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ABSTRACT

This study began with the psyéhological postulate that all
human performance in a choice situation tends to be made on a
systematic basis.

In the setting of multiple choice achievement tests, this.
postulate resolved itself into three operational hypotheées which form
a necessary and sufficient set to establish the possibility that it
applied to both the risht and the wrong answers given by examinees.
Testing these three hypotheses involved the following procedures:

1) To develop and logically validate a systematic method for
the construction of the foils (distractors) om a multiple
choice achievement test designed to measure higher mental
processes.

2) To show that the cons?ruct validity of this systematic
method held up rezsonably well in the results of the
administration of this test.

3) To show that the validly produced foils in this context
improved the predictive validity of this test with respect
to other achievement tests over the more usual procedures.

The results of the study tended in general to support these
three hypotheses fairly sitrongly if we take into account the finding
that many of the foils could be classified into more than one category
as evident in the low interrater reliability, the need to reclassify
feils when wrong answer pztiterns were being interpreted, and the manner
in which these interpreted foil categories cross-validated. This study

would seem to have produced thrse fairly definite findings:



1. Human performance, when abstracted from responses to multiple
choice achievement tesis invoiving higher mental processes,>
would seem to be systematic, and to display evidence of
moltiple interpretation of the communication.

2. Trere would seem to be a hierarchy of foils which parallels

the hierarchy of right answers and which influences the wa

in which 2ach total item performs. The levels.of the foils

themselves seem to depend upon the ways in which this

totality of each item is approached,

Wrong answers contain potentially useful information with

respect to achievement when higher mental processes are

involved,

Taxonomic tests would seem to have a number of properties not
assuned to be present when the test is sufficiently homogeneous o bve
assumed to form a scale. The existence of these proverties made it
fairly evident that the more commonly used analytic procedures were
probably inappropriate for the analysis and interpretation of the resulis
from, and the criteria for, evaluating the effectiveness of this tyvpe 6f
test. The alternative analytic procedure which the findings of the stuldy
implied were organized into a suggestion for the extension of test theory
designed to deal with the problems which seem to arise where taxonomic
tests are concerned,

Some implications of the findings to educational practice were
drawn, and a number of suggestions for future research into this area

were presented.
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CHAPTER I
TFTRODGCTION

Psychological literature has been replete with studies of choice
behavior. Chown (1959), Duncan (1959) and more recently Hunt (1961) and
Berlyne (1965) have reviewed this literature adequately. From these
studies it is fairly evident that the distribution of choices made by
humans in problem-solving situations tends to exhibit some systemat;c
trends.

These trends, however, have often been confined to discussion in
texms of the patterns of "success" when compared with the nature and
complexity of the task. Many studies, for example Strutz (1966) con-
centrate mainly on "right" answers and the relevant patterns involved.

2 notable second direction in this area has been the attempts to

describe the nature of the procedure used by the person in his attempt

to solve problems; for instance, Piaget (1953)1 proposed a logics
system for these procedures. Abelson and Rosenterg (1958) proposed =
logical system which they call "psychologic" which proposes a set of
"Mogical" procedures which lead to certain tyres of "wrong" answers.
Specifically, within the area of achievement testing the

multiple choice test provides a good opportunity to observe choice
behavior in a problem-solving setting. With the advent of Bloom's
Taxoncmy (1956) a considerable improvement in the classification of
test items involving these "higher mental processes" became possible.

This present study will be to 1) demonstrate the presence or

1Furth (1969) discusses the Piaget model in some detail.



absence of this additional information, 2) identify the general
-properties, if any, of this information, and 3) speculate as to the
implications of such findings. Assumiﬁg systematic choice behavior,
consistencies would be expected within and between individuals for all
choices made. These consistencies may not be confined to the
"successes" or ﬁright" answers., This study proposes to explore
certain aspects of the possibility that the choices made among wrong

answers may also be systematic and therefore contain useful information

for the examiner.

Statement g£ the Problem

Some aspects of the possibility that wrong answers are selected
systematically have been examined ng Fouldes and Forbes, 1965; Powell,
1968; Jacobs and Vandeventer, 1968; Powell and Isbister, 1969/, and these
studies are discussed in more detail in Chapter II.

The specific concern of this study is to show to the designers
of tests the significance of wrong-answer informationob iny significant
improvement in a test must be reflected in a corresponding improvement
in the validity of the test. This study proposes to examine the
construct and predictive validities of a particular method of test
construction. The purpose of this study, then, is to explore the
possibility that, if tests are constructed in a particular manner,
"wrong" answers may add to the examiner's information about the
examinee. This present study will be content to demonstrate the
presence or absence of this additional information to determine the
majoxr properties of this informztion, ahd to speculate as to the

implications of such findings.



