Hnty PR £ o) |
A" rank, zZ; YB%, 4: "C", 4
Geometry Db = A given shatement required the reason
%HEgual arcs subtend ecual cherdsh
LLINTS L S o finit . HeAnt
A® rank, 1; "B®, 1; %c", &
The following questicns were ranked among the eight most

difficult questions for all three groupss
Algebra lo - "x<D - X n-lu
This question was similsr to one for June
1956 with no added difficulty,.
UaY pank, 37; “BY, 37; “oW, 23

Algebra 9b = ¥ A man travelled fifteen miles at a
constant rate, If he had travelled
two miles per hour faster,; he would havs
gone the same distance in two hours
less time. What was his original
rate of travelg®

oo
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Although a more Aifficull example had been
explained in the text, no item on the entire

~oved to be more difficult than this

e
!

o]

aper p

t

motion problem, which required 14 steps for
a 100% student,

Wl rank, 36 “B", B5; ﬁcmp 26
0f all algebra items, this gquestion had the
highest percentages of students in each group
failing to show any written attempt. The per=

6@3%; "B"’ 42095‘0 al’lﬂ,

o

centages weres "AM,
Wom 26 9%
Geometry 4 = a problem inv01ving the area of over=-
lapping parallelograms and triangles
Mat pank, 32; “B®, 32; "cY, 32
Of all geometry items, this problem had the
‘highest percentages of students faliling to
_show a written attempt. The percentages
were:
%EA&!s 22«;47(05 EEBtﬁg 4239% and wcf-ia‘g 58e5%
Geometry 8 = A geometry problem required proof of
the equelity of two intersecting chords
whose angle of intersection was bisected
by a dismger,
WA pank, 35; BW, 36: "cW, 243
Geometry 9 = "G is the midpoint of a line MN, PE is
parallel to MN, PN 1s joined. The

straight line EFGH cuts PN at F and
meets PM produced at H "



w
Proves %%'zgg

"A" rank, 31; "B%, 33; "¢, 30

2l

Quest

<

on Types Using the average percentage mark for
each question type, question types were ranked as to difficulty

for each group (Sec Table XIV, on page 72,.)

ifficult type All groups found original questions re-

guiring more than one statement the most difficult of any type.

Variation in Ranking between Groups This section will

be con@erned with assessing the amount of varistion between
groups in the ranking as to difficulty of questions and

question types,

Algebra guestions In only 3 algebra qusstlons was

— —

there a variation of 10 or more in rank order of difficulty

between the three groups. They weres

1f = "Solve for x: K = Eéwgwﬁ E
a question easier than a similar one for June 1955

0.4 2 o
A" rank, 32; "BY%, 28; “c"%, 23

a8

2b = YPactor xs -

On the 1955 test the similar item wad 8x% - 27x
AN ranlk,; 12; "BY, 22; “c¢%, 20

4 = The method and cheeck for this identical simul-

taneous equation question had been demonstrated

in the text,



72

TABLE XIV.

RANKS AS TO DIFFICULTY OF QUESTION TYPES, FOR ALL THRET GROURE

TOT A R A N K S
QUESTION TYPES lggfL

QUES=- | SUE of

TION

Alga Ge0o, H-‘Aﬂ H‘Bﬂ b C%ﬁ w-p:f:Bff"C"

Similer to June 1955

HEqual or less diffi-

culty 10 4 3 e 9
One added difficulty 4 3 4 5 12
Explained in Text 3 2 5 5] 3 13
'originall
Blanks
Numbers 5 2 2 1 5
Reasons 6 1 1 4 6
Statements ) 4 6 8 6 18




~3
(¢3]

A% rank, 22; "BY, 26; "¢%, 13

Geometry questions In geometry there were greater
variations in rankings as to difficulty of guestions than in
algebra,.

Five of the six guestions involving filling in blenks
with reasons for given statements were found relatively more
difficult for pupils of Permit Teachers than of fully qualified
teachers. Three of these with a variation of ten or more
(together with the reason reguired for each) were;

5¢ = ¥Chord tangent angle equals angle in alternate
segmenth

MAY pank, 14; wpt 163 g%, 3Y
5d - "Angles in same segment®
" rank, 5; an’ 6%; how 2y
5¢ = %ingle in semi-circle equals 90°,"
WaM pank, 83 YBY, 11; "o%, 18,
Two other questions with decided variations were;
la = %A rectangle for which the ares and two m rts
of the length were suppPlied, and for which ths
width was required.%
WAR panlk, 11 ané 5; o', 1

