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Abstract

This puper seeks to introduce the taxonomy developed
by Bloom and also other.taxbnomies applied to
Mathematics. The behavioural basis is considered
before the actual taxonomies are presented giving
due cognizance to the influence of behavioural
objectives. The paper'then demonstrates the way

in which a taxonomy can be used in setting
eiamination papers, and also gives a survey of the
‘way Bloom's taxonomy and -behavioural objectiVes have
been used in instruction. Philosophical criticisms
of objectives and the use of Bloom are considered
followed by a survey of empirical findings in
connection with both of these. Finally suggestions
are firstly made as to how the taxonomy can be used
to examine mathematics question papers in Scuth
Africa in its albeit subjective manner, and secohdly
for further research.
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Introduction

The philosophical basis behind the taxonomy of
educational objectives as outlined by Bloom in 1956
has been regarded as "the top of a pyramid based on
philosophy and empiriéal research in education : it
calls for a functional synthesis of all our
knowledge in the field of education and related
‘disciplines" (de Landsheere 1977 p.77), and conversely
as suiting "the expression of a pragmatic/materialist
ethic, and does not particularly suit the expression.
of eth%cs either traditionally, or currently
associated with the concept of education" (Ormell
1974 p.3). Thus wideiy opposing philosophicallview—
points have been propounded and, in addition, rather
confusing results of empirical studies have added to
the controversy leading for many years to the
entrenchment of the viewpoints held by the prot-
agonists. It would, however, seem as stated by
Kapfer (1978 preface) that "there now appears to be
more concern for exploring ways of redirecting the
behavioural objectives impetus of recent years", in
order to retain the advantages that have resulted
from behavioural studies and the use of taxonomic
methods in considering both evaluation and
instruction. There 1s now a Jreater realiéation in
education of the truth of Emerson's dictum "that the
ends pre-exist in the means™, and that objectives,
teachers and resources are intimately intermingled
and interrelated with learners in the educational

process (Davies 1976 p.11).



Chapter 1

‘The Behavioural Basis of Educational Objectives

In considering Bloom's Taxonomy the first aspect to
be discussed must be that of behavioural objectives}
which act as a basis for the taxonomy.

In the times of the Romans the term "objective"
referred to a pillar which marked some turning-point
in a chariot race. As a result, in our usade, an
objective does not have to be seen as the final aim
marking the end of an activity, but rather as a
signpost along the way (Davies 1976 pp.” 2 and 3).
Objeétives are thus developmental representing roads-
to travel, and thus the achievement of the objectives
needs to be planned for continuity with a full '
appreciation of the developmental stages within that
continuity (Taba 1962 p.203). It is therefore
necessary to contrast aims at a dgeneral level, and
objectives which are more concerned with specific
outcomes. Aims and objectives must be considered as
complementary to each other.

General aims are necessary in that they express the
philosophical basis on which a course or a syllabus
1s based. For example some aims expressed in the
Junior Secondary Course Syllabus for Mathematics for
the Cape Education Department (1973 p.?2) are:

1.7 To give the pupil a clear insight into, and a .
thorough knowledge and understanding. of, those
basic mathematical principles which will
prepare and equip him for further study in
Mathematics and other subijocts;: '

1.4 to arouse in the pupil a love for, and an-inter-

N



est in the further study of Mathematics and

related subjects. |
General aims such as these although absolutely
necessary are too vague to be translated into an
active education program. There needs to be a
more specific platform of objectives in order to
guide the making of curriculum decisions, to decide
what content must be covered, how it must be
emphasized and which learning experiences must be
stressed. (Taba 1962 p. 197). Without a consistent
set of objectives there is a very real danger that
all evaluation with its concomitant effect on
instruction will test the lowest level of learning,
and that is knowledge. Not only that, there.would
be a tendency to test only that type of knowiedge
which involves recall alone. What theﬁ”consfitutes-
a good objective?

Objectives have been developed by the behaviour-

ists, and from a behaviourist's point of view

(Mager 1962) an objective must contain three main

factors: ' . |

1.  the new learning (ability) that the pupil
will be able to demonstrate after the
instructional sequence; |

2. the standard to which this new ability will
be performed, and v

3. the conditions or constraints that will
pertain at the timelof the performance.

Thus in the objectives as stated above great
emphasis is placed on the intended outcome, and
that there should be a measurable change between
what the pupil knew before the particular aspect.
of work was taught, and what he knows afterwards.
This measurable change can be established by
considering the pupil's behaviour after he has

learnt something, and comparing it with what he



knew before the teaching/learning situation took -
place. 1In other words if there is no new or
changed behaviour then no learning has taken place.
(Wiseman and Pidgeon 1970 p.38).  This leads into
a definition typifying bbjectives:» _

"They are statements of purpose which describe
desired student behaviour, and indicate the
content through which the behaviour is to be
developed." (Ammons 1969 p.911)

When writing behavioural objectives it is thus
important to start with a verb which describes
'the kind of behaviour pupils should be able to
show after having completéd a section of study,
because this plaées the emphasis directly on. the
action to be undertaken by the pupils, and also -
guides the teacher when he ‘comes to prepare the
necessary learning experiences required to achileve
the objectives (Wiseman and Pidgeon 1970 p.42).
For example, the use of the words "to know" 1s not
sufficiently precise in the following stated ‘
objective: - "to know the properties of the four-
sided rectilineal figures."

This should rather read:

"to 1ist the properties of the four-sided
rectilineal figures" or "to recognize how to use
the properties of the four-sided rectilineal
figures in more complex problems."

The reason for this is- that the words "to know"
being imprecise lead to no real understanding of
how measurement of the knowledge can take place,
whereas with words like *"to list", it is o
immediately clear what is expected of the pupil as
far as both content and level of mastery of that
content is concerned. It should be noted that not
A1l responses must be of a written form to satisfy

those who are concerned with an approach by‘



objectives. There are many ways of observing the
behavioural change as a result of Objectives which
for example use’such categories as recall, -
recdgnize and remember. - (Bloom 1971 p. 144)

There are various levels of learning to which
objectives can point and the examples given above
concern themselves with two such lévels.. It is

this recognition of the various levels of learning

‘and understanding that leads to the idea of a
taxonomy. As higher abilities of say ahalysis are
called into play so the writing of objectives
becomes more difficult and more complex, with more

thought given to the means of testing to Seq if the
objectives have been attained. It is_now‘nepessary

to consider the taxonomies with special reference
to their application in the- sphere of mathematics

education.

w




The Domains

Bloom divides the description of human behaviour
into three domains: the cognitive, the affective
and the psychomotor.

The cognitive domain includes those objectives
which deal with the recall and recognition of know-
ledge and the development of intellectual abilities
and skills. The affective domain includes
objectives which describe changes in interest,
attitude and values, and the development of A
appreciation and adequate adjustment. The psycho-
motor domain is the manipulative or motor-skill

area. , ' : N v

In considering evaluation the most important\of the
three is the cognitive. The affective domain does
not generally apply to the setting of tests,
although certain questions can increase pupils'’
interest and thus improve response and the subse-
quent development of cognitive processes. That
"does not mean to say that the affective domain

has no place in mathematics teaching - developing
interest is extremely important in any course of
instruction. Properties such as awareness and
willingness to respond and valuing as developed

by Krathwohl et al (1964) should be studied by all
teachers in depth so as to make their teaching more
effective. These fulfilled affective objectives
will have an effect on cognitive objectives as, for
example, one's interest in analysis is controlled
by the affective part of one's nature - is one
interested enough to work for a sufficiently 1long
period in order to fulfil the cognitive objective
of ana]ysis? Except for the lcarning of a few

skills in geometry constructions, the psychomotor



domain is of limited importance at the Secondéry
level in mathematics, although of utmost importance
in the first years of schooling. Bloom did mnot
develop a taxonomy for this domain, but others,
notably Harrow, have. De Landsheere has summarised
three such taxonomies (1977).

On the three domains De Landsheere states an
important principle very clearly: "It is obvious that
the distinction between domains is artificial:

man reacts as a whole. This distinction is
arbitrary and Bloom and associates stress this with-
out any ambiguity.* (1977 p.98). No domain can
exist without the others, but it is true that in a
particular sphere one of the domains is dominant.

In the Sphefe of evaluation, the cognitive domain

is the most important, and has received mos t
attention in the literature.

Bloom's Taxonomy of Educational Objectives‘:

Cognitive Domain

In the first instance Bloom divides the Cognitive
Domain into two main outcomes of education viz.
Knowledge, and Intellectual Abilities and Skills.
These outcomes cover a "multitude of sins" and so
Bloom necessarily defineés what i1s meant by each:
"Knowledge, as defined here, involves the recall of
specifics and universals, the recall of methods and
processes, or the recall of a pattern, structure or
setting. For measurement purposes the recall
situation involves little more than bringing to
mind the apprOpriate material. Although some
ralteration of the material may be required, this is
a relatively minor part of the task. The knowledge
objectives emphasize'most the psychological process
of remembering." (Bloom 1956 p.201)



"Abilities and Skills refer to organised modes of
operation and generalised téchniques for dealing
with materials and problems. The abilities -and
skills objectives emphasize the mental processes
of organizing and reorganizing matérial to achieve
a particular purpose. The materials may be given
or remembered." (Bloom 1956 p.204).4

~ Bloom holds that Abilities and Skills require higher
order mental processes than does Knowlédge. He
further divides the abilities and skills into Ffive
main classes which he holds form a hierarchy with
Knowledge. The main divisions of the hierarchy are
as follows: ' . :
' .00 Knowledge

.00 Comprehension
.00 Application
.00  Analysis

.00 Synthesis

.00  Evaluation

A D ow o =

Two comments by Bloom on the above arrangement are

pertinent:

"a. Although it is possible to conceive of these
major classes in several different arrange-
ments, the present one appears to us to
represent something of the hierarchical order
of the different classes of objectives.

b. Our attempt to arrange educational behaviours
from simple to complex was based on the- idea
that a particular simple behaviour may become
integrated with other equally simple behaviours
to form a more complex behaviour. Thus our
classification situations may be said to be in
the form where behaviours of type A form one
clans, bcohaviours of type AB form another class
and behaviours of type ABC form still another
class." (Bloom 1956 p.18). :
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Bloom et al had to define each category in order
to separate them; Thelr definitions of the main
abilities and skills divisions are given here,
but not the subdivisions as . these have not :
proved to be useful.. A more detailed breakdown
as originally conceived appears in Bloom 1956
pp. 201-207. | | o

. "Comprehension represents the lowest form of under-
Standing. It refers to a type of understanding or ”
apprehension such that the individual knows what is
‘being communicated and can make use of “the material
or idea being communicated without necessarily
relating to other material or seeing its fullest
implications. | | S :
Application is the use of abstractions in particular
and concrete situations. - )
Analysis is the breakdown of.a communication into
its constituent elements or parts such that the
relative hierarchy of ideas is made clear and/or

the relations between the ideas expressed are

madé explicit.

Synthesis is the putting together of elements and
parts so as to form a whole. v

Evaluation is the use of a standard of appraisal.™
(Bloom 1956 pp.204-207). A

At all levels 1n the taxonomy.Bloom gave examples
of both intended educational objectives, and the |
sort of questions that could be asked in theA
various stages of the hierarchy. ' '

It must be noted that Bloom does not establish
whether what is being presented is a hierarchy, but
assumes it to be so. It is also assumed that
.because there is a hierarchy the more complex
behaviours include the simple behaviours, and



measurement is based on behaviour. What is being
presented is a theory. Bloom and associates made
it clear that they‘believed that there were
)certain problems with their hierarchy.‘ One of
these problems is that the intended behaviours
represent social goals imposed upon pupils by their
society or culture, and a second that the distinc-
tion between the categories is neither sharp nor
clear and, therefore, the categories are not

- mutually exclusive. (De Landsheere 1977 p.104).

A third acknowledged problem allied to the second
is that attempts to categorise the level of attain-
ment being tested by any given question are .
attended by the additional difficulty that so much
depends on the educational background'of'thé:'
learner. |

Bloom and associates were true pioneers in their
field stating that it is hoped that what they
produced could be useful and suggesting where the
taxonomy might be useful. No outrageous claims
were made for it. One only wishes that their follow-
ers might have been as circumspect, and one can
only echo Freudenthal's words when he at last
managed to read the original:

"I felt thunderstruck! Rather than the
charlatanism I expected on the strength of
quotations and applications, so-called, I found a
serious decent booklet, though of a quite different
kind from what I had expected - in literature one
always has to track down the sources." (1978 p.81).

Adaptation's to Bloom's Taxonomy for its use in

Mathematics

Bloom et al hoped that the taxonomy would be found
to be of value as a means of communication within

11
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the sphere of education, and submitted it in the
hope that it would help to stimulate thought and
research on educational problems (1956 p.9), This
it did not do for a number of years. It had-to
await the popularisation of behavioural objectives
in education in the early sixties, and it was only
when the Taxonomy on Affective Objectives appeared
in 1964 that real interest was generated in the
taxonomies and developments therefrom.

When behavioural objectives were considered, because
of the thought actually put into stating what was
intended to be achieved by a particular objeétive,

it was realised that most examination questions
tested knowledge only, and that the highef abilities
were being ignored. With objectives;“if wanclaimed,
questions can be written to suit a specification,
‘and an examination can be planned to test thé
abilities that are felt to be important. (UNESCO
1973 p.120). In applying Bloom's taxonomy to mathe-
matics it was soon realised that alterations had to
be made to the various hierarchical levels as

Bloom's did not cover all aspects regarded as
essential in Mathematics education. In addition

the taxonomy was far too cbmplicated for practical
purposes with all the subdivisions suggested by
Bloom. In 1968, however, at.an international

meeting of mathematics experts convened in Stras-
bourg in connection with the Oxford Council of Europe
' Evaluation Study, Bloom's taxonomy of educational
processes was used as a basis to derive a particular
taxonomy for mathematics at the academic secondary
level, Using Bloom's work as a dguide a taxonomy with
seventeen subdivisions was developed. (Halls and
Humphrey 1968 p.21). Thankfully it would appear as
if this taxonomy has since been ignored. '
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In table 1 on p.14 some mathematical taxonomies are
compared. The effect of Bloom's taxonomy on each
of them is evident. The following should be noted
in connection with the taxonomies shown in the
table | | v

1. IEA. This was the model reported in the Inter-
national Study of Achievement in Mathematics
:(Husen 1967) which was conducted in twelve
participating countries in order to compare
examination results. Thesévcategories were
arrived at after considerable investigation in
these countries, and after many difficulties in
trying'tojidentify behavioural objectives that-
would have universal endorsement (wood 1968b p.89).

2. Avital and Shettleworth (1968). This is a hier-
archy suggested by these two authors who Had
noted that very few items included in Bloom's
taxonomy are from mathematics, and thus felt
that an adaption to mathematical performance
‘would increase the potential usefulness of a
taxonomy to the mathematics. teacher in the
formulation and evaluation of objectives (pp.4
and 5). To them Comprehension and Application

- used algorithmic thinking and generalisation
while Analysis and Synthesis implied "open
. search". '

3. Wood (1968a). This hierarchy was developed 350
that a basis whereon Certificate of Secondary
Education (CSE) Examinations in England could
be compared. Because many of these were
internal it was. suggested that an Item Bank could
be drawn up to help the formulation of a school-
based examination which could have national
currency. (1968c).

4. NLSMA (1966). This National Longitudinal Study
of Mathematical Abilities was drawn up by the
schools Mathematics Studies Group (SMSG) in the
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United States. It is not clearlwhether this
scheme is meant to have taxonomic structure
‘although 1t has affinities with Bloom's
taxonomy (wood 1968b p.88),

5. Wilson (1971). 1In his part of the book Egzm:-'
~ative and Summative Evaluation, J.W. Wilson

-

also formulated a hierarchy for mathematical
behavioural response . including both the _
cognitive and affective spheres, although only

the former is shown here.

Any comparison between the taxonomies must not be
superficial because the meanings that the authors
attach to their respective chosen categorles.must.

be considered carefully. In most of the taxonomies -

knowledge and abilities are opposed to each other
in that'abilities are regarded as belonging io
higher order thought processes than knowledge.
But, this depends on one's viewpoint as to what
constitutes knowledge which to some people is far
more than just recognition and recall, and indeed
it is argued that to anyone who 1s seeking to
develop abilities, knowledge is an essential tool
(MacIntosh 1976 p.12). This confusion is
illustrated by the inclusion of both knowledge and
ability items under the Comprehension mantle in
Wilson's taxonomy although he does place know-

- ledge in the lower part of this level (Wilson 1971

p.646). Avital and Shettleworth (1967 p.8) state
that if the objective is given in the form "the

" student should know....", then knowledge in this
sense can refer to at least two abilities which are
distinct: the ability to repeat and the ability to
use. According to them the first is the only

sense in which the category of Knowledge can be
used, while the second refers to the higher levels

of Comprehension and Application or even to

15
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problem-solving. Despite this explanation there

1s still a grey area. Whether knowledge should be
defined on extremelyvnarrow lines is, .as indicated,
a matter for debate, but it is important to note -
that when knowledge is defined on such a narrow
basis once any problem, even a complex one using
much analysis, has been learnt, all that is
required to answer it is recall, no matter how
difficult that problem is. It can be argued that
it depends on how learning has taken place. One
pupil will learn the similar triangle theorem off
by heart, and another will learn it by_noting the
type of proof that must be carried out at the
various stages of the theorem. Clearly the firét.
method of learning places the answer to the iheorem
in the category Knowledge. The second means: ’
depends on how one construes the candidate's
knowledge of the various stages - these being .simple
proofs; here one could argue that higher abilities

are involved. -

It is also clear that what is meant by COmprehension
also shows much divergence. Avital and Shettleworth
include algorithmic thinking under Comprehension
while Wilson includes it under his first heading

of Computation where one of the sub-headings reads
the ability to carry out algorithms. In the IEA
study Comprehension 1is at level 4, and even though
there 1s no detailed statement as to what is meant
by Comprehension it is significant that it is
certdinly at a higher level than Bloom places it,

in that the capacity to analyse problems and to fol-
low reasoning are considered to be part of it.
(Husen 1967 p.81). Generally, however, Comprehen-
sion objectives are considered to be closely
related to Knowledge objectives (Avital and
Shettleworth 1967 p.15). -
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It must be realised that levels in the taxonomy
‘should not be assumed to be reflected by pupils'
results in tests. It is not necessarily trye that
pupils will obtain higher marks on knowledge items
than.on items involved with comprehension. To
assume automatically that students' marks willl
decline as the cognitive levels become more com-
plex is wrong. It would seem denerally true that
questions inyvolving higher order abilities will
lead to lower results, but this must not be taken
as a law from which there is no deviation. Kropp
and his assoclates were the first to make this
assumption (Keenen et al 1981 p.203). Bloom held.
that some gquestions belonging to the Knowledge
category would be of such a difficult nafurelkhat
low marks would be recorded. It is significant
that in designing experiments where the difference
in results is assumed between levels, many
empirical researchers choose such disparate .
taxonomic levels as Knowleddge and Analysis, for
example Barker and Hapkiewicz (1979).

The two European-based taxonomies viz IEA (9 out of
the 12 cqﬁntries taking part were European - the
others being Australia, Japan and the United States)
and Wood have as a final category - Inventiveness;
This does not appear in the American taxonomies nor
in Bloom, and indeed Wilson's highest level is
Analysis. This seems to reflect a difference in
attitude between the pure behaviourist line that
was .in vogue in America at the time and the more
open attitude in Burope. Avital and Shettleworth
(Canadians) qualify their Analysis and Synthesis
level by stating that the thinking process required
at this level is that of open search. To them the
difference between generalisation and open search

is esserntially that between reproductive and



productive thinking. If the student must produce
something that is entirely new to him, he will be
engaged in higher—levei problem-solving i.e.
analysis or synthesis (1967 p.19). It is essential
that this'aspect of inventiveness or open search
be included in all mathematical ‘taxonomies, and
its absence in Bloom's taxondmy 1s commented on
thus by Freudenthal: "In the’catalogue of object-
ives one looks in vain for such expressions as
observafion; higher level expressions such as
experimenting and designing experiments are also
lacking. The authors did not notice at all what an
enormous part is played by intelligenf observation
and intelligent experiment in cognitive develop-
ment, and how strong the component of educéting'
intelligent ob§ervation and intelligent'exﬁeri—
ment is in school and university instruction of
the natural sciences." (1978 p.82). 1In terms of
the traditional examination Freudenthal's

argument does not apply, but behaviourists all
acknowledge that there are many ways to assess
change in behaviour.

Thus, even though broadly speaking the various
adapted-taxonomies are similar, the one import-

ant consideration of inventiveness extends the non-
American formulations to make a taxonomy more
acceptable to mathematics educationalists.

Despite the criticisms, Bloom's work has deservedly
received praise because what he did achieve was

to make teachers more aware of educational outcomes
other than knowledge, outcomes that should be tested
in examinations, and thus highlighting that exam-
inations should not be merely stereotyped basic
knowledge tests in how to factorise or how to answer
specific problem types. This should definitely

18
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apply to Mathematics Higher Grade papers. Pupils
should be challenged to think not by making the
questions more complicated algorithmicaliy,,but
by increasing the level of analysis required Ye)
that the student has to bring wider knowledge to
bear on the task at hand and then synthesize it
into a whole. |

Use of a Taxonomy in Mathematics Examinations

To use a taxonomy effectively, a blueprint should
be drawn up consisting of a content by process
matrix as illustrated in Table 2 using Avital and
Shettleworth's Taxonomy as a basis and applying
it to an examination on the Higher‘érade testing
the Algebra syllabus i Standard Ten at South
African schools. ~

In setting the paper the examiner has to decide on -
the number of marks to give to questions such as:

1. Solve for x : 3X + 1 = 27

2. Solve for x : 22X + 6.2° =7
3. Find the maximum value of y in:

(x2 - 9) (3¥ T 2-18)20 if |¥ <3
The examiner must also decide into what taxonomic
level the question should be placed. The subject-
ivety involved in the latter decision should not be
minimised. Guidelines are given with each
taxonomy, but even after considering these careful-
1y there are still grey areas which lead to
differences in interpretation. The examples given

above should now be considered.

Eg 1. When met for the first time this question
definitely involves algorithmic thinking,
but thereafter knowledge of the basics of
exponential equations 1s Llhe important

feature. The student makes use of the
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Eg 2.

following recall even though he may not

have worked with the exact numbers glven

here: » -

(i) To solve an exponential equation the
bases must be the same. Therefore
convert 27 to 33

(ii) Equate indices X+ 1 =3

X =2

The method would definitely have been

memorised -as far as most students who are

writing the end of year cxamination are
concerned. As Avital and Shettleworth
state when considering the examples chosen
to illustrate the assessment of Compre—
hension objectives : "for any of the
follow1ng items to test performance . in the
category of Comprehension rather than in
that of Knowledge, the student must not

‘have been exposed to them before."” (p.11).
In?*considering whether questions belong to

the Knowledge or Comprehension category one
must. clarify what "being exposed to them
before" means.

If it means a passing reference only, then
one could hardly regard this as knowledge,
but if in contrast it means having studied
the section of work thoroughly then, at the
Standard Ten level, both the algorithmic
needs and the simple method used in this
problem must result in its being placed in
the category Knowledge.

2X

I
9

0X 4 6.0

2 4 6.2° -7 =0
(P +7) (2" -1) =0
X =7 or 2% =1

(inadmissable) x = O

21
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algorithmic rule for exponential equations'
follows with a final Complication created
by the introduction of logarithmic .theory
as well. Accbrding to Avital and Shettle~
worth the essential characteristic of open
~search is the non-routine manipulation of
A-previously learned material and at a higher
level, the discovery of relationships among
‘previously unrelated concepts and propos-
itions (p.19). Thus this example can be
placed in the category Analysis and .

Synthesis.

It is obvious that the placing of questions sinto
hierarchical levels is subjective and the question
arises whether the use of objective—type questions
- would not be an adVantage;~ Firstly, use of a blue-
print is aided if the questions are objective in |
form eg of the multiple-choice type, because the
‘process response with this kind of question can be
isolated more easily than with the more traditional
quéstiqns set in South Africa and Europe, which.
demand the setting-out of a solution or a mathe-
matical proof. The reason for this is that the
questions -are more specific and usually test one
aspect of a solution or proof at a time. The
setting of objective questions (objective from the
marking point of view) in mathematics is fraught
with difficulties, however, one of which is that
many questions can be answered by substituting the
solutions giVen into the original question, and
thus deciding, which is the correct answer by
avoiding the intent of the question and in this way.
obtaining answers to many problems. Much of
mathematical benefit'is also lost when pupils are
not réquired to set out answers in a logical way.
It is also difficult to set objective-type questions



which require analysis and synthesis. ‘Because much
reasoning is involved, questions at this level
should be allocated more marks, but if this is
done then the weaker candidate will be doubiy
penalised as he will not be able to obtain recog-
nition for those aspects of the problem he does
understand. In addition unless all public examin-
ation papers are handed in with the scripts of the
candidates, an Item Bank on which the examiners
concerned can draw will soon be exhausted with the
more than eighty public question papers that are
now set in Mathematics each{year‘in_Sgyth Africa.
If public examination papers are taken in with the
‘students' scripts the principle of open access to
these papers will be violated. It is questionable
whether the minimal advantage gained using a blue-
print on objective-type qugstions rather than
traditional outweighs the disadvantages outlined
above because placement within the blueprint is
still subjectively based. Also subjective marking
in Mathematics is nbt as serious a problem as in
many of the other subjects.

In any examination one of the factors affecting
subjectivity in the placing of questions into the
different categories is the educational history of
the student. 1In a system which is largely text-
book based one can surmise the type of problems most
students would have been taught. However, there
will be situaltions where certain teachers have
enriched the curriculum in certain fields of study
thus helping the student, and other situations, by
contrast, where a number of students, especially
in the country areas suffer, because either the
teacher is unqualified or there is no mathematics
teacher at all. Hence a hard and fast classifi-
cation for every example is impossible and the

examiner in drawing up a public examination paper

24
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will have to base his decisions on "Mr Average
Pupil" - not that he exists. The teacher at a
school 1s in a better position to assess into -
which taxonomic levél each‘question falls as he
will know what has been taught and how ‘it has been
taught, as far as his classes are concerned. In
a large school this knowledge will not be as sure,
but with the necessary staff consultation the
examiner will have information at his disposal
that will enable him to identify the taxonomic
level with fair accuracy.

Willmot and Hall (1973 pP. 117) asked a number of
teachers to classify the questions .of- a certaln
examlnatlon into taxonomic levels. They foutid
much lack of agreement although there was
‘considerably greater concensus of opinion on
questioné which required a high knowledge factor.
Fairbrother (1975 p.208) in this connection notes
that he questions the value of publishing

detailed examination specifications if teachers
disagree about the category of individual items,
but at the same time he states that without some.
monitoring procedure, there would be the danger

of just doing that which was easiest and assessing
mainly knowledge. The examiner 1is helped by the

monitoring procedure.

Having decided on the Weighting and also on the
taxonomic level, the examiner should enter the
number of the question and the marks allocated to
that question in the relevant part of the blue-
print. The examiner will then be able to
ascertain how closely the examination paper he has
drawn up approaches a norm previously decided upon.
‘Tor example, using Wood's Taxonomy, Scopes (1973

' p.164) suggests that according’to the amount of
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time spent on the various areas of teaching a
weighting can be drawn up as in Table 3.

Scopes' suggested proportioning of marks using
Wood's taxonomy

" OBJECTIVES OF INSTRUCTION - PERCENTAGE
_ ' OF MARK
A Knowledge , 20
B skills 25
C Comprehension 25
D Application : ) . 20.
E ;Inventiveﬁess TTTT10
Table 3

In the case of a Higher Grade paper in SoutW Africa
the author is not aware of any such criteria being
laid down, although there is a sub-division of
marks according to content. This means that all
teachers virtually work towards their own ideas as
to what constitutes a satisfactory assessment of
learning on the higher grade. Without being
pPrescriptive, it appears to be advisable that some.
guidelines should be given as teachers can be
helped to consider their papers more carefully.

The purpose of the examination is continuallylin
mind when a blueprint is used, and as a result mbre
thought is perforce given- to the balance of the
paper as more attention is paid to the various
levels of ability. Use of a blueprint, however,
does not mean that the paper set will have
objectively selected questions as a result. As
stressed before each selection 1is subjective.

Remembering that a Senior Certificate Paper must
be set within the bounds of the syllabus and with
summative evaluation being the prime aim, it is
difficult to set questions’which will lead to new
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knowleddge so that questions involving inventive-
ness will normally not be part.bf such an exam-
ination. But in school assessments where these
restfictions should not apply as regidly, questions
should be set with this in mind.

Using a taxonomy carefully should result in a
greater evenness of standard in the papers set
over the years. Teachers will be aware of all the
process levels in their teaching. It could also
mean less teaching to the examination in a literal
sense in that it is easy to teach -towards know-
ledge, and essentially when certain method types
predominate in an examination paper that isiwhat
is being striven for.. It is counter-producitive

to teach towards examination question types when
there is greater emphasis on Application, and
Analysis and Synthesis type questions. This

last consideration leads us to review what effect
Bloom's Taxonomy and Behavioural Objectives have

had on instruction.
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ChaEter 3

Application of Educational Objecfives and Bloom's

Taxonomy to Instruction

Examinations have a great influence on what is
taught, and this is especially true in South Africa,
where the public examination at the end of stan-
dard ten with all its influence as far as _
employment opportuhities is concerned plays an even
greater role than in most countries, even to the
extent that one of the fastest ways to change
instruction is to change certain aspects of the
examination paper. In the same way, with the view
that an assessment should test different abilities,
has come the idea that instruction should be more
varied in intent. The suggested variety in
assessment was initiated by those who believed

that observation of the students' behaviour
indicated whether higher-order abilities or |
knowledge only had been used. Thus it was logical
that when instruction seeking greater variety in
'processés in education was considered, instructional
objectives were seen in behavioural terms and
Bloom's taxonomy was applied to instruction and
behavioural objectives were espoused by many.
Examples of instructional (behavioural) objectives

were dgiven in chapter 1.

