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ABSTRACT

The intermediete school in the Sudan consists
of grades five through eight. At the end of this
stage the "Intermediate Final and Secondary Entrance
Exeminetions" are conducted. The prevailing Inter-
mediate Final Mathemmtics examination is of the essay
type, and, thus is likely to exhibit the limitations
commonly associated with essay examinations.

The main parpose of this study is to find out
whether this type of examination needs improvement.
To achieve this purpose two examinations were given
to a representative sample of students in the final
grade (1967/68) of some Sudanese intermediate schools.
The first was a 'typdicel' Intermediate Final Mathema-
tice (set by the heed of the Department of Mathematics,
Bakht er-Ruda, who is actually responsible for setting
thie test), and the second, a2 suggested substitute,
was set by the investigator. The performances of the
students on these tests, and prior Intermediate Final
Mathematics papers furnish the basic data for this
study.

,The'study of the results of the two tests
ineluded:



1l) measuring reliability,

2) measuring validity and comprehensiveness,

3) measuring objectivity, and

4) performing detailed item analyses, includ-

ing difficulty and discrimination indexes.

The statistical analyses of the results of
the two tests yielded almost equal coefficients of
reliability and objectivity. It was found that the
Intermediate Final Mathematics needs improvement in
velidity. In general, the suggested alternate test
hed better indices of difficulty and discrimination.

As a result of the entire study, a proposal
ig made for the improvement of the prevailing Inter-
nediate Final Mathematics examination as follows.
This examination should consist of two papers: one
of the objective type, and the other of the essay
type. Improvement of content validity can be attained
by having a test of the objective type (similar to
the test suggested in this study). Because not all
of the objectives of teaching mathematics at the
intermediate school lend themselvem to measurement
by an objective examination (as, for example, pro-
ducing a long hand proof) an essay type (similar to
the prevailing Intermediate Finael examination) is

also needed to test those objectives and outcomes of



ingtruction which the objective type of test fails

{0 measure adequately.



CHAPTER T

INTRODUCT LON

A. The Neture: of Achievement:

Achievement, which is the accomplishment of
actuel learming, must be distinguished from aptitude
for learning (intelligence). In order to measure
aptitude for learning, an indirect approach must be
pused, since no way has been found to measure intel-
ligence directly. It has been always inferred from
jts products. When testing for intelligence, the
test maker attempte to discover what the individual
has learned din situations experienced by a vast
mejority of persons. The umderlying assumption is
that 21l examinees have had the same opportunities
40 learn the measured areas, and that the differences
in scores resgsult from differences in aptitude rather
then in opportunities for Jlearning. Another way to
tegt for intelligence is to create situations which
are so completely novel that it is unlikely that any
of the testees have had any previous experience in
the aprea being tested.

" Scholastic achievement tests differ from the

o I



gene ral aptitude tests in that they are based on the
acquisition of special gkills and knowledge, which

are usually a result of special training. In other
woris, they involve two elements, namely, the oppor-
tunity to learn and the atiainment of special skills

or knowledge as a result of learning.l

B, DMeasuring Achievement:

" Anything that exists at all exists in some
quantity , and anything that exists in some quantity
is capable of being measure d."2 This is true of
educgtional schievement which can be measured by the
proper use of adequate instruments. It is the res-
ponsibility of the teacher to use measuring devices
+that ere as sccurate as possible. This is a challenge
thaf: requires a thorough understanding of the existing
megeuring -inetruments as well as the problems of

neganrement that remain to be solved.

Denis Baron and Harold W. Berna®d, Evaluation
Techriaues foxr Claserxroon Teachers (New York° WcGraw—
FLIIL Book Company, inc., 1958), pp. 87-89

23 L. 'Ehomdilce, “Phe Nature, Purposes and
Genersl Methods of Educational Products", The Measure-
ment o:t Educational Products, Soventaenth Yearbook of
2 on pclie or e Study of Education, Part
1L (Bloomi:ngton, Illinois, Public School Publishing
Co.s 1918) s De 16.



The measurement of scholastic achievement pro-
vides the teacher with the essential data for planning,
pupil guidance, evaluation of the effectiveness of his
methods of instruction, development of learning situa-
tions suited to the needs and capacities of individual
pupils, discovery of areas of particular strength, and
developnent of remedial programs. "However, achieve-
ment tests do not antomatically solve educational
problems, nor do they necessariiy further the attain-

nl Measur-

ment of worthwhile educetional objectives.
ing instruments are tools whose value depends upon
the skill with which they are handled.

An achievement test is an instrument designed
to measure the extent of relative acquisition of cer-
tain kmowledges or skills as a result of a specified
program of instruction. There are two major steps
for the development of an achievement test (or any
other measuring inetrument): (1) determining exactly
what is to be measured, and (2) obtaining or cons-
tructing & measuring instrument that will best do the

measuring. In other words, the examiner must conscien-

tiously define 'what' to measure, and then 'how' best

Loaron end Bermard, op.cit., p. 89.



t0 measure 1.1:.1

C. Purposes of Evalunation:
The main purpose of evaluation should be the

i mprovement of the function of the school. Any achieve-
nent test that does not serve this purpose has little

2

value. According to Micheels and Karnes®, some of

the uges of tests in schools are the following:

1. Administrative Usegs of Tests:

Initially, tests were used almost entirely
for admini strative parposes, mamely, for promoting
students from one grade to another, or from one stage
to the sacceeding one. Needless to say that scholastic
scores should be considered as means to an end rather
than an end in themselves. They canctbe put in their
appropriate perspective by using them intelligently
and making then rore meaningful.

2. Curriculum Jevelopment:
Well-prepared measuring instruments can be

of vital inportance in determining the effectiveness

1Wi‘.11:i.am J. Micheels and M. Ray Karnes, Mea-

?;ﬁ Educationsl Achievement (New York: McGraw-Hill
00. Ompaﬂy, nc., 4 ppt 22-24-

2rp44., pp. 79-92.



of & curriculum. Results of tests should reveal the
changes that should be made in order to accomplish
the goals that have been set. The underlying assump-
tion here is that tests are constructed in terms of
the cbjectives that have been established. If tests
are constructed in this manner, then theycan indicate

the suitability of the subject matter.

3. Improvement of Instruction:

One of the main uses of school tests should
be the improvement of methods of instruction. An
analysis of the results of good tests may provide a
fairly accurate idea about the way students learn.
The teacher can determine the relative effectiveness
of his various methods of teaching. By interpreting
the test sgscores , the teacher can obtain a good
picture of the potentialities of each student.

It should be pointed out that high test scores
do not necessarily indicate high achievement. When
studying the results of a test for the improvement of
instruction, the teacher must be aware of the possi-
bility that high scores may reflect simplicity of
test items or a low level of cognition that is being

me asured.



4, Assignment of Scores:

It is natural that different students learn
with different degrees. The classroom teacher needs
to determine the relative standing of each student
by assigning a score to each student and consequently
by renking the students according to their accomplish-
ments. In addition, the teacher needs to determine
which students have reached the required (or minimum)
standard of performance end which have not. It is of
vital importance, therefore, that the teacher cons-
truct his tewts in such a manner that the resulting
gcores truly indicate relative achievement. This is
a challenge that calls for the best efforts in setting
reliable and valid tests.