6a = The proposition on the opposite angles of a
cyclic quadrilateral

A" rank, 25; "B, 15; "c", 18

Question types On the average, there was practically

no variation between "AW and ¥BM™ pupils as to the relative
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difficulty of various question types. The greatest varlation

—

-

between ¥C" and others was found in ‘originall geometry
guestions reguiring a reason for each given statement. This
type rated the easliest(Table XIV, page 72) for puplls of
fully qualified teachers and in the more difficult half

for those of Perumlt Teachsrs,

In Chapter IV, page 34, 1t was stated that for students
who depend on mewmorizing mathemstical rules without under=
gtanding, a swmell change in a question (such as substitutlon
of a fraction or a surd for a whole guantity, or a binomial exX=
pression for a monomial one) can make the solution more diffi-
cult to perform, Both "B® and ®G" pupils found questilons
gimilar to those of June 1855 of equal or less difficulty
("B" average, 52.8%; "C%, 42.4%) easler than similar items
with one added difficulty (¥B" average, 48.3%; "C%, 28.6%).
However, "A" students scored on the aversge 6,.4% more on
questions with the added difficulty than on those of equal
or less difficulty (average 58,1% compared to 64.5%)s One
might therefore suspect that either A" students depended
lesst of all three groups on umemorized mathemgtical rules
without understanding, or they had studied such gquestions

-

with added difficulties,

|

O

ther Comparicons The three factoring questions,

No. 2a, b and ¢ were arranged 1n increasing order of difficulty
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B iR

for groups YAY and "o" as were the three eguation guestlons
Noes 4a, b anc c.

Of the two verbal algebra problems the one on motion,
Noe 9by was more difficult than that on area 9a, Possible
ressons for the differential in rank might have beeng=

ls Area of triangles 1s taught from Grade VI on.

2. Area problems are easier to visualize than motion.

2e In the model paper the area problem reguired

11 steps; the motion, 14.

0f all four original geometry guestions requlring
more than one statement, question 8 (the only one of the
four involving a clrcle) was the most difficult for all

groups.
CONCLUSTION

Table XV, on page 76, lists outstanding examples as
to difficulty, for questions and guestion types. Both groups

of students taught by fully qualified teachers found the same

n
ot

cagle

63}

guestions or gquestion type or heardest, except for the

eagiest algebra cuestion and algebra type. Other than findin

‘originall gquestions with more than one statement most
difficult, pupils of Permlt Teachers had different ratings as

to the easiest and hardest cuestions and question types,.

ed tezchers found

e

In algebra, scholars of gualilrl

Y

guestions explained in the text most difficult. The easiest
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TABLE XV

EASTIEST AND MOST DIFFICULT QUESTIONS AND QUESTION TYPES,
ON BASIS OF RANK ORDER FOR EACH GROUP

4] A" HBM i CH
QUESTIONS
Basiest
All test Geoe &b Geo. 5D Geoc, la
Algebra only 2a 1b la
Geometry only 5b b la
Most Difficult
A1) test . Alge le Alg. le Geo. 5e
Algebra only lc lc 9b
Geometry only 8 8 5¢
QUESTION TYPES
Rasiest
All test 0.B.R. 0.B.R, 0.B.N,
Algebra only J 4+ J T
Géometry only 0.B.Ro 0.B.Re 0.B,N,
Most Difficult
All text 0.8 0.5, OsSe
Algebra T T J 4
Geometry only 0.5, 0.5, 0.5,

KEY J = Similar to June 1955 (< = Added Difficulty

0.B.= Original Blank Filling (R= Reason N = Number)
0.S5,= Original Requiring More than One Statement
T & Explained in Text
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for pupils of Permit Teachers was this type; but for “B®
students, gquestions similar to those for June 1955 were
easiest; and for A", the same type but with added difficulty.
Perhaps ¥C" students spent more time studying text exsmples;
and %B%, the test paper for the previous June.

Table XVI on page 78, lists the outstanding examples of
guestions and guestion types ez to discriminatd e power between
groups %A" and "c". No connection could be found between
discriminative power &nd values assigned to, or number of steps

reguired for, cuestionss



TABLE XVI

QUESTIONSAND QUESTION TYPES DISCRILVINATING MOST AND LEAST
BETWEEN GROUPS "aA" AND %g

78

QUBESTIONS QUESTION
TYPES

Ieast Discriminating

All test Geo. la 0.B.N

Algebra only 1b J

Geometry only la 0.B.N,
Most Discriminating

All test Geo. 5e J <+

£lgebra only 6 J =

Geometry only 5e¢ 0.B.R,

KEY
J & Similar to June 1955 ( -+ = Added Difficulty)
0.Bs= Original Blank=filling (R = Reason N = Nuwber)
0.%.= Original Requiring More than One Statement

T = Expleined in Text



CHAPTER VI
SUMMARY AND CONCILUSIONS
EXENPTED “aAM S9UDENTS

From School I results, it might be assumed that head
all ®AY grade XI students written the June 1956 mathematics
examinationsg=

(1) probably no exempted "A" student would have
failed,

(2) few, 1if any, would have had scores in the
lower=half of the range for the total pop=
ulation,

(2) on the average, the June marks for accredited
puplls would have been at the very least 9%
higher than their actual scores on the Christmas
and Faster tests.