CHAPTER II
BACKGROUND FOR ‘THE STUDY

As already mentioned in Chapter I, this study was essentially
exploratory. For this reason, little attempt has been made to
establish a theoretical rationale upon which the hypothetical structure
of the study might be builit. Instead, the study was organized on the
basis of procedural considerations. The absence of a theoretical
rationale for the interpretation of resultis had the advantage that the
data could be examined for consistent characteristics and the
properties of these characteristics.

Of course the nature of the procedures employed provide
definite limitations upon the interpretations. The findings themselves
would tend to provide other limitations upon the interpretation, and
also the generalizability of the findings.

It is the purpose of the present chapter to review the most
significant research which is relevant to the present study in order to
present the research background which forms the basis for the

procedural considerations which were employed.

The Problem of Measuring Academic Performance

The functions of, and therefore the outcomes of, education are
a subject of debate which is beyond the scope of this dissertation.,
However, these functions and their corresponding outcomes have an

important bearing on the nature of and the interpretations given to

2Glaser and Strauss (1967) developed a cocmplete rationale to
justify this procedure for exploratory studies.



the results of the various kinds of measuring instruments useq°

Tests are formalized communications between examiner and
examinee, The examiner is attempting %o obtain a controlled sample of
behavior to assist him in the rendering of certain judgments. These
judgments may be either value judgments (continue, withdraw, certificate);
or they may be procedural (concerning the nature of the appropriate treat-
ments of programmes). The greatest possible control of the behavior
sample is found in the multiple choice tesf.

As communications, fests involve several important considerations.
First, they involve the examiner's perception of the examinees in terms
of the capabilities they do have, and the capabilities they should have
(éducational goals). These perceptions lead to the examiner's decisions
as to which information to give in the examination, in what format, and
which information to withhold.

Second, on the basis of these considerations a communication is
formulated, For the purpose of this study these communications will be
confined to ﬁhe multiple choice achievement test,

Third, the communication is presented to the examinee who is
expected to interpret it and to respond to it. He will do so on the
basis of the capabilities he possesses; the information he possesses,
particularly that part of the information pool which was withheld by the
examiner; and his sense of the importance to him, as a person, of the
answers he gives including the information about nimself which he wishes
to withhold.

Fourth, the examiner then has the task of interpreting the
responses of the examinees and making such value or procedural judg-

ments as may be appropriate to these interpretations and to the
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purpose of the test. To form these judgments the examinee's performance
.can be compared, as approPriate, with 1) his own past performance in
similar contexts, 2) the performance 6f others in the same context
(norm referencing) or 3) some external behavioral definition of mastery
(criterion referencing).

However, where the subject matter content is itself open to
disagreement, examiners themselves may not agree as to the apprcpriate-
ness of the communication or its interpretation. Also, the examiner's
assumptions zbout the capabilities and information background of the
examinees may not be congruent to their actual characteristics. Further-
more, there may be little similarity between the examiner's purposes
and the examinee's interpretation of these purposes, In addition, if an
examinee has systematically misclassified a particular concept and this
concept recurs with a high degree of frequency in a test, the examinee
is likely to obtain a low total-co;rect score. Given the opportunity to
correct this misclassification could lead to a much higher total score.
How serious, then, must a misclassification be considered? Finally,
suppose that the examiner misclassifies? Such an event is bound to have
an adverse effect on the total correct score of the profoundly informed
student as Hoffman (1962) points o;t. The combined effects of such

considerations upon the composition of total-correct scores complicates

their interpretation.

Technical Consideration in the Measurement 2£ Choice Behavior

This study will confine itself to the choice behavior of
exszminees zs exemplified in their respdnses to multiple choice achieve-
nment tests. The particular point of view to be expressed is relative to

the way in which current practice tends to use wrong-answer information.



Current practice for scoring achievement tests, Present

~practice for scoring multiple choice achievement tests is to count the
number of "right" answers selected by fhe exaninee on a test or a
subtest. The "right" answers are usually predetermined although
experience with particular items may lead to subsequent revisions.

In such tests the examinee is faced with several alternatives only one
of vhich is "right." This means that he can make a wrong choice among
several alternatives., In general, however, distinctions which might be
made among students on the basis of differences among the wrong answers
selected are not considered when the students! scores are evaluated.

If wrong answers are used for any purpose it is usually to correct the

scores for guessing.

Current Practice for Evaluating Achievement Tests--Reliability

There are three general areas in which the specific
characteristics of a test can be improved. These aré:

1. Reliagbility

2. Validity

3. TUseability

The third characteristic of these, useability, can be dispensed
with quickly beczuse the simplicity of administration, and the
simplicit&'and objectivity of scoring of multiple choice tests and the
ease in the establishment and use of norms has been well established.