5. Incentive for Study:

"I+ would be nice (perhaps) if all students
in a school were interested in learning all they
possibly could whether or not a check were made on
their progress. This, however, is not the case. A
few will put forth their best efforts whether or not
tests are given. But the majority will work harder
if they know that they ere to be held accountable
for what has been taught. Generally, the instructor
who adm;l.ni.aters the most rigid program of evaluation



the
gets /greatest amount of work out of his atudente.“l

D. Background Statement :
1. A Felt Problen:

The intermediate school, in the Sudan, is the
gecond cycle in the educational ladder. It consists
of Grades five through eight. At the end of this
stage, the Sudan Examinations Council conducts the
"Intermediate Finel and Secondaiy Entrance Examinations",
hereafter referred to as "Intermediate Final Examina-
tions". These examinstions serve two purposes: (1)
to determine success at the intermediate school level,
and (2) to select candiidates for secondary schools
(the stage succeeding the intermediate gschool) and
other post-intermediate institutions.

| A1l the intermediate schools have exactly the
game text-books, and the same Intermediate Final
Examinetions, which are conducted every April. The
construction and grading of these examinations are
emong the responsibilities of the Institute of Edu-
cation, Bakht er-Ruda. In fact, the Principal of
the Institute of Education delegates the responsibi-
1lity of constructing and scoring the Intermediate

Ypid., p. 89.



Tinal Exeminations to the heads of the departments,
who may -dnvite some or all members of their depart-
ments to share this responsibility.

The "Intermediate Final and Secondary Entrance
Examinations - Mathematics", hereafter referred to
as Intermediste Finel Mathematics, consists, normelly,
of eight open—ended guestions. Although the examinees
are officially responsible for the material assigned
to the four years of the intenﬁediate school, they
are in fact responsible also for the material pre-
gented in the preceding stage (i.e., the elementary
school) because of the sequential nature of the sub-
ject matier.

2he writer has joined the Department of
¥athematics in the Institute of Education, Bakht er-
Ruda since his graduation from the American Universi-
ty of Beirut in 1960. He has taken part in construct-
ing end scoring the Intermediate Final Mathematics
for three years (1961 through 1963); and after he has
become the head of the Department of Mathematics in
1963, he haes been responsible for constructing and
gscoring the Intermediate Final Mathematics for another
three years (1964 through 1966). The writer feels,
ae an outcome of his first-hand experience that there
exists sone shortcomings in the prevailing Intermed-



iate Final Mathematics.

Intuitively, when en attempt is made to make
the eight examination questions (in the Intermediate
Final Mathematics) cover such a huge material, some
of the questions are bound to be overloaded, and
thus complicated and artificial. Otherwise, the
exexination is far from being comprehensive.

The second presumed difficulty is scoring
the answers of about ten thousahd candidates object-
ively. One of the sources of this difficulty is the
misinterpretation of the handwriting of examinees,
esyecially concerning numerals end mathematical
gigns. Another source of difficulty for objectivity
in scoring is the arising of unique methods of solu-
tion that were not enticipated by the examiners.

2. Resulte of the Intermediate Final Examinations:
The six subjects in the Intermediate Final

Examinations are religion, Arabic, English, mathematics,
nistory, and geography. Each of the first four sub-
jects weighs a hundred points, and each of the remain-
ing two subjects weighs sixty points. Thus the maxi-
mmn possible score in the Intermediate Final Examina-
tioms is 520 points.

‘The results of the Intermediate Final Examina-
tions are given in terms of the accumulated sum of
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ecoreg in the six subjects. This means that even one
half of a point in any subject influences the status
of the student in terms of pessing the intermediate
level or selection for the secondary schools or other
post-intermediate institutions.

I+ cen be seen fron Table 1 that about two
thirds of the cendidates for the Intermediate Final
Exeminstions pass, and about one half of those who
pass are accepted in se condary schools. Such a situa—
tion necessitates the use of highly reliable (as well
ag velid) examinations that yield highly reliable
scores which must be obtained as efficiently as

possible.



TABIE 1

FESULLS OF THE INTERMEDIATE FINAL
EIANTNATTIONS 1961-1965%

NHumber of |Number of |Percentage Enrolment Percentage
Year |Candidates|Success— of in Second- | of Enrol-

ful Candi~| Success |ary Schools|ment in Se-
detes condary
Schools
19611 7903 5792 73.3 2251 28.5
1962 8948 5371 0.1 2589 28.9
1963 9029 6544 72.5 3731 41.3
1964 9711 4966 51.1 3960 40,8
1965 9908 5449 55.0 3812 38.5
45 499 28122 61.8 16343 3%.9

8adapted from tables produced in: Mini stry of

Bducatisn, Ediucational Statigtics, Khartoum, Publications

Buresu, 19

o

E. The Purpose of the Study and the Statement of the Problem:

The purpose of this study is to investigate the

possidility of constructing an impraved instrument for

evaluating achievement in mathematics at the end of the

intermediate stage.
The protlem, then, is to examine ctitically the
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prevailing 'Intermediate Pinal Mathematics" and to
compere it with a suggested instrument (mainly an
objective type of test) with the intention of making
proposals for its improvement.

Operztionally, the yurpose is to answer the
following questions:

1) VWhich of the two types of test yields
more reliable scores?

2) Waich of the two types is more valid?

3) How do the grades yielded by a 'typical'
Internediate Final Kathematics" correlate with the

different levels of understanding?

F. Significence of the Study:!

The significance of this study is twofold.

In the first place, it aims at investigating an im-
portant aspect in education, namely, measurement of
echievement. In fact, the nethods of evaluating or
measuring achievement might need continual study and
review. Secondly, to the best kmowledge of the writer,
no attempt has beern made in the Sudan to investigate
the effectivenese of the prevailing Intermediate

Final Mathematics. It is sincerely hoped that this
study may initiate further research in measuring
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achievement in mathematics in the different stages.
It is equally hoped that this regsearch may also
initiate studies in the systems of evaluation in the
other subjects.

From the operational point of view, the writer
hopes that the Department of Mathematics at the
Institute of Education, Bakht er-Ruda, which is
actually responsible for setting the Intermediate
Final Mathematics, will give this study the attention

it deserves.



CHAPTER IIX

SURVEY OF RELATED LITERATURE

In this chapter, the characteristics of good
tests, as well as the uses of two main types of tests,
nemely, ¢ssay and objective tests, will be discussed.

A. Desirable Characteristics of Tests:

A good test is characterized by:
L. a high degree of validity,
2, high reliability,

3, objectivity,

4. diserimination, and

5. comprehensiveness.

All these factors are interdependent; yet for
the sake of discussion each will be congidered sepa-
rately. As these concepts can be referred to in
texte dealing with tests and measurement, the writer's
intention is to initiate further study by pointing
out some of the crucial points.

1., WValidity:
A test is valid if it measures what it is

- LA -
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supposed to measure. Micheels and Karnesl regard

validity a= the most important feature of a good
test. A test may be valid for one purpose but not
for anmother, and it may be valid for a particular
group of students but not for all groups of students
even if they belong to the same grade level.