QUESTION TYPES ON JUNE 1956
MATHENATICS EXAMINATION

From the evideﬁce presented in Table IX, on page 435,
it Would seem thats

1) 4 student whe had mastered both the examination

for the previous year, and the detailed explanibtory
examples In the text, éould have earned a good mark

in algebras
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I'e) o

) The geometry porticn of the examination (in
SETRC RS T Y st t . s ded T v S LR .
which A" students were decldedly superior) was

a much better test of resocurcefulness in probleme

a1l
al

olving than the gebra sectlon.

[}

COMFPARTSON OF AVERAGE MARKS SCORED
ON QUESTION TYPES

According to the last column of Table XIV, page 72,

1 4

t out in Chapter IV) arranged in order

e
O
i
(33

ypes (as se

of increasing scale of

5 e

11fficvlty were:

(1) 'originel questions involving the filling of a
blenk with a nuwmber

(2) Yoriginal' questions involving the filling of a
blank with a reason

(%) guestions similsr to those of the previous
June test,; and of equal, or less, difficulty

K3

(4) qusesti similar to those of the previcus June

o)
Qs
]

)]
jol
Pl
L

with one a

(5) examples fully explained in the text

(6) Yoriginal' questions requiring wore than one
statement,

COMPARTIEON OF AVERAGE NARKS
MADE BY THREX GROUPS

Total Scores The order of merit was UpW, Wph Hpt

for all cowparisonsg made as To total scores for algebra and/or
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geomeltry, i1.e. failure rate, percentiles 10, 25, 50, 75, and
106, "a's, were even more superlor in geometry than in
algeﬁra, For all groups, the geometry section was more
difficult then the algebra., However, the medisn pupil of
the entire “A" population, unlike "B™ and "¢%, did almost as

well in geometry as in algebra,

Individual Questions

Basy questiong No question was easy for pupils taught

by Permit Teachers, However, students taught by fully qualified
tsachers got at least 80% of the possible marks on the following
guestions:

algebra la, lb and Z2a

geometry b5b,
Only children taught in School District I found the following
guestions easy:

geometry 2, 5a, 54 and be.

Difficult guestions Only algebra questions le and 9b
were diffilcult for allygroups, while gecmetry question 8 was
difficult for groups “BY and %g®, Group ¥BY alone got less
than one=f{ifth of the marks for geocumstry question 7. Group
Bol had trouble with four more questilons: algebra 1d and 63

and geoumetry 4 and 5c.

Discrimination The 37 questlons without exception

— — — — —— om—
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were able to discriminate between the highest scoring (%a%)
group and lowest scoring t"C"); in all but 2 gquestions
(algebra 4b and geouwetry 7) between the middle scoring ("B")

group and "C%; and in all but 5 (algebra 1lb, le, if, 9a and

ob), between "AY and "B", The most and least discriminating

53

U

ot

; In th

[ad]

items were blank filling one geoustry ssection., They

-

ey

-
-
’LU

were respectiv

av

55

(a) Question Bec reguiring the reason, “"Tangent chord

angle equals the angle in the alternate segment.™

(b) Question la regulired a nuwmber resulting from use

n

of the formula; width of rectangle eguals ares

jo]
e
anid

vided by total length,
.

The wost discrininating algsbra iftem, Wo. €, reguired a
(] [l F4 3 i -

bPinomial denowinator with two surds to be ratiocnalized, The

-
jol}

n

o

least discriminating algebra question was No, 1lb, "Hvaluate
2

a” - 22" 4 1 when a = 2%,

When the ranks as to difficulty between groups were
compared, it was found that there was greater variation Dbe=-
"

tween rank orders of difficulty on individual guestions in

geometry than in algebra,

Guestion Types

Easy type_ For groups “AY¥ and “B" the original
geometry guestions recgulring the filling of a blenk with a

reason, wgs the easiest, For "C" the easlest was the typ



which required a number in a blank,

b}

ns

C

Difficult type_ For all three groups original questil
requiring more then one statement was the most difficult typs:
and the geometry questions of this type proved more difficult

than the algsbrag

Discrimipaticn of Types TUsing results of the highest
scoring group ¢A") snd lowest scoring group (“C%), question
types listed in order of increasing discriminative power
veres
1o Yoriginal' geoumetry questions requiring ths
filling of a blank with a number,
2. Guestions similar to those for the previous June

and of egqual, or less, difficulty

EN

3e Questions similar to those explained in the text

4, 'original' questions requiring more than one
statement

5., 'original' geometry questions requiring the
£illing of a blank with a reason

6, questions similar to those of the previcus June,
but with one added difficulty.