Proponents of instructional objectives state that
‘one of the main feasons for using these objectives
is that 1t is consistent with the concept of
accountability. This accountability despite being
~anathema to many‘educationists is a force in
society, especially when one considers the growing



economic problems and the growing involvement

of parent groups. Educationists, increasingly,
may not live to themselves in a modern soclety.

If behavioural objectives are accepted then
standards of performance can be measured by society,
and also by the teacher in order to test the
adequacy of his instructional program. If
students do not master the objectives then various
changes may be considered in the instructional
program. But. this accountability can only be
demanded of a teacher if the assessment is a
reflection of the instruction. It is not right to
set a test or examination in which analysis 1s
required to answer the questions, if all the
instruction has been at the levelvofhkﬁowledﬁe
alone, unless that instruction has ignbred the
objectivés agreed upon. Thus the assessment 1is
controlled by the instruction if there are
instructional objectives, and accountability 1s

then meaningful.

Proponents also argue that students are spared the:
frustration and time-consuming effort of trying to
guess what the teachers expect of them, when they
are told beforehand what they are expected to

learn and what level of ability 1s required. As

a result of clearly specified objective%, Curri-
culum planners are better able to arrange sequences
of courses of instruction, and should be able to
prevent overlap as a result. Teachers can also
discuss what is being taught meaningfully, if there
is a clear idea of what is to be learned, and can
also design the instructional means to greater _
purpose. In addition it is possible for the teacher
to determine the student's present level of mastery
for any prescribed objective both at the start of
the process and during it, as well aS at the end.

29



Tests can be constructed along the way so that
evaluation can be formative aiding the instruc-
tion as it is seen how the pupil's behaviour
compares with the objectives laid down. Because
the teacher can determine the level which each
student has reached at various stages, individual-
isation of instruction becomes possible, and the
- meeting of the needs of each child can be
considered seriuusly. ' (Kibler pp.4~5). Also one
can éonsider under what circumstances every child
will be required to reach the same goals, énd if
this proves to be necessary one can ‘then prdvidé
the extra time needed in order for all pupils to
master what is regarded as essential.. :

In considering instructional objectives.it is not
true that the same kind of -objective is used for
each educational level. Instructional objectives
depend on the level of education reached, the
~individual's capacity to perform different skills
and his behavioural pattérn. It frequently becomes
more difficult to formulate objectives and measure
the outcomes of instruction as the educational
levei increases, because they both become more
complex. With this more complex situation at the
higher level it is necessary to develop objectives
that apply to each individual, and this .requires
great thought and analysis on ‘the part of the
teacher both of the subject-matter and of the pupil.
with this analysis the teacher can only improve

his instruction.

In order to assist teachers to use behavioural

- objectives Popham and Baker (1973) have written
programmed tests to develop teacher competency in
the Curricular Instructional and Evaluative spheres.
Most classical behavioural objectives are limiting
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in that they are mainly concerned with acquiring
knowledge as seen in Mager's book (1962). Popham
and Baker suggest how to express objectives at a
higher cognitive level egd.: ,

"The learner will show that he perceives the
meaning of Shakespeare by writing an essay that
describes the purpose of any given subplot.™"

" In each case the result is measured in terms of the
intehded'behaviour and this is one of the'main '
bones of contention about the use of educational
objectives - their behavioural basis and the
control of the education process that is exerted .

by the teacher.

Popham here and elsewhere (eg Popham 1968) evinces
the attitude that the objectives model éhoulé be
adopted as a basis Ffor large scale action by every -
one, although according to Davies (1976 p.70) he
has ndw_retreated from this extreme position. It
is important to bear in mind that a model of
objectives is not a thing, not a fact we cannot do
without,'but»is a conceptual scheme. *"We do not
have objectives : we choose to conceptualise our
behaviour in terms of objectives." It is impor-
tant to realise that there may be other ways of
organising one's - -teaching and ordganising it
successfully although it must be stated that the
number of ways almost varies with the number of
teachers, and there is also the dangerous attitude
that planning is not necessary at all which is held
by some who are opposed to edﬁcational objectives.
What leads many people to reject behavioural, or
more euphemistically, instructional objectives?



. : _ Chapter 4

Criticism of Behavioural-objectives and the

Taxonomic Approach

Criticism of Behavioural Objectives

Kneller in his article "Behavioural Objectives?
NO!*" (1975 p.34) writes as follows:
| "The use of behavioural objectives in instruction
. 1s characteristic of a culture which sets a high
culture seeks to measure accomplishment in standard
units. Theoretical justification for behavibural ,‘
objectives comes from behavioural psychology. This
type of psychology defines learning as behaviour
that is changed in conformity with predicted,-
measurable outcomes, and with little or no measur-
able 'waste'".
Ormell writes (1974 pp.5-6)

"Is it not absurd to try to classify educational
objéctives.in terms of behaviours when the primary

objective (on most interpretations of education) is
the mind of the child? ...... the taxonomy reflects
an attitude to education which may be described

as ‘'materialist'...... One's doubts about this
perhaps reduce to the feeling that it pre-supposes
that no one is asking what education is, after all,.
for ....... One gets little sense of the appeal of
education for education's sake, and a lot of the
feeling of the training of children to be
conspicuously effective in exercising skills on
tasks of various levels of Complexity...}.. One
might describe the taxonomy therefore as being
predisposed to fit a pragmatic, materialistic,
meritocratic view of society, in which few profound

questions of value arise and in which explicit
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evaluation is always expected and preferred.*

These two comments which evince a completely’
opposite philosophical viewpoint to that of those
who support.educational objectives, present an
oversimplified logical sequence - almost a labelling.
Both comments are a reaction to the use of
behavioural objectives to the exclusion of all else
and as such perform a very real service. Taking
such an extreme position on either side, however,

is not helpful at all. Opponents of behavioural
objectives should rather see how the work done by
the behaviourists can be used, and when this happens
then course objectives designed to foster. educat—
ional experience for students can be developed
(Glroux 1979 p. 418). Incidentally both Kneller

and Ormell acknowledge that.much of the work done

by the behaviourists has merit, but they do not wish
the behavioural models to be accepted uncritically.

Freudenthal in his criticism of educational object-
ives attacks the notion that there can be such a
thing as general instructional objectives arguing
that this leads to superficiality, and does not
take the realities of the classroom situation into
account. He states that the queét,for instruction-
al objectives is legitimate "but why if.they are

so important do people do so little about them,"
(1978 p.105) and this after sixteen years of
instructional objectives being in vogue. He

' continues: “Formulating objectives should be
preceded by profoundly scrutinising analysis of

the subject matter. There is no cheaper way; an
educationist who does not know enough mathematics
is better advised to keep off objectives of mathe-
-matical learning (p.116)..... Of the general ones
(objectives of instruction) I do not know as yet



~whether they can involve more than the expression
of a background philoéophy of some use as such if
they are cautiously watched. Of the operational
ones I lack the proof of existence since théy'have
not been»represénted by convincing examples. It
will take time and trouble, if it ever succeeds to
pull the objectives of instruction out of the swamp
of slogans. It is a pity that show words as
'taxonomy and model more.often than not radiate
smattering rather than learning.” (p.184).

The above comment is needless to say a little-
polenical, but does point to a very real problem

- that of triviality and superficiality as well as the

problem of empirical support to back the phiio—
sdphical viewpoint. It is important folnote?that
none of the writers quoted above are against.
objectives as such. To be against all objectives
leads to an attitude fhat all planned education is
wrong - this will soon lead to chaos. What is being
attacked is the view that only those objectives |
which lead to an observable and measurable chénge

in behaviour are to be formulated. At present those
who support behavioural objectives (now preferably
called educational objectives by them) no longer
take the extreme position that they did in the
early sixties. When asked now "Can I use non-
behavioural objectives in my teaching?" the reply
would now probably be: "Certainly but make certain
that stating your intentions in a non-behavioural
way 1s appropriate to what you have in mind."
(Davies 1976 p.62). This modified position is more

defensible and is useful - it is, however, countered'

by the unfortunately more entrenched position of

those that are opposed to behavioural objectives

take instead of using what is of benefit from the
approaéh.

34



In mentioning what objectives are considered to

be useful one immediately meets the question:

"Where do these so-called objectives come from

and how are they derived?" In other words just.
bécausé an objective is stated clearly it does not
mean to say that 1t is valid. Responsibility for
content cannot be evaded by concentratihg on the
issue of clarity alone, the objectives must have
content validity. Associated with this is an
assumption that must be questioned and that is,

is it possible to know and réadily identify the
educational objectives for which one strives? We
may have many objectiﬁes‘which are achieved on the
way, but in doing so we may be completely unaware
of a final though very worthy'goal. -One must
recbgnize that unanticipated outcomes do occur and
must allow for them as they' are often very
important. They occur because our. memories constant-
1y rémember incidentals often at the expense of
those items to which they have been directed.

In considering unintended outcomes one must realise
that innovation in the curriculum can be hampered
by too early a demand for isolating and identify—
ing objectives. Also with the vast number of out-
comes that are worth striving for some must, of
necessity, be missed, and there will be a great
deal of time wastage identifying the required
objectives. This time could more profitably be
spent in preparing the actual instruction. Against
this one would use one's professional judgement in
déciding how far one's subdivision of an area of
study into objectives should go. This subdivision
has in it the seeds of fragmentation, fragmentation
in which one can lose the overall educational
purpose, and can indeed even change the norms by

which that purpose is judged.

35
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"Creative curriculum development and good teaehing
do not necessarily begin with a blueprint. The
constantly evolving richness, the intricaté
subtleties, the never-ending succession of refine-
ments - all of which lie at the very heart of the
creative process can sometimes be lost in the
apparent materialism of objectives." (Davies 1976
p.66). To many, objectives portray little heaps
of knowledge, rather than an integrating structure,
espec1ally if all that the objectives are 1is in
reality a list of contents preflxed by words such

as "to list"™ and "to analyse.

In a real sense there is a danger that if clirri-
culum planning is confined to predeterﬁinedi
objectives then content in education cannot be
seen as a whole, and is reduced tb an instrumental
role and all we have done is to explain what is

in mind. A poem for example is more than a list
of objectives to be achieved in studying that poem.
‘A geometrical proof is more than just the analysis
and synthesis required to write down that proof.
The content of a whole 1s more than the sum of its
parts, and this aspect cannot be measured by sub-
division into parts. It must be seen in its
totality rather than simply in a series of:

performance outcomes.

In the practical sphere there are a number of
problems associated with the use of objectives.
When teaehers concur with a list of educational
objectives they have to agree to the values that
these objectives represent, and once having done so
the question is whether they can make use of them
in the intended way. Teachers differing operation-
alisation of objectives in the classroom makes it

very difficult to justify the same objectives for
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a whole droup of classes unless the aim is to
present stereotyped knowledge objectives. As

soon as higher level abilities are considered

the personality differences between teachers

mﬁst result in widely differing interpretations

of the objectives. Subjectivity is at the root

of all educational objectives. 1In addition with
the use of objectives there is the danger of
uniformity of response being prized above

variety, because the objective approach rests

upon an assﬁmption that it is possible to

predict what the final results of teaching will
be, without the realisation that what is predicted
is only the minimal result and that one cannot set
a standard against which the totai-achieveméﬁt can
be measured. As a criterion of accomplishmént
objectives are useless beyond the original
specification which the objectives seek to represent.

When considering the arguments for and against
educational objectives one must concede that both
sides express very important principles. The only
problem‘is to make sure that these principles are
not distorted by over-emphasis and the total
rejection of the opposing viewpoint. Thus Pophan
(1968) sought to refute all argument against
behavioural objectives. In contrast those who are
against educational objectives all too often fail
to realise that goal-free education is

impossible. "Creation is an organic development,
but some sort of management 1s nearly always
required otherwise agonising interaction is
inevitable.” (Davies 1976 p.71). To imagine that
objectives mus t necessarily limit creation is to
deny something of the very act 1itself. As Henri
Poincare points out in deécribing mathematical

creation, *"the process may be unconscious, the



solution may appear in a sudden flash of under-
standing, but our will pursued a perfectly determined
aim. To invent is to choose, and choice can only
be made in terms of some ultimate yardstick or
goal." (Davies 1976 p.72). Objectives, being
commitments, help with the allocation of prior-
ities - one 1s brought back to reality and object-
ives help to clear the way ahead. .Objectives must,,
however, never be regarded as the be-all and end-
all of any creative or learning process, but as
guides because the means can be individualised in
order to help with the attainment of the ends.
Objectives help to promote clarity of thought for
the teacher and the pupil to show where they are
going even if it is only because they fbrce:-
curriculum developers and teachers to be rather
more precise about their intentions. Care must,
however, be taken that the valid criticism of
“only being concerned with what has been verbal-
ised in objectiVevform_should be watched care-
fully. Finally in view of the widespread endorse-
ment of behavioural objectiVés one may expect to
find many examples of their effective use. That
this 1s not the case suggests that practical
application of the concept may involve some
difficulties. (Ebel 1970 p.172). '

Criticism of the Taxonomic Approach
Freudenthal states (1978 p.81)
"this taxonomy can-only be understood with the

~backgroUnd knowledge of a homogeneous instruction
and strict instructional norms created by a

strong communis opinio; whoever applies these

patterns of norms is thoroughly acquainted with
what students know, the kind of courses they attend,
the instructional methods which are the general
custom, but he 1s also,}ndoctrinated with a sharply

38
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defined educational philosophy strongly depending
on culture, time and country. Only with such a
background are the valuations of the Taxongmy

meaningful. "

Because the taxoﬁomy is based on a behavioural
approach its basic philosophy and the classification
cannot be regarded as independent of questions of
value ::partiCular classifications, like parti-
cular institutions tend to be suited to the
expression of certain values and unsuited to the
expression of others. The business.of classi-
fying educational objectives is not a purely
vtechhical matter. The problem lies in that:if we
see the order of objectives as self-evident:we are
presupposing the kind of value-system which fits
the taxonomy most neatly. -To usé the taxonomy we
must agree that behaviouristic change is measure-
able and that there should be broad concensus on
the means of evaluation. 1In this connection it
must be recognised that not all behaviouristic
change 1s measurable. The teacher whenvteaching
can know if his class is understanding wha% he 1is
saying by their attitude, especially when he has
taught the pupils for some time and knows them.
One cannot use the taxonomy for this intuitive
assessment. One must always remember the

original reason for the establishment of the ‘tax-—
onomy and that was to classify examination questions.
This point is amplified by Freudenthal when he
states: | }

“The original target of the taxonomy was to
examine an extensive but nevertheless well-defined
sector of instruction,..... it should facilitate
the dgrading of examination results. Applying this
pattern to curriculum development and the prepara- -
tion of classroom teaching i1s a dangerous trans-—
gression. It reinforces the tendency to identify
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the objectives of inétruction with examinations
and to teach only what can be examined; if finally
the contents of examinations are also determined
by the pattern of norms, the vicious circle is
firmly closed.” (p.83). ‘

If one accepts the above criticism then in an
education system like that of South Africa's where
the final examination carries so much weight, the
taxonomy should be a usefulitcol;because there is
strong common opinion on what 1s to be learnt and
how it is to be learnt, because of the control N
ekerted by the examination through the tektpooks
which dominate most teachers. Freudenthal does,
however, overstate his case when he asserts'that
homogeneous instruction and strict instructional
norms are required as background before the
taxonomy can be used. All that is needed is a
general adgreement on what instruction should be
carried out, thus allowing for individual means
of'presentation within the broad framework. - This
is especially true 1f the taxonomy chosen'is_not
too detailed.

Strict application of Bloom's taxonomy to objectives
of‘instruction must be avoided, because of the need
to allow for inventiveness and imagination in the
classroom situation, two very important activities
that must be encouradged. However, the reality of
the examinatidn is with us, and the taxonomy will

of necessity have some influence on instruction,
even if it is only to indicate that teachers must
not concentrate only on items that require recall

or recognition. Another reason for avoiding strict
application of Bloom's taxonomy is that a taxonomy
should be a qguide to pedagogical action and should
be dynamic and readily adaptable to new develop-



ment something which Bloom's is not, it is merely
a.classifying device for pigeon-holing objectives
that already exist. (Stones 1979 pp.155 and 158).
But it is doubtful whether any classification

can ever really be a guide to action, although
Stones does try with his generating objectives.

The danger of circularity which Freudenthal points
“out if the taxonomy is used as a guideline for
instructional objectives, must be watched carefully.
Circularity of.reasoning also occurs within the
taxonomy itself in that propositions about the
mind are described by what can be observed.
-Propositions about the mind should have been
examined by philosophical analysis, but instead
Bloom placed much of the burden of defining;
educational goals and cognitive levels on tést
items, the correct response to which was taken as
the necessary evidence of the attainment at issue.
*"Thus the authors took.as the only viable
alternatives the operational development in which
the intended student behaviour was implicit."
(Furst 1981 p.442).

Another problem that faces Bloom's Taxonomy 1s
whether it actually does represent a hierarchy.
There are a number of researchers who would prefer
to see a horizontal classification with each area

of knowledge the same as a hierarchical level of
Bloom's taxonomy and in each éategory various levels
of difficulty'called by Ormell "levels of visibil-
ity" eg the factorisation of x* = 1 despite needing
difference of two squares in the process is not as
"yisible" as the factorisation of a2 - bZ.
ideas are illustrated in Figure 1.

Ormell's
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, Figure 1
Classification to show Ormell's levels of

visibility approach.

Insltead of a pattern like this: N ‘Evalua-
' tion

Synthe-
- sis
Analy-
sis
Appli-
cation
Compre-
hension
Know-
ledge

there would be a pattern as follows:

Know-  Compre- Appli- Analy- Synth- Evalua-
ledge hension cation sis esis tion

The scale from 1 to 6 represents levels of visibil-
ity in each category. There need not be six levels.

The difficulty of placing questiohs into Lhe various
categories even with a handbook for constant
reference has been viewed with concern especially
in the field of mathematics, because of its preci-
sion which contrasts markedly with the imprecise
nature of the taxcnomy. Thié conflict increases
with the increasing difficulty of higher mathe-
matics (Ormell 1975 p.3). This imprecision is more
marked at the higher ability levels and this

compounds the problem even further,
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There is a view that there should be-a non-
hierarchical classification as well which should be
aimed at describing the range of mathematical
abilities thus complementing the hierarchical
taxonomy. P. Human at Stellenbosch University
suggests thevfollowing non-hierarchical class-
ification of learning outcomes for Junior Second-
ary Mathematics |

1. Execution - Use of Algorithms

2.  Evaluation - True/False questions, spot -the
_ mistake . )
3. Manipulation - Changing from one--form into

A another eg factorisation
4. Translation - Changing from one¥ngﬁatio§a1
' symbol system to another eg
~algebraic to graphical systems
5. Problem~solving - Student must decide what to
| 7 do
6. Reproduction of knowledge
7.. Terminology - use of terms
At Senior Secondary level more outcomes would be 3
‘added to the 1list. One would be able to place any
mathematical question into this horizontal classi-
fication. The only additional aspect that would
have to be considered would be the level of diffi--
culty required in each outcome so that a balanced
paper can result. '

Even amongsg those that accept the hierarchical
nature of Bloom's taxonomy there are many who
question the order. Some have suggested a different
structure. One of these is the Y—shaped structure
of Madaus et al (cited by Seddon 1978 p.311) as
i1llustrated in Figure 2.

Others are very critical of thé’positioh_of
Evaluation as the pinnacle of the hierarchy. 1In
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Figure 2
-Madaus et al's Structural Adaptation of Bloom's
Taxonomy | .
Measuring ( ' Evaluation ) Measuring
achievement ( Analysis | Synthesis ) general
depending on ( - - Application . ability
learning | Comprehenéion
ability ( Knowledge

research mathematics, analysis is as important as
synthesis. In Bloomian terms the word synthesis
implies more than the mere assembly-ofwdisparate_
bits to form a whole : it implies that the bits fit
together with-a kind of authority, and clearly

this cannot be achieved without an ac&%e awgreness
of what will Fit well together ie using.evaluation.
In this sense evaluation is bound up with, and
presupposed by, anything deserving the title
synthesis. But in today's pluralistic society there
is no one pre-eminent system of values within which'
evaluation can be conducted, and for this reason
evaluation must not appear as the final educational
objective eg contrast an'American business school

~ students' attitude and a Maoists' attitude to
economic theory - they will not be doing comparable
thinking or’producingbcomparable measurable outputs.
(Ormell 1974 p.4). This philosophical argumenf
leads back to the view that the taxonomy is pre-
disposed to fit a pragmatic, materialistic and
meritocratic view of society. But even in American
society which is supposed to be the perscnification
of this view the position of evaluation is challeng-
.ed as will be seen when Kunen et al's experiment

is considered in the next chapter.

Thus far in this survey all that has been considered
can be summed up by the words of Eliza Doolittle:
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"Wwords, words, words", and one's response like hers
is "I am sick of words show me what you blighters

can do." Arguments presented thus far have_ been
based on philosophical views - the empirical

factor must now be considered.
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Chapter 5

Emp-irical Findings on Behavioural Objectives:and

Bloom's Taxonomy

Twelve years after Bloom's taxonomy first appeared, -
Wood commented as follows: | o
"Perhaps the messianic fervour with which Bloom
"has been hailed in some quarters has diverted ‘
attention from the fact that apart from one study
(Kropp and Stoker 1966) little attempt has been -
made to validate the assumptions on whic¢h it rests,
but the fact that it has spawned numerous inquiries
into the nature of achievement in fields as diverse
as mathematics and social hygiehe indicates how
suggestive the efforts of Professor Bloom and his
associates have proved to be." (1968b b.85).

Kibler another proponent of Bloom and of education-
al objectives writes in 1974:

"therehaveteen.only flfty or so experlmental.
studies focused on instructional objectives.
Unfortunately the results of these studies are
inconsistent and provide no conclusive evidence
about the effect of instructionai.objectives on
learniﬁg," (p.5). |

Davies (1976 p.83) echoes Kibler's statement, but
adds the following significant comment:

"It is important for teachers to bear in mind
that while objectives have sometimes failed to be
helpful, they have never been shown to be harmful."

Melton echoes this last comment by stating more
emphatically when commenting on certain studies
about behavioural objectives "in none of these
instances did the availability of behavioural



objectives depress such learning." (1978 p.292).

The question arises.as to the degree ofvdisprepancy
in the results. Xibler reports as follows (1974
pp.. 6=7): - '

0f thirty-three studies that compared the effects
of student possession of instructional objectives
only eleven reported that instructional objectives
improved learning while the other twenty-two

found no difference. Of seven studies that
investigated whether student learning was improved
by the use of specific objectives a§4ggmpared to
more general objectives only two showed- that
posse531ng specific objectives helped the student -
in the other five no difference was reported

0f eight studies that investigated ‘the effects of
teacher possession and use of 1nstructlonal 
objectives only three reported significant

positive effects - in the other five no difference
was reported. |

Of seven studies that investigated the effect of
the possession of instructional objectives on the
use of student time only two found that study time
was effectively reduced.

Kibler does suggest that there were a number of
methodological weaknesses which may eXplain the
inconsistent findings - one must, however, view
this suggestion with scepticism in the light of
Winne's review which concerns itself with an
important aspect connected with Bloom's taxonomy.

Winne (1979) considered the effect of teachers class-
room use of higher cognitive questions as opposed

to lower cognitive questions on student learning

and in doing so summarises eighteen experiﬁents
which have to do with this effect. 1In nine of

these experiments called by the author "training"
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experiments, the teachers were trained in the use
of higher cognitive questioning, but were not
monitored as to how they used this type of*
questioning in the classroom. In the other nine
experimentsbthe teachers were trained, and their
classroom use of questioning was monitored and
these Winne called "skills" experiments. Of the
training experimehts‘only one of the nine were
judged to be sufficiently valid to permit
relatively accurate inferences about the effect of
higher cognitive versus factual questions on
student achievement, while only six out ofjnine
skills experiments were regardéd as sufficiently
valid. Taking these valid studies - and tallying
the fesults_bn the basis of each time a pair of
treatment groups were compared - in 64% of the
cases no difference was récorded between the
effects of asking higher cognitive questions as
opposed to factual questions on pupils'
achievement. When all the studies were taken into
account the figure was 60%. Thus, Winne concluded
"regardless of whether studies are methodologi-
cally sound the studies reviewed here indicate
that whether teachers use predominantly higher

‘cognitive questions or predominantly fact questions

makes little difference in student achievement."
(p.43).

Andre (1979) arrived at the opposite conclusion to
Winne giving support to the facilitating of
“learning as a result of the use of higher level
questions, but he added that they showed limited
transfer and deneralisation.

As far as Bloom's taxonomy 1is actually concerned,
'seddon comments (1978 p.321) that there is no
evidence that the properties do not exist nor is
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there evidence that the properties do. The

- strongest supportive evidence concerns the '
cumulative hierarchical relationship betwéep the
categories Knowledge, Comprehension, Application
and Analysis, but the evidence is by no means
conclusive even though it should spur on the
carrying out of further experiments.

Recently a study on Bloom's Taxonomy (1981 Kunen
et al) has been"published which deserves close
attention. This study uses Levels-of-Processing
Analysis which is a Framework for Memory Research
first suggested by Craik and Lockhart (1972) which
is based on the premise that retention is a‘
function of depth, and thus that memory perform—
ance is a positive function of the level ofé_ '
processing required by the orienting task (p.678).
In an experiment using this analysis subjects’
would be stimulated at various levels while being
exposed to the same conteht. After the process is )
completed a surprise memory test 1s given, and
the scores obtained are'analysed. Craik and
Tulving (1975) conducted a number of experiments
and came to the following conclusion (p.290):

"It is abundantly clear that what determines _
the level of recall or reéognition of a word event
is not intention to learn, the amount of effort
involved, the difficulty of the orienting task, the
amount of time spent making judgments about the
items or even the amount of rehearsal the items
receive; rather it is the qualitative nature of
the task, the kind of operations carried out on
the items that determine retention."

A number of important points are raised in Kunen
et al's study: ' ‘
1. Central to the question of whether the Taxonomy

represents a cunulative hierarchy is the
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issue oOf whéther the amount of learning
increases or decreases as students engage
in thinking at successively higher taxono-
mic levels. There is nothing in the
aséumptions underlying the taxonomy that
leads to a clear prediction of whether
scores should increase or decrease. KXropp

et al (1966) were the first to formulate

that mean scores should decrease as the

level of category increases.

Many previous attempté,to validate the hier-
archical structure of the Taxonomy-have- been
hampered by the absence of an appropriafe
technique that permits qualitative ‘ '
comparison-OE learning across . levels. kin

order to do so identical content must bé

used at each level so that information common
to all taxonomic levels can be tested. .

The critical test of the cumulative hier-
archical assumption depends on whether there

1s a trend across taxonomic levels. This

means that taxonomic questions must be
administered on a pre-study basis to orient
subjects to acquire information compatible
with each level. If dgiven afterwards the
subjects will orient themselves to the

material predominantly at the lower level.

In this connection Gagne and Britton (1982)
suggest that the best time to reveal

objectives is after the_subjects have gone through
the material; and before it is reviewed: -
performance 1is significantly better under such
circumstances. '

It is suggested that Bloom's Taxonomy fits
appropriately in a Levels-of-Processing frame-
work, since the taxonomy is assumed to represent
levels of cognition that become successively
more exXxtensive and complex. The theory is that



1f* students can be oriented to study materials
at either a high or a low taxonomic level then
the resultant memory by-products should last
longer following high rather than low level |
questions.

In the experiment various groupé of subjects in
both America and Australia were tested at the
folloWing,levels : Knowledge, Application, |
SYnthesis and Evaluation. The questions set to
orientate the students to the different levels
were checked by a number of academies_to obtain
agreement as to whether they fell within the
level suggested. This is remarkable when one
considers Fairbrother's comment discussed '
already - it would appear as if there was much
consultation amongst the people concerned. At
each level the attention of the student was drawn
to the same thirty principles which were drawn
from college textbooks. In the assessment -because
the Knowledge and Application tasks took half the
time that the other two did when pilot tests were
carried out, it was decided to intersperse the
'questions in these categories with some simple
mathematics problems to make sure that the
students had to use their memories for the same
length of time as those doing tests at the
Synthesis and Evaluation levels. Thus all four
groups completed their assessment tasks at the
same time. Then to the students complete surprise
they were given a memory test at the end - this
test was the same for everyone, testing inform-
ation common to all levels. The reasoning behind
the Fformulation of the experiment was that if the
Taxonomy truly represented a cwnulative hier-
archy, then presenting questions on a prestudy
basis should result in subsequent memory perform-—
ance that increases as taxonomic level 1increases.

o



The results on the memory test are dgiven in Table 4.

Hierarchical Level  Memory test score

Knowledge 8,58

Application 11,58

Synthesis ' 15,09

. Evaluation ‘ 11,24
- Table 4

Average Memory Scores of students oriented to
different process objectives
(from Kunen et al 1981 p. 207) S

With the exception of Evaluation where the results.
of both the American and Australian students;
indicated low performance, there is reason to
assume confirmation of the hierarchy. In the case
of the American students the Synthesis groupi
provided the highest memory score, while with the
Australian students the Application and Synthesis
groups provided similar scores.

It would appear that the criticism that Evaluation
should not be regarded as the highest level in the
hierarchy is supported in this study. The authors
state that the results "provide moderately strong
support for the assumption that the Taxonomy
represents a cumulative hierarchy of categdries of
cognitive operations." (p.208). Another aspect

of the results that is important is that the recall
produced by teaching focused at the XKnowledge level
was poor so teachers should try to prepare their
questions to cover all taxonomic levels.,

To sum up the empirical findings, it would firstly
appear as if there have been far too few
experiments carried out on Bloom's taxonomy.‘
Because of the confusing results obtained by
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researchers over the past ten years it would seem
as if there has been a more careful consideration
of method lately. Itvwould definitely be of
advantage for there to be follow-up of Kuneh et
al's study. It'would also appear as if researchers
avoid mathematics when considering either Bloom's
taxonomy or the effect of higher order objectives
on achievement, as nearly all the empirical _
findings concern themselves with the behavioural
and natural sciences despite Wood's confident
assertion in 1968: v

"Although Bloom's taxonomy is intended to. have
" universal application it is particui£f1§_relévant
to mathematics where most significant behaviours
appear to have ‘cognitive origins." - (1968b p§86).