Ope method of determining the validity of a
test is to compare it with an external criterion which
is congidered to be wvalid for the purpose at hand.
Another method is to consider the validity of indi-
vidual items, since the validity of the whole test
depends on the validity of the items that constitute
it. In some cases, it may be useful, as well as
desirable, to give first attention to the validity
of the individual ditems than to the validity of the

test as a whole.

2, Religbility:
Remners, Gege, and Rumme12 consgider reliabi-

lity the post availalble significant statistical mea-

Lyscheels end Kernes, op.cit., pp. 104-111.

213.1{. Remmere, N.L. Gage, and J.Francis Rummel,
A Practicel Introduction to Measurement and Evaluation
ew lork: er an rothers, s PP. - 3
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sure of the quality of an achievement test. Although
validity is generally considered to be more important
than reliability, the statistical validity of a
classroon test cannot ordinarily be determined, since
it requires an externel criterion which is seldom
available.

L test is reliable if it measures accurately
end consistently whatever it measures. It can easily
be seen that reliability is a necessary (but not suf-
ficient) condition for wvalidity.

Operationally, the reliability of a set of
gcores can be defined as the coefficient of correla-
tion between that set of scores and another set of
gecores obtained from the equivalent test given to
the members of the same group. The reliability of
a tes{ can be estimated by one of the following
methods:1

a) Test-Retest Method

Thisg method of estimating reliability requires
that the same test be administered +twice to the same
group of students. One of the drawbacks of this
method is that the interference of memory is neglected.

b) Eguivalent-Forms Method

Thie method requires that two forms of the

test be equivalent in terms of content, mental pro-

lﬁobert L., Ebel, Meas Educational Achieve-
ment (New Jersey: Prentice-ﬂﬁ%%, fnc., 1965), pp. 312-318.
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cessgés involved, number of items, difficulty, and the
other aspects. The studentm take the two forms in-
dependently. Reliability in thiis case is expressed
by the coefficient of linear correlation between the
scores yielded by the two forms.

¢) Split-Halves Method:

After the test is administered, the items are
divided into two halves. Normally, the two halves
are the odd-numbered and the even-numbered items.

The correlation between the two halves reflects the
reliability of half of the test. The Spearman-Brown
prophecy formula cen be used to estimate the relia-
bility of the whole test as follows:

Reliagbility of lengthened test = nr
l1+(n=-1) r

where
n = number of times test is lengthened
T - original reliability coefficient.
When r is the reliability of one half of the
test, the above formula becomes:

Reliability of whole test = 2(reliability of half tesg)
I+ (reliability of half test)

d) Kuder-Ricﬁardson Method
The rTeliability, r, of a test can be estimated
by uaing'Kuder-Richardson formula:



-
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raér[l- ja] , where

nunbexr of items in the test

propoxrtion of persons passing each item

1l -7

o 0 W K
n

the variance of the scores of the test.

It ig generally believed that the objective
type of test yields more reliable and valid scores
than does the essay type. This is verified by re-
gearch findings. "Results of essay-type papers by
lLl~year-old children indicated that even under ideal
conditions, with a rigorous gystem of marking, the
essay~type pepers do not achieve either the reliabi-
lity or valiiity of objective tests".’

Again "two studies showed that serious prob-
lems of unreliability in essay testing remain.
Anderson (1960Q) carried out a well-designed analysis
of variance study to investigate the extent of wvar-
iebility conmtributed by tests, testing occasions,

meriers, marking occasions, and their interactions.

Fifty-five ei g‘nth—-grade gtudents were administered

g, 1. Bbel, and R.E. Hill, "Development and
Applications of Teste of Educational Achievement",
Review of Educational Reseaxch, Vol. 29, No. 1

{Tebruary, A959), p. 43.
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the Sequential Tests of Educational Progress (STEP)
Essay test, Form A and Form B, for level 3, on four
testing occasions. On four different marking occa-
gsions, each of three markers marked all 440 essay
(eight from each of 55 students)"l. The group ana-
lysis showed a large amount ofunreliasbility.

3. Objectivity (Scorer reliability)

One of the functions of a test is to reduce
the subjective element in judgment to a minimum. If
a test is to promote objectivity, it must itself be
objective; and the teacher's judgment must be reduced
to a minimum. "Objectivity is increased by the use
of short-answer test guestions such as simple-recall
(in which one word will correctly answer the guestion),
true-false, multiple-choice, and matching queations".2
The following study is in order. "A geometry instruct-
or had reproduced a geometry test paper handed in by
one of his pupils and sent it to many mathematics

teachers with the request that they rate it on a score

lJack C. Merwin and Eric F. Gardner, "Develop-
ment and Applications of Tests of Educational Achieve-
ment", Review of Educational Research, Vol. 33, No. 1
(Februery, 1962), p. 42.

2Denié Baron and Harold W. Bermard, Evaluation
Technigues for Classroom Teachers (New York: WcGraw-

ok Company, lnc., 1958), p. 15.




- 20 =

of 100 points. The paper came back with grades rang-
ing from 10 to 90.""

Objectivity is essential for the reliability
and validity of a test. The two main factors that
underlie:objectivity are embedded in the scoring of
the test, and the interpretation of the test items
by the examinees.

The personal judgment (or bias) of the person
who corrects the test should not influence the scores
of the examinees. It is obvious that in the essay
type of test, this personal judgment factor can hardly
be eliminated altogether. Thus discrepancies in
scoring are bound to take place,.

The second aspect of objectivity deals with
the students' interpretations of the items of the
test. If the items of the test are well-constructed,
they should lend themselves to one and only one mean-
ing, at least to those who understand the material
involved. In other words, any test item should mean
egsentially the same thing tc those who know the point
in question. The test items should be free from am-

biguity, inconsistency, grammatical mistakes, and

1, rthur E. Traxler and others, Introduction

to Testirng and the Use of Test Results iIn Public
Schools (ﬁew York: Harper end Brothers, 1953), D. O.
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subjectivity, which msy make the items unnecessarily
Adifficult to understand or interpret.

4, Discrimination:

Lccording to Nicheels and Karneal

, & discri-
minative test should be constructed in such a way
that it detects small differences in achievement.
Thie is particularXy essential if the test is to be
weed reliably for ranking students on the basis of
achievement. To meet this purpose, three charac-
texristics of the test must be present; these charac-
teristics are:

a) The range of scores will be wide if the
+tegt is administered to students whose achievements
actually differ significantly.

b) The test includes items at all levels of
difficulty. In othexr words, the difficulty of the
4tens ranges from the most difficult, which will be
answered correctly omly by the best students, to the
80 easy items that will be practically answered
cixrrectly by all the students.

¢) ZEach item will discriminate between low
and high groups of students as far as achievement is

comcerned. Bach item will be missed more frequently

Lyicheels and Karnes, op.cit., pp. 118-121.
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by poor students than by good ones.

5. COmprehmnsivnnass:
Micheels and Karnesl believe that an achieve-

ment test should cover practically all phases of ins-
truction. I+ may not be necessary, and even not
practical, to include every point that is covered or
taught in the course, Then, how comprehensive should
a test be? A test should be comprehensive enough to
be valid, i.e., the velidity of a test is the ecriter-
jon by which its comprehensiveness can be measured.
There is no specific formula to apply for finding out
whether a test is comprehensive or not - it is a

matter of judgment.