¥hen the following palrs of question types were

second mentioned 1in each proved more discrim-

-

compared, Th



Solvable by iwmitation Original
Algebra Geometry
Number in blank Reason in blank
Similar to June 1955 Same with added difficulty
Geometry cuestions not Geometry guestions cone
concerning the circle cerning the cilrcle

CONCLUS ION

ichool District Nuumber One

P'J
@

Exempted Students of

From the evidence in School 1, the inference seems to be

that had exempted students of School District Number One

written the June 1956 lethematics Examlnatlon, almos

) a L

ave belonged in the uprer

O
D.a

out exception, thelr scores would

June 19568 Test Through just mastering the previous

June test, and exsmples demonstrated in the texte, a student
could have made 31 out of a possible 50% in algebra; and 12
out of 50% in geomeltyry. Iwomand-a-half times as many merks

iven in the geomeltry as 1in the algebra section

torioinel? questions requiring seversl statements,

i

Relative Ability of the Three Groups of Students Then

a
i

the average merks and flve percentile retings for algebra
and/or geowetry were couwpared for the three groups, the order



of mebit was "AM, WM, "¢¥ iy every instance, Also whe

£ 4 0 “B“ s ﬁiCﬁ order

guestions were grouped as to typ

4]
wn
“
©
]
H
“

resulted for each compsrison, The evidence presented from
paired slgebra and geomwelry scores would indilcate, that “aM
students excelled even more in geowetry than algebra, The
rssults on cuestions siwmllar to those of the previous June
vut with one sdded Sifficulty leads one to suspect that “aA®

students dspended least of all three groups on mewmorized

a8

rules without mwnderstanding for solution of algebra guestions;
end oY pupils most of ell. Results on geouetry cuestlons
reguiring one reason ifor each answer, would seem to indica

thet scholars of Perunlt Teaschers had velatively litile under-

vy concepts, In algebra, the ranking of
guestion types for "BM", and “"C% would lead one to infer that

Mol students spent relatively more time studying algebra
examples fully explained in the text; and "BY, algebra questious

for the previous June,

Discrimination of Question Types The types of guestions
which dlscriwinated wost between students taught by Permit

=,
@
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e}

1

+

[O)
Lt
n
©
=
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(a) algebra guestlons siuller to thoss of the

previous June but with an added dif
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("C"s average score:was 447 that of %al)

{Z‘i ne L !

I_h

(b) 'or

reason in each blank (¥C%s sverage score was

45% thet of "AW,)
The least discriminating type wee the original geometry

guestions requiring a number in each blank ("C%s average score

Difficulty of Question Types All fthree groups found

Yoriginal' questions recuiring mwore than one statement the most

s noos . e P . ; & e Wi i 2 75 AP a7
difficult type, ("4 sverage, 44.8%; "B", 35.2%; =nd %o, 27,13
Of these cuestions, geoumetry problems were mors difficult

("A" average, 32.8%; "B", 22,2%; aend “C%, 17.0%) than algebra,

)

111ling blanks

g

Roth "aM and "B had highest scores for

Q0

geowetry with reasons ("A" average, 80,2%; "BY, 69.67),

o

Hefs highest score, 78,.,0%, was made in £illing in geometry

blanks with nunbers.

SUGGESTIONS FOR PFUTURE INVESTIGAT

In order to assess the posBlble reasons for the
consistent WAM, "R Yo penking as to mathemstical achieve-
ment for the lower half of all Grade XI students in each group,
the following informatlion would have been helpfuls

(1) Re. average for each group of teachers for:

(

) experience in

™



8y
(b) nusber of subjects tavght durinz the year

‘essionel or academic trsinin

—~~
o
—
]
W
0
-3
w
o)
=
o)
-
C
y
®

each group,

(b) number of students in esach group who were

not permitted to write the final exsminations
in their own school but did so at the Depart=

mental Centre,
(¢) number of weak students in each group who,
on the advice of members of the faculty
of the school concerned, did not writs the
final examina
(d) exemption marks of "B" students.
fhen comparisons were made of the means and five percentm
iles for algebra and geouwetry, it was found that without gxcep=
tion, the geoumetry scores were lower than those for algebra,
The lower scores might have been due to the fact that -
geometry is a more difficult subject
and/or
the geowetry section had fewer guestions solvable
by imitation
It would be interesting to study results of a test with equal

numbers of algebra and geometry items for each question type,
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APPENDIX C

Grade XTI Methematics Baster 1956

‘Teacher of

Neme Room _ Subject
Value 50 marks PART A = ALGEBRA (1% hr.)