Ormell's comment on the imprecision of the )
taxonomic instrument as opposed to the precision
of mathematics cited on p. 32 seems to be

justified.

Tt would also seem that while teaching by
objectives 1s important, teaching using behavioural
objectives is not necessary although there is no
harm done if one uses them. '
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Chapter 6 }
Applications of Educational Objectives and

Taxonomics to Evaluation in Mathematics in South

~Africa

It is the author's belief that less—stéreotyped
questions in examinations, especially those on the
higher grade, can help in the development of
improved teaching practice in the classroom. This_
does not mean that all the questions must be )
different in type to those set in the past; this
would be self-defeating in that the skills
‘required in answering questions of higher ab111ty
depend on a thorough knowledge of the conterit. The
reproduction of knowledge must, therefore, be an
important component of any.examination. Mahy
educationists quite rightly point out that one can
increase one's knowledge by understanding, but the
converse is also true : one's understanding is
increased by knowledge gained, for example pupils
often obtain insight into the meaning of certain
algorithmic processes once they know how to use

the processes thoroughly. Thus knowledge must ‘
never be underestimated. In addition no exam-—
ination should consist of questions on higher abil-
ities alone because of the, sometimes‘unconscious,
attitude of learning not being worthwhile that
tends to be generated in the pupil, if he sees no
reward for his labours. This attitude then leads
to the inability to handle higher level questions.’
Process objectives must be seen in terms of
content, and it is significant that Bloom's ~
taxonomy has been adapted to be of use in the
mathematical field. There must be a balance, and
if the taxornomic approach can help in creating

this balance then it deserves serious consideration.
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At this stage it would be of use to consider a
taxonomic breakdown of the Cape Senior Certificate
Higher Grade First Papers in Mathematics for the
period'1979 to 1981. 1In table 5 a blueprint has
been drawn up for the three years.

Because the questions ére non—multiple—choicevit
is quite possible that part of a question will be
in the knowledge category while other parts will
beiong to higher abilities. The highest ability
required by the quesfion will indicate the level
at which the questions will be catégoriSed. One
other aspect must be borne in mind constantly,
that of what is to be regarded as puréifécaﬁl or
algorithmic thinking in contrast to the higher
levels of ability. Without a knowledge of how

the students were taught this decision becomes
difficult, and the only means by which an

examiner can decide is to use his classroom .
experience and to consider past examination papers.
This is very subjective. Unfortunately in a public:
examination an examiner is not in a position to

" consult others.

Anélysing table 5 it is clear that there was
little variation in the number of marks allocated
to the various content subdivisions. The syllabus
was therefore covered in a consistent manner from
yéar to year. Where there is inconsistency, however,
is in the marks allocated per taxonomic level in
each year. There was a steady decline in the
influence of pure recognition and recall which is
in line with the view that Higher Grade papers
should not contain many questions of this nature.
In addition it is to be noted that the total

number of marks at the Analysis and Synthesis level

remained reasonably constant. In a three-hour



Appendix B

Homework Exercise to Illustrate the Format of the

Test Paper

Do
3.

Part A (10 marks)

~ Solve for x: %5 =6

Select the best response ie -

A, B or C and circle it in
- the answer column if:

A is a Rational Number

B is an Irrational Number
C is an imaginary Number
wWhat kind of number 1is

(a) log,7

22
(v) 2

() (-3)F
(a) 3/8T

Part B (10 marks)

Answer

1.

your working in the space provided.

Solve for x: —=/X + 2 = X

Confidence

Answer

Confidence
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paper it is considered to be detrimental to the
candidates to have too many questions which
require detailed analysis and synthesis because of

the time factor.

The first main difference that should be noted is
“in the number of marks allocated to Comprehension
in 1980 as compared to the other two years. This
‘made the 1980 paper easier for the Higher Grade

" candidate who does not really experience any sort
of challenge when presented with questions at this
level. Thus in 1980 aboutr70% of;%ﬁé‘ﬁarks were

"~ allocated to questions which either required actual
recall or recall of well-practised methods. The
second main difference is in the number of marks
allocated to the Application level where the
questions éould be answered reasonabi& quickly, but
required the candidate to consider them carefully
"and apply his knowledge, because they were
different from the more usual type of question
given in textbooks. The greater number of marks
allocated to Application in 1981 meant that only
45% of the marks were allocated to actual recall or
to recall of well-practised methods.

From this analysis it can be seen that the character
of the three papers was different, this difference

- being most marked between the 1980 and the 1981
papers. The character of these last two papers was
markedly different, and it would seem as if a’
consistent policy was not in force. Even though

the category choice for each question is subjective,
the differences shown here indicate that it would

be advantageous to suggest that approximate percent-
age. totals for each hierarchical level on some
_himplifiod taxonomic scale be implementced. AS lonqg

as there is no attempt to be prescriptive this can
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be of benefit to all concerned, because such
variability in the character of papers in successive
years is detrimental.
'This will not make the setting of papers any more
scientific because of the subjectivity involved,

but it will cause the examiner to consider his
~questions and the balance of the paper more'care—
fully. One can easily criticize the taxonomic
approach, but it is evidently in this sense that )
Francis (1981 p.19) writes the following: "Despite
‘these criticisms it has proved to be of real
practical use in the sphere of attainment testing."
The word 'proved' as used here must surely be in

its loose conversational sense - not in a
mathematical or statistical sense. ’

How Higher Grade and Standard Grade papers should
compare 1is of great concern. To many the
difference between the two in Mathematics lies in
the greater content that the Higher Grade candidate
" has to learn, whereas to others the difference

must lie both in the content and in the process
ability level of the questions'asked. Joubert
(1980) has highlighted this difficulty when. he
analysed five Higher Grade and five Standard Grade
1978 Senior Certificate Geometry papers from
various examining bodies in South Africa. There is
not mich difference in the average number of marks
allocated at the various hierarchical levels as

can be seen from table 6. Joubert has used Avi-
tal and Shettleworth's taxonomy in his cbmparison.

Thus even at the Standard Grade level over one-
third of the marks were allocated to questions
considered to require Analysis and Synthesis.

This would seem to indicate that the difference
between the two levels was regarded as solely being



 KNOWLEDGE COMPREHENSION/  ANALYSIS v
' APPLICATION AND SYNTHESIS
HG 30, 9% - 25,5% S 43,6%
SG : 33,9% 30,6% 35,5%
Table 6

An analysis of Geometry questions in 1978 Senior
Certificate papers
(adapted from Joubert 1980 p.54)

that of the quantity of material that had to be
learnt. If one now considers the Geometry
questions in the 1981 Cape Senior Certificate
Standard Grade paper there appears to be a marked
difference in character in the paper as. the paper
contains no difficult Geometry problems. Again
the Variety from year to year 1in levelAbf -
questions should be less so that those who enter for
the examination may know what is expected of them.
This is especially true at the Standard Grade |
level where the pupils writing are geﬁerally not
mathematically inclined, and also especially

while the éyllabus is basically a watered-down
higher-grade syllabus being more academic than is
necessary. Thus a guide to the standard of the
questions that will be set is of great importance.
Again this must not be prescriptive -~ the

examiner must have latitude and again it must be
realised that subjectivity plays a large role in
deciding the hierarchical level of questions.

A study of examination Ppapers using a taxonomy
can draw attention to appareht shortcomings in
instruction in the subject as has been shown by
Smith (1980). He investigated examination papers
set at a number of schools at the Standard 5 level
to Standard 7 level. His results on a hier—
archical scale are given in Table 7:
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Process  Stand-

Level ard 5 6 7
Comprehension 72,1=72,3 - 74,1 78,2
Application 23,5 13,1 12,1
Higher S
Abilities 0 i - 0,27 0,5 - 1,8
Table 7

‘Average percentages of marks allocated at various
taxonomic levels for Standard 5 to Standard 7 -
Mathematics papers translated from Smith (1980 p.86)
- Smith states that the compfehension level includes
the use of algorithms, the illustration of °

" definitions and translation, ie the student has
learnt the content, but the situation differs

from the original. In other wordsvthis 1evé1
consists mainly of well—préctised algorithmic meth-
ods. It would appear as if there is an over-:
concentration of questions at the knowledge and
knowledge of methods level, and too few questions
at the Application and Higher Ability levels. What.
is of concern is the decline in the marks allocated
at the higher ability levels frbm Standard 5 to
Standard 6. The reason for this would seem to be
that in Standard 5 the syllabus states that there
must be a paper in which problems are to be set,
whereas this does not apply in the Standard 6 and
Standard 7 syllabus. This decline is most
unfortunate especiaily in view of the demands of
the Higher Grade syllabus in Standards 8 to 10.

A possible future research area could be the effect
of an over-emphasis on algorithmic processes in
Standard 7 on ability to do well in Higher Grade

Mathematics.



Because one can ascertain shortcomings in
instruction teachers should consider analysing
tests written during the term in order to assess
the:understanding by the pupils of the subject
matter, not setting tests only to make sure that
the pupils work. These tests should be carried
out frequently so that feedback on instruction
can be obtained quickly. The tests should be so
vdesigned as to ascertain problem areas so that

- formative evaluation followed by remedial

instruction can be carried out. The teacher will

then no doubt have to make time for the dgreater

individualisation of the teaching program; and will

also have to prepare to a greater,extént. Class
size'becomes,a definite factor in this" procéss.
It is notable as far as research in South Africa
on taxonomies applied to mathematics is concerned,
that the worldwide trend of acceptance without
empirical testing has been followed_heré ~ this
“acceptance no doubt being encouraged by the
dominance of the examination in this country.

When this attitude of acceptance i1s combined with

a worldwide lack of empirical findings involving
mathematics, then a wide area is open for
ihvestigation. A number of points about this
wide area need to be made:

1. It would be profitable to ascertain pupil -
opinion on the questions in an exXamination
paper, especially with regard to whether they
have answered that type of question before.
Establishment of this is a prerequisite in
any study using a taxonomy. , '

2. It would be of use to compare on what type

of questions pupils who obtained high,

average or low marks gained their marks.

3. A qUestion by question analysis of marks Jained
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at the various hierarchical levels to test
whether the hierarchy applies would be worth-
while, although one must beér in mind Kunen et
al's criticism that in order to test the hier—
archy the same material should be tested at
the various levels.i _

4. There needs to be an agreement as to the propor-
tion of the marks that should be allocated at
each hierarchical level. In order to do this
the opinion.of teachers and tertiary education
lecturers should be sought. The 1after should
be consulted in that they are aware of the |
mathematical thought processes that are
required in tertiary education. Especially
would this be applicable to Higher Grade
Mathematics as a pass on higher Qrade is a
virtual necessity for entrance to univeréity

mathematics.

As far as instructional objectives are concerned

it would appear that one does not have to prepare
detailed specified behavioural objectives as
generalised objectives seem to be as effective in
’improving pupil's achievement according to empirical
investigations (Davies 1976 p.86). But teaching by
means of objectives 1is definitely superior to the apparently
casual non-objective approach'so often used by many '
Scuth African teachers. Careful use of higher

level cognitive questions seems to help pupils®
understanding and achievement to a dJreater extent.
More confirmatory research on objectives bf
instruction is, as indicated before, needed before
wide acceptance of this method can be propagated.

Research into what constitutes good assessment 1is
absolutely essential especially with the changes
Lhat are taking place and will contltinue LO Lake



place in South Africa with the coming educational
population explosion. If the concensus is that
certain well-defined needs must be fulfilled by
education then the assessment must meet thése
needs. If the concensus is, in contrast, that
education is there for education's sake then the
assessment should reflect this. The assessor may
not divorce himself from the direction of the
educational process as a whole - he must respond
to it, and in order to do so research on the
effects of the changes on assessment must be
carried out as with other aspects of education

at this time.
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~Conclusion

Bloom's taxonomy with necessary adaptation is a
useful tool for examinations, but it must never be
viewed as a scientific tool nor must it be regarded
as the only means of classification. A classifi-
~cation such as that hy Human can be combined with
Bloom to give a more complete piéture of the
mathematical abilities being tested. The main use
of a taxonomy lies in the way that it can help the
user think about the questions set in the paper
concerned, thus helping to maintain--a-more even
standard from one yeér to the next. Applying
Bloom's taxonomy to the instructional sphere. in
education must be done carefully as the taxonomy
is not geared for dgenerating action, because ' the
taxonomy is not dynamic and thus is not readily
adaptable to new developments, although it can be
used to point out weaknesses in instruction.
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‘ Abstract

This paper seeks to introduce the three main methods
of confidence scoring namely Confidence—Weighting;
Distractor Marking and Probabilistic Scoring, and to
examine the strengths and weaknesses of each, as

well as the approach as a whole. The possible
influence of confidence—weighting-on teaching is
 considered, while consideration is also dgiven to the
extension of confidence-weighted scoring'procédurés

to the more traditional kind of mathematics evaluation
‘used in South Africa, where the effect of confidence-~
weighting on partial knowledge can be considered

more fully, A group of thirty-eight Standard Ten
pupils were given a traditional mathematics test which
was scored by confidence methods. The experiment
confirmed the hypothesis that confidence-weighting has
a greater effect on part scores than on full and zero
scores. It was also ascertained that there was an
increase in reliability with the use of confidence-
weighted scoring despite there being little increase
in the range of scores. It was found that the effect
of confidence-weighting on the score was the same:
regardless of whether the error made was careless or
an error of misunderstanding.

(1)
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Introduction

Ever since multiplefchoice questions were first
introduced as a means of testing there have always
been those who have criticised their use because of
their concentration on marks'given for totally right
answers only, and because of the encouragement

giveh to guessing. On the first count it is often.
stated that partial knowledge needs to be given
credit as it usuvally is in more traditional forms

of essay type testing, and for this reason it is
suggested that ways and means should be.found that
evaluate partial knowledge and/or test_ the degree

of confidence that students have in their answers.
This thinking has led to confidence scoring methods
of various kinds. Echternacht in his 1972 review
of the various forms of confidence testing defines
it as "a method of testing where weights are
assighed directly or indiréctly to item responses

in such a way as to reflect the examinee's belief

in the correctness of the alternative or
alternatives so marked". (p.217)

Many view these methods as béing,of great bhenefit,
especially theoretically, because more information
is ascertained concerning the studentst' ability -
information which otherwise would be umknown :to

the evaluator. In contrast Wood (1977 Pp.239) writes

as follows: "Despite all the ingenuity and effort
which has gone into developing methods
for rewarding partial information....
there is little evidence that any one
method provides measurable gains.
Elimination scoring has possibilities,
as does self-scoring, except that it
is presently too limited in scope.
Confidence weighting is, I think too
elaborate and beyond the average



candidate. One is left with the

" conclusion that if the items in a
test are well constructed, if
candidates are advised to go over
their answers since changing
answers seems to pay, and 1if the
testing conditions are such as to-
inhibit blind guessing with
candidates being encouraged to-
attempt all items, number right
suffices most needs."

These are highly contrasting views and neither»tduch
on a further necessary consideration. What effect
does a method of testing have on the learning
situation? For example does the necessity of -
expressing a certain degree of confidence in one's
answer make one more aware of the knowiedge ﬁhat Qne'
is required to learn, and thus enhance the léarningA>
process or does it have no effect? 'Lifgle has been
done experimentally on this although recent studies
conducted by Sieber (1978 and 1979) throw some

light on this aspect.

Before considering Sieber's work, however, the various
types of tests that have been developed with their
strengths and weaknesses should be reviewed. The
tests can be divided into three categories:

Confidence-weighting of one answer considered

to be correct;
Elimination of distractors; and
Probabilistic testing.



Chapter 1
Confidence-Weighted Scoring : A Critique

In this type of testing théwexaminee is asked to
indicate what he believes the correct answer to be,
and how certain he is of the correctness of his
answer. v | '

Confidence Weighting applied to True-False tests.

This type of testing was first employed to adjust
true-false scores by Hevner in 1932 (Echternacht 1972
p. 218). It was later modified by Soderquist in 1936,
and Ebel (1965a) suggested a different system of
scoring. The scoring systems used by these researchers

. are given in Table 1.

In her work, Hevner compared four different scoring
techniques: (a) the number right, (b) the number right
minué the number wrong, (c) the weighted correct score
and .(d) the weighted correct minus the weighted wrong
score; testing each for reliability according to
Spearman-Brown's formula for a test of double length.
This resulted in the weighted right score giving the
highest reliability coefficient of 0,76 compared to
0,67 for conventional scoring. Soderquist found that
the weighted-right minus the weighted-wrong score

gave the highest reliability according to the Spearman-
Brown Split-half method- 0,85 compared to 0,72 for '
conventional scoring. According to Soderquist the
difference between his results and Hevner's was probably
due to his telling the examinees how the test would be
scored, whereas Hevner did not inform her music stud--
ents. Ebel recorded significant increases in reliabi-
_lity'on tests for students on Educational Measurement,



ester :
Answer Hevner Soderquist Ebel
Confidence Confidence Confidence
Rating Rating Rating
Correct 'ngh confi- High confi- Probably +2
dence +3 dence +4
|Middle con- Fair confi- Possibly +1
fidence +2 dence +3 ' |
Low confi- Low confi-
dence +1 dence 1+2v
No real con-
fidence +1
Omission v 0 0 $
Wrong - Low confi- No real con- . Possibly -1
'dence-_ =1 fidence -1 :
Middle con- .Low confi- o Pfobably -2
fidence =2 dence =2 '
High coné Fair confi-
fidence -3 dence -3
High confi-
" dence -4
Table 1

Confidence-Weighted Scoring in True-False tests

these being 0,71 compared with 0,57; 0,83 compared
with 0,77 and 0,82 compared with 0,73.
al 1973 p.137). In addition to this Ebel pointed out
how a student could maximise his score by stating

(Hopkins et

that if a student answered more than two-thirds of
the questions correctly, then he would score more
highly at the higher confidence response, whereas he

- would score more highly at the lower level of confi-
dence if he answered less than two-thirds correctly
(Ebel 1965b p.132).
about the quality of his own knowledge 1S necessary

This indicates that knowledge

otherwise a student's mark will be affected




adversely. Thus an evaluator can obtain increased
information about a student by the use of this method
of scoring if he is prepared to analyse the results.

True-false items are, however, often regarded as
unsatisfactory tests beCauge of the limited choice

- that is involved with the consequent influence of
guessing on the results, and because of their
unreliability. Ebel does suggest, that because
true-false tests are so seriously affected by
guessing,cdnfidence-weighting should always be applied
to them. The question now arises as to how effective
confidence-weighting would be in multiple-choice
testing.a |

Confidence Scoring applied to Multiple-Choice tests.

1. Dressel and Schmid (1953) were the first to apply
confidence~weighting to a multiple-choice test.

They scored the tests in four different ways, each
of which was known to the particular examinees
concerned, and two of these involved confidence:
a) a Free Choice test where examinees were asked . -
to mark as many answers as they thought were
correct; and
b) a Degree of Certainty test where examinees
were asked to indicate on a four-point scalé.
their certainty in a single answer selected.
The methods of scoring for these two tests are
given in table 2.
Dressel and Schmid found that there was only a
marginal increase in reliability between the test
marked’éonventionally and the degree of certainty
test, from 0,70 to 0,73 ~ an increase which is
definitely not significant. What was shown was that
the performance of students seemed to be related



positively tovexpressed certainty, and also that
students show decreasing confidence with increasing
“difficulty-of items. The free~choice items seemed to
differentiate the good student from the average and
poor studeht, but failed to distinguish between the
average and poor student. The degree of certainty
test on the other hand differentiated between all
three levels of students about equally well,

(Dressel 1953 p.592). This is possibly due to the ‘
effect of the increased range of marks created by the
scoring system., Thus the ability of degree of
certainty testing to aid in the differential grading
of students was demonstrated for the first time.

As far as the scale of confidence is concerned Average
and Low Performers were positive and fairly certain |
about their results approximately equally while more
High Performers were positive about their results.
Another significant difference was that low performers
tended to guess more wildly than the others. These
last observations confirm what would naturally be
expected i.e. that the person with the highef ability
would be more confident of his answers while a person
with low performance will tend to guess more. Even
| though this is not a striking result it does confirm
what was believed. If all that can be gained is this
result and a dgreater spread of marks then one must
question whether the increased testing and marking
time required is justified.

One further disadvantage of Dressel and Schmid's work
which they acknowledge themselves was that the
students were not familiar with this type of testing.
This lack of familiarity no doubt affected the result,
and also meant that the method could not exercise any
influence on the examinee in his learning situation.



Free Choice Test

umber of Item score
alternatives Correct alternative | Correct alternative
hmarked . marked _ not marked
1 4 -1
2 3 -2
3 2 -3
4 1 -4
5 0

Degree of Certainty Test

Certainty Ttem score

value - — -
Correct alternative | Correct alternative
marked not marked
Positive ' 4 . -4
Fairly sure 3 } -3
Rational guess| - 2 : ., =2
No defensible
choice L | -1
Table 2

.Scoring systems for Dressel and Schmid's Free Choice
and Degree of Certainty tests. (Adapted from
Echternacht 1972 pp. 220-221)

2. Three levels of Confidence Scale Tests

The work of Ahlgren, Rothman (1969), Paton (1971),
Hopkins, Hakstian and Hopkins (1973) and Fredman (1977),
should now be considered. Each worked on a three

levels confidence approach using different scales for
scoring which are given in table 3.




Consideration of the Scales

In the scale used by Ahlgren and Rothman what is of
immediate concern is that guessing is rewarded even
when the answer is wrong, with the result that the
person who honestly admits that he does not know an
answer to a particular question is at a disadvantage.
Thus one of the originally stated aims of confidence
testing ie.éounteracting the effects of dguessing 1is
'itself counteracted by this scale.

Paton (1971 p.53) adjusted the scale so that there
would be greater countermarking for incorrect
answers, thus reducing greatly a student's chances of
obtaining a significant score when he knows little or
nothing about a particular question,;and also o
eliminating any reward for incorrect gﬁessiqg (1971.
p-55) Paton's non-linear scale was drawn up to take
student strategies into account. It seems, however,
that the person who is very sure is not sufficiently
rewarded compared to the person who obtains the
correct answer by guessing, because the difference
between a correct guess and an omission is too great
when compared with the credit obtained by an answer
given in the very sure category. Thus in trying to
cater for theoretical consequences of student
strategies other disadvantages result. In addition
if the scores of a correct and'an incorrect guess are
added, the result 1is the same as that of correct and
incorrect answers at the very sure level, but less
than those at the fairly sure level, which means

that using the fairly sure level is a dgood risk. The
main disadvantage of the scale is that the reward for
being very sure 1is too small.‘ '

Hopkins et al's and Fredman's A scale returns to the
linear format and again the scale has the advantage
. that credit is not given for wrong guessing. Fred-

man's B‘scale 1s interesting in that it provides the



Table 3
Confidence-weighted scales using three levels of

confidence
fesearchers Ahlgren and | Patonf Hopking Fredman
Levels o '
Confidence  —— Rothman et alt ,| 5 |c
7 5 -
Correct very sure +3 3 3 3 5 10
fairly sure/sure 1 % 2 2| 4 | 8
guess % 1 1 11 113

Omission: _ -0 - 0 0 0 0 0
Incorrect guess + % -3 =1 -1 ] =1 -3
fairly sure/sure 0 -3 -2 -2 -3 | -8

very sure -3 -1 -3 -3|=-5 | ~10

greatest reward for those who are sure compared to those
who are duessing. Fredman stated that the reason for
drawing up this kind of scale was that he and his head
of department concluded that the various grades of
confidence were not equal steps, and that the step
between sure and very sure is less than the step between
guess and sure. (Fredman 1977 p.100). It is also
important to note that Fredman regards the step between
omission and guess to be the smallest of all, equal to
that between sure and very sure, which is in direct
contrast to Paton's scale where this i1s the largest
step. A quirk in the scale is that at the sure level

a correct answer earns a écore of 4 while an incorrect
answer obtains a score of -3. This has an effect on

strategies students may employ.

The theoretical consequences of the strategies that
students may employ using the various scalcs are
presented in table 4. Fredman's C scale is nhot

considered as it gives similar results to that of the
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A scale.

Strategies using the Different Scoring Systems

Paton (1971 p.54) points out that when using Ahlgrenis
and Rothman's scales far too much credit is given for
guessing. A significant positive result of 40% can
be obtained even when one has no knowledge about what
is being tested. It pays to guess even when one knows
- three choices to be incorrect, unless one has done
poorly in the rest of the test when one's score should
be maximised by“éhoosing the very sure category. Using
this category in this way is a misnomer as one cannot
be very sure if one is uncertain as to which of two or
more alternatives should be taken. The fairly sure
category is meaningless in that it does.not give any
advantage to the student. Paton's modification does
allow for the meaningful use of all the levels of »
confidence. Thus strategies devised to maximise the
examinee's score will include the obvious very sure
1f all the incorrect distractors are known, while if
three incorrect choices are known then it is worth-
while to answer at the fairly sure level of confidence.
It isyevident that if only one or two distractors are
known to be incorrect then the student should either
omit the answer or dJuess.

The -advantage to the teacher of using Paton s scalp is
that he can galn an idea of the students partial
knowleddge 1f he does use a deliberate strategy, whereas
in the case of Ahigren's scale very little can be
ascertained concerning partial knowledge. The kind of
partial knowledge obtained is limited to the student's
confidence in the answer he has chosen, and certainly
does not make us aware of his actual knowledge as he
has not indicated which distractor(s) he recognises

to be such. We are also really only aware of his
partial knowledge if he follows the maximising strategy
strictly, so that use of this scale does not provide
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useful understanding of a pupil's partial knowledge.

When considering Hopkins et al's and Fredman's-A scale
it is evident that the student who wishes to maximise |
his marks must know all four distractors in which case
he should choose the very sure category. If he does
not know all four distractors then he should omit the
answer, or at most answer at the lowest level of
confidence in order to be penalised least. As Fredman
states (1977 p.101) although he is mistakingly
commenting on his B scale "The theoretical consequences
his score only when he knows the corféct answer. The
opportunity to enhance his marks by the adoption of any
strategy (apart from his true knowlédéé)'is'feduced

to the absolute minimum." Fredman's conclusion is no
doubt. very important for medical tésting, but it does
eliminate all hope of ascertaining the ﬁartial know-
ledge of the student. It is noteworthy, however, that
in the Fredman B scale if one knows three of the
distractors then one can obtain a positivékscore using
the fairly sure level of confidence, so that some
measure of the student's partial knowledge can be 1earnt
despite Fredman's comment on this scale.

The choice‘of séale used will depend on the aim cof the
person setting the examination. Clearly if the aim 1is
to ascertain the student's whole and partial knowledge
then the best scale to use is Paton's. If the aim is
to give maximum credit to sure knowledge combined with
the elimination of student strategies then Hopkins et
al's scale should be chosen. Incidentally thé'sure
category on this scale 1s meaningless. In this
connection it is worthy of note that Fredman now uses
a scale with only two levels of confidence, sure and
guess, with. scoring +2, +1, 0, =1, -2 (Fredman 1979
p.416).' He finds that satisfacfory results are

12



obtained with this simpler scale which eliminates the
almost meaningless middle level of confidence.

Influence of Confidence Weighting on Reliability

Ahlgren reported an increase in reliability in 20 out
of the 25 cases in which he used confidence-weighted
sCoring using the K-R20 formula for the conventional
test and the Cronbach e test for the weighted scores.
Hopkins et al (1973 p.139) reported that the typical
pattern of a slightly higher reliability estimate

for confidence scoring was observed although the
difference in reliability estimates did not reach the
¢riterion of statistical significance. Their
confidence-weighted score was 0,92 compared with 0,88
-whereas the criterion test reliability*was 0,93." |
Hopkins et al conclude that these fihdihgs suggest that
the added reliable variance may be an irrelevant response

style variance (p.140).

Unfortunately Fredman's reliabilities are not acceptable
seeing that he used the K-R20 reliability formula for
thé;confidence-weighted scores when it may only be used
if the scoring is either 1 or 0. This applies both to
his 1977 and 1979 papers. Ebel, to whom Fredman refers,
states categorically: "If the scores of the tests are
corrected for guessing or if other forms of weighted
scoring are used, more complex variations of the
formula must be employed"(1979 p.279). Tt is further
strange that he should have accepted his 1977 results
when he obtained reliability coefficients greater than

one.

4

Thus a dgeneral increase in reliability is noted, but this
must not be regarded as the all important factor on

deciding whether to use a test or not. Too many research-

ers are concerned with reliability to the exclusion of

' all else.

13



Generally there 1s very little difference in the
validity coefficients of confidence~weighted as opposed
to conventional scores when compared with a criteridn.
Most view that because of the marginal increase in
reliability the validity of the test cannot really
be affected (Hopkins et al, 1973 p.136). Hopkins et al
found that the validity coefficient for his confidence-
weighted score of 0,667 was slightly lower than that
for the conventional test which was 0,701, and this
despite the tendency for higher ability students to
respond with greater confidence. The authors

concluded that this would seem to indicate that the
greater confidence was not allocated wisely among the
items (p.139). This thinking accords with a comment by
Ebel on the confidence-weighted True-False test, where
he pointed out that the advantages to be gained from

- confidence-weighting depend on how rationally.it can be
applied ending with "the results of recent experimental
studies suggest that sometimes the .more capable students
are not much more successful than their less capable
classmates in deciding when to answer. confidently and
when to answer cautiously." (1965a p.56)

3. Usefulness of Confidence-Weighted Scores

There are two main uses to which Confidence-Weighted
scoring can be put. 'Because of the generally increased
reliability there is a measurable increase in effective
test length, for example Rothman (1969 p.238) quoted an
increased test length of 1,46. This automatically means
that a shorter test can be set using confidence-weighted
scoring, which will be as reliable as a longer test
using conventional scoring. This increase in test
length was very important to Fredman in that it enabled
him to set shorter tests during the year for the

guidance of his students, and still know that the results

obtained would be as reliable as longer conventionally
marked tests (1977 .p.107). This would also mean that

14



his students would obtain practice in the techniques
involved in answering confidénce-weighted tests, as
well as having a good guide as to their ability in the
subject; Thus a series of short tests designed to
consolidate the knowledge learnt could be organised

for the benefit of all the students involved. . In the
past the increased time required to mark the test |
compared to normal marking time was a problem, but with
computerised marking becoming more sophisticated -this
is no longer the case, and so the series of short tests
can be marked quickly providing the extra reinforce-

ment so necessary for such a program.