B. Egsay and Objective Tests:
2

Ebel” compares and contrasts essay and ob-
jective tewts in the following way:

1. When to use either essay or objective tests

Essay and objective tests can be used to:
e) measure glmost any important educational

achievement.

l1pid., pp. 121-2.

ERobert L, Ebel, Measur Educational Achieve-
ment (New Jersey: Px@ntice-ﬁEI%, Inc., 1965), pp. 04—
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1) test understending and ability for the
command of knowledge, comprehension, and application
of principles.

¢) test ability in thinking critically.

d) test ability in solving novel problems.

e) test ability in selecting relevant facts
and principles which cculd be integrated toward the

gsolution of complex pro¢blems.

2. Some similari ties between them:

Some of the sinilarities between essay and
objective types of tests are the following:

g) Both are msed to measure educational achieve-
ment.

b) Both can be used as an incentive for study-
ing.

¢) Either type involves the exercise of sub-
jective judgment. In objective testing, the sub-
jectivity is concentrated in the process of the cons-
truction of the tests in the essay type, the sub-
jectivity is mainly menifested in the scoring of the
answers.

d) In either type, the value of the scores
depends on their objectivity and reliability.
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3. Some differences between them:

The following chart showse some of the differ-

ences, in nature, between essay and objective types

of

tegta.

1.

The testee plans his 1.
enswer and expresses
it in his own words,

Essay tests consist of 2.
relatively few ques-
tions for which ex-
tended answers are ex-—
pected.

The testee spends most 3.
of his time thinking
and writing.

Essay tests are rela- 4.
tively easy to prepare,
but tedious and diffi-
cult to score object-
ively.

The scypres are con- s 1
trolled considerably b
by the grader. '

The testee chooses the
answer from among given al-
ternatives; or otherwise,
the answer requires one or
a few words.

Objective tests consist of
many questions that require
short answers.

The testee spends most of
his time thinking and
reading.

Objective tests are rela-
tively difficult to pre-
pare, but easy to score
objectively.

The scores are determined
almost entirely by the
test.

4, When to use esgsay tests:

in general, essay tests can be used when:

a) the group to be tested is small; and the test
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is not intended to be reused.

b) the teacher is particularly interested in
finding out the students' attitudes rather than mea-
suring their achievement.

¢) the teacher is more confident in his pro-
ficiency in marking critically than in his ability
to construct good objective items.

d) i+~ the time available for preparing the
test is short, whereas the time available for gcoring
is long.

e) the main purpose is the development of the
gkill of writing expression. Yet even when testing
writing ability, objective tests could be used. "In
e controlled experiment with college students, it was
found that weekly essay tests did not produce signi-
ficantly greater gains in writing ability than weekly

objective tests."l

5. When to use objective tests:

Objective tests can be used when:
a) the group to be tested is large; and the

test is intended to be reused.

1R.L. Ebel and R.E. Hill, "Development and
Applications of Tests of Educational Achievement",
Review of Educetional Research, Vol. 29, No. 1 (Feb-

Tuary, 1959), P. 43.
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b) highly reliable scores are of vital im-
portance, and mst be obtained as efficiently as
possible.

¢) the teacher is more confident in his abi-
1ity to construct good objective test items than in
his ability to mark essay test anewers objectively.

d) impartiality of evaluation, and absolute
fairness are particularly essential.

e) there is more time pressure for marking

the students' answers than for preparing the test.



CHAPTER III

PROCE DURE

A. Methodology of the Study:
The methods followed in this study consist

of extensive enalyses of data from the following
sources:

1) literature pertaining to achievement tédsts;

2) the syllabi and textbooks of mathematics
for the elementary and the intermediate schools in
the Sudan;

3) past Intermediate Final Mathematics papers;

4) a pilot study; and

5) the students' answers to the two tests:
one 'typical' of the prevailing Intermediate Final
Mathematics, set by the head of the Department of
Mathematics, Bakht er-Ruda, and the other, mainly of
the objective type, set by the investigator. The
study of the two tests ineludes:

a) the correlation between the scores of
students on the two types of tests.

b) content validity, relisbility, and item
analysis of each of the two tests.
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B. Desgsign of the Sample:

The population of this study is the pupils
(boys and girls) in the final grade of 1967/68 in
Sudanese intermediate schools, both government and
private.l The study was designed to be conducted on
a representative sample of about 500 pupils from the
above population. In the selection of this sample,
the following factors have been teken into consi-
deration:

1) the proportion of girls' intermediate
schools to boys' intermediate schools;

2) the proportion of government intermediate
schools to private intermediate schools; and

3) the appropriate representation of differ-

ent parts of the Sudan.

The designed sample consgists of:

1) six clesses from government boys' inter-
mediate schools,

2) two classes from private boys' intermed-
iate schools,

3) one class from a government girls' inter-

mediate school, and

lA private school means a non-government

school which follows the government system and whose
pupils sit for the Intermediate Final Examinations.
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4) one clams from a private girls' intermed-
iate school.

The above stratification of the sample shows
the proportion of government to private schools, and
the proportion of boys' to girls' schools. The re-
presentation of the different parts of the Sudan,
in the sample is as follows:

1) two classes from Eastern Sudan,

2) one class from Western Sudan,

3) one class from Northern Suden,

4) four classes from Central Sudan, and

5) two classes from Southern Central Sudan.

C. Corregpondence:
1. Bakht er-Ruda

To eliminate the element of bias in the study,
the 'typical' prevailing Intermediate Final Mathematics
had to be set by a person other than the writer, gince
the writer had to construct a suggested type to replace
it. The head of the Department of Mathematics, Bakht
er-Ruda, who is actually responsible for setting the
Intermediate Final Mathematics, was asked to write
such a test. He has kindly acted on the writer's
request; and a copy of this 'typical' Intermediate
Final Mﬁtﬁematics ig in Appendix D.
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2, Intermediate Schools

The selection of the sample has been followed
by duplicate letters to the headmasters of the inter-

mediate schools selected. The content of each letter

were:

a) a synopsis of the study,

b) the information needed by the writer for
his study,

c¢) an outline of the procedure of conducting
the tesgts, and

d) a request of the approval of including
their schools in the study.

The reader can refer to a copy of this letter
in Appendix A.

The writer had secured the approval of all
the hesdmasters and the headmistresses of the schools
which comprise the sample initially selected.

Although tests were sent to the ten selected
classes of which the sample consists, yet only the
manuseripts of four of these classes have been re-
ceived. Fortunately, these four schools are from
four different parts of the Sudan: Eastern, Central,
Western, and Southern Central Sudan. And, at the same
time, they represent the four categories of intermed-
iate achoois,-namely, boys (government and private),

end girls (government and private). Thus, even though
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the actual sample used was cut from 500to 115, it is
neverthelesgs sufficiently representative of the in-
termediate schools to provide a good basis for a

first study of this sort.

D. Steps for Constructing the Test:

An effective progrem of study has specific,
well-defined objectives which are usually expressed
in terms of concepts, skills, and attitudes to be
acquired by the students. A good measuring or
evaluating device can determine the extent to which
these objectives are realized. The investigator had
to decide what was to be measured taking into consi-
deration the necessity of determining the 'what' in
clear, unmistakable terms.

The following were the main steps taken for
constructing the test:l

1) The major objectives were listed for
which an appraisal was desired.