Notes Do all cuestions on foolscap, Return this printer paper.

1 le(a) Simplify: 3y° = 2y(=3 +27) = ¥

1 (b) Simplify: 242°%° = 48axy +16a8xD
-8ax
1 (c) Express in an equivalent form :- & = & _
3
1 (d) Simpliéfyef &/ (x;y}g J -
. . . . Bym2 =1
1 (e) Express with positive indices: a“b"“c -
: -2 =4 =
X ¥z
1 (f) Simplify, expressing with positive indicess
o7t | 5 _
-0 -
T =10 2 8x
“a “5 5
1 (g) Simplify:]ix s =
1 (h) Solve; =x° = 2x = 63
1 (1) Express as one fractions X 37 _ x - v
2x 3X
4 t £ -~ I\/Iz
1 (i) Solve for M: h = F—
g

2o Pind the square vootbt of:

2 (2) 4x* - 12x5 ¢ 20%2 - 20x 4 25



[AVIREE \C B AV

[A]

ay] A

[

V]

[$N

(¥

(e

Se

S

APPENDIX C Continued

(b) 6 (Correct to hundredths)
Factor fully:

(a) 8x°b 4 8°b =

(e) x4 - X 4 @ = 4y2 =

() Reduce to lowest terms: de - Xyd

~ o (]
© 2% =Bxy~

() Simplify 3
2 =27  2xP-1m15 1 2xZux.15
(x=2)° o xBPER40 T oxBhm 7
(c) Simplify: i 5 - Sx = 11
2% = B 4 4 6 9‘:4};“2
(d) Bvaluate 1° - 817% 4 1 . 6x°
7
4"‘4..

(e) Simplify:t/leg o 200

(f£) Simplify 15

1
2 5
(g) ( X J) </ x 4+ y.) =

(a) Solve for x:
2 154
= (5 - 2x) = % (u-é X ) .o

e

(SN T

X

(b) Solve for x: (X = 1)° ¢ (x & 1) + (x-1) (x + 1)=28 =0

(c) Solve for x and y: ax = by
X 4 2y =

[{e]
1e
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APPENDIZ C Continued

Notes: Students teking Algebra and Geometry will o either

VII or VIILI

Students teking Algebra only wil: do both VII and VIIT

4 7 o A man travels a distance of 150 miles at a uniform rate
of speed, On the return trip he increases his speed
by 5 miles per hour and thus requires 1 hour less
time, Find his original rate of speed.

8e A man wishes to invest 5 his money at 5%9~£ of it at
%, and the balance of his money at 4%, HBw much
must he inves®t at each rate to yield an annual income
of $124%7%

END OF PART A
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8 II.

IIT.

No. Questions
The opposite angles of a cyclic guadrilateral are
supplementary,
The angles between a tangent to a circle and 2 chord
e to

from the point of contact are equal respectiv 1y
the angles in the slternate segments.

o

A
Given: ARC with AB tangent to a
circle with centre O at D,

a9

Diameters DH
Chords ED,

3
Reguired: Without further construce
tion
to £ill in the statements and
reasons needed to prove the
following:
B+ ¢
Prooli Stateuents Reasons
1 (a} 11 =9
1 (v)y / 2 =53/ 6




APPENDIX ¢ ConTinued

F
]

Proof: 3

e

[©)
L
el
O
I

@

o7

J—
—~
(@]
p——
=
]

«Q

2 (d) 4D = an

1 (e) [3z=/8
2 (f) Quad., ADOM 1s cyclic,
1 (g)y /7= / 4
B Glven: 5 points, A; B, and
C outside a circle
with centre 0,
2 C
Regulred: To find a point P,
that is on the tangent
from pt. € to the circle
with centre 0, and that
ig also equidistant from
points A and B,
Show clearly all constructilon
marks,

Conete




PPENDIX C Continued o8

=N

Proof Statements Hessons
Conc
7TV

Givens /\CEN with Di/ /EN. B if the
mid point of EN,
Lines DN, Ell,

Recuired: (a) To prove quad,
DEBA = qu_ada ?\:ABN— j.]ﬂ

area, B

(b) To prove LD - QU
DE = MI

(C) If DE = 14@)7, S

=

%

]

b.
] .439

I's

k

N = 35, find the
length of CDe(show
work)

Proof Statements Reasons

centreQ, 6 points A, B, Cy, Dy, E and F
g in that order, Arc AB = arc EF,
rsects chord EC at X,
rsects chord BD at N.