The second main use is in the differential grading of
students. Instead of all the markswfgﬁgingwbétween 0
and 100 with most scores falling in the range 40 to 60,
the range is increased in the case of Fredman's A
scale from -300 to +300. This marked increase results
in an increased spread of scores, and with this:
increased spread one can Jgrade students more easily.
Using this scoring system a large number in the class
will score less than zero and the majority will obtain
less than 50%. This is no problem if the confidence-
weighted test is used for grading purposes only, and
is combined with other methods of testing deéigned for
certification in order to obtain an overall assessment
of the candidate. Thus instead of one type of test
attempting to fulfil the functions of certification
and grading, it is suggested that two different tests
be set specifically to fulfil these functions -
separately. Fredman advocates this use strongly. Two
tests are set. One is a conventional multiplé—choice
paper in which no question will score less than 70%

of the student responses correct. If the student
passes this test then he will not fail the examination
as a whole, and thus this test acts in a certification
capacity. A grading paper 1is then set with more

Ul
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difficult questions and is confidence marked with thé
marks being adjusted by means of standard scores so
that a mean of 60% and a standard deviation of 12% is
obtained. Confidence~weighted scoring differentiates
more readily'between‘candidates when the questions
themselves are more difficult, so that the candidate

is made to decide whether he is sure about an answer or
- not. Confidence-weighting tends to be an academic
exercise when the questions are easy.

Whether the two main uses Jjustify the extra marking
time is a matter of opinion. Palva and Korkunen regard
such very strict ranking as usually'néiﬂbeind'meaning—'
ful and definitely not a justification for the extra
marking load (1973 p.179). It must, however, be
remembered that computers have develdped marfedly v
since 1973 so that the marking load is not that much
greater, In addition, because of the increase in
effective test length, tests can be made shorter and
will be still as reliable as longer conventionally
marked tests thus easing the marking load.

It would now be of benefit to look at other schemes

of scoring that'will enable one to obtain more inform-
ation about the partial knowledge that examiners have.
Thus Ffar only Paton's system has been able to

provide this and only when a particular strategy is
followed. As to the effect that confidence-weighted
scoring can have on learning and retention, this will
be considered in chapter five.
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Chapter 2
Marking of Distractors

The marking of distractors was first suggested by
Coombs, Mulholland and Womer (1956), because they were
interested in ascertaining information about the
examinees' partial knowleddge. Lord and Novick (1968
p.315) comment that, in addition to this, the scheme
often tends to discourage guessing. The system of

- marking used in the scheme and the conclusions drawn
from it on a student's partial knowledge are given

in table 5.

R L

Number of Distractors|Conclusion on Student' scoring
Marked ' Knowledge
3 “J]Complete information +1 for
each
1 or 2 ' Partial information distractorJ
marked cor
Correct answer only |Complete misinform-— rectly
marked ation -3 for a
- — correct
Correct answer Partial misinform- answer
marked amongst © lation marked as
distractors a distrac-—-
“tor
Table 5

Coombs' Mulholland and Womer's Distractor Marking and
conclusions therefrom applied to four-answer multiple-
choice items

It-is evident that in order to use the information
obtained from this type of test properly, each candidate's
answers will have to be analysed carefully and the
results commented upon, so that the examinee can obtain
feedback. It is only when the information that can be
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obtained from a test is used that a testing process
can be regarded as being worthwhile. The strength of
this testing lies in its ability to isolate some of
the misinformation and to highlight the missing gaps
that form part of a candidate's knowledge. The
confidence-weighted test is wunable to do this.

Considering the test further Coombs et al reported that
little additional testing time was required (1956 p.15),-
and that with the scoring from -3 to +3 there was an
increased variance and increased discrimination between
the variables (p.35). This last advantage is the same
as that obtained by confidence—weigﬁféa‘scoring. As far
as reliability is concerned there was an increase to a
degree equivalent to a 20% increase-in-effective test
length. The effect on reliability is, however, depeh—
dent on the difficulty of the test with an increase in
reliability for more difficult tests. The validity of
the test is about the same as for a test using
conventional scoring (p .36). . The examinees preferred
this type of test to the conventional type as they
regarded that it dgave a truer representation of their

knowledge.

Archer in 1962 (Echternacht 1972 p.222) found that this
testing method was only slightly more reliable than
conventional testing, so slight that the effective test
length was reduced, but there was a definite increase 1n
reliability on the more difficult items. The test did
not correlate as highly as the conventional test did
with a criterion. )
Except for Wood's comment (1977 p.239) that this method
seems too limited in scope, the method appears to have
been ignored recently, and it would appear as 1if the low
increase in reliability and the increased marking time
have discouraged its use even though it is simple to
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administer. Perhaps educators are not really inter-
ested in ‘information on partial knowledge. Such
information to be of benefit must be analysed and this
means increased work! Another possible reason is that
theoretically at least it is possible to obtain 66, 7%
without knowing the correct answer to a single question.
Tests marked in this way would, however, be very useful
as mid-course tests when the information gained on the
partial knowledge can be used to greatest advantage.

© e
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Chapter 3 _
Probabilistic Testing Methods

These testing methods were first introduced in the
1960s and were the first to have a theoretical basis
founded on a high degree of mathematical sophisti-
cation. This method was first proposed by de Finetti
in 1965 when he introduced decision theory and
personal probability into confidence testing basing the
method on assumptions of examinee behaviour. (Echter-
nacht 1972 p.225). There are drawbacks to probabil-
istic methods and amongst these are'tbe;difficulties
‘that examinees have to estimate theifid&n personal
pfobabilities which they are to attach to the |
alternatives in a question, so that it is extremely
difficult to develop these probabilities on a
continuous scale. In addition to this as soon as
opinions of this nature are sought then the admini-
stration time for the test is far longer. The
‘scoring table is of necessity far more complex, and
this can lead to students not understanding the |
processes by which the scoring is calculated, which
1s a most negative.factor. Examihees must be
Prepared for this type of test through an easing-in
process so that each person can dgradually grasp the
notion of attaching a quantity to his belief in the
truth of the alternatives.

Because of the difficulty of a student suggesting his
own probabilities de Finetti suggested a five-star
system (Echternacht 1972 p.224). The examinee is given
five stars and is asked to place them on the alterna-
tives in such a way that the weilghts indicate his
relative strength of about the alternatives. If on
five alternatives the stars are allocated'as follows:

4



three on one, two on another, and nil on the other threec;
then the resulting pfobabilitiés will be:

0,6 0,4 and 0,0;
and the scores given would be

27 | 16 and 6
If one star were to be allocated to each answer, 15
would be scored which seems rather high when if all
five stars are given to one alternative and none on the
rest only 25 marks are awarded. The scores allocated
for each distribution of stars are listed in a'table,
and all that is required is that they be read off. WNo
experiments have been conducted using this method as
far as the author is aware however, probably because of
the complicated nature of the scoring mechanism, and the
‘high result of 60% that could be obtained even if nothing
is known by the candidate. But de Finetti's work did

spawn a number of experiments.

Shuford, Albert and Massengill in 1966 developed a theory
of valid confidence testing using Logarithmic, Spherical
and Euclidean functions. The last type of function is
suitable for scoring items using a distribution of
confidence (Rippey 1968 p.211). The scoring weights

are obtained from the confidence that each pupil has in
the answer he has chosen. The relation between confi-
dence and the scoring weights is not linear, but is v
graduated approximately as indicated (note that there are
26 different degrees of confidence which the examinee

is helped to find by using a Scorule):

Confidence 100% 80% 60% 40% 20% 0%
Weight 1,00 0,90 . 0,78 0,60 0,30 -1,00
The effect of this scale is to penalise dishonest reports
of degrees of confidence severely (Ebel 1968 p.353).

The whole process appears to be very complex and costly
(20 cents per examinee for the kit alone in 1968). There
is also rather incomplete evidence for increases in



reliability and validity mainly because of a lack of
control and small sample size, and with marking time
twice as long as conventional marking few experiments
other than those conducted by Shuford et al have been
reported on. Shuford has stated that people who take
tests must be trained in the use of the Scorule-
because of the complexity of the task when met for the
first time; but after they have been trained they can
use it'reasonably quickly. o

Rippéy (1968 p.211) made use of Shuford's functions

in testing in order to test the assertion ‘that increases
~in reliability as a result of probaﬁiiistic administra-
tion and scoring could be anticipated. He did not use
the Scorule, but had developed a series  of computer
programs which he used to mark the tests. It is
interesting to note that he carried out four tests on
different subjects using graduate students, high school
fréshmen, under-privileged fourth grade children and
sophisticated second year medical students. No previous
training on how to answer the test was given to any of
the groups with the result that the response from the
fourth g}ade pupils was a complete disaster - soO poor
that he did not bother to tabulate the results. It
would appear from this that without careful.training
only more mature students are able to respond to this
type of test. Of the other groups it was only the
results of the graduate students that recorded any
significant increase in reliability viz 0,79 to 0,85,
this being the equivalent of a 50% increase in test
length, but even this increase only matched the
increased time taken by the candidateé to do the test,
so that the assertion of increased reliability was thus
not proved for this style of probabilistic testing.

The candidates did, however, respond favourahly to the
test.



On Shuford et al's assertion that increased practice in
the use Of the test would improve the accuracy of the
scoring Hansen in 1971 found that there was “a character-
istic tendency to be either certain or uncertain which
was relatively stable from one exam to the next, and
which could not be fully accounted for on the basis of
the stability of knowledge. This tendency further
appeared to be only slightly related to the knowledge
possessed by the subjecfs. Hansen finally concluded
‘that training with the confidence system did not
improve the accuracy of the scoring system:"
(Echternacht 1972 p.231). o

Further probabilistic forms of confidence testing were
developed which were easier to administer and to score.
These are summarised in table 6 and the results of
reliability and validity coefficients carried out on
these tests are given in table 7.

‘The increase in reliability is greatest in Pugh and
Brunza's research. It should be noted that the subjects
in this empirical study were very mature having an ’
average age of 25,5 years. It would seem as if Rippey's

" pesults combined with these would indicate that using -

mature subjects leads to more effective testing when the
personal probabilistic approach is used. 1In addition one

must not view reliability as the most important feature
of a test because it ‘alone 1is of little value in
describing the effectiveness of a test.  "The reason for
this....is that a large reliability coefficient can be
obtained by administering the test to a suffitiently |

heterogeneous group of examinees.® (Echternacht 1972

p.233).

What is important is to ascertain whether a more
complicated response and scoring procedure provides



Formulator of test

Response Method

Scoring Method

Michael (1968)

'Allocate 10 points
1to various alter-

natives

Score = propor-
tion of points
allocated to-

correct answer

'|Hambleton, Roberts
and Traub (1970)

As for Michael

Similar to Shu-
ford and Masseng-
i1l

|Boldt _
(Pick-one confi-
dence)

Choose alternative

believed to be corﬂ

rect. 1Indicate
sureness on 5-

point scale

Scoring uses a
table -

Krauft and
Beggs (1973)

Assign 4 points

Jamong 4 alter-

natives to
correspond to

belief in correct-.
ness of alter-

Number of points
allocated to the
orrect

plternative . 3

Personal Probabilistic Confidence

simplified response methods

natives
Pugh and Assign a number Score = number
Brunze (1975) from O to 5 to allocated to
each of the 5 EOrrect
options nswer
Table 6

Tests using

significantly greater information than & simple conven-—

tional procedure does; or whether

tion of the scores

as a result of

there is contamina-
a personality factor.

Whether probabilistic methods provide more information

than can be ascertained . from other simpler methods is

questionable - it certainly does not provide more

24
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information on partial knowledge than Coombs et al's
method, but further consideration will be given to this
in the next chapter. o '

Other aspects that must be considered are Ffirstly
Ahlgren's assertion that "those students whose confi-
dence was more appropriately founded retained the
content of the course better in the long run" (Rothman’
1969 P.237); and secondly whether confidence testing
can be applied in some form to a more traditional style
of examination. These aspects will be considered in
the last two chapters. |



Chapter 4

Evaluation of Confidence Testing

One of the reasons for the introduction of confidence
testing was the desire to reduce the influence of
guessing in multiple-choice examinations. One popular
way to do this was to make use of a correction for
chance formula, but this type of formula ignores a
number of very important considerations. Firstly
those students who choose an incorrect response as a
result of misinformation are penalised twice.
Secondly poor guessers are penalised more than'gbod
guessers, and thirdly an assumption of the correction
for chance formula is that the answer is either known
or it is not known - partial knowledge is not '
considered (Marshall and Hales 1971 p.225). It is
generally held that confidence~weighted scoring
definitely reduces guessing depending on the scale
used, because of the negative marking that takes
place. Agdainst this Krauft and Beggs report that their
examinees guessed more on the confidence test than on
the conventional test, but this appears to be an
isolated instance (1973 p.75). '

A more vexed problem is whether subjects respond to
training in realism of confidence judgements. Adams
and Adams in 1961 offered some evidence that this did
occur especially with intentional learners. Ebel,
however, felt that personality variables or response
styles could contaminate the student scores on confi-
dence-weighted tests (1965a p.51) and Jacobs added his
voice to this claim (Echternacht 1972 p.220). Opposing
viewpoints are very evident, and it therefore behoves
us to consider the views of authors who have studied
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Risk Taking per se.

Xogan and Wallach in their book published in 1964 state:
"It should be emphasised that confidence is evidently
not a 'strategy' variable in either an explicit or
implicit sense. Rather, it is an index of a subject's
introspective conviction regarding the correctness or
appropriateness of his judgément or decision....the
variable has salient personality overtones." (p.125).

This raises the question as to whether one's attitude

can be changed towards confidence in judgement with
training, seeing that confidence is an index of one's
introspective conviction. Hansen (1971) noted that:
there was a characteristic tendency to be certain or
uncertain which was relatively stable from one
examination to the next, and it could not be accounted
for on the basis of stability of knowledge. He there-
fore definitely concluded that training with a confi-
dence system did not improve the accuracy of the

scoring system (Echternacht 1972 p.230). Koehler in

1974 added to this when he stated that confidence-
response methods produce variability in scores that
cannot be attributed to knowledge-of subject matter

(Wood 1977 p 235). This all tends to confirm an early
experiment by Swineford in 1938 who identified a
personality variable. She derived a "gambling" score
which was sufficiently reliable and yet independent of
the right-wrong achievement score in the true-false test
she was undertéking. She concluded with subsequent

tests that boys tended tovgamble more frequently than
girls, and that both had a greater teﬁdency té gamble
more on unfamiliar material than on familiar (Echter-
nacht 1972 p.219). As stated before, Shuford does not
accept that practice cannot change the way students treat
confidence weighting - he holds that it will remove »
undesirable personality effects. In summing-up, Echternacht
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- feels that an open mind should bé exercised in this
matter. The whole question is most involved because
Krauft and Beggs (1973 p.76) state that the findings

of their investigation "tentatively suggest that there
is no relationship between subject-weighted test taking
procedures and risk taking as measured by the Kogan

and Wallach instrument. Furthermore risk taking may be
unrelated to obtained score on a statistics achievement
test." However, they do acknowledge that more work needs
to be carried out before a final decision can be made
(if ever). '

The next query is whether it is psychometrically worth-
while to switch to confidence-weighting? Koehler (wood
1977 p.235) states that conventional testing is prefer—
able because it is easier to administef,'takes less
testing time and does not require the training of the
candidates. Hanna and Owens in 1973 (Wood p.235)
concluded that greater validity would have been |
obtained by using the available time to lengthen the
Multiple-Choice test rather than to confidence-mark the
items. Krauft and Beggs comment that "t appears as if
the particular weighting procedure employed in this

- study did not encourage examinees to respond any
differehtly than they would have responded on a convené
tional multiple~choice test, thereby, it added no
additional measurement information for the practitioner"
(1973 p.76). This conclusion goes directly against one
of de Finetti's original reasons for introducing personal
probabilistic methods. He wished to ascertain partial
information something which cannot be found using the
conventional multiple-choice test: :

"If partial information exists, there can surely be no
doubt that it is important that it should be revealed.
It is interesting to detect and measure it, because it is
a component of the mental processes being studied. The
importance of this component per se ig also high, hoth
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Chapter 5

Confidence Testing as an Aid to the Learning Process

In this chapter the sources of reference are exclusively
Sieber et al 1978 and Sieber 1979.

"Despite the practical and theoretical interest in
confidence estimation as a component of problem solving,
there has been little research to examine its effective-
ness. Among the questions that need'tomBe answered are
the following:

- Is performance improved when problemfsquers are required
to make confidence rating on their soiﬁfions? )
what problem conditions and individual variables affect
the accuracy of confidence estimates and the bias of
estimates towards over- and under- confidence?

How are over- and under-confidence related to problem-
solving performance? ' -

Does confidence estimation lead to error diagnosis and
subsequent acquisition of relevant information?" (1979
p.273), '

Sieber in her 1979 study tested 4th, 5th and 6th grade
students. This 1s in strong cdntrast to other tests using
confidence techniques as they have generally concéntrated
on university or high school students with emphasis on

the former. Indeed on one of the two occasions when
younger children were used Rippey reported that the whole
process was disastrous. If one's aim.is to see whether
confidence estimation creates improvement in diagnostig -
and learning skills, then this should be applied to
subjects at as an early age as possible. In Sieber's
1978 study the relation between the age- at which _
warranted - uncertainty skills were generated and the
effect on the retention of those skills was considered.



It was found that the ability to generate warranted-
uncertainty was retained best by students who had
learned it earliest (in the fourth grade in this case).
It was also learnt that there are "stable individual
differences in the ability of elementary'sch601
students to diagnose when they have given a poor answer
(and hence have grounds for uncertainty) in solving
math, spelling and logic problems. The ability to
generate warranted uncertainty, in turn, was related to
student's ability to improve their performance '
subsequently and overall level of ability. Thus it
seems to be an indication of intelligent openness to
pfoblems." (p.263). It is also interesting to note that
once the intellectual skill of warranted uncertainty

. had been learnt it was retained andféﬁﬁiied:to new
content areas. Thﬁs it would seem to be imbortant that
elementary school children should be the subjects of
any investigation which concerns improvement in know-
ledge as a result of confidence testing. _

Approximately 1 200 students were included in the test-
ing program, which consisted of a Verbal Skill test, two
spelling tests, a mathematics test, a logic test and a
Certainty Estimation Test. The students were divided
into three groups. The first group consisted of students
who used a confidence rating procedure in connection
with the spelling tests, and in addition their teachers
attended a four-week workshop where they received
instruction in methods of teaching students to generate
warranted uncertainty: In the second group the

students were taught to use a confidence scor%ng proce-
dure in connection with the spelling tests. The third
group acted as a control group receiving neither of the
treatments given to the first two groups.

Four main conclusions were drawn from the experiment:

1. Giving confidence estimates with one's responses

32



produced significantly more correct responses

then responding without giving confidence |
estimates, but only in the case of those students
who had béen trained to value warranted uncertainty
and to encouradge its development in themselves.

It must be noted here that the children were not
trained to answér the test, they were encouraged

to estimaté their ability in all spheres, and to
value thei* judgement in the estimate of their
ability. This was a genéralised program; this

was not the practice in testing that Shuford had

in mind, but something more encompassing, and this
more encompassing program had the effect of signifi-
cantly incfeasing the number of correct responses.
Students whose teachers had been trained to value
warranted uncertainty and to nurture its develop-
ment in students gave more accurate confidence
estimates than did other students, and erred more
in the direction of underconfidence. _
Greater accuracy and underconfidence were also
characteristic of girls. This accords with

" Swineford's "gambling"score results measured
earlier. It is also reflected in Kogan and Wallach's
conclusion that males are prepared to take more
risks than females (1964).

" Those students who estimated their confidence

accurately or were underconfident in their estima-
tion tended to give more accurate answers to
problems. This is an important result in that it
shows that confidence estimation serves as a CofMpO-
nent of rational decision-~making. It seems that when
one can estimate one's confidence in handling a task
then probléem-~solving ability is increased, but only

if introduced in a setting where warranted uncertain-

'ty is generally valued and nutured. When this is

combined with the findings of the 1978 study, that
firstly the ability to recognize when it is warranted
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to be uncertain and secondly that one's bias in
confidence estimation are both seemingly fairly
stable characteristics over time and over various
types of prOblem-materiai,rthen one has the
‘situation where more effective teaching can be
nutured. o :

It is evident from the Forejoing that teacher training in
the ability £o encourage warranted uncértainty would be
most helpful, so that the approach can be -integrated
maximally into classroom teaching and in this way
improve the child's ability to solve problems. Anything
that can help with this very important_aspect deserves,
perhaps even demands, further consideration and o
investigation. e
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Chapter 6

Confidence-Weighted Scoring of a Mathematics test of a

Traditional Type

The question now arises as to whether Confidence Testing
can be usefully employed in the conventional testing of
mathematics at the secondary level. A number of
empirical studies have made use of university students,
but very few have been conducted at the high school
level. In addition few studies have'used'Mathematics,
although a number have used Statistics-as the test sub-
.Ject matter. Confidence testing hagjéiéo be?n'limited
to true-false and multiple-choice questions. In South
Africa questions of these types are not normally set in
mathematics papers, and, indeed, as far as the Senior
Certificate is concerned, their use is discouraged, as

it has often been found that they wasteexamination time,
especially when questions are set that require the
candidates to think carefully about their answers,
although this waste of time may result from the questions
being included with more traditional questions in the
same paper.

Because of the nature of the answers to Mathematics
questions at school level, ie, because there is a definite
solution or proof to each question, even though the '
actual solution or proof may vary from candidate to
candidate, the-question arises as to whether_q declara-
tion of confidence in the solution to the problem asked
would be of benefit and use. The questions that need
to be asked are the following:
1. Is there an increase in reliability as a result of
confidence marking?

2.  Is there increased correlation between the various
sets of marks as a result of confidence- weighting?
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3. Is grading made easier because of a significant
increase in the spread of the mafks?

4., What type of mistake is penalised by confidence-
weighting and to what extent is the mistake
penalised? ) '

5. What effect does confidence-weighting have on the
memorandum of marking? _ '

6. Will the type of error be reflected in the confi-
dence level chosen by the candidates?

- In order to investigate these questions a short pilot
study was undertaken. In this study a short Mathe-
matics Higher Grade test was given to 38 students in
Standard Ten at a high SChbol'in Cape Toim. It must
be emphasised that this study cannot be regarded as
definitive by any means, because the test involved was
short, and also concerned itself with only one aspect.
of the Mathematics syllabus in Standard Ten ie.

Sequences and Series.

The test was giVen on the Friday before the pupils began
their midyear examinations. The pupils were informed
about the test nine days beforehand. The justification
for this pre-examination test was that the pupils had ‘
not written any tests on Sequences and Series, and would
have to answer examination questions on this aspect of
the work without having any experience in answering
questions on it, which would be to their detriment in
the examination. The reason for the author'!'s setting of
the test je that he was investigating confidence- |

"~ weighting markiﬁg procedures was then explained to the
pupils. The way in which the test was to be set and
also the way in which it was to be marked were then
discussed making use of the information sheet that
appears in Appendix A. The pupils were also informed
that they'were to complete a homework exercise which



illustrated the format of the test paper. They were
to mark this exercise (Appendix B) themselves and a
responsible pupil was appointed to check that the
exercise had'been completed. The puplls were also
informed that if they omitted to answer a question
they would receive nil for it. Time was allowed for
questions after the explanation. The pupils all did
the homework exercise and were thus considered to be
familiar with the method of answering the paper. From:
the way in which the pupils answered their papers it
was evident that this conclusion was valid.

The reason for including multiple-choice questions in

the test paper was to provide some contact with the way
in which confidence weighting of responses has been
used in published empirical research, and also despite
the few questions actually involved, to provide some
means of validating the traditional typé of question
against those of multiple-choice if both aspects of

the test were found to be reliable. - It would probably
have been better to validate the test by comparing

~the scores against another criterion. '

The test was administered during school hours in a class
teacher's period. The instructions as in Appendix A
wefe again given to the pupils at the beginning of the
test. The test itself is given in Appendix C. The
pupils found that they had sufficient time in which to
answer it - no one was unable to finish For lack of
time. The tests were marked according to the memoran-
dum given in Appendix D. When the tests were marked
each was photocopied, the original was Jgiven Sack to
the pupil, and the photocopy was used for statistical
purposes. This was unfortunate as two scripts were so
faint that they could not be usedvfor the error
analysis.
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An item analysis (Appendix E) was carried out on the
miltiple-choice test, and as the P-values on questions
2(a) and 2(b) were both higher than 0,90 it was decided
to reject these two items, and thus in the statistical
teéts'the other seven items only were used. It was '_
also decided not to include question one in any of the
“statistics as too few short questions were asked.

Effect of Confidence-Weighting on the Memorandum of the

Traditional Questions

In setting a traditional test where the pupils have to
show how they obtained their answers most of the marks
are giveh for the actual working-out ©f the problem,

and few are given for the answer alone: In this -
connection it Qould, therefore, defeat the basic purpose
of giving credit where it is due to award -6 if the
answer is wrong,when a total of 6 marks is awarded for a
fuliy correct answerQ This would magnify the effect of
one mistake and would also not differentiate_betWeen

a candidate who makes one mistake compaxed to one who
makes fwo or even three errors in his work. _In multiple-—
choice tests the amount of calculation or reasoning is
1imiteq because each question dJenerally tests one aspect
only of the work. "It was, therefore, considered
reasonable to make the confidence-weighting affect the
answer only, and this to a maximum of 2 marks.

On examining the memorandum (Appendix D) it will be
noted that each answer has been awarded two marks $o-
that the answer would be. marked on the following scale:

Correct and sure +2
Correct but not sure +1
Answer omitted 0

Incorrect and not sure -1

Incorrect but sure : -2
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To scme people this places undue emphasis on the
énswer. In‘question four for example two out of the
four marks are given for adding three numbers together
while in question five, two marks out of six are given
for the simple addition of 1 to both sides of an
equation. 1In the above two cases a half and a third of
" the marks respectively are allocated to the answer,
whereas one would normally only award one mark to each
of these steps. In gquestions six and seven where the
answers depend on understanding what sort of result is
acceptable, it is more usual to award two marks, and thus
confidence-weighting has no effect on the distribution
of marks as such. The first deleterious effect,
therefore, that weighting of the answer has is that
sometimes too much credit is given to..an answer. A’
second possibly unreasonable effectvis that instead of
losing one mark for a careless error, because of
positive marking after the error has been made, a
candidate will lose three marks - one for the error and
two for the answer being wrong. - This will be discussed
at greater length when the error analysis is .considered.

Effect of Confidence~Weighting on ScheS

In the Multiple-Choice test the expected effects of the
lowering of the mean and an increase in the standard
deviation are evident in the statistics given in
Appendix F. As shown by the top graph in Appendix G

the usual inérease in the spread of marks is evident and
this allows for more refined grading.

The effects on the traditional test are, however, differ-
ent. There is firstly a smaller decrease in the mean
when the test is marked by means of confidence-weighting
although the decrease is still significant, because the
marks either decrease or remain equal to the original

mark, and this consistent lowering is the main reason



for the Significant difference noted. The srread of
marks as indicated both by the smaller difference in
“the standard deviation between the two_sets,of'data and
also by the lower graph in Appendix G is nowhere near as
Wide, and this means that the advantage of being able
to use confidence-weighting for more refined grading 1is
" lost. The spread of marks is now from 3 .to 26 instead
of 5 to 26 which is hardly any difference at all.
Indeed, whereas 1in the'conventional'marking there was
only one four-way tie on a particular mark, in the
confidence-weighted marking there were two four-way
ties, which is hardly conducive to more refined grading.

The main reason for the lack of spread in the scores is
probably the limited influence that” the confidence-
weighting has on the total score'whéﬁ:%nly two marks
out of a possible six or eight are involved. This is

in strong contrast to multiple-choice confidence test-
ing on a 2; 1; 0; =1; -2 scale where the difference
between a correct and wrong answer at the sure level

is double the mark that can be obtained. This must
lead to a greater spread in marks. It is -also true
that with 58% of the solutions being coﬁpletely,correct
as in this case, cOnfidence-weighting of answers will
not play as large a role as when there 1is a lower mean

score.
Reliability of the Tests (Appendix H)

None of the tests can be regarded as being reliable
despite Guilford's comment (p.388 1954):

Pl

"As to how high reliability coefficients should be,
no hard-and-fast rules can be stated. For research
purposes one can tolerate much lower reliabilities
than one can for practical purposes of diadnosis and
prediction. We are frequently faced with the choice
of making the best of what reliability we can get,
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even though it may be of the order of oniy 0,50, or
of going without the use of the test at ail. For some
purposes even a test of low reliability adds enough

to prediction to'justify its use particularly when used
in a battery along with other tests." The highest
reliability of 0,45 1is lower than even Guilford's
generous low acceptance level. If question four 1is

ré jected because of its low discriminating power then
the reliability for the conventionally marked tradition-
al test becomes 0,41 while that for chfidence—'
weighted scoring of that test is 0,59. These higher
reliabilities are probably a reflection of the dgreater
heterogeneity in the marks because qﬁég€ion four was
omitted. Whitta, however, states that acceptable
reliabilities are those in the 70s or low 80s for most
purposes that involve using summaries of test scores as
information about groups (1968 p.272); the obtained
reliabilities fall far short of this standard.