2) The course content was examined for
additional objectives. This step was actually part
of the first one. It wés a checking step to ascertain
that all the significant objectives were being con-
sidered. The purposeof each topic or unit was then
determined by constantly asking: What is the purpose

19 cheels and Karnes, pp. 92-98.
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of this topic or unit? What should the gtudent get
from the topic or unit under consideration?

3) Each objective was mnalyzed and defined
in terms of expected student outcomes. The various
elements that constitute each objective were listed.
It was aimed at that the test would be fair to all
the students by really showing the extent each has
achieved. The purpose of this step is to give
meaning to each objective and to list the elements
contained in it. When thie anelysis was completed,
it formed the basis for = complete program of
evaluation.

4) Finally, a table of specifications, for
the test, was established. This table gerved as a
guide; it was similer to a blueprint. Its function
was to specify the emphasis that was to be giwven to
each objective being measured. This table facili-

tated the construction of the actual items.

E. Planning end Prepering the Suggested Test:
1. A basic assumption of the Study:

A basic aasunmﬁion underlying this study is
that the prevailing Intermediate Final Mathenatics

needs considerable impravement, particularly as far
as reliability, objectivity, and validity are con-
cerned. In order to verify this assumption a "typical!
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Intermediate Final Mathematics (set by the head of
the Department of Mathematics, Bakht er-Ruda) and a
suggested substitute (set by the investigator) were
given to a representative sample of pupils in the
final grade of 1967/68 in Sudanese intermediate
schools. The results of these tests will furnish
the basic data for the study.

2. Planning the Test:
The writer had thoruughly studied the text-

books, as well as the teachers' handbooks, of mathe-
matics for both the elementary and the intermediate
schools. The major objectives have been determined,
and the concepts isolated. These concepts eand ob-
jectives were tested on three levels of understand-
ing: knowledge, comprehension, and application.
Bloom's "Taxonomy of Educational Objectives"l has
been consulted for defining these levels of under-
standing.

a) Knowledge: Knowledge includes test
gituations which are very similar to the original

learning situations. The examinees are expected to

lﬁengamin S. Bloom and Others, Taxono of
Educational Objectives (New York: David NcKay Compeny ,
ne., y Pp. b2-143.
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answer questions or solve problems similar to those
presented in the textbooks. "The knowledge category
differs from the others in that remembering is the
major psychological process involved here, while in
the other categories the remembering is only one part
of a much more complex process of relating, judging,
and reorganizing".l
Testing for knowledge: "The major behavior
tested in knowledge is whether or not the student can
remember or either cite or recognigze accurate state-
ments in response to particular questions. Al though
gomewhat more than rote memory is required for knowl-
edge, the form of the question and the level of pre-
cigion and exactness required should not be too dif-
ferent from the way in which the knowledge was ori-
ginally learned."2
b) Comprehension: Comprehension includes
responses which represent understanding of concepts
and objectives. To achieve this understanding, the
student may change the concept in his mind to some
perallel form more meaningful to him. There may also

be responses which represent simple extensions beyond

l1pia., p. 62.

°Tvid., p. 8.



what is given in the test item itself.

Three types of comprehension are considered.
These are:

i) Translation: Translation means the trans-
formetion of a symbolic form to another form. It is
the sbility to tramslate relationships expressed in
gymbolic form, including graphs and mathematical for-
mulee, to verbal form and vice wversa. Translation
includes the ability to prepare graphical representa-
tions of a given data. It also includes the ability
to translate geometric concepts, given in verbal
terms, into visual or spacial terms.

If an item is to be of a level transcending
knowledge, the context in which the terms or symbols
appear must be to some extent novel. The nature of
the preﬁous instruction, rather than the appearance
of the item, is the deciding factor.

ii) Interpretation: Interpretation "involves
dealing with a communication as a configuration of
ideas whose comprehension may reguire a reordering off
the ideas into a new configuration in the mind of the
individual. This also includes thinking about the
relative importance of the ideas, their interrelation-
ships, andrthei‘r relevance to generalizations implied

or described in the original communication. Evidence
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of interpretation behavior may be found in the infer-
ences, generalizations, or pummarizations produced
by the individual".l
When evaluating interpretation ability, the

exeminee is presented with a situation end is asked
to meke inferences which may be drawn from the com-
munication. "The inferences may be at a more general
level than the communication itself, and should,
where possible, be based on more than one element in
the commnication. Sometimes, the inferences may
represent generalizations based on particulars given
in the communication, or may pertain to particulars
to which generalizations given in the communication
applyu"z

3ii) Extrapolation: This is the third type
of comprehension. It includes the meking of estimates
or predictions., It may also involve the making of
inferences with respect to implications, consequences,
corollaries and effects which are in accordance with
the conditions described in the communication.

The questions on extrapoletion attempt to

determine whether or nof the examinee can go beyond

the limits of the data or information given and make

1pida., p. 90.

°Tpid., p. 106.
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correct spplications and extensions of the data or
information.

¢) Application: A necessary (and yet not
gufficient) condition for application is the compre-
hension of the method, theory, principle, or abstrac-
tion gpplied. "A problem in the comprehension
category requires the student to know an abstraction
well enough that he can correctly demonstrate its
use when specifically asked to do go. 'Application',
however, requires a step beyond this. Given a prob-
lem new to the student, he will apply the appropriate
abatraction without having to be prompted as to which
abstraction is correct or without having to be shown
how to use it in that situation. A demonstration of
'"@Gomprehension' shows that the student can use the
agbetraction when its use is specified. A demonstra-
tion of 'Application' shows that he will use it
correctly, given an appropriate situation in which
no mode of solution is specified.“l

When testing application, the testing situa-
tion must be new to the examinee, or it must contain
new elements as compared‘to the situation in which

the abstraction was learned. This might mean that

l1pia., p. 120.



the problem can be known to the examinee but presented
in such a way that he is unlikely to have thought of

it previously,

3, Preparing the Test:

The time for the suggested test was fixed in
accordance with the scheduled time for the Intermed-
jate Pinal Mathematics, whieh is two hours. The test
consisted of sixty items — twenty items on each of
the three levels of understanding. Table 2 shows the
distribution of the items over the concepts and the
three levels of understanding.

The test consists of thirty-five multiple-
choice items, and twenty-five short open-ended ques-
tions. The answers to all questions are to be shown
on the examination booklet which is preceded by a
page of "Directions". The comprehensiveness of the
test is sought through its content validity. The
reader is referred to Appendix E for a copy of this

test (in Arabic).

The Practice Test:

A practice test, -:following the same style of
the suggested examination, intended to train the
students for thisrelatively *new! type of test, was

constructed. This practice test consists of twenty



questions.