Chord FD &ntersects chord EC at S,
Reguired: To pvove points C, N, & and D are concyclic,

7 VI Given A c

7 VIL, Two circles touch internally.
From the point of contact two
‘equal chords of the larger
circle are drawn, Prove that
the two chords of the
smaller circle are
egual,

S

o]
s
o
[©]
3

S5
Py

e 4
R s




APPENDIX C Continued 99

Required®

gpnsz

Proof Statements Readons

SR

o e . I

Conce

End of Bxamination for students taking Algebra and Geometry
1955 - k6,
Students taking Geomebtry only 195655 do
the following question,

(Time for these students = hours)

iven: /\ DEK inscribed in a circle
© with DF_] EBK, /2 = /7

Reguired: To prove EK passes
through the centre of
this circle,

Proofs (only) to be written on
foolscan,



APPENDIL D -
PABLE XVIII 100

ALGEBRA SCORES FOR THREE GROUPS OF STUDENTS

No. of A ( B | ¢
Paper Seore Rank Seore Rank Seore Rank

33

1 31 36 35 4% 1
2 38 7L 40 1 22 9%
3 34 23 32 113 283 3
4 35 16% 313 13 26 5
5 38 7% 30 175 24 6%
6 30 41 39 2 23 8
7 39 11 31 15 29 2
8 37 11 31 15 19 13
9 54% 193 32 113 17 16
10 365 13 33% 7 20 12
11 31 36 25 30 24 6%
12 335 2 25 30 12 21
13 40 3 29 20% 10 22
14 39 4 2% 9 27 4
15 35 16% 34 6 22 9%
16 22 60 25 30 21 11
17 3Y 11 36 3 14 18%
18 24 56% 24 241 5 25
19 34 23 31 15 14 183
20 42 1 25 30 13 20
21 2 47% 26 26 16 17
22 41 2 2% 9 18 ,14%
23 30 41 32 9 18 14?
24 34 23 26 26 g 23§
25 33% 27 29% 19 8 23%
26 26 52 26 26 .2 26
2% 36 14 22 41
28 28 45 23 58%
29 28 45 28 22
30 25 163 21 45
31 35 161 25 30
22 33% 27 28 22%
33 21 63 35 45
34 28 45 24% 33
16% 53

35 38 7%



PABLE XVIII Continued

Seore

Rank

36 34 23 17 51%
37 19 67% 22 41
28 26 52 15 55%
29 38 7% 16 54
40 38% 5 27 24
41 343 19% 19 48
42 24 56% 21 45
43 32 31 24 54%
44 323 29 23% 3@;
45 31 36 18 49%
46 31 36 29 20%
47 26 52 23% 2635
48 23 58 21 45
49 26 52 17 51%
50 27 a7t 23 38L
51 32 31 21 45
52 31 26 22 41
53 32 31 20 174
54 21 63 11 58
55 22 60 21 45
56 21 63 15 55%
57 26% 49 5 62
58 34 23 14 5%
59 31 36 6 61
60 31 36 10 59
61 292 43 18 49%
62 20 653 2 63
63 16 71 63 60
64 30 41

65 19 87%

66 26 52

87 25 55

68 20 65%

69 8 76

70 13 723

iel



TABLE ZVIII Continued ieg

No. of A B C
Paper Seors Rank Seore Rank Seore Rank
71 10 75

72 22 60

73 12 74%

74 17 69i

75 13 725

76 17 69%



APPENDIX E

TABLE XIX

GEOMETRY SCORES FOR THREE GROUPS OF STUDENTS

No. of 4
Paper Seore Rank Seore Rank  Score Rank
1 40 2 26 19% 18 10
2 32 16 20 37 28 1
3 36 7 28 12 213 6
4 34 11 282 g 24 2
5 31 21% 29 7 20 8
6 39 3 % 19 40 17 113
7 32 16 27 16% 11 18
8 31 21% 27 163 20 8
9 331 12% 25 23L 20 8
10 311 19 233 26 17 11%
11 37 6 32 2 12 16%
12 231 124 31 3 22 5
13 26 39 27 163 23 3L
14 27 36 223 28 6 24
15 20 243 22 311 10 20
16 41 1 30 4% 10 20
17 26 39 18 44% 15 13
18 39 3% 30 4% 23 3%
19 29 28 22 31 14 14
20 21 58 28 12 12 163
21 35 9% 26 19% 8 22%
22 21 58 18 44% 5 26
23 32 16 18% 43 5 25
24 on 36 25 233 13 15
25 273 34 212 35 8 221
26 35 19% 5 231 10 20
27 25 42 28 12
28 32 16 27 ‘16§
29 31 213 22 313
30 23 51 29 7
21 23 51 25 23%
32 24% 44 22 313
33 36 7% 15 49
34 29 28 25% 21
35 19 63 33% 1