The main reason for the low reliability coefficients

is ho doubt the shortness of the test. Confidence-
weighted scoring did, however, increase the reliability
in both cases with the increase being véry dramatic on
the multiple-choice test probably because of the
increased spread in the scores. Because of these
.reliability results it will not be wise to accept
unconditionally the significance or otherwise of the
correlation coefficients calculated.v |

The Confidence Traditional scores have lower correlation
coefficients with the two multiple-choice tests than do
_the Conventional Traditional scores, whereas the Confi-
dence Multiple-choice scores indicate a higher corre-
lation with the traditional scores than the Conventional
Multiple-choice scores do. The question that arises
from this is whether the same aspect of confidence 1is
being tested in the traditional as opposed to the
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miltiple-choice tests or are the differences due to -

the unreliability of the tests in qQuestion? Thus
further investigation is abs olutely necessary before any
conclusions can be drawn.

Effect of Confidence-Weighting on the Mark Obtained in
the Traditional Test. |

Because there is a fully written solution to each

question it is possible to study whether weighting affects
different questions in different ways by means of error
analysis. Before this 1s considered, however, attention
must be drawn to the effects of confidence-weighting

on .the score of each question separately, and also to a
p0531b1e relationship between the: ch01ce of confldenhe

level and the mark obtained.

It was decided to ignore data from question four in this
section of the study as the mean was 98,7% showing that
the questioh did not discriminate between poor and good
students. The data that was used in the various statis-
tical tests is given in Appendix I. Us;ng a Chi-Squared
test it was found that there was no significant
difference between questions as far as marks being
affected by confidence-weighting were concerned. Nor was
any significant difference found between the effects of
the choice of confidence level on the scores obtained
for each question (in‘this case Fischer's Exact Probabil -

ity test was used). As in all this work it would be

advisable to draw definite conclusions only after further
investigation has taken place, and .-after pupils have been
made familiar with the weighting process over a period

of time. '

In Appendix J an analysis is made to ascertain whether
tlie questions differ in their effect on the examinees
obtaining full, part or zero marks. The distribution of
these categories of marks is sighificantly Ailferent



between questions 6 and 7 as far as full and zero marks

are concerned. There is no significant difference

- between any other conbinations. The difference would
- seem to be the result of the ease with which the

rxaminees were able to answer question 6. It is also
notable that question 7 would appear to have been that
type of question in which it was difficult to obtain
part marks., It would, however, appear to be true that
as long as the questions discriminate between poor and
good students then there is little consistent effect of

- confidence-weighting on differences in the scores

obtained between questions.

In Appendix K extreme scores (i.e. either full marks or
a zero mark) were contrasted with part marks., Using a
chi-squared test it was found that part marks;were |
more affected by confidence-weighting than extreme marks.
Thus it would indicate that where there is partial
knowledge the candidate's mark is negatively affected

by confidence-weighting whereas full knowledge or full
misinformation is generally not negatively affected by
such weighting. This result was highly significant.

In addition tests were conducted to see if the results
obtained by upper, middle and lower groups arranged in
order of merit were differentially affected by confi-
dence-weighting. The conclusion drawn was that this
was not the case.

Discussion on Error Analysis

It is important to note that in Appendix L, and hence
in the data used in the statistical tests in Appendix M;
only those errors are considered which resulted in a
change of score when confidence-weighting was used.
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4

This was to consider the effects of confidence-
welghting on the scores as a result of careless errors
as opposed to errors of misunderstanding. It was felt
that all errors could be divided into these two basic
types. Where the decision was not clear-cut the author
used his own Jjudgement to decide into which category
the error should be placed. Another question of import
was whether candidates would attach a different confi-
dence level to an answer following a mistake as a result
of misundérStanding compared with a wrong answer as a
result of carelessness.
One of the problems concerning confidence-weighting is
that the theoretical effect on a score of a minor care-
less error can be. the same or higher-than the effect of
a mistake as a result of misunderstanding. For example
~if a question asked for the number of terms required in
a particular Arithmetic Series given the sum to n terms
and the resulting equation was correctly simplified to:

n® - 24n - 640 = 0O, _
which the candidate wrote down as

(n - 16)(n + 40) = 0 instead of (n + 16)(n - 40)=0,
because of careless factorisation and sb obtained answers
of | ,

n =16 or n = =40 instead of . n = =16 or n = 40;
if he further proceeded to reject correctly one of the
answers he would be penalised by 3 marks in the case of
- confidence~weighting instead of the more normal 1 mark.
This despite the fact that there was no cause for him
to rejéct the answer as unreasonable. Confidence-
weighting under such circumstances must be regarded as a
suspect means for accurately assessing a student's know-
ledge of mathematics. 1In this case a careless error
would result in a dgreater loss of marks than if a candi-
date had worked correctly, and not rejected the negative
answer, which 1s an error involving misunderstanding
of the meaning of what is being asked.
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Thus the vexed question arises as to how one should
allocate marks for confidence-weighting in a traditional
style mathematics paper? In view of the argument above
is it correct to mark the answers only by means of
confidence or should there be differential weighting
depending .on the type of error? This would introduce

a high measure of subjectivity into the marking process
especially when a careless error leads to an  answer

‘that is mathematically unacceptable. Marking in
mathematics should be as objective as pbssible. This will
also result in an increase in marking time, and any such
increase 1is justifiable only 1f there ié a corresponding
increase in information concerning the student's ability.
The only increase in'information being obtained from
confidence-weighting in the traditioﬁéilétyle examina-
tion is in the sphere of the éandidate)s awareness of

his own ability. Unlike multiple-choice teéting all
other information can be gleaned from an analysis of
what has been written down. To what purpose does one
increase a candidate's awareness of his own ability? Is
it to make him more critical of himself and thus to
analyse where he goes wrong? If this is so then confi-
dence-weighting must be used in a formative evaluation
settiﬁg - it has limited use in summative evaluation. _
The kérnel question is, therefore, where does one place
the stress in confidence-weighting? On the answer, as in
this test, or on the type of error; or does it really
matter? Much research is necesaary to ascertain whether
it does matter and from Sieber's findings it looks as if
the research will be worthwhile.

What can be considered immediately is whether careless
errors are measurably affected by confidence-weighting.
In table 8 the number of errors which resulted in a change
of score through confidence-weighting and the total

number of errors made are given. The difference in the
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number was caused by certain students being unable to
finish the question and thus were unable to'give an
answer to which confidence-weighting could be applied.
It can be seen that there is virtually no difference
between the ratio of careless errors to errors as a
result of misunderstanding as far as those errors
‘that influence confidence are concerned and the total
- number of errors. It is also noteworthy that there is
a high percentage of careless errors, errbrs which
under normal circumstances would only merit the loss
of one mark (unless they resulted in a situation in
which the answer was obviously wrong when matters of
understanding are introduced), but which under a
procedure of confidence—weighting carry a higher penalty.

Type of error  |Number of errofs' ~Number of errors
having effect on having effect on
confidence- { all scores

weighted scores -

Careless .- 18 22’
Misunderstanding 21 ) 27
' Table 8

Analysis of the Effect of Types of Errors on Scores
in a traditional Mathematics Test '

An analysis of the data given in Appendix L shoWs’that the
total difference in score between conventional and
confidence-weighted scoring as a result of careless errors
is virtually the same as that for errors in misunder-
standing, which shows that confidence~weighting does not
‘appear to differentiate between the two types of error.
Further to this in Appendix M the errors due to careless-—
ness and those due to misunderstanding which'influence'
the confidence-weighted score are compared between the upper,
middle and lower groups arranged according to their
conventional scores. With only three errors of each

type in the Upper 12 it is not surprising that no
significant difference results between that group and

the other two groups occurred. However, there is a highly
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significant difference between the middle and lower.
groups results which seems to indicate that careless-
ness affects the middle group to a greater extent, while
misunderstanding as a cause of error is a character-
istic of the lower group. When it is further realised
that omitting to reject an answer could be as a result"
of careleésness, then the recorded difference could

have been even greater. It is, however, necessary to
point out again at this stage that this test is by no
means definitive, and before definite conclusions may

be drawn much additional research needs to be undertaken.
Comparing the various groups again, but this time 4
considering whether there is any difference between the
Middle and Lower dgroups in choice df'cdnfidéhce level
when there is cause to be uncertain ie. when a mistake
has been made, it is noteworthy that there is no signi-
ficant difference as indicated in the second set of
statistical tests in Appendix M. However, when the
errors due to carelessness are isolated from the errors
due to misunderstanding and each group is considered
separately the result is different with the errors due
to misﬁnderstanding. Here there is a significant
difference in the choice of confidence level with the
lower group of 12 choosing confidence level 1 in |
problems where errors in misunderstanding occurred,
significantly more frequently than the middle group.
This again calls to mind Ebel's wry comment (1965a p.56)
"the results of recent experimental studies suggest that
sometimes the more capable students are not much more
successful than their less capable classmates in
deciding when to answer confidently and when to answer
cautiously." 1In mitigation it should be noted that
three of the misunderstanding errors in the middle

group were again those of non-rejection of an answar,
Thus again no definite conclusion can be drawn without
further investigation.

47.



Lastly it is essential to look within each grouping
to see whether there is any difference between the type
of mistake made and the confidence levei chosen. The
results are given as the third set of tests in Appendix
M. Firstly it is shown that there is no significant
| overall difference between levels of confidence chosen
and type of mistake made, but when the lower group is
considered then fhefe,is‘a definite difference. It
would seem that when a question is misunderstood then
that error is fecognised by the candidate and .in -
consequence he is not confident of his answer. There
is, however, often no such realisation when the
mistake 1s careless. Again it must be emphasised .that
this investigation is only raising issues because the
evaluation exercise set was of such éhbff~duration.
The evaluation also resulted in an average of 68, 5%
before confidence was taken into account, and this
could be the reason why the middle group has not used
confidence level 1 much - there were few occasions
when complete misunderstanding occurred. Indeed the
middle dgroup tended to use confidence 1gve1v1 for care-
less efrors, these being mainly invquestion 5 where a
careless error can easily lead to a situation where the
answer 1s hopelessly wrong.

Thus results on this short traditional test. are tenta-
tive, but the test has opened up a possible new line of
investigation as far as mathematics and related subjects
are concerned. One can investigate the types of error
that cause the loss of marks as a result of confidence-
weighting; something which cannot be done by confidence-
weighted multiple-choice questions. By and large »
multiple-choice questions cannot be set to test careless
errors especially if the question tests only one
process, because carelessness generally arises in a

- calculation when the calculation is part of an overall
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‘Presentation of a problem. When questions are asked

on each part of a problem and the steps are highiighted,
then errors due to carelessness are minimised. If more
than one process 1s tested in a multiple-choice
question, then one can certainly not ascertain which
tYpe of error cqgées a candidate to be incorrect no
matter how one chooses the distractors. Thus one's
knowledge of the candidate's ability is reduced.

For all its Shortcoming§?the confidence~weighted marking
of this traditional test has highlighted two aspects
which need further investigatioﬁ, The first is that
confidence—weightihg does @otvaffeCf”Ebmplete inform-
ation nor complete misinformation to a negative degree.
~Its main negative effect is concentrated on candidates
whoipossess partial knowledge or whose performances are
affected by paftial misinformation. A question mark -

- muét hang over a SCQring procedure which penalises
partial knowledge more heavily than complete misinform-
ation. There are spheres in which the correct answer |
only muét be rewarded, but thefe are far more spheres

of learning in which partial knowledge is an asset.

- Knowing a pupil's partial knowledge can also help a
teacher to decide how best he can help that pupil turn
that partial knowledge into full understanding.

The second aspect that has been highlighted, and this
needs much further investigation, is the type of error
that confidence-weighting penalises. One must decide
whether a method that penalises a minor careless error
to the same extent as an error of misunderstanding should
be continued with. One last comment on this,’hOWéVéF,
is necessary. When a pupil who wrote this' test was
asked byvthe author what he thought about giving
confidence ratings he replied, "It made me check my
answer." Confidence-weighting can introduce a more

- critical attitude to one's own work - a-point that




Conclusion

Confidence scoring methods have been used now for
fifty years, but there is still no uwnanimity as to
their effectiveness, even though many researchers
report that the examinees prefer scoring methods based
on some type of confidence scoring eg Coombs (1956), .
Hevner (1932), while others thought that they were
fairer even 1f they preferred the conventional test
(Krauft and Beggs 1973 p.76). This lack-of unanimity
would seem to indicate that their usefulness is
limited, but what must be asked is whether the tests
have been used properly, and whether;ﬁhgvadditional
information supplied has been found tomggwuséfﬁl in
the teacher-learner sphere.

When the testing situation alone 1s .considered it.

would seem as if priorities must be sorted out before
any form of Confidence-testingvis considered. The

scale chosen in confidence-weighting of -answers should
depend on what one wishes to gain from the student. IFf,
as in medical testing, one is concerned that the

student should only gain marks 1if he is certain of an
answver then a scale such as Fredman uses should be used.
If the major concern is ascertaining how much knowledge
a student has then Paton's scale is more useful
especially if the students are informed about the
advantages of the use of different strategies depending
on the state of their knowledge. From the point of view
of grading Fredman's scale would appear to be the best,
but then as he points out a grading test must be
considered to be only a part of the entire testing
program.

From the point of view of ascertaining partial knowledge



Paton's system of confidence-weighting only informs one
of how much partial knowledge a student has and gives
no clue as to the areas in which he is lacking. Here
Coombs method of marking distractors would appear to
give the dgreatest amount of information. The other
advantage of Coombs et al's method over the probabili-
stic methods is that it is far simpler to administér,
and requires no subjective judgement on the part of the
student. It is surprising that others have not used
his method to a greater extent - perhaps because it
takes longer to mark and teachers do not make use of
the additicnal information obtained. Probabilistic
methods in the opinion of the author create too much
uncertainty in the mind of the candidate, and would
certainly be too complicated for use in-schools
especially in the lower standards. There is enough
stress in an examination as it is, without adding to
the uncertainty by forcing the candidate to make up -
his own mind as to how he rates the different

distractors.

Should confidence testing be extended to more traditional
- styles of questioning? This really depénds on further
investigation and also on how much useful information

can be ascertained from the process especially as to how
much 1light the process will throw on the effects that
testing for confidence has.

No matter what method of confidence testing is used
training in its use is absolutely essential - all too
often testing has been carried out without the
candidates having been thoroughly prepared for its use.
Training in testing also has a side-effect on teaching,
and 1f the decision of how much confidence a student

must express in his answer helps firstly in the under-—
standing of the work and secondly in its retention . as
Sieber suggests, then much that can be of benefit will be

()



achieved. The ultimate test of any examining method
within the school is whether it adds to the knowledge-
gained and retained by the child. The results of
further research on this line would thus be of great

interest and importance.
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Appendix A

Instructions for Preliminary Homework Exercise for Test

on Sequences and Series

The test will be divided in%o two parts A and B. 1In
part A the questions will be short answer questions or
multiple—choice. In part B the questions are of the
kind that are usually asked.

In both parts A and B you will be required firstly to
enter all your answers in the space shown, and secondly

to say how confiden. you are of your 5HEWers;by‘
writing either "1" or "2" next to each ‘answer. Write
“1* if you are guessing at the answer or if you are
not quite sure of it. Write "2" if you are confident

of your answer.

Each short or multipleéchoice question will be.Worth 2
marks SO a pupil Who writes every answer with a confi-
dence rating of 2, and who gets every answer correct '
will score +20 marks for 10 questions. However, if a
pupil marks every answer with a confidence rating of 2
and gets every answer wrong he will score =20 marks.

Eg 1
Question| Answer | Confi- Solve % - 15 =0
Number dence
If you' _
wrote (a) 1 45 2 you would be
| awarded ¥2 marks
(b){ 1 45 1 you would be
| awvarded +1 mark
(c) 1 5 2 you wduld be
' awarded -2 marks
(a) | 1 5 1 .| you would be
awarded -1 mark




In each long question the confidence with which the
pupil treats his answer will be limited to the raﬁge
-2 to +2 as above, even if the number of marks
allocated to the question is 10. '

L
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Appendi:: C

equences and Series

" B. A Geometric Series
C. Another type of series

If Tn = 3n?, calculate T2

Calc

the

(1)
(ii)

Sele

ie A, B, C or D and circle

1t 1
For
seri
is:

D. N
(a)
(b)
(c)
(a)
(e)
(£)
Circ
the
A 1s
B is

C is

D is

E is

(a)

(b)

Part A ‘L24 ‘marks )

Answer

ulate the next term in
following sequences:
175 85 55 2 venne

27; 93 33 1 ...,

ct the best response

n the answer column.
each of the following
es decide whether it

A. An Arithmetic Series

0 series at all

T -1 +2=-4+ .....

6 + 3 +0-=-3= .04
T+4 + 9 + 16 + ....
(2a - b) + (a) + (b) ..
322 - 3 + 86 + 1064 - 21~

3% 438 437 158
le the best response in

answer column if:
™ = a + (n - 1)d

5, % [2a + (n - 1)@

Tn = ar’ ~ L

s = a(1 - rn)
n T -1

none of these
You are asked to calculatd
a man's salary in his.
tenth year of work if his
starting salary was R5000
pP.a. and his yearly
increase R500 p.a. Which
of the above should be
used to find the correct
amount ?

If the sum to 12 terms of
a Geometric Series is 409

and the first term is 1 which
0of the above would you

use to find the common
ratio?

(a)

(b) (1)

(ii)

=B
W WwWwwt
U ouooo

ABCTDE,

.

A B C D E|

Confidence




Answer Confidence

(¢c) Which of the above would
you use to calculate:
T+ 3 4+6 + 104+ ..... to

.15 terms ] A BCDE

Part B (26 marks)
Do your working in the space provided.

4. Calculate 5 \
5 (n* - 5)
n =3 ‘

4)

Answer [Confidence

5. Find the number of terms in the following sequence
1.1 :

-3 =3 1 coo'-;

57 3 729 |

(6)

Answer {Confidence

6. If the sum of 18 + 13 + 8 +

...... .. 15 21, Ffind
the number of terms '

(8)

Answer |Confidence




T If (3x - 3);(2x + 2) and 2x + 8 form a Geometric

Sequence, calculate x

(8)

Answer

Contidence
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Memorandum of Marking for Test on Sequences and Series

1. (a) 12 o ' (2)
(b) (i) -1 (ii) % ' (4)
2. (a) B (b)) A (¢c)c (aya (e)D (£) B (12)
3. (a) A () D ,(C) E ’ (6) .
4. 5 y ;
pn=3 @ =5)=4+114+2 (2)
= 35 (2) , (4) -
5. T, = ar® ~ L e T
729 = ,(19)3n -1 - (2)
6 561 = 3t - L , """(T’);"‘ '
3% =3 e S -
9=n | (2) (6)
6. % [Qa + (n - 1)&]
21 = % [36 - 5(n - 1ﬂ (2)
42 =n (36 - 5n + 5)
. 42 = 35n - 5n® + 5n ' (1)
5n’-41n+42 = 0 )
(5n—6)(nf7) =0 (2)
| n = % or n = 7 (1) ’
n =7

(2) q(8)




~J

61

ox + 2 _ 2X + 8 |
3X - 3 7 02X + 2 | (2)

4x*+ 8x + 4 = 6x* + 18x - 24 (1)
0 =2x* + 10x - 28 (1)
=x? + 5x - 14
(x + 7)(x = 2) (2)
- 7o0orx=2 . (2) (8)
TOTAL 50

i
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Appendix E

Item Analysis in Multiple-Choice Test

Q2(a)

Upper 19 _

Lower 19

Q2(b)
Upper 19

'Lower 19

Q2(c)
Upper 19

Lower 19"

Q2(d)
Upper 19

Lower 19

Q2(e)
Upper 19

Lower ﬁ9

(¥ = 38)

Check distractor
d

.distractors a

a b C d
0 19 | 0 0
o 17 1 ‘ 0
P = 0,97 Item rejected
a b C d
19 | O o | o
19 0 0 |—o—
P =1,00 Item rejected
a b c d
0] 0] 19 0
2 4 13 0
P = 0,84 -Item retained.
a b C ’ d
16 1 1 1

1 2 2 14
P = 0,45 Item retained
a b C d_
0 0 1 18
0] 0 4 15
P = 0,87 Item retained

, but Cheék
and b



Q2(f)
Upper

Lower

Q3(a)
Upper

Lower

Q3(b)
Upper

Lower

Q3(c)
Upper

Lower

19

19

19

19

19

19

19
19
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a b C d

1 16 0

2 - 10 7 0

r 0,68 Item retainéd. Check distrac-

' tor d .

a b C d e

16 3 0 0 0

13 | 6 o | o 0

P = 0,76 Item retained, but distractors
c, d and e must be checked

a b c o d ‘ e .

0 1 1 i o b 2

0 1 4 - 134 - i

P = 0,74 Item retained but distractor
a must be checked

a b C d . e

1 1 0 0 17

1 5 1 1 11

Item retained




Appendix F
Raw Scores obtained from test on Sequences and Series
after rejection of certain Multiple-Choice Items
FPart [ Multiple-] Multiple-] Tradition- Tradition
. Of choice choice al part al part
Test| Conven~ |Confidence| Conven- | Confidence
Pupil tional weighted tional weighted
Marking Marking Marking Marking
A 12 9 24 21
B 14 14 10 6
C 12 8 20 . 18
D 1 8 22 20
E 12 10 23 18
F 12 10 13 o 10
G 12 10 26 o6
H 12 10 21 e 19
I 12 10 26~ 26
J 12 10 26 26
X 14 14 18- 18
L 12 10 26 26
M 14 14 12 8
N 12 10 26 26
! 0 14 11 16 15
| P 12 8 14 12
Q 14 11 12 12
R . 10 6 26 26
| S 10 7 25 23
T 10 7 26 26
U 10 6 9 7
v 6 -2 12 12
W 8 2 11 9
X 6 -3 18 15
Y 10 6 7 3
Z 8 3 15 15
AA 8 1 26 26
BB 8 5 25 24
cC 6 0 17 15
- DD 12 7 24 21
EE 12 7 16 13
FF 6 =2 14, , 14
GG 10 4 11 9
HH 6 0 13 12
11 6 -2 5 4
JJ 10 6 13 13
XX 8 1 12 11
LL 6 -1 17 14
2 X 390 677 619

235
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Part | Multiple- | Multiple- |[Tradition-| Tradition-
of choice choice al part al part
Test| Conven- Confidence|Conven- Confidence
IPupil tional weighted |tional weighted
: Marking Marking Marking - Marking
X 10,26 = 6,18 = 17,82 = 16,29 =
' 73,3% 44, 2% | 68,5% 62,7%

- Difference between the means was assessed by the matched-

group

s t-method.
~a) Conventional and Confldence—welghted marking of

Multiple-Choice;

and

b) Conventional and Confidence-weighted marklng of

traditional questlons,

are both significantly different at the 0,01 level,




Appendix G

Graphs to I1lustrate the spread of scorés of Convention-

al compared with Confidenéehweighted Marking of the
Mathematics tests

- Multiple=Choice Test

16
4 _ ' N <
Number of 12
Candidates L
8 0 8
%] 0
4 x x = 1
" X % .. a
« A 2 ¥ =& R X '
-y 2 o 2 & 6 9 o iz w1
Mark obtained
Traditional Test
‘ 8 o @
é
Number -of
Candidates | - P
: 0 x
2 i o & 060606 06
X xO0y @®rO® % © xQ00@ x
3— >6 E q. .lz.'. s RS 24 21 Jo

Mark obtained

© Conventional marking
x Confidence marking o !
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Appendik I

Traditional Questions : Analysis of Marks by Question

- Effect of Confidence-Weighting

Question 4 5 6 7
Median Score | 4 | 3 | 8- 7
Mean Score 3,95 |3,29/5,97 | 4,63
Mean % 98,7 [54,8|74,7 | 57,9
SD 0,226 {2,46|3,03 | 3,57
Full marks: .
Affected by Confidence Level 1 - - 2 -
Not affected by confidence marking 36 14 21; 14
Part marks: . o
Affected by Confidence Level 1° - 5. 5 4
Affected by Confidence Level 2 2 10| 3 5 .
Not affected by confidence marking - 3 4 5
Zero mark:
Affected by Confidence Level 1 - 1 - 3
Affected by Confidence Level 2 - 1 - 1
Not affected by confidence marking - 4 3 6
Total 38 38 38

38
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-Appendix J

Statistical Analysis of Scores Obtained by Pupils for
Questions 5, 6 and 7 (N = 38) ’

Full Score Part Score Zexro Score
Question 5 14 18 6
6 23 12 o
7 15 13 10

Ho: There is no difference between questions 5 and 7 as
far as full, part or zero scores obtained are
concerned. : , 2
Chi-squared test used ;XL = 1,078

This is not significant
Ho is not rejected. A

Ho: There. is no difference bétween full, part and zero
scores as far as qﬁestions 5 and 6 are concerned.,.
Comparison of full and part scores
Chi-squared test used = 2,434

This 1s not significant
Comparison of full and zero scores. ,
"Fischer's Exact Probability test ﬁsed' p = 0,09
Comparison of part and zero scores
Fischer's Exact Probability test used  p = 0,29
Ho is not rejected » _

Ho: There is no difference between questions 6 and 7 as
far as full, zero and part scores obtained are
concerned. '
Fischer's Exact Probability test used

i

O
-_A .
w

Comparison of (a) full and part scores P
(b) full and zero scores p = 0,02
(c) part and zero scores p = 0,10



Ho is rejected for the comparison between the full and
zero scores at the 5% level of significance.-

It is therefore likely that the queStions are

significantly-different as far as the scoring of full
and zero marks 1is concerned,

70
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Appendix X

Statistical tests on effect of Confidence~Weighting on

marks obtained on traditional questions

CHd There is no significant difference in the effect of
Confidence~-Weighting on full and zero marks as
opposed to part marks.

Full and Zero Part  Totals

‘Score lowered 8 : 32 40
Score not lowered 62 | 12 74
70 ol e | 114
2
. _ , (fo-ft)
EQ EE fo-ft(corrected) (fo—ft) T
8- 24,561 16,061 257,956, 10,503
32 15,439 16,061 ‘ 257,956 16,708 )
62 45,439 16,061 257,956 5,677
12 28,561 -16,061 257,956 | 9,032
- X = 41,920
P = 0,001

Hy is rejected at the P = 0,001 level

It is therefore highly 1ike1y that part marks are
lowered more often by Confidence-Weighted Scoring than
Full or Zero marks. '
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‘Appendix L

Error Analysis of Traditional Questions

Analysis of errors which cause a difference in score
between Cbnfidence-Weighted and Conventional Mérking.
The 39 errors have been divided into two main groups’
which are further subdivided. The error analysis could
not be made on two scripts because the photocopies were
too faint. The 36 remaining scripts were arrandged in
rank order according to conventional marking. Sccre
difference column indicates penalty caused by |
confidence-weighting. B,

Group || Upper 12 Middle 12| Lower 12 Totals
Number Scbre Number [Scord| Number{ Score|Number| Score
Errors difefl difs Cdiff diff
Careless
a. Numer- _ _ _
acy- 2 -3 | 6 -8 2 | -4 10 -15
Ib. Copy- ' Ny
ing 1 -2 1 -2 1 -2 3 -6
c. Learn- _ | .
ing 0 | 4 ~8 1 -2. |l s 10
Sub-totalg 3 -5 11 -18 4 =8 18 =31
Misunder-
standing
a. Index
-~ Laws o - 1 -2 4 —5ﬂ 5 -7
b. Meaning - ' :
of Sn _
and Tn 0 0 2 -3 2 -3
in AP
and GP _
(o Equatiqnso - 1 2 0 1 -2
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Group

Upper 12 Middle 12 || Lower 12 - Totals
Number] score |Number | score [Number |Score |Number] Sscore
Errors | diff diff | diff diff
d. Meaniné 3
of ansJ - ,
wer 3 -6 3 -6 | 2 -3 8 -15
e. Guess or ' |
completé
misunder— . _
standing O 0 5 16 5 -6
ub-Totals| 3 -6 5 =10 13 =1 21 -33
Totals 6 =11 16 -28 _f 17 -25 39 -64
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Appendix M

statistical Tests on Error Analysis Data

Fischer's Exact Probability Test used.
First Set of Tests '

H, : There is no difference between Upper, Middle and
Lower Groups as far as careless errors and

misunderstanding are concerned.

Upper 12 Middle 12 Middle 12 Lower 12

Careless N 3 11 11 - 4
Misunder— , I SEE , -
standing 3 5 5 : 13-
Upper 12 Lower 12
Careless ' 3 : 4
Misunder— :
standing 3 13 3
p = 0,273 p =0,011 p=0,194

Hé is rejected for the Middle.and Lower Groups at the
0,01 level.

It thus seems that it is very likely that there is a
difference between the Middle Group and Lower Group as
far as errors as a result of Carelessness,and errors as
a result of -misunderstanding are concerned.

Second Set of Tests

1. HO : There is no difference between the Middle-and_’
Lower Groups as far -as the choice of
confidence level by an examinee is concerned
when a mistake is made. '
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o}

Middle 12 Lower 12
Confidence 1 4 S
v_Confidencev2 12 8
p = 16:17:13:20¢
T 411289888331
= 0,077
HO is not rejected
2. H ¢ There is no difference between groups as far

as the choice of Confidence Level 1 and

Confidence Level 2 are concerned when the

error is due to carelessness or.to misunder—

standing.

gy v

Statistical tests involving the upper group were not

considered because there are three items only of each

error type.
Errors due to carelessness
Middle Lower

Errors due to misunderstanding
Middle Lower '

12 12 12 12
Confidence 1. 4 ' o 0 9
Confidence 8§ 7 4 5 4
b - 1114141112 p . 54131919! .
T 71414108758 T 0I51914)718:
= 0,242 = 0,015
- Not significant Significant

Hy is rejected for errors of misunderstanding between

Middle and Lower Groups.

It is therefore likely that the middle and lower groups

differ as far as choice of confidence level is

concerned in errors of misunderstanding, the lower

group tending to choose Confidence Level 1.