C.
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TABIE 2

CONCEPTS AND IEVELS OF UNIERSTANDING TESTED

A copy of this test is found in Appendix

A S

Items

The four rules ‘3,5 2
Common fractions 4 10 2
Decimals 2,36 2
Arithmetic mean 19 1
Area 15,28 24 3
Volume 33 40 2
Ratio and proportion 20,32 2
Percentage 39 25,34 3
Roots 9,41 2

Logarithms (and

indices) 13,17 2
Angles 7 31 2
Congruency 21 22 2
Locus 29,35,52 3
Parallel lines 49 1
Directed numbers 18 1
Equations 47 43,50 3
Formulae 45,46 2
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TABIE 2 (Continued)

Concepts Enowl- | Compre- | Applica- | Number
edge hension tion of
Items
Graphs 54 55-60 T
Similar figures 23 b
Algebraic expressions | 48 53 2
Factors 1 i
Scale 11,12 2
Identities 8,42 2
Geometric figures 30 L
Tangent of an angle 14 44 2
Angles of elevation
end of depression 51 !
Prime numbers 6 1
Bearing 38 1
Calendar 37
Perimeter 26,27
Time, distance, speed 16 1

20 20 20 60
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F. The Pilot Study:

A pilot study was conducted on a boys' govern-
ment class in Omdurmen, Sudan. Although the examina-
tion papers were sent ahead of time from Beirut to
the Sudan end back to Beirut by registered air mail,
yet an unexpected delay, of about a month, took place.
As a result of this delay the examination papers had
to be sent to the sample schools before the results
from the pilot study were analyzed. However, the ana-
lysis of these results revealed that no significant
changes had to be made in the items. The results and
jtem analysis of the pilot study appear in tables 3
and 4.1

1Assignment to top and bottom groups is by
total test score, thus making diserimination values
an egtimate of internal consistency.
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TABIE 3
PILOT STUDY: DISTRIBUTION OF SCORES

Scores £
72 - T4 2
69 - T1 0
66 - 68 4
63 - 65 4
60 - 62 2
57 - 59 4
54 - 56 6
51 - 53 2
48 - 50 &
45 — 47 2
42 - 44 4
39 - 41 3
36 - 38 1
33 - 35 3
30 - 32 0
27 - 29 1
24 - 26 1
21 - 23 2

45

Maximum Possible Score = 88. Mean = 50.42.

Standard Deviation

= 13.30. Range = 51.
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TABIE 4

PILOT STUDY: DIFFICULTY AND DI SCRIMINATION

Item | Degres | Ievel | Biom leete | ur
mefipavnsmal (NS | e
(%)

1 90 .20 20 90 .20
2 60 .20 21 50 .80
3 (G .50 22 80 . 40
4 60 .60 23 25 .10
5 80 .20 24 40 .60
6 50 .20 25 80 . 40
7 65 .70 26 65 .70
8 95 .10 27 35 .30
9 95 .10 28 55 .30
10 50 .40 29 65 .70
11 40 .40 30 80 .40
12 0 .00 3 45 .70
13 75 .50 32 45 .30
14 80 .40 33 25 .10
15 55 .90 34 15 .30
16 85 .30 35 50 .60
17 15 .30 36 85 .10
18 70 .20 37 25 .50
19 65 .10 38 40 .80
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TABIE 4
(Cont'd)
it | Dogmee | Temel | ber| er | ot
Difficulty| Discrimi- Diffi- | Discrimi-|
(%) nation culty nation
(%)
39 85 .30 50 50 .60
40 15 .10 51 45 .90
41 30 .40 52 - T0 .40
42 70 .40 23 50 .40
43 50 .80 54 80 .20
44 45 .50 55 35 .70
45 80 v 20 56 35 .70
46 10 .20 57 30 .40
47 75 .50 58 55 .30
48 55 .90 59 90 .20
49 90 .20 60 40 .40

G. Procedure of Conducting the Tests:

The followings were sent by registered air
mail to the headmasters aﬁd headmistresses of the
intermediate schools selected:

1) A 'typical' Intermediate Final Mathematics —
for reference called 'Test 1';

2) A practice objective test — called 'Test 2';
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3) The suggested objective test - called

18est 3';

4) Exemination answer-books for 'Test 1';

5) The 'Directions' for conducting the tests.
(A copy of these 'Directions' is found in Appendix B).

Tn the 'Directions', the headmasters and the

headmistresses were strongly asked to adhere literally
to the procedure of conducting the tests given below:

Order of Giving the Tests

First, 'Test 1'
Second, 'Test 2'

Third, 'Test 3'

Procedure of the Tests

The followings are the procedures for each
test requested to be followed carefully.
a) Test 1
i) This test is a 'typical' Intermediate Final
Mathematics. It consists of eight questionms.
ji) Time: Two hours.
Iii) This test should be answered on the
answer-books especially designed for this test.
ijv) Each student should start the test by
writing his name and the name of his school in the
indicated placé at the top of the answer-book.
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v) Before collecting the answer-books, the
supervisor is strongly asked to check that every stu-
dent has written his name and the name of his school.

vi) The students can keep the question papers.
vii) Kindly send the answer-books - without

gscoring them - by registered air mail

b) 'Test 2!
i) This test consists of twenty items.

ii) The purpose of this test is to prepare
the students for taking 'Test 3'.

iii) This test is similar, in form, to
'Teat 3°'.

iv) The 'Directions' (the first page),
which accompany this test are the same 'Directions'
for 'Test 3°'.

v) Will the supervisor kindly read and
discuss the 'Directions' with the students.

vi) Time: Not limited.

vii) This test is to be answered on the
same examination booklet.

viii) The students can be helped in the pro-
cedure of expressing their answers.

ix) Will the supervisor kindly train the
students to use their examination booklets properly.

x) Will the mathematics teacher kindly
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score this test, and give the papers back to the
students. It is necessary that every student master
the way this test is answered.

xi) The students can keep their papers with

them.

c) 'Test 3'
i) This test consists of sixty items.

ii) The distance between any two adjacent
gtudents should be, at least, one metre.

iii) Will the supervisor read the 'Direc-
tions' (the first pege) with the students, and
answer the questions pertaining to the 'Directions'
only.

iv) The time for this test (excluding the
time teken by the 'Directions') is two hours.

v) This test is to be answered on the
same examination booklet.

vi) Each student should write his name and
the name of his school in the indicated place at the
top of the examination booklet.

vii) Will the supervisor remind the students
to use their examination booklets in the proper manner
they have learned from 'Test 2'.

viii) No questions of any type are allowed
during the examination.
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ix) Before collecting the examination book-
lets, will the supervisor make sure that every student
has written his neme and the name of his school.

x) Kindly send the examination booklets -

without scoring them - by registered air mail.

H. Scoring the Tests:

The scoring plan of the 'typical' Intermediate
Final Mathematics was prepared by the setter of the
test, the head of the Department of Mathematics,
Bakht er-Ruda; and the scoring plen for the suggested
objective test was prepared by the investigator. The
reader is referred to Appendix F for the scoring
plan of the first test, and to Appendix D for the
scoring plan of the second test.

The two tests were marked by both Mr. Umar
Ballal (M.A.) and the writer after they agreed to

follow the scoring plans as closely as possible.

I. Analysis of Data:
1. Validity and Comprehensiveness:

The mathematics sjllabus for the intermediate
schools, in the Sudan, consists of thirty-one concepts
as shows in Table 2.

The ﬁppropriate representation of these con-

cepts in an Intermediate Final Mathematics determines
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the content validity, and hence the comprehensiveness

of that examination.

2. Reliability:
a) The 'typical' Intermediate Final Mathematics:

For estimating the reliability of this test,
the eighty-five steps, which comprise the solution of
the eight questions, were considered as items. The
Kuder-Richardson formula number 20, adapted by P.L.
Dregsel, and called Dressel's formulal was used. This

formula is:

where, Tyy = Reliability of the total test;
n = Number of items in the test;
P - Proportion of correct responses to each item;
a =1-Dp;

- Standard deviation of total scores;

g
1

~ Weight gssigned to each item.