183



PABLE XIle=Gontinued i64

No., of A B c
Paper

Seors Rank Seors Rank Seore Rank

36 23 51 28 12
Y 28 5 23 27
38 31 211 29 i
39 19 63 28 12
40 173 67 15 49
41 21% 56 22 313
42 32 16 19 40
43 24 46 15 49
44 233 48% 153 47
45 24 46 21 36
46 24 46 9 59
47 28 32 14% 51
<48 30 242 17 46
49 27 36 19 40
50 286 42 12 56
51 20 60 13 53
52 21 58 12 56
53 19 . 83 1 62%
54 29 28 19 40
55 28 32 Vi 60
56 29 28 13 53
57 233 48% 22 31%
58 16 693 12 56
59 19 63 19 40
60 19 63 10 58
61 163 68 1 62%
62 26 39 13 53
63 .29 28 3% 61
64 15 72
65 22 54
86 15 72
67 16 69%
68 18 66
69 28 32

70 22 54



TABLE AIXe=Continued , 108

No. of 4 5 ’c
Paper Score Rank Seore Rank Seore Rank
71 25 42

72 12 74

73 22 54

74 15 72

75 10 75

76 4 76



APPENDIX F
PABLE X ~ 1e8

MATHEMATICS TOTAL SCORES
FOR THREE GROUPS OF STUDENTS

A B c

No. of

Paper Seore Rank Seore Rank Seore Rank
1 71 1 61 1 51 1
2 70 2% 60 3 50 3
3 70 2% 60 3 50 3
4 69 5g 60 3 50 3
5 69 5% 59 5 44 5
6 69 5% 58 7 40 6%
7 69 5% 58 7 40 6%
8 68 9% 58 Vi 39 8
9 68 9% 57 10 37 9%
10 68 9% 57 10 37 9%
11 68 9% 57 10 36 11
12 6% 12 56 12% 34 12
13 66 15% 56 125 33 13%

14 66 13% 55 15 33 135
15 65 15 55 15 32 15
18 63 18 55 15 31 16
17 63 18 54 17% 29 17
18 63 18 54 175 28 18%
19 63 18 53 19 28 184
20 63 18 53 193 25 20

21 62 22 52 21 24 21

22 62 22 51 24 23 22

23 62 22 51 24 23 22%

24 61 255 51 24 21 24

25 61 255 51 24 16 25

26 61 25% 51 24 12 26
27 61 255 50 31

28 60 28 50 31

29 59 29 50 31

30 58 31 50 31

31 58 31 50 31

32 58 31 50 31

33 57 36 50 31

34 57 36 50 31

35 57 36 50 31



PABLE ¥Xe=-CGontinued

70 35 70%

No, of A , B
Paper Seore Rank Score Rank Score Rank
36 5% 36 45 3265
37 57 36 45 363
38 5% 36 44 284
29 5% 36 44 8%
40 56 42 42 40
41 56 42 41 41
42 56 42 40 42
4% 56 42 39 44
44 56 42 39 44
45 55 45% 39 44
46 55 45% 38 47
49 54 47 28 47
48 53 48% 38 47
49 53 48% 26 49
50 52 51 35 50
51 52 51 34 51%
52 52 51 34 51%
53 51 53 31 53
54 50 57 30 54
55 50 57 28 55%
56 ' 50 57 28 55%
57 50 5% 27 57
58 50 5% 26 58
59 - 50 57 25 59
60 50 57 20 60
61 46 613 19 61
62 46 61% 15 62
63 45 65% 10 63
64 45 635
65 41 66
66 41 66
67 41 66
68 38 68
69 36 69



BABLE KE==Continued

No. of B_

Paper  ggore Rank  Secore Rank  Secore  Rank
71 35 70%

72 34 725

73 34 722

74 32 74

75 23 75

76 21 76
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APPENDIX G

Paper No. 10

DEPARTMENT OF EDUCATION
MANITOBA

HIGH SCEOOL EXAMINATION BOARD OF MANITOBA
(Representing Department of Education and University of Manitoba)

EXAMINATIONS, JUNE, 1956

GRADE XI MATHEMATICS
(GEOMETRY AND ALGEBRA)

Friday, June 22nd, 9.00 to 12.00 a.m.