Third Set of Tests

)

choice of Confidence Level 1 and Confidence Level 2

as far as errors due to carelessness and misunder-

‘standing are concerned.’

Upper 12 not considered'

A1l 36 students:

Confidence 2 Confidence 1

Careless 13 v 5
Misunderstanding 12— 9
p _ 25!14:18121! =

T 13IT21519139!1 ey
= 0,166

Not significant

Middle 12 students:

Lower 12 students:

Confi- Confi-- Confi- Confi-
dence 2 dence 1 dence 2 dence 1
Careless 7 4 V. 4 0
Misunderstanding 5 0 4 9
p - 1214:11!5! p - 819!4113!
Toisr4rolte - 4!41019!17;
= 0,181 = 0,029
Not significant Significant

Ho is‘rejected for the Lower Group only.

Tt is therefore likely that there is a difference between

the examinees' choice between Confidence Level 1 and

Confidence Level 2 as far as errors due to carelessness

as opposed to those due to misunderstanding are concerned

in the Lower Group, the difference being in favour of

Confidence Level 2.

76

"H_: There is no difference within groups between examinees
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 Abstract

This paper discusses means of selecting pupils for a
fast mathematics class of 30 pupils out of 170 at a .

local high school using IQ, achievement and test scores.

It is argued that both Non-Verbal and Verbal IQ scores
should be considered separately, as the Total IQ

score alone 1is not sufficient, especially with bright
children. Mathematics schievement scores are also
used in order to prov1de information specifically on
the pupil's ability in the subject. The use of a
problem-solving test is advocated in an attempt-

to measure divergent thinking abilities to some
degree, as 1s also the use of a test with a high
ability ceiling.. The results of the use of these
tests are discussed, and various methods of using
~all the scores obtalned in. the selection of the puplls
are considered. - .

(1)
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‘Infroduction

Much has been made of the needs to establish programes
for the gifted and talented in South African schools,
since it has been realised that very little thought
has been given to these pupils. AS in America the
gifted have been generally'negleéted. We} along with
the Americans, have the lock-step system of promo-
tion from year to year, and this has resulted in
teaching to a particular syllabus only. In order to
- cater for the brighter pupils in the Senior Second-
ary phase higher grade syllabuses have been formuie
ated, but these have proved to be insufficient as

far as the intellectually gifted are concerned or
even for thosé who are talented in a certain area
only. -They need even dgreater stimulation. Higher
Grade purports to cater for the upper third of the
intellectual spectrum in a particular subject, but

at many schools pupils of lower ability are

allowed to study subjects at this level, and this
affects the teaching of the subject since teachers
generally gear their lessons to the weakest in the
group. Thus the brighter pupil tends to be

adversely affected. When it is considered further
that there is generally a dJreater difference in
ability between the brightest pupil and the tenth

in order of merit than there is between any other
suéceeding group of ten pupils, it is evident that
the brightest pupils are not extended sufficiently

by higher grade material. '

In the Junior Secondary phase the position may be
even worse, as all pupils follow the same syllabus,
and it is especially true in Mathematics that the
syllabus for Standard Seven contains little that is



new - there is far too much consolidation of ideaé
introduced in Standard Six. This consolidation is
necessary for the averade pupil, but does stultify
the intellectuai.growth of the brighter pupil. |

Because of this lack of challenge in the Standard
Seven Mathematics syllabus it was decided at a
school in the Southern Suburbs of Cape Town that the
best group in Mathematics should proceed at a faster
rate than the other classes. Accordingly it was B
decided that the mathematics pupils who had the
-highest achievement scores in the 7A and 7B classes
would come together to form this group. This fast
mathematics class was formed on a Voluntary basis

in that the pPupils concerned in 7B were invited to
join the 7A group. This identification proceaure _
does result in one essential aspect of the make-up

of a fast mathematics class being highlighted, and
that is motivation. In the Study of Mathematically
Precocious Youth (SMPY) conducted at Johns Hopkins
University in Baltimore, it is stated categorically
that "students should never be pushed into attending
a fast-paced class. This type of class is intended
for the highly motivated child who is eager to learn
at a fast pace." (Fox 1976 p.47). Secondly the
importance of achievement scores must never be
underestimated in that it has been shown by many
investigations "that previous mathematics grades are
the bést predictor of later mathematics achiévement."
(Aiken 1973 p.408). In this connection it must,
hoWever, be pointed out that these achievement scores
covered the full range of pupil ability and were not
scores from tests designed for the talented or gifted
group only. Unfortunately, because of time-tabling
difficulties, high achievers in the other classes could
not be admitted to the group. ’ ‘




Chapter 1

The Initial Screening Process -

In identifying talented pupil for a fast mathematics
group one must be aware of three dangers. The first is
that of regarding the identification procedure as
foolproof, discovering all who have the ability to
profit from being'members of such a group and omitting
none, The second danger 1s highlighted by Renzulli in
introducing his "Revolving Door Identification Model"
when he states: ‘

", ... We continue to view giftedness as an
absolute concept - something that exists in and
by itself without relation to anything else. For
this reason most of our identification efforts are
directed towards uncovering the magic piece of
evidence that will tell us if a child is 'really
gifted'.... Any mistakes in the selection (or
rejection) process according to the absolutist are
attributed to deficiencies in identification
~instruments rather than the fact that giftedness
could be a relative or situational concept.™

(1981 p. ix).

For giftedness one can read "mathematical talent". All
mathematics teachers are aware how pupils respond
differently to different aspects of mathematics. In
this connection Renzulli's stress on "gifted behaviour"
in a given set of circumstances merits attention. Thus
.the search must not be focused on an elusive concept
called "mathematical talent", but on finding those
pupils who will benefit from an ehvisaged mathematical
learning situation. '

This leads on to the third danger, and that is of
identifying pupils for the sake of using identification
procedures. Identification must always have the



envisaged group in mind - there must be a purpose for
it. Hence justification for each procedure must be
stated in terms of the requirements of the envisaged
pProgram. ' -

In the initial screening that took place on the
Standard Six pupils all the IQ scores, i.e. the Non-
Verbal, Verbal and Total scores, were considered for.
each pupil. The reason for taking the IQ scores is
that "intelligence test scores.... are valid indices

of scholastic aptitude and that they usually are
superior to teachers' judgements." {(Daurio 1979 p.15).
The scores used were those of the New South African»
Group Testv(NSAGT) which are'available“tQ'membErs of
staff at a particular school, It must be remenbered
that group tests have one major'disadvantage when

using them for screening for highly talented children,
and that is that they have definite upper limits as
compared to individual tests and the NSAGT is no excep-
tion, but, as a starting point, the test is a valuable
aid. The other initial screening device was the
mathematics achievement scores- that each pupil obtained
in the second and third terms. The use - of these scores
has already been justified on p.2.

Use of the IQ Scores in the Initial Screening

-Appendix A lists all those pupils who obtained an IQ
score of at least 130 on any one or more of the Non-
Verbal, Verbal or Total sections of the test as well as
- those pupils who achieved a scere greater than 1 Stand-
ard Deviation above the mean on the June and September
" Mathematics examinations. Thirty pupils out of the 170
were found to have such an IQ score, and the scores for
these pupils are dgiven in Appendix B.

Appendix B shows that there is a difference of 5,9
 between the mean of the Non-Verbal Scores and that of the_'



Verbal Scores. It was decided to undertake a matched-
pairs t-test to see whether - -this i1s a significant
difference. The difference is significant at the

p = 0,02 level. It will be interesting in future to
compare whether those pupils who have higher'vérbal
scores-receive more benefit from a fast mathematics
program than that with higher non-verbal scores or
vice-versa. Stanley (1977 p.79) noteé, in giving |
reasons for the tests used in order to choose mathe~ =
matically precocious youth, the following : 0 SAT-V
(Special Aptitude Test - Verbal components) could be
used with the higher scorers on SAT-M (SAT - Mathe-
matical components) to assess veérbal reasohing ability,
which seemed likely to be more closely related to
speed of thinking and of taking tests than is SAT-M".
The comparison suggested above can only be acéomplished'
using a longitudinal study, and it is only when such a
study has been undertaken that the effect on a fast
mathematics program of having a group of pupils with
significantly higher non-verbal scores than verbal can
. .be assessed.

What is remarkable is that only two pupils were
represented in all of the Non-Verbal, Verbal and Total
IQ scores. Because of this it was decided to check
whether these scores chose significantiy different
pupils for initial screening by using a chi-squared
test, the results of which are given in Appendix C, and
interpreted below.

Differences in Pupils Accepted by Differing IQ Category
Scores

From the = - chi-squared tests recorded in Appendix
C it is evident that the difference between the =
pupils accepted as a result of the non-verbal scores and



the number of pupils accepted using the verbal scorés
is highly significant. From this result it would
appear essential to take cognizance of both the verbal
and non-verbal scores separately when choosing pupils
for any tYpe of gifted program. To many, an IQ score
of 130 or more, indicating as it does the upper two

- Per cent of all pupils, is an essential component in
any initial screening for the gifted. If the tester
is searching for "gifted behaviours", however, it is
apparent that to consider the total IQ score alone is
not a very productive exercise; both the verbal and
~the non-verbal scores must. be considered. separately
in order to widen the net of knowledge on the potential
behaviours that the pupils exemplify. ' |

The difference between the Verbal and Non-Verbal scores
in those pupils chosen under these categories is
confirmed by the correlation coefficients given in
Appendix D. There is a surprisingly high negative'>
correlation of -0,52, N = 29; (p = 0,01). BEven when
only those pupils with a total IQ score of 730 or more
are considered, the negative verbal/non-verbal corre-
lation is evident (r = -0,68, N = 17; p = 0,01). It can
be argued that gifted pupils should be regarded as those
who obtain IQ scores of at least 130 in both the verbal
and non-verbal categories if IQ is to be used as a
criterion, but whatever cut-off score is chosen the two
different aspects should be considered separately and
should not form part of a combined score when "gifted-
ness" is being considered, as any difference measured
will then be ignored, and this difference may be highly
significant, as in this sample. Incidentally the

sample 1is supposedly typical of the kind of pupil for
whom the test was originally intended i.e. white South

African middle-class pupils.



Despite the marked difference between the non-verbal
and verbal scores as shown by the correlation coeffi~
cient neither set of scores shows a negative correla-—
tion with the total IQ scores. This result accords
with the results obtained from the chisquafed tests
given. in Appendix C, where the numbers of pupils
initially selected according to either Non-Verbal or
Verbal scores is not significantly different from

" those selected as a result of Total Scores. It is to
be noted, though, that the non-verbal has a low posi-
tive‘correlation, while the verbal has a higher
positive correlation which again reflects the
difference between the non-verbal and verbal scores in
this group of pupils. v | e . ‘

When the achievement scores were taken ihto account

58 pupils formed an initially screened group. There was
the same significant difference between the means of the
non-verbal and verbal scores as given by the incorpor-
ated group of 30 which were identified by IQ scores
alone. In contrast to the high negative correlation
between the verbal and non-verbal scores, there 1is now

a fairly low but significant (p = 0,05) positive _
correlation of 0,26 (Appendix H) suggesting that the

28 other pupils who obtained mathematics achievement
scores more than 1 Standard Deviation above the mean
which are now introduced into the dgroup show positive
correlation between their verbal and non-verbal scores.
This correlation is, however, low (r = 0,15), but the
combined effect of the two groups results in a signifi-
cant change in the correlation. When, further, the »
other 112 pupils in -~ Standard Six are considered then
the correlation between the verbal and non-verbal scores
is higher still at 0,60 with a highly significant 0,01
P-value. (Appendix I). It must be noted that while the
diffefence betweenn the means of the verbal and non-



verbal scores is lower, it is still as significant
as before. These results confirm the well known
statistical fact that there 1is dgreater correlation
between verbal and-nonfverbal scores with pupils
whose scores cover a wide range on IQ tests than
‘with pupils who have high scores only. Thus the
total IQ score would appear to be a better
indicator of potential ability with scores less
than say 120, than with those abovejthis score,
since there is then greater correlation between the
verbal and non-verbal scores. This conclusion, hoWever,
must be vérified with other groups. = ‘

'Use of Achievement Scores in the Initial Screening

It was decided that all students who obtained a
higher mark than 1 Standard Deviation above the mean
in the second tefm/examination, the third term tests
or in the average of the twdvresults would be
selected. As shown by Appendix A 30, 30 and 31
pupils respectively‘were selected on the basis. of
'-these achievement tests. In strong contfast to the
'IQ scores there is high internal consistency between
these results in that only 40 different pupils were
selected, and this despite a 30 mark difference between -
the means of the second and third term results.

Only twelve students were chosen independently by both
achievement scores and IQ scores. In Appendix E the ideal .
distribution of pupils chosen by achievement, including
those chosen by IQ scores, is given - this would be '
the case if IQ and mathematics achievement scorés
measured the same aspects of talent. It is clear from
the actual distribution that this is far from being

the case - indéed the opposite type of distribution
would appear to be closer. A chi-squared test
conducted on these data indicated that the difference
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was highly significant (p = 0,001). This could be

an indication that the IQ énd achievement scores
measure different abilities as far as this top group .
of 58 pupils is concerned; and because of this, when
screening for a fast mathematics claSs, it i1is evident
that IQ alone must not be the sole consideration -
mathematics achievement must also be considered.

' The question now arises as to whether correlations of
IQ and achievement scores will confirm the above
result. It would seem necessary to compare the
Various IQ scores with the achievement«5gores because
they differ from each other to such a marked degree.'

Comparison of IQ and Achievement Scores

Appendix F lists the IQ and achievement scores of the
initially screened group of 58 pupils.

Appendix G lists the IQ and achievement scores of the
other 112 pupils in Standard 6. ’
Appendix H gives the correlation coefficients between
the various IQ and achievement scores for the group

of 58 pupiis. | | o |

Appendix I gives. the correlation coefficients between
the various IQ and achievement scores for the other
112 pupils. : - o
In considering the statistics in Appendices H and T’

it is firstly obvious that the Term 2 examination was.
far easier than the Term 3 test series. Despite this,
the correlation of 0,66 between the scores of the two
examinations is highly significant indicating that the
achievement tests probably tested the same abilities.

What is very noticeable is the contrast between the two
groups in the correlations between the various IQ
scores and the achievement scores. 1In the group of 112
all the correlations are positive, and what is more,
highly significant (all p'= 0,01), which seems to
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indicate that for this group the IQ and the achieve-~
ment tests appear to be testing related or similar
aspects  as far as Mathematics is'concerned. ‘This is
in strong but expected contrast to. the screened group
of 58 with a narrow range of talent where every I1¢/
achievement correlation is negative, althoﬁgh'some

of the results are not significant. However, the
significantly different correlations do not occur

when the verbal IQ is taken into account. The non-
verbal and total scores produce higher negative
correlations with mathematics achievement than the
Vefbal scores, and this is confirmed-by-the reslts
ofvthé other 112 pupils where the non-verbal scores
give the lowest correlations with achievement; '
although the difference between these correlations

is nowhere significant using Fisher's transformation,
The negative correlations again suggest that in the
search for those who can form a fast mathematics
group 1t would be mistaken to ignore the achievement
scores even though these negative correlations méy

only be a reflection of the narrow'ability range of

the upper group of 58. It should not be taken as read,
that negative correlations will always occur when the.
scores of high'IQ pupils are compared with the achieve-.
ment scores, or indeed that there will be an increased
negative correlation when only the highest IQ or
achievement scores are considered. This is shown by
the correlations given in Appendix J where those pupils
with the highest IQ scores and highest average achieve-
ment scores have been isolated and correlation '
coefficients between IQ scores and achievement have
been calculated. Nearly all the correlations are
closer to zero than they are to any significant result.
The results do, however, confirm that one may not on1y 
consider IQ scores in choosing gifted pupils. for a fast
mathematics class, and assume that these will give a
clear indication of high IQ pupils' achievement, even
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in a subject like mathematics where achievement is
supposed to correlate well with IQ scores.  Nor may

one consider achievement only.

Thus the initial screening based on statistics at

hand was completed by choosing the group of 58 pupils
considering each aspect separately. Further testing
was now required, butvtesting that conceptually should
not repeat what IQ and achievement scores measure. '
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Chapter 2

The Testing Process

- Because questions in an IQ test usually require one
correct answer from the testee, convergent thinking
abilities are to the fore in most parts of such . a
test, except where the questions demand the use of
problem-solving techniques. Knowledge concerning a’
Pupil's divergent thinking abilities should be
ascertained, especially with more taléented pupils,
who are moretlikely to poSsess such abilities to a
gréater extent. One of the means of ascertaining information
about such abilities is by using creativity tésts,
and here those of Torrance readily come to mind.
However, Aiken (1973 p.412) states that "correlations
between scores on Torrance's tests and mathematics
achievement are usually rather low although those -
prepared by Guilford are significantly related to
achievement." It would appear.as if creativity
tests are more worthwhile when seeking giftedness in
Mathematics if they are specifically geared |
"mathematical creativity tests." General creativity
tests do not seem to provide much knowledge that is
helpful in identifying giftedness in Mathematics.

" Indeed Torrance and Gowan report that there are low
correlations between verbal and non-verbal creative
abilities and they appear to be largely independent
(Wwallach and Xogan 1965 p.7).

Further to the above, creativity tests Jenerally
involve fluency of ideas as one aspect of their
assessment, and because of this they tend to become
tests of how many ideas can be listed in a particu-
‘lar period of time. Wallach and Kogan comment that:



"Such a feature seems not to fit one's intuitions
concerning the type of situation within which
creativity may manifest itself most naturally. "
(1965 p.12). 1In confirmation of this the present
writer has often noted that Standard Ten Art pupils
state that they cannot do their best work in an Art
practical examination as the idea of being tésted,
of its own accord, 1mmed1ately inkhibits their
creative thinking processes, and thlS desplte thelr
being allowed a full six hours in which to produce
their work. The inhibitions must surely be dgreater
when the time limits are even more constraining as
they are in creativity tests.

For these reasons the author decided notito'uée a
geheral Creativity test, and, because he could not
obtain a psychologically validated mathematical
creativity test, he turned to another type of test
in which he had more experience, and which would '
involve divergent thinking processes. This is the
problem-solving test where non-stereotyped mathema-
tical problems are presented to the pupil which he
is called upon. to solve, Despite the testee having
to work towards one correct answer, which would

seem to suggest that. convergent thinking processes
must be dbminant, in order to get to that one answer.
divergent thinking abilities have to be brought into
play. This is because the questions asked are
different from the usual style of question so that the

testee is required to "doodle.” Thus the same ‘thinking -

abilities required in creativity testing are also v
necessarily used in problem-solving. It was, therefore,
decided to draw up a problem-solving test where the
pupils would be réquired to solve up to seven problems
in half an hour. The reason for such a lardge number

of problems was to provide a high enough ability

14
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‘"ceiling" so that pupils with more advanced problem
- solving abilities would not complete the test in too
short a time, and could thus be separated from those
~ less able to do problems.. t

In identifying pupilé for their fast mathematics’
classes in the United States Stanley and his associa-
tes in the SMPY project already referred to believe
"in the efficacy of tests which have a high ceiling.
They test seventh and eighth grade volunteers from:
various schools in Maryland, by arranging that they
sit the Special Aptitudes Test organised by the
College Board. These tests are intended for twelfth
grade students who aré-seeking entrance into colleges
in the USA. The test has two parts, namely the SAT -
Mathematical ahd the-SAT - Verbal tests,'both‘of which
are regarded as being of benefit by the SMPY direc-—~

" tors as has been mentioned already.

In testing eighth dgrade pupils using the SAT-M test

it must be rememberedlthat many questions contain
Algebra and Geometry and in the USA neither of thesev
afe usually taught until the ninth grade has been - -
reached. Hence, it is only those who are genuinely
interested in mathematics and who are able to reason
well who score highly in these tests. It must be
remembered that SMPY is only searching for the top
half per cent of all pupils in mathematics. In
addition these students would have to be well-
motivated, because they would be invited to join a
special class which would not be held during school
time nor in the school environment. Hence the group
being looked for is very select - far more select than
any school, other than one which selects top pupils on
academic merit only, can provide. The SAT-M test can,
however, be used with profit in South Africa for a

. group like the initially screened group already

15
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selected, because Standard 6 pupils have already learnt
some basic Algebra and Geometry, which meahs that they
are better equipped than their American counterparts.
There would still, however, be sufficient ceiling to

the test because of the age for which the test was
geared. Because the testing time available was only one
hour it was decided to use only one of the battery of
three mathematics tests which make up the SAT-M. The
test was found to be suitable as none of the Mathe-
matics covered in it is foreign to that taught in

South African Schools. It was also decided to use

the test because it was fully standardised and multiple-
choice in nature. Any test constructed by the author
would have had to be standardised first,. In addition
the College Board provides statisticsthAhow Well each
question is answered, and it was felt that this would
provide a good means of comparing the'ability of these
pupils with what is the norm for twelfth graders in

the USA. The test used was administered by the College
Board on April 4 1981.

Administering the Tests

On the day before'fhe tests were written the initially
screened group of 58 pupils was called together, and it
was explained to them that further information was
sought on their ability in Mathematics. This would

be ascertained by their writing two tests which Were'
different from what they would normally be asked. It
was explained that the first test would be called
"Different Style Questions", and would consist of
problems which they would normally not encounter. In
order to stress the difference in style the following
broadly stated example was given:

"TIf you were given a certain number of matches that make
up a square, move Say three matches to make two squares.ﬁ
It was stressed that théy”would not be able to learn for
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this kind of test. They were also informed that
neatness was definitely not a requirement as they
would have to doodle.

All that was stated about the second test was that it
would be a multiple-choice test, and that they would
have to mark the correct answer. |

~ It was stressed that the results from these tests would'“
not be counted in their examination mark at the end of
the year. But, in order to provide some motivation,

the pupils wére informed that the scores of these tests
would be used along with their achievement scores

and other knowledge‘that>the school posseséed;concern-
ing their potential, to decide who would be c@osen for

a fast mathematics class for the next year in Standard
7. Time was then given for questions.

The pupils were divided into two equal groups. Each
invigilator had the instructions diven in AppendiX'K.

- The question papers and the marking memoranda appear

in Appendices L and M. It will be noted that part
‘marks are obtainablé in the problem-solving test., This
is to counteract in some way the criticism by Stroker
(1980 p.6): "One of the reasons why scores obtained
by pupils in standardised tests need to be treated
with some reservation is that the tests themselves
contain "answer only" items, which militate against
detection df the process of solution and depth of
thought uéed by the pupil."” It will be noted, however,
that in certain questions part marks were not given -
because of the nature of the answer to the question
where a part of an answer would give no indicationAas
to how the problem should be solved.

A cursory examination of questions 4 and 7 would seem
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|to_indiCaté;that similar skills would be required

for their solution. This, however, 1s apparently not
the case because 38 correct'answeré wvere obtained for
question 4 whereas only three pupils had any idea as .
to how to answer question 7. Perhaps the difference
was a result of the pupils having been asked to couﬁt
triangles in a class'exercise so that it formed part
of their expefience, or perhaps it was because the -
triangles were contained within a rectangle and so
‘more easily recoghizable than finding the number of
squares withih a large square. Perhaps the reason’
was simply that many students were runmning out of time
when they began question seven. ' |

In the instructions to the invigilatoré in Appendix K
the invigilator was told to ask all;pupils to write
down the numbers of the questions they had not
answered in the multiple-choice test. The purpose was
to obtain an idea as to the part played by time in the
taking of the test. The reason for then asking the
students tO'mark an answer to each question at random
‘was to be able to do an Item Analysis on the questions.

Analysis of the Tests' Results Data

In considerihg the data given in Appendix N it is
readily deduced from the number of random guesses
recorded from question 16 onwards that time played a
major role in the Multiple-Choice test. From the |
average results per question it would also appear that
time was‘effective in reducing the candidates scores
from question 18 onwards. The mean for questions 1 to
15 and 17, i.e. those questions in which random guessing
had a less than 30% effect, was 59% while the mean for
the other questions was 20%. The effect of the random
guessing was also shown in the Item Analysis (Appendix
~0) vhere. the questions that have to be rejected are all



‘those in which random guessing had a greater than 30%
~effect. Thus it would appear that the increased ceiling
in this type of test is not a result of the quality of
the individual questions asked, but of the role played
by time. That there is an increased ceiling 1s shown
by the mean of the testees being 39% when random
guessing is excluded whereas their means -on the achieve-
ment scores were 74% for term 2 and 66% for term 3.
(It was decided, even though the students were:given
a score in which random guesses which were correct
were included, that for statistical purposes the results
they obtained without correct random guesses would be
used). But the shortage of time meant that the range
of scores on this test is 52 percentage points, whereas
- the range on the average achievement scores was 55
percentage points. Thus the test does not necessarily
help with the differentiation between the better and
poorer pupils.

‘ «
In contrast to these results Stanley and his associates
in the SMPY have found that certain of the examinees
have obtained 100%; This would seem to indicate that
the test as it stands is probably more useful when
entrance is limited to pupils with very high ability
in the subject only. In the problem test where time
was not as dgreat a factor apparently, although the
results of question seven may have been affected by
it, the average is again low, being 4%5%, and what is of
significance is that the range is wider being 69 percent-
age points, which is more satisfactory from the point
of view of differentiating between pupils. It would
be interasting to see what effect an increase to forty
minutes for auswering the paper would have on the

results seeing that nine out of the twenty-five questions,

about one-third, were seriously affected by the time
constraint. This, it is felt, would enable the brighter
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pupils to finish the paper, thus increasing its power
to differentiate between students. '

The Reliability Coefficient on the problems test is
very low at 0,19 (N = 58),vbut this can be ascribed

to the high percentage of full and zero marks _
obtained (75%), making this the equivalent of a test
where 1 or O could have been the score awarded to each
question, and with only seven questions the reliability
will be lcw..

In the multiple-choice test it is evident that the
‘reliability has been greatly affected by random guessing
so that the better figure occurs when only 16:questions

are taken into account in which case a value of
r = 0,50 is . reasonable. - Again one would like to test
this if more time were allowed for the paper.

Correlation of the test scores with the other sets of

sCores

In Appendix Q correlations are Jgiven between~the
problems test and the multiple-choice (M~C) test and
-all the other scores used thus far; the necessary
scores being listed in Appendix P. It is nofable that
the problems test does not correlate significantly

with any of the IQ or achievement scores. It would
therefore seem that the problems test does not test the
same aspects as either the IQ or the achievement scores.
Thus it may be held that it possibly tests divergent
thinking abilities whereas the other types test
convergent thinking abilities. It must be noted that,
although weak, *the correlation is positive so that this
conclusion may not be pressed as one must bear in mind
that, theoretically, convergent abilities are also
tested by means of a problem-solving test.

&
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The problems test does, however, correlate signifi-
cantly with the M-C test which correlates signifi-
cantly with the IQ scores. It would seem as if the
M-C test, while generally testing convergent abilities,
possibly also tests divergent abilities in some

- measvre. As stated originally when discussing the

problem-solving test, both divergent and convergent

“thinking abilities are required for the solution of

problems which are unfamiliar. A number of the

items in the M-C test were unfamiliar to the pﬁpils
and hence in their solution the students may have had
to use divergént thinking abilities. ~However, these
suggestions may be mere speculation as the test has
been set only once to fewer than 60 pupils who all
live in one type of environment. -

What i1s of dgreat importancé’is to note that all three
aspects of the intelligence test correlate signifi-
cantly positively with the multiple-choice test, and
correlate negatively, although not significantly; with
the achievement scores, which also occurs in the
Correlétions between the IQ and achievement scores.
Thus it can be concluded that the M-C test may test the
same or similar abilities as the IQ tests do. Thus as
a predictor for a fast mathematics class the M+C'teét,
despite its high ceiling, seems to confirm what can

be learnt from the IQ scores., Before a definite |
conclusion can be reached, however, one should take
the earlier criticism on time into account. There is
little spread in scores in the same way as the spread
of group IQ scores 1s also not strongly marked.
Statistics obtained using the scores given a forty

‘minute time allowance may give an entirely different

conclusion.
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Ranking of Pupils According to Eight Sets of Scores

It was decided to rank the first 29 pupils on the basis
of each of their IQ, achievement and teét scores. The
reason for this number was that this formed one-sixth
of the total number of pupils in the six Stream
Standard 6 class and also a half of the test grbup.

In addition because of the classroom situation at- the
school a class of approximately thirty pupils would
have to form the fast mathematics group. The rankings
are given in Appendix R. Where more than 29 pupils
were ranked as a result of ties, random—number tables
were used to exclude the extra ranked pupils. ' All the
Pupils have been ramked in at least one set of scores,
with only four pupils ranked by all eight sets. When
this diversity is considered it is important to _
ascertain whether there is any significant difference
between the rankings according to the various chosen
methods. Accordingly Appendix S 1lists the.number of
common rankings of pupils according to two different
methods, which results in 28 different'combinations.

From each of these combinations a 2 x 2 table can be
set up in which the criteria can be compared using a
chi-squared test. Theoretically, if there is no
common or opposing influence, then there should be no
difference between the ranked cellsand unranked cells
on either of the methods with 14,5 in each. If the-
rankings according to the two methods were exactly
the same or completely different then the distribution
would be as follows: 5
Exactly the

!

éompletely
same different
Test A R Test A
. _ Ranked [Not Ranked Ranked |[Not Ranked |
‘Test B Ranked 29 0 Test B Ranked | O 29

Not Ranked 0 29 Not Ranked 29 0
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For'there to befsignificant result éither way the.
cells should have 19 and 10 in them while highly
significant results occur when a cell has at least
20 in it as shown in Appendix S.

The rankings are found to be significantly the same
betwéen all the achievement scores. With the exception
of the Verbal/Non-Verbal comparison the IQ scores
create rankings which have high significance (p = 0,0i).
The Non-Verbal/M-C test rankings are significantly

the same as well. When compared with the correlation
coefficients in Appendices H and Q it is noticeable
that the significant ranked pairings are the same
combinations as those with correlation coefficients
greater than 0,4 except for the M-C/Total IQ Score
comparison. |

The rankings are significantly different between the

- IQ and achievement scores with the exception of the
Verbal Scores. This again accords well with the
results of the correlation coefficients. On this
occasion all significant negative correlations are-
included amongst the pairings, and the Term o/Total

- IQ comparison has been added.