=
l

1; p. Guilford, Psychometric Methods (New York:
MeGraw-Hill Book Company, *nc., 1954), p. 383.
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b) Suggested Test:

To render the estimation of reliability pos-
sible, eight items were split into eighteen items,
as they are thus scored. This raised the number of
jtems from sixty to seventy. Here, also Dressel's
formula was applied.

The reliability of this test was also found
by the Split-Half Method®, applying the formula:

e
where, T.4 = Reliability of original test;
Toe = Reliability coefficient obtained by

correlating the scores of the odd items

with the scores of the even items.

3. Difficulty end Discrimination:

For both tests, the top thirty papers (about
26% of the aample2) and the bottom thirty papers were
taken to represent the high and low groups respectively.
a) Degree of Difficulty:

1y .M. Downie and R.W. Heath, Basic Statistical
Methods (2nd ed.; New York: Harper and Row, Publishers,

20rdinarly between 25% and 30% of the sample
ig used for each of the top and bottom groups.
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The degree of difficulty (D.D.) of each item
of both tests was estimated by using the formula

21M

where, ZH = Sum of scores obtained by the high group

in each gquestion;

Z L = Sum of scores obtained by the low group
in that question;
N = Number of students in high (or low) group;
M - Maximum possible score for the question.

b) Level of Diserimination
The level of discrimination (L.D.) of each

item in both tests was found by applying the formula:

L.D. = 2ZH - ZL
NM

where the symbols 2 , H, L, N, and M have the same

meaning expressed above.

4. Objectivity:

For estimating the objectivity of scoring,
both tests were scored by'Mr.Umar Ballal (M.A.) and
the investigator. Mr. Ballal had teken part in mark-
ing the Intermediate Final Nmthematics for some years.

The}degrée of objectivity was taken to be the

correlation between the scores of both graders.
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RESUITS

A. Validity and Comprehensivenéss:

1. The 'typical' Intermediate Final Hathematics:

Students are not tested in half of the con-
cepts (listed in Table 2). Specifically, the test
does not measure achievement in these concepts:
arithmetic mean, volume, logarithms (note that ques-
tion 8, part A can be done without wsing logarithms),
congruency, similar figures, factors, identities,
angles of elevation and depression, prime numbers,
bearing, calendar, perimeter, and time, distance,
spead.

The failure to include most (if not all) of
the concepts may be mainly due to the nature of the
test which does not lend itself to be comprehensive

with high content validity.

2. The Suggested Test:

This test is so constructed that all the
mathematical concepts, assigned for the intermediate
school mathematics, are well represented. These con-

cepts are tested on three levels of understanding:

-52 -
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knowledge, comprehension, and application.

3.

Previous Papers of the Intermediate Final

Mathematics:

Table 5 shows the missing concepts in five

past papers of the Intermediate Final Mathematics.

TABIE 5

MISSING CONCEPTS IN FIVE PAST INTERMEDIATE
FINAT MATHEMATICS PAPERS

1962 1964 1965 1966 1967
Formulae Common Frac-| Arithmetic| Arithmetic |Arithmetic
tions mean mnean mean
Similar Arithmetic Volume Volume Parallel
figures mean lines
Factors Parallel Roots Congruency |Similar
lines figures
Identities|Similar Similar Similar Factors
figures figures figures
Angles of |Factors Factors Identities |Angles of
elevation elevation
and dep— |Prime num- | Angles of |Angles of | and dep-
ression bers elevation| elevation| ression
and dep- and dep-
Prime nam-|Bearing ression ression Prime
bers numbers
|Calendar Calendar Prime num-|Prime num-| Bearing
bers bers
Perimeter |Perimeter Bearing Bearing Calendar
Time, dis- Calendgr |Calendar Time, dis
tance, tance,
speed Perimeter |Time, Dis-| speed
tance
Time,dis- ’
tanée, speed
speed Common frag-
tions
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B, Reliability of the Two Tests:

1. '"Typical' Intermediate Final Mathemetics:

Substituting the calculated values of

BZS wfpiq_i (= 28.89), o—i e 428.71, n= 85 in Dressel's

i=1
formula, the reliability of the total test, Tyy o 18

2 2
riy = n oy = 2ZWiP;a
n -1 d.g

_ ( 85 ) 428.71—28.89): 85 . 399.82 - .94
85-1 428.71 84 188.71

2. Suggested Objective Test:

Here, %_—(i wipsa; = 25.61, o - 263.44,
i1

n = 70; thus

70-1 263.44 69 263.44

The Split-Half Method gave the same Ty = 91
as is evident from substituting the obtained value of
Ty = .83 in the formula

Ty = 2 ree
1+rm;

2x.8j_ = §6_ = .91

1,
1+.83 1.83

Theoretically lengthening this test to 85 items,
the reliability coefficient can be predicted using
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Spearman-Brown prophecy formulalz
T,, — N r
tt -
1+(8-1)r

where N? = the number of times the test is longer or

shorter than the original test
r = the religbility of the test whihh is being

lengthened or shortened.

Thus,
2 |
oy = (B) ™) _1a4x.o1 10374 - .02
1485 - 1 (.91) 1+.14 x .91 1.1274
70

3. Comparison of the Two Reliabilities:

The difference between the two relisbilities
(.94 - .91 = .03) is not Bignificant.2 Hence, in
general, the two tests are equally reliable.

13
C. Difficulty and Discrimination:

1. 'Typical' Intermediate Final Mathematics:

The degree of difficulty and level of discri-
mination for the eight questions are shown in Table 6.

lpownie and Heath, pp. 218-219.

2While it may appear surprising that an "essay"
test should thus be on a par with an objective test,
it should be remembered that the "essay" was in fact
subdivided into 85 objectively scored "items".

3
See footnote on p. 41,
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TABLE 6

TYPICAL INTERMEDIATE FINAL MATHEMATICS:
. 1
DIFFICULTY AND DISCRIMINATION

Question | ZH | IL |[Meximum | Degree of [Level of
fumber ggg:éble Dif;%culty E%ggrimina—

1 303 92 15 44 0.47

2 410 90 14 60 0.79

3 229 [103 | 10 55 | 0.42

4 31 2 32 5 0.08

5 267 | T4 10 57 0.64

6 287 52 12 47 0.65

7 273 2 13 35 0.69

8 374 {181 14 66 0.46

2. Suggested Objective Test:

Table 7 shows the degree of difficulty and
level of discrimination of each item.