Examiners: O. T. Anderson, C. L. Kerr,
B. Noonan, W. H. W. Walker

IMPORTANT-All rough work must be done in the answer booklet.

PART A—ALGEBRA

Values
1 1. (o) How much greater is
7a-+3b—4c¢ than 3a—2b4- 367
i (b) Evaluate: a®—2a?-41 when a=—2.
(¢) Simplify: x?7=+x"2
1 (d) What value of k will make »2—5x+k a perfect
square trinomial?
1 (¢) Simplify: v/8+2+/32—3/2.
bx+c¢
i (f) Solve forx: kB =
x
2. Factor fully:
2 (a) ax—>by-+ay—bx.
b3
2 ) %8 — —.
8
3 (¢) x*—6x*+11x—6.

(Over)

Simsoniees



3. Simplify: - -+ .
T x—3 x+3 Q—x?

4. Solve the following equations:
(a) Solve for x:

2 3 1
—(x—-3) — —(2%—35) =1 — —(x—1).
3 2 6

x Y 3
(b) Solveforxandy: — — — = — .
2 10 2
x ¥y
—_— 4 =09
3 5
2 1
(¢) Solve for x: - = 2.
x—4 x—2

5. Simplify and express with positive indices:

9a-N\ %
e
25b*

(b) 4x0-+(22)%.

6. Rationalize the denominator and simplify:
24/3—+/2
2342

7. Find the square root of: 7a*~6a+at—2a%-+9.

8. Solve graphically: x*—6x-+8=0.

9. Solve algebraically:

(a) If the base of a triangle exceeds its altitude by
3 inches, and its area is 27 square inches, what is the
altitude of the triangle?

(b) A man travelled 15 miles at a constant rate. If
he had travelled 2 miles per hour faster, he would have
gone the same distance in 2 hours less time. What was
his original rate of travel?

(Over)




3. DE//BC
AD =3 units
DB =2 units
AE =4 units
DE =35 units

Two parallelograms ABCD and ABPR on the same
base AB and between the same parallels AB and DP.

E is any point in BP.
Prove: AABD=AABE+ AEPR.

Proof:
Statements Reasons

i
P .



on the same
 AB and DP.
ns

5

5. ABC is a triangle in-
scribed in a circle with
centre O.

AB=AC.
AD is a diameter.

PA and PC are tan-
gents.

The following true de-
ductions may be proved
from the information given
above. Beside each state-
ment, give the reason or
reasons why you consider
it true. (You may consider any previous part true and
use it in any part following even though you did not get
the reason for it correct.)

Statements Reasons
(@) PA=PC = e
(0) Arc AB=arc AC
(6) LPAC= L1 e
(@) LI=L22 s
(6) ACLCD e

(f) 234 ZP=180°

(Ovel;)




I
H BT

6

PART C—GEOMETRY

This part to be done in the answer booklets.

Values

6

6. Prove the following propositions:

(¢) The opposite angles of a cyclic quadrilateral are
supplementary.

(b) If two triangles have one angle of one equal to one
angle of the other and the sides about the equal angles
proportionals then the triangles are similar.

7. On the same base as a given triangle construct a
triangle, with an angle of 60°, equal in area to the given
triangle. (Use compasses and a straight edge or ruler
only. Show all construction lines, describe the con-
struction but omit the proof.)

8. AB is a diameter of a
circle with centre O.

P is a point on AB.

CD and RT are two A
chords drawn through P '
so that £1= Z12.

Prove that: CD=RT.

9. G is the mid point of a line MN. PE is parallel to
MN. PN is joined. The straight line EFGH cuts PN
at F and meets PM produced at H.

EF EH
Prove: — = —.
PG HG

Total 100
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{Representin iversity of Manitoba)

(GEOMETRY AND ALG FBmx)

Thursday, June 23rd, .00 to 12.00 a.m.

)

tson, Miss C. E. Carson,
ason, B, Neonan,

[y

(a) Subtract a—4h--5 from Ja—~b-—1.
(b) Simplify: {(—2x%y2),

(¢) Dwu; (a BT —=0a%i 4 ab) by (~ab)
(dy It =3

{L
i

Mo
jay

square trinomial?

d the numerical value of-

(e) Hat number must be added 10 2 —3x 1o make




Q2

1

o

~
4t




oy

e

]
N

ot

e —

(ORI« ]
oo
il

o

Es




114

~es

T

e



¢

i

i
i
1
¢
i




18

1

e
o, e
T |

e I

P,

i, o