Thus it would seem as if there i1s some connection
between the non-verbal scores and the M-C test. It
would appear that they test the same abilities.
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Chapter 3

Selection of Pupils for a Fast Mathematics Class

Thus far the various tests and scoreé have been
éompared from a statistical point of view in order

to see where the common factors lie and what each
aspect tests. It now becomes necessary to decide
which pupils should be selected for a Standard 7

fast mathematics class. Value judgement in such a
decision is always present, and indeed is more often
than not the central deciding factor. The reason for
this centrality is that the method that is chosen to
decide who is a member of any group, even when based
on statistical tests, 1s governed by the value
judgement of deciding which tests should be used.
There can be no single objective scientific means of
choosing a group for even the use of a battery of
tests is a subjective decision. Statistical analysis
must be used and the results therefrom may not be
ignored, but ultimately it will always be subject to
the interpretation of the one who conducts the
experiment. Depending on the method chosen, different
pupils will be admitted to the fast mathematics class. -

As the situation being faced in this case is a school
situation, methods applicable to\a regional approach
caﬁnot be used without careful modification. For
example Terman's original gifted program included only
those pupils with an IQ greater than 140 - merely a
half per cent of the population. At the school under
consideration no one would qualify under this condition
since two have non-verbal scores and one a verbal score
higher than 140, but in all three cases there is a
marked difference between the verbal and non-verbal
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scores which generally indicates that the student will"
not perform to his higher capability. Bearing the
school situation in mind three different methods of
choosing'pupils making use of tests will be considered.

Use of a Combination of IQ and Achievement Scores in

Pupil Selection

The Cape Education Department has suggested.a simple
means of initial identification of those pupils who
should form part of a gifted mathematics program; 
This involves using IQ and Achievement Scores in a
points scheme delineated in Tablé T:wﬁzgwfhesg two
factors may test somewhat different aspects, it is

useful to consider both in combination. _

IQ Scores : i'Achievemeﬁt Scores
Score Points Awarded Scorgi Points Awarded
145+ 25 . 100% 25
140 - 144 23 ' - 90 - 99% 23
135 - 139 21 85 - 89% 21
130 - 134 | - - 19 80 - 84% 19
125 - 129 17 70 = 79% 17
125 16 70% 16
Table 1

Use of IQ Scores and Achievement scores in the Initial
Identification of Pupils for a Gifted Program

Any pupil with a combined total of 35 points will be
admitted to a gifted mathematics program.
Eg. 1 Pupil with Non-Verbal IQ of 127 and achievement

score of 73% will obtain 17 + 17 = 34 points and

will no t be accepted.

2 Pupil with Verbal IQ of 131 and achievement score
of 69% will obtain 19 + 16 = 35 points and will
be accepted. v

25



A cursory examination of the procedures outlined in
Table 1 shows that anyone with an IQ score of 130 or
more or an achievement score of at least 80% will be
chosen for a gifted program. This could result in a
very widespread net especially at a school in the
middle to upper socio-economic bracket. This is of
great benefit if there are limited aims for the group.
A smaller more manageable group must be chosen if an
ambitious program has been arranged. This is
especially true if the program is being followed for
thé first time.

In criticizing this method of indentificatiom, it must
be emphasised that it is only intended to be an initial
identification procedure and nothing more. There are
three definite weaknesses. The first is that no
consideration has been given to divergent thinking
abilities i.e. creativity. The education program in
South Africa, like most, is more concerned with
convergent thinking processes, but especially when one
1s trying to develop all the abilities of more advanced
pupils intellectually there is a need for some sort of
score which reflects to some measure a pupil's diver-
gent thinking abilities. The second weakness is that
all achievement scores should first be converted to a
scale of a fixed mean and standard deviation before
any'points are calculated, because of the dgreat
variation is scores from one test series to another.
For this reason the only achievement scores used were
those of the average score as the term 2 mean for all
pupils was 60% while that in term 3 was 50%. Hence

it is probably preferable in the case of achievement
scores to consider rankings if the marks have not

been adjusted. The third weakness is that no score
which reflects the results of a test with a high
ability ceiling has been used - thus differences between
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pupils of high ability have not been ascertained.

Use of Many Différent Sets of Scores

The scores that have been obtained are the following:
a. IQ Scores : Non-Verbal, Verbal and Total
b. Achievement scores : Term 2, Term 3 and Average

Mathématics scores
c. Test scores : Problem-solving and M-C test

The first 29 pupils in each set of scores were ranked
(see Appendix R).
In choosing pupils,using these scoféEMEEAis suggested
that the following who show far higher than average
ability in any one sphere should be included: '
a. all pupils with any IQ score of 140 or more,
b. all pupils with an achievement or test score of af
~least two Standard Deviations above the mean '
.Following this the choice should be made on the number
. of rankings a student achieves. ,Thdse who are ranked
in say six different sets of scores being chosen before
those ranked in five different sets and so on. If those
ranked using, say, four scores result in the chosen
group being too large then it is suggested that the
'average'rankings be calculated and that the test of
these should be selected. The reason for this last
procedure is that approximately thirty pupils would
have to be included in this group because of the
classroom situation at the school during a rebuilding

»

program.

It would seem that this selection procedure is far

- more broadly based than the first method, but this is
not so.  Three out of the eight scores all test
achievement where the scores show high correlation
with each other. Another four sets of scores also
correlate significantly with each other, that is the
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various IQ scores and the M-C test scores. Using the
information obtainéd from the chi-squared tests on the
ranking comparisons, and the information from the
correlationAcoefficients,.it can be argued that only
three different criteria are éctually being tested,
and that convergent abilities are still being favoured
to an inordinate extent comprising_seven out of the
eight sets of scores. Because of this it was decided
to combine certain data and to consider the effect of.
thé combination on the selection of pupils.-

Use of Scores'Aécording to Three Different Groupings

The IQ scores and the M-C test scores were chsidefed
to form one group because they correlated highly with
each other. The second group sonsists of thevthree
sets of achievement scores, while the scores obtained
from the problem-solving test were treated as a group
on their own because, hypothetically, the test caused
the pupil to use divergent thinking abilities, and
also because there was no correlation between it and
any other set of scores except for the M-C test.

In each of the first two dgroupings the highest ranking
obtained by a pupil in any of the scores in that
grduping was recorded - not the average rank, because

" a pupil's potential ability is what is being looked for.
The first 29 of these rankings were then ranked as

shown in Appendix T. The selection of pupils involved
firstly taking those who were ranked in all three Jgroup-
ings, then those in two groupings, and finally the best
of those ranked in only one set of rankings.

A definite weakness of this method with this set of

data is that only one problem-solving test was used, and
it was nowhere near reliable as shown in Appendix N. _
Either a number of scores should be obtained or the test
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used should have a high reliability index. This is an
important consideration, especially when the results of
the chi-squared tests recorded in Appendix T are
considered. There 1s a significant difference between
those pupils ranked by the IQ/M-C test scores and those
by achievement scores which confirms the difference
between the aspects tested. The results of the
Problems test would seem to bridge the gap between the
two extremes as in both cases there are more common
acceptances between the problems scores and the other
variable than differences in pupils accepted, this
being significantly the same in the comparison with =
the IQ and M-C test scores grouping. would this be
true with a reliable problem-solving test? This
question calls for investigation. |

The Pupils Selected by the Different Means

Appendix U shows the pupils who have been selected
from the initially screened group of 58 according to
the methods described earlier in the present chapter.
As stated in Appendix V only 8 pupils appear in alil
five 1lists and only ten pupils are not chosen by any
of the five. This means that there is very little
consistency oOf choice amongst the five methods in
total even though between any two methods the choice of
pupils is generally regarded as being- significantly
the same. 3But, even when the results are regarded

as being significantly the same,.a fair number of
pupils are identified by one method and not by another,
For example‘zo out of 29 pﬁpils,selected by means of
the eight sets of scores were also selected by the
three groupings method, which means that another 18
pupils are also involved either chosen by one means oOr-
by the other - certainly no indicator of unanimity of
choice.
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The lack of significance between the choice of pupils
using three groupings and that -of the choice by using
firstly tﬂ; Non-Verbal scores and Averade achievement
and secondly the Verbal scores and Average achieve-
ment can be regarded as expected because of the pre-
dominant role (see Appendix X) played by the problem~

- solving test scores in the selection of pupils, these
scores not being represented in the latter two methods.
It must also be borne in mind that these scores did

not correlate significantly with either the IQ or

the achievement scores.

The results obtained from the above methods confirm

the assumption that one will.obtain a definitive list
of all the pupils who would benefit from a fast
mathematics class by the use of one test or even a
batting of tests. The variation in the pupils selected
is far too wide for this. Hence it must always be
remembered that other pupils who have not been chosen
may benefit, and also some who form part of this group
may wish to leave or even need to leave because they are
not benefiting from working at a faster pace. This
.1eads to the feeling with certain educationists that
any program for a more talented group should have no
built-in inflexibility at all, so that other pupils

who were not chosen originally can be absorbed into

it easily. Hence enrichment should dominate in order '
that pupils may enter or leave the program at any time.‘

One must, however, not miss the significance of the
statistical results that are given in Appendix V. It
is evident that even though only 8 are identified by
all five methods, there are 13 that are identified

by four methods and a further 7 by three methods
including the use of the problem-solving test., This
means that there is a real measure of agreement between
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the methods. It can possibly be argued that the

way in which the pupils should be selected is by
selecting those who are acceptéd by the greatest.
number of selection procedures as in this paragraph;
but this would accentuate the influence of the IQ and
achievement scores to an even dJreater extent.

Yet another important consideration is that the pupils
who should be catered for in a fast mathematics
program are those who would most likely benefit from
the increased pace. The most motivating way of cater-
ing for them is to give them the sense that they are
being enriched by advancing at a faster rate compared
to their peers. It is important that the program
should not be geared to those who can -possibly be

part of it, but should be dgeared to those who are
definite members, and who will therefore benefit from
a fast pace even though an element of inflexibility is
thus introduced. To meet the needs of the brightest
in mathematics the needé of those on the fringes must

‘not dominate. They can be catered for in another dJgroup.

In the present writer's opinion the method using the
three groupings of scores is the best, because distinct

areas are separate and the problem-solving score, which

is deemed to be very important, especially for pupils
belonging to a fast mathematics class, is neither
ignored nor swamped by all the other data. In addition,
however, cEeativity tests in mathematics should be
added so as to test for divergent thinking. Yet

another field that should be tapped is the opinions of
the teachers who teach the pupil, and also information
should be ascertained from the parents by means of
questionnaires. These opinions will, however, only be

useful if firstly the teachers are trained in what they

are to look for so that their questionnaire can be

31
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answered properly. Here one thinks of the oft-quoted
statement in the Terman results that teacher identi--
fication as a means of ascertaininngho could form part
of a gifted group was less successful than if one '
‘had considered the chronological ages of the Pupils

and chosen the youngest. Secondly the parents must

be encouraged to. study their questionnaife and be given
the\opportunity to ask questions of the school
authorities concerning the information required. In
identifying pupi;é there must not be the familiar v
pandering to the notion that a safe decision lies in the
quantity of data that can be accumulatéd.,” The quantity
of data must be analysed and sorted according to the
different aspects tested, and these aspects should be
treated equally in any final decision. -—- |

The present writer used‘the word "opinion" at the

- beginning of the last paragraph. In 1983 he will be
‘using the results obtained from the eight sets of
scores because of the low reliability coefficient

of the problem-solving test. = It 1is noticeable in
Appendix W that all the sets of scores contribute
approximately equally to the final choice of pupils
which means that the problem-solving test, while not
being dominant, 1s not ignored. This 1is the greatest
influence that it can be allowed to exert when there
is such a low reliability coefficient.



Coniclusion

It is evident from the foregoing that it is essential
that testing should take place in order to determine
who should form part of a fast mathematics group,

- but that the tests used must be of such a nature that
fhey'wiil provide meaningful information on the abilities
that are required by pupils taking part in a fast
mathematics program, Hence IQ and achievement scores
are a necessity, as is also knowledge-of-divergent
thinking abilities and knowleddge on pupils' abilities
to do well on tasks-where the ceiling is far higher
than in the usual type of achievement test.

When considering the influence of the sets of scores
it is argued that those scores which show high
correlation should be grouped together, and that the
choice of pupil should depend on how well he evinces
strengths in various different thinking abilities. 1In
this case what is his potential both verbally and non-

verbally as dgiven by the IQ scores, can he solve problems,

can he do the easier work well, can he work quickly and
well? '

Having thus ascertained this knowledge it seems essen-
tial that any fast mathematics course should include
all of the above facets. The course cannot consist of
_problems alone or, for that matter, deductive reasoning
alone. In addition there must be place for the develop-
ment of the basic skills at each level of attainment.
Hence the importance of having an idea of the ability
of the pupils in different areas. Thus tests are
essential, but to consider that only those who do well
on the tests are those pupils who are talented
mathematically, and that all of those who are selected

33



have great mathematical ability is untenable. The
tests, however, can be used to select a group the
~great majority of whom should benefit from a fast

mathematics program,

34



APPENDIX A

Pupils Accepted for Further Testing Using IQ and
Achievement Scores A ,

!

IQ >130 . Achievement + 18D above Mean
Non-Verbal Verbal | Total Term 2 | Term 3 Average
123 123
124 124 124
201 - 201 201 '
211 ' 211 I
222 . 222 | T
- 301 301 301 301 | 301
. 302 . 302
_ 303 | 303 303
. 304 304 304 . | —- " 304
' - 305 o '
307 : 307
308
310 - 310 310 ' . 310
311 © 311 311
' 312 312
313
: 314 314 314
316 316 316 _ _ 316
: 317 317 317
318 318 -#
' 319 319 319
320 . 320 | 320
324 324 324
' ' - 325 325 325
327 : ‘ 327
A 328 328 328"
330 330 330
331
404
420 ' 420 420
421 :
' 503
506 ©. 506
512 '
: 513 513 513
514 514
521
525
- 529
601 601
605 605 |
607 607 607 607




IQ >130 Achievement +1SD above Mean
Non-Verbal Verbal Total Term 2 Term 3 Average
608 608 :
609 : 609 609 609 609
611 611 611 611 611
613 - 613
614 614 - 614
' _ 617 617
: 618 - 618 618
o 619 | 619
622 ' :
623 -
626 626 626 626 - 626 626
627 ‘ 627 SR _ '
628 . R _ :
629 | - 629 ’
630 ' 630 630

‘Note: Each three digit number represents a pupil



APPENDIX B
IQ Scores of the 3O<pup115 accepted for testlng on
the basis of IQ scores

Pupil Non-Verbal ’ Verbal Total
- 201 133 - 139 137
211 139 : ' 121 =131
222 135 124 131
230 ‘ 132 120 _ 127
301 . 129 137 134
304 129 145 138
308 - 133 _ e 128
310 | 119 138 ~ 130
316 : 130 . 127 : 130
318 . v 123 - ‘ 134 < | 130
327 134 : 106 119
421 130 . 121 128
512 . 131 112 122
521 133 120 - 128
525 ) 122 : 132 . 128
- 601 123 134 130
- 605 141 ' 123 134
607 132 122 - 128
608 : 128 127 : 131 :
609 S 145+ 121 134
611 133 : 128 . 132
613 133 126 oo 137
619 129 ' ' 131 132
622 137 113 125
623 . ' 123 ' 132 129
626 135 130 135
627 135 ‘ 129 <134
628 132 - 117 126
629 130 , 119 126
630 137 118 : 128
NV = 131,5
T = 12516

The difference between the means is significant at the
0,02 level according to the matched-pairs t-method
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APPENDIX C

Differences in Influence of Non—VerbaI,'Verbal and

Total Scores on Choice of Pupils for Acceptance into

the Test Group for a Fast Mathematics Class

1. * Choice of pupils using Non-Verbal IQ Scores as
basis as Opposed to Verbal IQ scores. (N = 30)

Non=Verbal Scores

Accepted Not Accepted
Verbal Accepted 2 D
Scores |Not Accepted 19 T
X = 14,464 p = 0,001

No significant different in choice

There is a highly significant difference between
the pupils accepted as a result of their Non-
Verbal Scores and those accepted on the basis of
Verbal scores. Thus it would appear essential to
consider the Non-Verbal and the Verbal Scores

separately when screening pupils for a gifted

program. -
2. Choice of pupils using Non-Verbal IQ scores as
basis as opposed to Total IQ scores. (N = 30)
‘Non-Verbal
Accepted Not Accepted
Total Accepted 10 7
Not Accepted 11 2
7(2 = 1,266
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APPENDIX C (contd)

3. Choice of pupils using Verbal IQ scores as basis
as opposed to Total IQ scores '

.~ Verbal
Accepted Not Accepted
Accepted 8 9
Total ' '
Not Accepted -2 11

| X = 2,046
No significant difference in choice.. .. ...

P

2
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'APPENDIX D

Correlation Coefficients between IQ Scores

T

2.

Pupils chosen on basis of Non-Verbal scores
compared to those chosen on Verbal scores (N ='29)

Verbal/Non-Verbal -Correlation - r = -0,52
' (p = 0,01)
Pupils chosen on basis of Non-Verbal scores
compared to those chosen on Total Scores (N = 28)
Non -Verbal/Total Correlation. . . r = 0,08
(Not 51gn1£1cant)
Pupils chosen on basis of Verbal _scores compared
to those chosen on Total Scores (N = 19)
Verbal/Total Correlation - r = 0,31
' ‘ (Not significant)
Pupile chosen on basis of Total score = 130 (N = 17)
Verbal/Non-Verbal Correlation r = -0,68
| | (p = 0,01)



APPENDIX E

Comparison between Pupils Selected by means of IQ

Scores and those Chosen by Achievement Scores

NIQ = 30

Nach

= 40

Ideal distribution if pupils chosen by achievement

incorporate'those chosen by IQ scores

Achievement

Observed )

Achievement

IQ
Accepted | Not Accepted
Accepted 30 - To
| Not Accepted 0 - 0
distribution
- IQ-~
Accepted Not Accepted
Accepted 12 ‘ 28
Not Accepted 18 0

Theoretical distribution under these circumstances

¥

Achievement

1Q
, Accepted Not Accepted
“Accepted 20,69 19, 31
Not Accepted 9, 31 8,69
?Xf = 21,64 P = 0,001

There is a significant difference between selecting

by means of IQ and selecting by means of achievement
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IQ and Achievement Scores of 58 Pupils Accepted by the

APPENDIX F

LN

Initia1~S¢reening

Achievement Scores

Pupii* IQ Scores

, NV v Total |Term 2 | Term 3 | Averade:
123 117 99 107 219 214 217
124 126 115 122 255 242 249
201 133 139 137 207 145 173
211 139 121 131 195 135 165
222 135 124 131 222 |--181— 202
230 2132 120 127 213 | 155 184
301 129 137 134 273 | 252 263
302 116 130 ~110 252 | 180 216
303 119 111 117 243 216 230
304 129 145 138 231 *194° 213
305 124 107 114 228 156 192
307 115 127 123 - 240 186 213
308 133 121 128 183 152 168
310 119 138 130 261 166 214
311 117 128 124 240 202 221
312 125 121 125 219 | 204 212
313 112 - | 123 119 207 210 209 .
314 124 127 127 - 240 270 . 255
316 130 127 130 - 234 196 215
317 125 106 115 243 216 230
318 123 134 130 195 152 174
319 128 110 118 249 246 248
320 126 124 127 237 226 232
324 115 117 117 255 220 238
325 117 112 115 264 256 260
327 134 106 119 231 184 208
328 119 119 121 291 257 274
330 121 118 121 237 208 223
331 116 - 117 118 192 208 200
404 128 98 111 243 174 209
420 123 111 118 . 270 206 238
421 130 121 128 129 112 121
503 123 120 123 204 178 191
506 125 116 121 243 186 215
512 131 112 122 192 198 195
513 124 106 114 241 - 258 250
514 125 128 128 219 224 222
521 133 120 128 180 150 165
525 122 132 128 210 154 182
529 110 105 108 174 216 195
601 123 134 130 144 177 161
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Achievement Scores .

Pupil IQ Scores
NV V| Total JTerm 2 |Term 3 | Average
605 141 123 134 204 146 175
607 132 122 128 231 274 253
608 128 127 131 ~228 172 200
609 145+ 121 - 134 228 210 219 .
611 133 128 132 249 221 235
613 133 126 131 216 194 205
614 127 114 121 261 243 252
617 109 94 101 225 232 229
618 126 120 125 270 223 247
619 129 131 132 168 126 147
622 137 113 125 159 166 163
623 123 132 129 192 124 158
626 135 130 135 285 287 286
] 627 135 129 134 183 (188 186
" 1628 132 117 126 192 177 185
629 130 119 126 210 | 210 210
630 137 118 128 213 223 218




APPENDIX G

IQ and Achievement Scores of 112 Pupils not Accepted

by Initial Screening

Pupil IQ Scores Achievement Scores
Number NV \' Total Term 3 Average
101 105 97 107 124 133
102 93 98 95 123 96
103 92 91 91 114 120
104 106 {1 101 103 128 165 .
105 96 98 97 - 78 105
106 110 97 103 114 138
107 1221 106 114 168. 183 -
108, 102 93 - 97 88 100
109 101 | 102 101 © 98 115
110 109 | 103 107 ... 138 153
111 1718 | 110 115 132 152
112 1291 115 124 88 122
113 1708 [ 103 105 94 133
114 1121 101 105 140 147
115 105 113 110 74 127
116 86 91 - 88 76 110
117 110 | 111 112 66 107
118 114 98 106 118 152
119 126 [ 111 | 119 196 203
120 118 99 108 128 148
121 108} 105 108 - 62 88
122 109 99 104 152 183
125 107 | 105 106 164 166
126 104 | 96 100 134 124
127 91 91 91 116 127
202 110 1| 115 113 161 157
203 109 112 111 111 132
204 116 { 108 113 91 139
205 114 { 114 115 89 124
206 1221 109 116 93 110
207 1231 121 123 81 93
208 . 119 108 | 114 103 136
209 123 114 120 165 135
210 111 123 118 87 113
212 118 126 123 83 97
213 1141 109 112 119 135
214 108} 100 104 83 99
215 1251 125 127 197 210
216 114 | 116 116 120 162
217 1211 116 120 175 170
218 122 128 127 123 159
219 1151 115 116 89 106




APPENDIX G (contd)

Scores

127

114

Pupil IQ Achievement Scores
" Number NV \ Total Term 2 Term 3 Average

220 121 1110 117 132 135 134
221 100 |114 108 183 . 145 164
223 91 96 94 81 83 82
224 125 {106 116 81 93 87
225 117 1113 116 145 51 98
226 120 {124 124 189 131 160
227 119 (102 110 156 159 158
228 115 | 101 109 138 111 125
229 105 {110 108 141 91 - 116
231 114 1108 111 204 - 137 171
306. 119 | 124 124 2101 168 189
309 114 {114 116 189. 130 160
315 104 {109 107 213 7177180 197
321 104 | 106 105 201 178 190
322 128 | 106 116 186 130 158
323 115 1114 117 174 ~4{ ~198 - 186"
326 103 | 106 104 174 154 164
329 1721 {127 128 204 162 183

- 401 112 1103 109 159 168 164
402 101 95 98 147 124 136
403 99 92 95 123 128 126
405 96 | 103 100 66 ! a 66
406 104 | 88 95 120 | 88 10

407 94 | 101 97 120 50 85
408 111 99 105 120 50 85

- 409 118 {120 120 156 60 108
410 103 94 98 156 98 127
411 126 | 109 118 126 114 120
412 112 | 98 105 131 76 104
413 106 87 87 81 74 78
414 127 1110 119 144 118 131
415 105 91 98 171 148 160
416 123 99 111 183 76 130
417 119 [106 | 113 174 118 146
418 113 91 100 147 126 137
419 96 | .97 96 99 66 83
501 104 | 100 102 156 124 145
502 114 | 126 121 " 195 202 199
504 124 1113 119 207 142 175
505 126 | 124 128 159 150 155
507 104 | 98 101 156 72 114
508 101 | 100 101 . 192 120 156
509 109 | 103 106 210 190 200
510 120 | 102 112 123 82 103
511 110 | 103 107 153 122 138
515 115 ] 102 109 162 148 155
516 - | 110 | 107 109 198 168 183
517 107 113 114. 114
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APPENDIX G (contd)

Pupil IQ Scores Achievement Scores
Number NV \'A Total Term 2 | Term 3 Average
518 118 115 118 165 118 142
- 519 107 | 87 91 171 106 139
520 90 91 -9 102 82 92
522 117 [112 116 165 80 S 123
523 111 {115 115 162 156 159 .
524 107 | 111 110" 168 190 179
526 120 (108 115 195 126 161
527 121 {112 118 203 194 199
528 - - - 117 1182 180
602 114 1119 118 171 .- 144 158
603 122 {100 111 204 199 - 202
604 100 | 110 105 - 207 168 187
606 - 122 {105 114 a 122 122
610 122 | 128 126 210 " 788 199
612 109 | 101 106 171 146 159
615 114 1106 110 168 113 141

616 116 | 118 118 225 181 - 203
620 113 [ 109 112 174 128 . 151
621 125 117 123 147 137 142
624 126 | 128 129 210 183 197
625 105 | 102 104 195 161 178
631 118 | 116 119 138 124 131
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APPENDIX H

Statistics on IQ and Achievement Scores for the .

‘Initially Screened Group of 58 Pupils

IQ Scores Achievement Scores

Non-Verbal| Verbal | Total | Term 2 {Term 3 Averagev
- [Mean 126,33 120,05 | 124,24 222,64 \197}90 210,51
std pe| 7,77 | 10,67| 7,98 33,75 | 39,91 | 33,59

~ Difference between Verbal and Non-Verbal Means is
= 0,01)

significant (p

Matched—-pairs - t test used.

]

Correlation Coefficients between the various IQ and

Achievement scores (N = 58)
IQ Scores: Achievement Scores
NV \ Total Term 2 Term 3 |Averagsg
NV 1,00 . '
v 0,26 | 1,00
(p=0,05)
Total | 0,68 | 0,88 1,00
(p=0,01)|(p=0,01)|
Term 2| -0,20° | -0,12 |-=0,19 1,00
Term 3| -0,22 -0, 21 -0,26 0,66 1,00
(p=0,05) (p=0,05) |(p=0,01)
Averagq -0,23 -0,19 -0,25 0,89 0,93 1,00
(p=0,05) (p=0,05) |{p=0,01) |(p=0,01]
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APPENDIX I

Statistics on IQ and Achievement Scores for the Other

112 Pupils in Standard Six

IQ Scores Achievement Scores
NV \'A Total {Term 2 |Term 3 | Averade

Mean | 111,95 [106,86 109,96 159,17 |124,98 | 141,67
Std De 9,70 9,99 9,514 35,19} 38,84 | 33,99

Difference between the Non-verbal and Verbal means 1is
significant (p = 0,01) '

(A matched-pairs te-test was used) :

Correlation Coefficients between the Vérious IQ and

Achievement scores (N = 112)
IQ Scores Achievement Scores
NV \' Total Term 2 |[Term 3 JAverage

NV 1,00
\ 0,60

(p=0,01)| 1,00 »
Total | 0,87 0,91 | 1,00

(p=0,01)| (p=0,01)
Term 2| 0,31 0,38 | 0,38 | 1,00

{(p=0,01)|(p=0,01) (p=0,01)

Term 3| 0,25 0,31 | 0,32 0,65 1,00

(p=0,01)|(p=0,01) (p=0,01)| (p=0,01)| |
Average 0,32 0,38 | 0,39 0,90 | 0,91 1,00

(p=0,01)|(p=0,01) (p=0,01)| (p20,01)|(p=0,01)Y(p=0,01)|
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APPENDIX J

Various Correlations on Pupils Scoring Highly on IQ

‘or in Mathematics Achievement

Pupils with Non-Verbal Scores 2= 130 (N= 21)‘

Correlation : Non-Verbal/Term 2 Achievement Scores

r=0,12

 Non-Verbal/Term 3 Achievement Scores :
r = -0,01

Non-Verbal/Average Achievement Scores :

r = 0,05

Pupils with Verbal Scores 2v130 (N = 10)

Correlation : Verbal/Term 2 Achievement Scores :

r = 0,19

Verbal/Term 3 Achievement Scores
| r = 0,03
Verbal/Average Achievement Scores :

r =0,12

Pupils with Total IQ Scores = 130 (N = 17)

Correlation : Total/Term 2 Achievement Scores :

A N r =0,25
Total/Term 3 Achievement Scores
r = -0,21
Total/Average Achievement Scores
r =0,26

Pupils with Average Achievement Scores =1 SD above Mean
(N = 31)

Correlation : Average/Non—Verbal Scores : v = 0,13
Average/Verbal Scores :r = -0,00
Average/Total Scores :r = 0,07

None of these correlations are significant.



APPENDIX K

Different Style Questions Test and Multiple-Choice
Mathematics Test for Standard 6

Instructions given to Invigilators

Please note the following:
1. Order of tests: .
. a) Different Style Questions : Time 30 minutes

Please collect scripts immediately pupils have

finished writing.
b) Multiple-Choice Test : Time 30 minutes

2. . Before the M-C test is written Please write the

following on the board: ‘

Helpful information : Circle of radius.r : Area
Circumference

Sum of the angles of a triangle

MTy?
Ziir
180°

3. After the M-C test has been written please ask the

pupils to note down on the front page which M-C
questions they have not answered.

Then when this has been completed give them one

minute to mark any one alternative in each of the

questions not answered. Tell them that any
‘correct answer thus obtained will result in
increased marks for them. '
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APPENDIX L

Standard 6 Different Style Questions Test

Instructions to candidates:

1.

2.

5.