See footnote on p. 41.
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TABLE 7

DIFFICULTY AND DISCRIMINATION

_Itan Bl L Maximum | Diffi- Disc-:rimi— Item ul L Maximum |Diffi-|Discri-

Number Possible | culty | nation Number Possible|culty |mina-
Score (%) Score (%) tion

1 30 | 26 1 93 13 31 52 |22 2 62 «50
2 25| 9 1 57 .53 32 38 |10 2 40 «47
3 29 | 17 1 77 .40 33 34 |10 2 37 .40
4 29 | 16 1 75 .43 34 16 | 2 2 15 23
5 23112 1 58 .43 35 46 | 20 2 55 .43
6 | 25|17 1 70 .27 3 |28|11] 1 65 .57
7 25117 1 70 27 37 51 6 1 18 -.03
8 29 | 22 1 85 023 38 16 1 30 47
9 30121 1 85 «30 39 29 |21 i 83 23
10 22113 1 58 .30 40 29 | B 1 62 .70
14 21| 4 1 42 .37 41 20 |12 1 53 27
12 0] 2 1 3 -,07 42 22 111 1 55 «37
13 29111 1 67 .60 43 25 |13 1 63 .40
14 29|15 1 73 .47 44 30 |15 1 75 +50
15 30|20 1 83 033 45 29 112 1 68 57
16 28 | 15 1 72 33 46 14| 0 2 12 o2
17 14| o 1 33 27 47 55 |30 2 71 042
18 25115 1 67 233 48 48 | 22 2 58 43
19 25119 1 73 «20 49 44 |20 2 53 .40
20 29 | 25 1 20 . 50 55 | 27 2 68 47
21 22111 1 55 037 51 50 |10 2 50 .67
22 30| 27 1 95 .10 52 52 |16 2 57 .60
23 40 | 24 2 53 o2l 53 47 | 21 2 57 43
24 38116 2 45 3T 54 59 | 58 2 98 .02
25 56 | 26 2 68 «50 55 49 |17 2 55 53
26 50| 22 2 60 47 56 48 | 14 2 52 57
27 | 2620 2 38 .| .10 s1 |4a7|17| 2 53 | .50
28 48 | 22 2 58 43 58 54 |24 2 65 «50
29 50| 22 2 60 47 59 60 | 44 2 87 28
30 50} 22 2 60 47 60 44 {14 2 48 «50
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3. Analysis of Results:
a) 'Typical' Intermediate Final Mathematics:

With the exception of gquestion four, the in-
dices of difficulty and discrimination are signifi-
cant. Yet it must be pointed out that question four
weighs 12% of the whole test.

b) Suggested Test:

It can be seen from Table 7 that items 1, 3,
6, 7, 8, 9, 15, 16, 18, 19, 20, 22, 39, and 54 are
fairly easy, and attempted by over 70% of the stu-
dents. At the same time, some items do discriminate
between the able and the less able atudents. Among
such items are 11, 13, 25, 31, 36, 40, 45, 515 52;
55, 56, 57, 58, and 60.

Items 12 and 37 were too difficult even for
the top group, and thus had poor indices of diffi-
culty and discrimination. But these two items weigh
about 3% of the total score of the entire test.

In general, one may safely say that most of
the items yielded acceptable indices of difficulty
and discrimination.

D. Objectivisz

The correlation of the scores of both markers

for each twst was found to be .99. This shows that
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the scoring of both tests is highly objective, as well
as, there is no difference in objectivity of scoring
both tests. This may be due to the fact that the
marking plans are very straightforward.

E. Correlations:

It can readily be seen from Table 8 that the

correlations between the scores of the 'typical!
Intermediate Final Mathematics and}%%jective sub-
scores on knowledge, comprehension, application are
cloge enough to conclude that the performance of the
students in the suggested objective test has not
yielded appreciable difference between these three
levels of understanding. Hgain, the differences in
correlation between knowledge, comprehension, appli-
cation - each two taken at a time - are not signi-
ficant. Yet scores on knowledge correlate relatively
low with scores on comprehension; and the correlation
between knowledge and application is still lower.
Incidengiy, the correlation between comprehension and
application was found to be the same as the correla-
tion between knowledge ané comprehension.

In general, those who scored high in the
'typical' Intermediate Final Mathematics scored high
in the suggeéted test and vice versa; however, there

were some exceptions.



TABLE 8
CORRELATIONS
uggested |Knowledge | Comprehension | Application
gggi?gzgzl Subscore Subscore Subscore
Score
Typical Inter-
mediate Final
Hathemnsti.on .84 .75 oTL .78
Total Score
Suggested Ob-
jective Test .86% .90t .89t
Total Score
Knowledge
Subscore .69 .65
Comprehension .69
Subscore

X Artificielly inflated due to the

gubscore in each total-score.

F, Distribution of Scores:

inclusion of each

The distribution of the scores of both tests im given

in Table 9. The scores in this table are plotted in the

frequency polygons that follow it.




TABIE

9

DISTRIBUTION OF SCORES OF BOTH TESTS -

Typical Intermediate

Suggested Objective

Final Mathematics Test
Scores Freq?ency Scores Frquency

85-89 2 80-84 1
80-84 4 75-T79 6
75-T79 T T70-T74 7
T0-T74 4 65-69 6
65-69 5 60-64 15
60-64 10 55-59 14
55-59 10 50-54 13
50-54 12 45-49 16
45-49 10 40-44 19
40-44 12 35-39 7
35-39 U 30-34 3
30-34 10 25-29 4
25-29 20-24 0
20-24 ! 15-19 3
15-19 3 10-14 1
10-14 10
05-99 £-115
00-04 1

f:lls

Mean = 46.75 lean

Standard deviation

20.7

Standard deviation =314.3
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FREQUENCY
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CHAPTER V

CONCLUSIONS AND KRECOMMENDATIONS

A. Results of the Two Tesgts:

Once again, the main purpose of this study
is to investigate the possibility of constructing
an improved instrument for evaluating achievement in
mathematics at the end of the intermediate stage.

The statistical analyses of the results of
the two tests - the prevailing and the suggested
substitute - tempt one to conclude that both types
are almost equally reliable and objective. But the
suggested type of test (mainly objective) excels over
the prevailing type in one of the most important
characteristics of tests, namely, content validity.
The degree of difficulty and level of discrimination
of the items can be improved by further experimenta-
tion.

B. Recommendations: ‘

There are certain objectives of teaching
mathematics at the intermediate school that can best
be tested by the objective type of examinations;
whereas other objectives (such as producing long hand
proof, expressing oneself clearly, etc.) do not lend
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themselves be examined by such type of tests. It,
thus, seems that the two types of tests are compie-
mentary rather than opposing each other. The Inter-
mediate Final Mathematics may better meet its ob-
Jective if it consists of two papers (instead of one):
one of the essay type (similar to the prevailing
paper) and the other of the objective type (similar
to the suggested test). By having such two papers,
most, if not all, of the extent to which the aims of
teaching mathematics at the intermediate level have

been met, can be measured in the best available way .

C. BSuggested Topics for Further Research:
In conclusion, the following topice for fur-

ther research are suggested:

1) The suitability of the present intermed-
iate schools mathematics in the Sudan.

2) Experimentation with objective tests on
the elementary level,

3) The effectiveness of present teaching
methods in mathematics; and the preparation of the
mathematics teachers. |

4) A comparative study of the intermediate
school mathematice as taught in the Sudan as compared
with that in.other-Arab countries as well foreign

advanced countrieg.
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5) The effect of the medium of instruction
(Arabic) on the understanding of mathematics in the

various parts of the Sudan.
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APPENDIX D
'TYPICAL' INTERMEDIATE FINAL MATHEMATICS
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APPENDIX F

SCORING PLAN OF THE ‘TYPICAL' INTERMEDIATE
FINAL MATHEMATICS

Note: The assignment of scores anddirections for
gscoring are written in English.
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