Try to answer as many of the seven questlons

given as you can. v

I do not expect to see a neat answer paper, because
you are going to have to doodle in order to get

to the answers.

Please do all your working on the paper provided
preferably in the space provided._ (Space was left
after each question).

Please make sure that your answer is clear.

Make sure your name is on the answer sheet.

QUESTION 1

Three golfers named (believe it or not) Tom, Dick and
Harry are walking to the clubhouse. Tom, the best
golfer of the three always tells the truth, Dick some-
times tells the truth while Harry, the worst golfer,

never does.

Th&j wy n Ehe “The 3wy i Ehe
middle s ’rom : middle is Haf’l:j

C}
N

Figure-out who is who and explain how you know,

51
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APPENDIX L {(contd)

Question 2
Albrecht Diirer, a German artist of the 16th century
made a famous engraving entitled "Melancholy", which

contains an interesting square of numbers. In this
copy of the. square three of the numbers have been left
blank. Please’ calculate them, '

16 3 2 13 |
5 10 | 11 8=
9 [ 12
| 15 14

Question 3

Place one plus sign and two minus signs in any order -
between the numbers to make the left hand side of the_

equation equal to 15.

4 2 4 1 2 4 = 15

Question 4

How many triangles do you see in the following figure:




APPENDIX L (contd) o
Question 5 '

There are 8 people in a room. Each person shakes
‘hands with each of the other people-once and only
once. How many handshakes are there?

Question 6 _

Fill in the next three numbers in the folloWing sequence:

1; 1; 25 33 53 83 13; 31; 5 5

What connection do the answers .to the_following have
with the above sequence?

’ -'12+12

12+»I2+22:
124 1% + 2% 4+ 3% =
174 1%4.2% 4+ 3% 4+ 5% =

Question 7

How many squares are there in a normal chess or draughts
board? '

Memorandum of Marking .

1. Correct order : Dick Harry Tom - 3 marks

| Explanation - 2 marks (5)
2. Row 3 Column 3 7 |

' Row 4 Column 1 4 Row 4 Column 4 1

‘One answer correct -3 marks

Two answers correct - 4 marks

Three answers correct — 5 marks ' (5)
3. 5 marks or zero | - (5)
4. 5 marks or zero | ' (5)
5. ' -
4 marks(7 + 6 g 2 ; 4+3+24+1= 28)‘1 mark
(r  2X = 28) (5)
6.  34; 55; 89 2 marks '

2; 6; 15; 40 1 mark _
1x2; 2x3; 3x5; 5%x8 2marks - (5)



APPENDTIX L (contd)

7. Statement of what must be calculated 3 marks
calculation 2 marks

TOTAL 35
Average results for each question
Q1 61% Q5 33%
Q2  66% . Q6 46%
Q3  41% Q7 . 5%
Q4  66%

Overall average 45%

(5)
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APPENDIX M

Standard 6 Multiple-Choice Mathematics Test

Instructions to candidates

1.

Please cross the correct alternative only on the
answer sheet 4
edg. Question

53 A B C D E
Please use the paper provided for any rough WOrk; -
Please hand in all the sheets including the
question paper. R
Make sure your name is on. the answer-sheet.

QUESTIONS -

If x* - 1 =.y and x = 3, then y2u=-
(4) 81 (B) 64 (c)9 (D)8 (EB) 4

Red + Blue = Purple i, % 7

_ ' e a '
Red + Yellow = Orange \j><i_ :>X<i?bu
Blue + Yellow = Green d b -
/Rc& Blu.e_\

The figure shows strips of coloured glass that

overlap to form other colours as shown by the

colour chart. Which two labelled triangular

regions would be green? | E

(A) e and £ (B) eandb (C) £ andc (D) a and d
(E) b and 4 ’

' In the given figure 1if
h !, 11//12,'12//13 and

11 L 14 which of the

L. following statements
23 must be true?
L, | I 11//13 II11,) 1,

III 14 1 1,

(A) none (B) I only (C) T and II only
(D) II and IIIonly (E) I, II and III
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APPENDIX M (contd)

If 100£k %400 and k is a multiple of 5; 6; 7

and 10 then k =

(a) 105 . (B) 150 (C) 210 .(D) 300 () 350

In a restaurant where the sales tax on a R4,00

lunch is RO, 24, what will be the sales tax on a
_ . p

" R15,00 dinner?

(a) RO,60 (B) RO,75 (C) R0O,90 (D) R1,20

(E) R1,74 S

If x is a positive interger and x? + x = n, which
of the following could be the value of n?

(a) 14 (B) 15 (c) 18 (D) 23— (E) 30

The non-zero numbers shown form a triangular array.
Beginning with the second row, each non-zero
number in a row is the sum of the two numbers
nearest to it in the row immediately above. If a
sixth row is added in this fashion, what will be -

~the sum of all the numbers on the sixth row?

1st row O 1 0

2nd row 0 1 10

3rd row o 1 2 1 0
4th row o 1 3 3 1 0
5th row O 1T 4 6 4 1 0
6th row

(A) 8 (B) 10 (c) 16 (D) 32 (E) 64

900000

1f one more of .the 1lit signals above were out,
what percent of all the signals would be 1it?
() 25%  (B) 333% (C) 50% (D) 663% (E) 75%
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APPENDIX M (contd)
If 111 111 + N = 181 111 then N =
(A) 7 x 105 (B) 7 x 10%  (c) 7 x 10

4

5

(p) 8 x 10% (B) 9 x 10
In the USA in a certain year, food production per
person was 15% greater than food consumption per
berson. If the average daily consumption per
pérson in the USA in that year was 3 000 calories, \
what was the average daily production (in calories).

per person in that year?

() 3200 (B) 3450 (C) 3 600 (D) 3 850

(E) 4 500 : e
0,06 is the ratio of 6 to T

(a) 1000 (B) 100 (c) 10 (D) s (B) w5

In the figure ABCD is a square. If BE = 2EC and
BED = %X, then x =

(a) 100 (B) 1170 (c) 120 (D) 150 (E) 160
: A e

i@
o)

XY,

X

D z Y. C ra '_JD c g
In the figure a rectangular piece of paper ABCD

b<

is folded along dotted line WZ so that A is on top
of X and D is on top of Y and then folded along XY
so that B is on top of W and C is on top of Z.
A small semi-circle with diameter on BC is cut
out of the folded paper. If the paper is unfolded
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15.

16.
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APPENDIX M (contd)

which of the following could be the result?

(a) ‘ - (B)
7Y%
HA

If 5x - 3y = 8 and x =,%Z, then y =

w2 ®=2 ©2 (s (84

Amy is twice as o0ld as Bill. Five years ago she

was three times as old as Bill was then. How old
is Bill now? ‘
(a) 20 (B) 15 (c) 10 (D) 5

(E) It-cannot be determined from the information

given. S
(3x* = 4x +7) = (2x + 1)(x - 5) =
(A) x? + 5% + 12 (B) x* - 5x + 12
(C) x* = 5x + 2 (D) 5x% - 13x + 2

(E) 5x% + 13x + 12 :

In AABC the ratio of the length of side AB to the
perimeter is 1 to 3. What is the ratio of the
length of side BC to the perimeter?

a) % (B % ©) % 3

(E) cannot be found from the information given
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APPENDIX M (contd)

(N - 2)(N - 4)(N - 6)(N - 8) - - 1 is in interger‘

if N = :
(A) 1 only (B) 2 only (C) 9 only (D) any odd
integer - (E) any even integer

Three equal semi-circles are
drawn on a diameter of the
circle with centre O as shown.

If the area of the circle is’

| 9 T , then the area of the
shaded region 1is: ;:*WMWW .
() I (8) 4™ () 2" (p) 5T
() 11T
2

If each angle of a quadrilateral ABCD is less
than 180°, and if 3 of its angles are each x°
which of the following must be true?

(A) x>60 (B) x =60 (C) x<60

(D) ABCD is a parallelogram but not a square

(E) ABCD is a square

The set P consists of all numbers which are the
sum of 3 consecutive prime numbers eg. the number
109 is in P because 31 + 37 + 41 = 109. The
least prime number in P is: -

" co-ordinates of §

(A) 13 (B) 17 (c) 19 (D) 23 (E) 31
The co-ordinates of points X ‘ S
P, Q and R are shown in
the figure. If PQ =

and PQL RS what are the

P(-3:d) - @a

(). (2;6)  (B) (2;7) |
(c) (2;8) (D) (2;9) — R(2;-2)
(E) (752)
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APPENDIX M (contd)
23. How many minutes will it take a rocket to travel
4 000km 1f its average speed 1s 100km every t
 seconds? '

(a) £ (B) %E - (©) —§—t- (D) 40t (E) 2 400t

24, If the average of x, y and 80 is 6 more than the
average of y, z and 80, what is the value of x - y?
(a) 2 (B) 3 (C) 6 (D) 18 (E) cannot be

determined

250.' V

home

bom

The figure shows a rectangular piece of paper
‘rolled to form a cylinder. If there is no overlap
what i1s the area of the circular base in cm?
o - 9 4
. 1 = a
(A) 16l (B) oW (c) am (D) T (E) =
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" APPENDIX M (contd)

Multiple-Choice Answer Sheet (Memorandum)

NAME :

Question

Mo @m @ SR R @ om @ ® r 28

\ [ |
ANnaanAanNaaanaaanana

!
'
I

wp wp hw AUAMV o o@®o oo mu o QO

,_ AU:ﬂv m m mmmm mwvm@ mw m mmm

t <t c < g < L < < < < << <@

12
13
14
15

16
17
18
19

20
21

22
23
24
25



APPENDIX N

Summary of Results Obtained on Multiple-Choice Test

SCREENED GROUP TESTEES RANDOM SAMPLE OF
QUESTION (N = 58) COLLEGE BOARD
_ EXAMINEES
NO. OF RANDOM | AVERAGE AVERAGE % 2

GUESSES % :
1 1 74 - 80
2 1 88 92
3 2 69 84
4 7 69 69
5 1 76 76
6 9 .59 68
7 6 76 76
8 3 81 80
9 6 47 .63
10 7 41 44
11 3 50 - 55
12 16 41 52
13 4 59 60
14 17 41 56
15 6 38 39
16 27 22 49
17 17 33 33
18 26 26 38

19 29 17 16. .
20 30 24 21
21 34 21 20
22 41 29. 34
23 38 16 9
24 39 14 10
25 44 14 11

1. Includes results of Random Guessing,

2. Statistics from College Board 1982 p.45

Means of scores calculated on Questions 1 - 15 and 17

Mean oOf Screened Group Testees

= 59%

Mean of Sample of College Board Examinees = 64%

The difference between these two means is significant

(A matched-pairs t-test was used)

(p = 0,01)
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. APPENDIX N (contd)
Means of Scores Calculated on Questions 1 - 25

Screened Group Testees:
45%
Mean excluding Random Guesses = 39%

Mean including Random Guesses

it

College Board Examinees (Random sample)
Mean (not adjusted for guessing) = 49%

Reliability of Tests (N = 58)

- Different Style Questions Test r = 0,19

(Kuder-Richardson formula adapted for essay scores)
- Total number of Answers = 406
Full score obtained in 130 answers

Zero score obtained in 176 answers
- Part score obtalned in 100 answers

Multiple-Choice Test (K-R 20 used) _
‘Reliability on all 25 questions r = 0,36 (N = 58)
Reliability on questions 1 - 15 and 17 r = 0,50 (N

58)
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| ' APPENDIX O
Item Analysis on Multiple-Choice Test

N = 58 Upper 25 pupils : Those scoring more than 11
Lower 25 pupils : Those scoring less than 11
x denotes correct answer

Q1 % o
S a b C d e
0 21 1 3 0 uz25 P =0,74
R 16 0 5 3 |Les Item accepted
@ o
a b C d e S .
0 24 o1 1 0 |juos- p=0,88 |
1 20 | 1 3 0 L25 Item rejected
' | ’ because of
‘ high P-value
Q3 . | ' | %
Ca b c d e
1 0 23 g5 p=20,72
-3 6 0 3 13 L25 Item accepted
Q4 x
S a b C d e
1 20 2 1 u25 p = 0,68
5 2 14 2 2 L25 Item accepted
Q5 X '
a b C e
1 22 2 O u25 p=0,76
'3 3 16 2 1 L25 "Item accepted
YQ6 X
T a b o d e
1 5 1 18 | U25 - 'p = 0,62
2 6 1 3 13 L25 Item accepted
| ' Alternative

¢ should be
checked



APPENDIX O (contd)

U25

Q7- X
‘a b C d e
2 1 1 21 0]
B 2 4 16 2
Q8 | % |
‘a b C d e
-0 1 24 0
"1 3 1 15 5 1
_99 .
a b C e
-6 17 0 2 0
4 8 5 4 3
Q10 _ |
T a b C d e
-2 13- 1 1 8 .
5 7 1 1 11
Q.11 X
a b C d e
S0 16 1 1 7
2 8 3 1 11
Q12 _ <
a b c d e
3 1 17 3 1
"5 7 5 5 3
013 X
Ta b C d e
3 3 3 .0 16
4. 0 3
Q14 %
a b C d e
" 7 11 5 1
2 5 10 4 4

Uu25
L25

uzs

‘L25

| U25

125

L25

Uz25
L25

U25
L25

uz25
L25

uzs
L25

p =20,74

Itém accepted

P = 0:78
Item accepted

P =0,50
‘Item accepted

P = 0,40

Item accepted

p = 0,48
Item accepted

p = 0,44
Item accepted

P:O;58 -

Item accepted

p = 0,42
Item accepted
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APPENDIX O (contd)

Q15 - __

a c - d
-5 2 15 2
1 6 6 8
Q1o
T a b c d e
6 3 10 5 1
5 p) 5 »)
Q17 } <
Ca b c d e’
e 13 0 1 11
4 13 | 0 3 5
Q18' X
a b d e
C 4 -0 .5 7 9
© 3 3 6 4 9
Q19 X
T a b. ¢ d e
"6 5 8- 5 1
4 4 10 7 0

U25
L25

uz25 -
L25

Uu25
L25

U2s
L25

u2s
L 25

p = 0,42

Item accepted

P = 0,22

Item rejected
because distri-
bution for
distractor c

is better’

p = 0,32

Item accepted
because distri-
bution for e
better than

for distrac- -

“tor b

P =0,22

Item rejected.
Distractor e
attracts more
correct answers

Pp =0,18

Item rejected..
Correct answer

does not dis-

criminate
adequately
between upper
and lower

groups
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- APPENDIX O (contd)

Q20
- a b e
C 6 4 5 1 | U25
"5 3 7 2 | L25
Q21 <
_— b 4
8 4 7 U25
6 5 3 L25
022 |
Tal " b d e
3 8 4 4 | ¥25
T4 7 3 3 ]L25
Q23
£ b d e
S 0 11 4 | U25
© 4 15 3 L25
- Q24 ¥ _
‘a b d e
T3 6 3 6 | U25
L4 5 5 .5 | L2Y

p = 0,22

Item rejected
Correct answer
does not dis-
criminate
adequately
between upper
and lower
groups

P = 0,20
Item accepted.
Distractor a

should be
checked

P = 0,30

Item rejected.
Correct answer
does not dis-

.criminate

between upper
and lower
groups

p =0,14

Item rejected.
P-value too low

P =0,16

Item rejected.
Lower group
scores better
than upper
group scores
on distractor
Idl
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" APPENDIX O (contd)

‘U25 -

o W

9 | Los

P = 10314. =

’vItém;rejeCted;

E vaélue too

e e e B o

- low .
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APPENDIX P _
Scores obtained by Pupils'on Problem-Solving and M-C Tests

| Pupil| Problem=Solving Test M-C Test (exc. guessing)
123 10 7 '
124 8 _ 8
201 | 22 ' 13
211 26 13
222 22 : 10
230 14 12
301 16 ' -6
- 302 : 20 7
303 19 9 .
304 17 13
305 19 - 8
307 25 a2
308 14 7
310 17 9
311 | - 12 6
312 20 13
313 3 .6
314 15 9
316 21 11
317 16 8
318 18 . 9
319 21 8
320 : 11 11
324 15 9
325 _ 26 5
327 | ' 11 8
328 | 18 .12
330 1M 5
331 16 5
404 | 16 7
420 17 8
421 7 12
503 8 11
506 7 7
512 11 , 9
513 - 11 9
514 5 9
521 - 13 7
525 17 11
529 12 10
601 22 8
605 10 v 10
607 27 14
608 22 13
609 23 M




APPENDIX P (cohtd) -

Pupil * | Problem-Solving Test | M-C Test (exc. guessing)
611 25 14
613 22 12
614 11 14
617 21 9
618 12 - 9
619 14 14
622 10 12
623 11 -9
626 20 11
627 15 9
628 13 —12
629 13" - 4

. 630 23 - 17
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~ APPENDIX Q
Correlations of IQ Scores, Achievement Scores and
Test Scores (N = 58) '

]

, . Problems Test M-C Test
IQ Scores - 0,14 | 0,41
Non-Verbal - (p=0,01)
Verbal , 0,19 : 0,29
' (P=0,05)
Total 0,16 0,43
C _ v 1 (P=O:O1)
Achievement ‘
Scores _ v
Term 2 0,22 -0,12
Term 3 | 0,14 | -0,11
. Average - - 0,19 -0,13
Problems - 1,00 | 0,33
' - (p=0,01)
M-C Test - 1,00
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APPENDIX S (contd)
" e.g. Non-Verbal/Verbal cell

£ - Non-Verbal
observed
Ranked Not Ranked
Verbal Ranked 18 11
Not Ranked 11 18
ftheoretical_ Fon—Verbal
Ranked  Not Ranked
Verbal Ranked 14,5 14,5
Not Ranked - 14,5 14,5

2,484 (not significant)

X o=

Significant distributions

Ranked Not Ranked
Ranked 19 10
Not Ranked 10 19
~_ = 4,412 P = 0,05
Significantly the same
Ranked Not Ranked
Ranked 10 19
Not Ranked 19 10

Significantly different

Ranked Not Ranked
Ranked 20 9
Not Ranked 9 20
A * =6,89% P = 0,0

Significantly the same

| Ranked . Not Ranked
Ranked _ 9 20
Not Ranked - 20 9

Significantly different
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APPENDIX S (contd)

Pairings where pupils ranked are:

Significantly the same Significantly different
Non-Verbal/ ' : Non—Verbal/ o
Total IQ p = 0,01 Term 3 p = 0,05
Non-Verbal/ - Non-Verbal/
. M-C Test ~p =0,01 Average p = 0,05
Verbal/ B : Total IQ/ '
‘Total IQ ~ p=0,01 Term 2 p = 0,01
Term 2/Term 3 | ~ : Total IQ/
 Achievement p = 0,01 . Term™ 3 p = 0,05
 Term 2/Average Total IQ/
' Achievement - p = 0,01 ~ Average “p = 0,05
Term 3/Average R
Achievement p = 0,01 |

' The only significantly the. same result which has any
educational significance is the Non-Verbal/M-C test
which agrees with the correlation r = 0,41 in
Appendix Q. '
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. APPENDIX W
Contribution of the Rankings of Each of the 8 Sets of

Scores to the Final Selection of 29 Pupils Using this
Method ' '

, No, of pupils recommended
‘Non-Verbal IQ 19 '

Verbal IQ v : 20

' Total IQ - 20
Achievement Term 2 : 20
Term 3 ' 18
, Average S | 21
Problem-Solving Test : 20
Multiple~Choice Test 19

It is obvious that all of the sets of scores made
approximately the same contribution to the final
selection of pupils. ' ' '



| APPENDIX X
Contribution of the Rankings of Each of the 3 Groupings
to the Final Choice of 29 Pupils Using this Method

~Positive  Negative
. IQ Scores and M-C test Scores. 21 1 8
Achievement Test Scores | 17 12
Prbblem-Solving Test Scores - 27 2

Using a 7(2 test there is a significant difference |
(p = 0,01) between the positive contribution made by
the problem-solving test scores and that made by the

.achievement test scores in the final choice of 29 pupils.

There are no other significant differences.
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Abstract -
4

The paper briefly cbnsiders the principles governing
the choice of content and the general approach to
teaching of a fast-paced mathematics class. FollOwing
this a suggested course is outlined for such a class
at the Standard Seven level in .a South African school
in which acceleration is advocated.

(1)
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Four General Principles Governingrthe Organisation'of

a Fast-Paced Mathematics Group

When setting up a program for a fast mathematics group
in any standard a number of general pr1nc1p1es must
receive constant Con51deratlon.

The first is that the group denerally 1is more motivated
than the average mathematics class, and for this reason
it must be assumed that the pupils will interact with
each other more readily in the class situation, drawing
stimulation from each other. It is essential to
realise that even though some cléver students can work
very well on thelr own it is a truism that "any |
student that autonomous and well motivated would
probably have little use for school. " (Stanley 1977

- p.95). Stanley continues: "We have found that '
stimulation by one's intellectual peers within a
‘homogeneously grouped class which is fast-paced by the
teacher produces astoundingly good results for about
half of the students enrolled." It must be |
remembered that his group of Mathematically Precocious
Youth are extremely well motivated, all being volunteers,
but even with only moderately higher motivatdion than
normal it can be safely assumed that the pupiis will
stimulate each other. This peer stimulation must be
used by the teacher, especially when dealing with new
sections of the work. One of the best means is that of
the students working in small groups of not more than
four pupils giving each other ideas. The teacher must

- then make certain that all the pupils are making their
contribution, and that there are no pupils who are just

receiving others' ideas in a passive manner.



The second principle, which overlaps with the first, is
that fast-paced groups have to be taught. It is a fallacy
to think, because the students are clever, that they can
usually learn on their own, receiving advice from the
teacher only intermittently. Of course, individual

work is very important, but the teacher ought not to have:
the attitude‘tha% the students can teach themselves;‘
Iﬁdeed, for a very bright class of this nature the
teacher has to be "very well trained in mathematicsVF

at a high level in order to be able to challenge and
instruct the very gifted children." (Fox 1976 p.47).

The teacher must act as an agent of inspiration and |
must be fully involved with the dynamics of the class

as a group, as well as individually.

‘The third principle,is that each pupil needs to know
that he is accomplishing meaningful academic enrichment.
Irrelevant enrichment, such as the gtudy of side issues
in Mathematics, will not hold the interest of the

pupils for very long. It is also definite that pPupils
will be negatively influenced if all that they are given
is "busy work." The number of examples that they should
do should be sufficient only to ensure the consolida-
tion of a principie or skill — there is no need for
overlearning with a group of this nature. A far more

" motivating experience is the pupils' having the
knowledge that they are progressing ahead of their
peers. This knowledge will act as a spur, and while
working ahead it is likely that the interest in |
mathematics will increase to the extent that the pupils
will dain knowledge of other aspects of the subject.

. Hence any program should have acceleration as its heart,
especially a mathematics program,where the squect matter
builds up in such a logical fashion. 'Speaking for his
group of mathematics educators at Johns Hopkins Univer-



sity, Stanley states: "we feel strongly that any kind
of enrichment except, perhaps, the cultural sort will,
without acceleration, tend to harm the briiliant »
student." (Stanley 1977 P.93). Khatena sums this idea
up very well when he states that there is a fresh
concepticalization of acceleration which includes
enrichment. (1982 p.303). He continues: "We have also
seen this concept directed towards a tightening of
enrichment that moves away from the decorative toward
the fﬁnctional, that conceives of enrichment as
accelerative and productive, and that requires provisions
to maximise individual growth potential." KXhatena is
fully aWare that Stanley's work concerns the upper half
per cent of all pupils, but the prinéiples involved ,
are applicable to pupils who are not as talented. For
decades Grammar Schools in England had entire classes
whose learning was accelerated and who wrote their '0O-
levels' a year early. Thus a program for more advanced
pupils in mathematics should be an accelerated one, and
this is not a fanciful idea on which there needs to be
a great deal of éxpenditure.

The fourth principle is that mental growth and social/
emotional adjustment must go hand in hand.

- Acceleration raises the possibility of social maladjust—
ment. This was not noticeable in England, but then it
can be argued that, as this was accepted practice,ithere
would be none. However, what would happen in a society
where this was not the accepted practice? The United
States has had a lock-step system for many years and here
the attitude has been that acceleration will cause

social difficulties for the Students involved. Daurio
(1977 P.27) in his summary on the literature points out
that the warnings about social maladjustment are based .
more on intuitive than an empiricalvgrounds. He states



that Bonsall in 1955 showed that although very bright
accelerated children intially felt some socio-emotional
handicaps, they evaluated the accelerative experience’
positiVely. This is confirmed by considerable

evidence from Terman's longitudinal study wherein it is
stated that mental growth and social-emotional |
adjustment'génerally went hand in hand, and even though
minimal social maladjustment was reported these problemS'
were short-lived. Daurio concludes that there has been
excessive concern with this matter and "too little
concern about the probability of maladjusting effects
resulting from inadequate intellectual chalienge."

" This key point 1s all too often overlooked.

Acceleration in South Africa's particularly rigid lock-

- step system must be handled very carefully, because of

the ever-present requirements of the Senior Certificate
Examination. This examination must, however, not be
used as an excuse for a lack of experimentation in
acceleration, because with pupils of greater ability

a period of one month for revision purposes. should be
more than sufficient for them to prepare themselves for
it. What would be ideal would be for the authorities
to allow pupils to write the paper at the end of their
Standard 9 year - one wonders whether this revolution
would be allowed! Currently all examinations up to
Standard 9 are under school control and as long as the
syllabus for that standard has been covered at some
stage the requirements have been met. The question

arises as to what should be taught once the Standard

Ten syllabus has been completed. The answer is simple -

much university mathematics can be taught profitably
to such an advanced group.

With these general principles in mind it is now essential
to consider more specifically what could be taught in a
fast mathematics class in a South.AErican school.



Specific Suggestions for an Accelerated Course in

Standard Seven Mathematics at a Cape High School

It is considered that it would be unwise to start
accelerating pupils at the Standard Six level, this
being their first year in the high school where much.

~adjustment is necessary. It'must also be noted that

many new concepts are introduced at this level, speci-

fically introductory algebra and geometry. Any
 enrichment required should possibly be limited to a

study of a specific subject area not in the syllabus
which requires a fair amount of experlmentatlon such as
Introductory Topology. '

The Standard Seven Mathematics syllabus of the Cape

- Education Department, however, is one which is poor as
- far as the introduction of new ideas is concerned,

basically because it is a syllabus designhed for the
last year in which all pupils take Mathematics as a

' Subject. Whenever new ideas are handled the treatment

1s purely introductory and 1n geometry it is stressed
that deductive proofs should not form partéof the
testing procedure, w1th the result that all the geometry
has to be repeated in a more formal mathematical manner
in Standard Eight. This leads to a great deal of overlap
with both the Standard Six and Standard Eight syllabuses
which provides an ideal situation for meaningful
acceleration. Essentially the two year's work can be

~divided into three parts:

a. Standard 7 material not repeated in Standard 8. It

is suggested that this should be completed first,
especially as much of it first appears in the
Standard 6 syllabus. ' ' ‘ .

b. Material which is dealt with in an introductory
fashion in Standard 7 and more fully in Standard 8.



c. Material which appears only in the Standard 8
syllabus which should be covered last, as much of
it ties in with Standard 9 work.

Suggested Course

First Quarter

All material covered will be that which appears in the
‘Standard 7 syllabus only. It is work that normally

~ requires much consolidation with the average pupil,
but with this type of_class it is ‘suggested that the
number of examples which the students should be
required to do should be limited to that Wthh creates
sufficient basic skill censolidation.

1.  Sets : Basic revision, use of Venn diagrams and
| Set-Builder notation. x
2. Ratio and Proportion
3. Simple and Compound Interest
4, - Basic Algebra
' a. Monomials : Laws of Indices and Square Roots
b. Polynomials : Definition, degree, order
. Basic Operations
- Cc. Removal of Brackets
d. Simple Linear Equations

. Second Quarter
In this and the last two quarters the work covered is
that in which the Standard 7 and 8 syllabuses overlap.
It is proposed that geometry be introduced ih an
‘informal manner makihg use of Standard Seven material,
but that a more formal approach linked to the proofs
of theorems and riders should be started as soon as
possible. 1In algebra careful grading of the work will
be essential in each subject area in order that the
transition between the Standard 7 and Standard 8 work
will be .dealt with smoothly. Different methods of



aﬁproach must be tried at all times so that interest

can be continually maintained.

Geometry : 1.
' 2.
3.
4.

S

_Algebra : 1.
2.
3.
4,
5

Angles on a Straight Line

Vertically Opposite Angles

Parallel Lines

Angle Sum of Triangles and other
Rectilineal Figures-

Exterior Angles of Triangles and other
Rectilineal Figures IR .

Number System
Products by Inspection )
Factorisation - all types commonly used
Lowest Common Multiple
Algebraic Fractions : a. Simplification
b. Operations and
Fractions

Third Quarter.

General comment as for the second term. In the study of

Quadrilaterals use will be made of fhe materiél

developed by de Vries and Human (see 1list of references).

Geometry 1.
2
Algebra 1.
2.
3
4

Geometry : 1.

Congruence of Triangles

Isosceles Triangles

Linear Equations _

Linear Inequalities. Use of the Number Line
Making Formulae and Substitution Therein
Simple (?) Problems '

Quadrilaterals
a. Properties

b. Formal Parallelogfam Proofs

Fourth Quarter

General comment as for second and third terms.

Geometry;1 Areas and Perimeters of Main Rectilineal

Figures and Circles



2. Comparison of Areas of Rectangles,
Parallelograms and Triangles

3. Theorem of Pythagoras

4. Polyhedra : Total Areas of Volumes of
Pyramids, Prisms, Cylinders and Cones

Conclusion

If the above-mentioned course is followed approximately
half of the Algebra and 80% of the Geometry will be
‘completed by the end of the Standard Seven year. This
will mean that these'pupils should be able to finish
the Standard Ten syllabus comfortably by the end of
their Standard Nine year. . Thus there will be meaning-
ful academic enrichment especially if the teacher makes
use of a variety of methods in the presentation of the

material.
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