The other two characteristics require more discussion.

The relizbility of a test. The concept of test religbility

involves how well the test measures whatever it measures. The APA

Standards (1966) lists three methods of estimating reliability.



These.are:

1. Internal consistency

2. Reliability between forms‘

3. Reliability over time

The latter two are determined by correlation coefficients either
between alternative forms, or between repeated administrations of the
same form on the same group of examinees. Neither of these two
approaéhes is directly appliéable to this study.

There are several possible approaches to the study of intermal
consistency. These are:

1. Item analysis

2. TUsing a correction-for-guessing

3. Designing the test to form a scale

4. Examining internal characteristics of the test

5. Part- whole compariscns

Tnternal consistency from item analysis. There are two schools

of thought with respect to item analysis. The classical approach
assumes that all of the items on the test should measure the same over-
all characteristic that the whole test, or that the relevant subtest,
measures. To determine this similarity, the distribution of right
answers on a particular item is correlated with the distribution of
total-correct scores. The biserial correlation coefficient is usually
used. This correlation coefficient actually cofrelates a dichotomous
variable with a continuous varizble. For the answers of a multiple
choice iitem to be dichotomous, the plural set of wrong answers must be

treated as a single variable. Similarly, the discrete distribution of
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total sceres (the total scores are the sum of a binary vector of "right-
wrong" decisions which sum must be a whole number) must be treated as a
continuous variable. The problem thaf score data provide discrete
distribution is avoided by assuming that toial scores are "best
estimates" of "true scores" and true scores are assumed to form a
continuous distribution. -There is, of course, a multiserial correlation
égg Jaspen, l94§7 which could be used to take account of the plurality
of "wrong'" answers. This latter coefficient is rarely used to evaluate
multiple choice test items. Classical test theory advocates that the
biserial correlation coefficient for each item should be high
(significantly different from zero).

An alternative approach suggested by Lord (1952) involves the
considerations necessary for addition of scores. In order to add two
numbers, they must be independent, that is, the set of lattice points
each represents can share no elemgnts in common. By this approach,
individual items should be relatively uncorrelated, but should
collectively form a scale.

Both of these procedures tend to treat a multiple choice item

as a dichotomy thus overlooking the fact that more than one cheice can

be made amcng the set of foils.

Using a correction-for-suessing. Originally, guessing

corrections for scoring formulze assumed that the number of right
answers which are attributable to guessing were‘directly related to the
number of wrong answers given and inversely related to the number of
alternatives per item. Because any answer could be a "guess," no

meaning could be ascribed to particular answers. Meaning was thus



assumed to be confined to some form of cumulative score. This
. correction has the effect of increasing the variance of the total scores

because a greater amount is subtracted from the low scores than from the

high ones.

With respect to corrections-for-guessing, Gupta and Penfold
(1961) showed that the guessing correction over-corrects in the event
that the examinee is responding on the basis of misinformation. A
similar argumént can be preéented to suggest that this correction dnder;
corrects the partially-informed examinee. More recently, Shuford, and
Maessengill (1965) elaborated upon a system of "confidence scoring" in
which the examinee rates every alternative on the basis of his con-
fidence that each particular alternative is right. Honesty is
encouraged on the basis that "confidently wrong" loses marks. This
procecdure mékes it possible‘to classify each examinee's answer to each
question as 1) well informed, 2) partially informed, 3) uninformed,
and 4) misinformed. This procedure solves the guessing correction
problem by identifying which items were "guessed" thus increasing the
interpretability of particular items énd hence the validity of the test.
The scoring method these authors developed increases the internal con-
sistency of the test by increasing the itrue score variance estimates

proportionally more than the total score variance.

Designing 2 test to form a scale. The argument may be raised
that the practice of distinguishing among indivgduals on the basis of
total scores without considering the constituents of those scores may
produce information loss. This arguméht can lead to the proliferation

of subtests, or it can lead to test designs in which the scores form a
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scale. For instance, Cox and Graham (1966) propose a system for
designing a test which uses Gagné's ?ask analysis ZEE Gagne, 1965,
Chaptexr VI£7, to produce a Guttmann (1954) scale. In this case, the
score may indicate the level of mastery. Again, the internal
consistency of the test can be increased, this time by increasing

item homogeneity.

Examining internal test characteristics. One other area which

has led to improvements in the reliability of tests has been through
research into the improvement of the definition of the variables being
measured by a test. Research toward this objective has been more
extensive in the area of personality tests than in the development of
achievement tests. The design of personality tests is beyond the scope
of this present study. In-view of the scarcity of appropriate research
from the achievement testing area, only two developments in this latter
testing area will be discussed hére. First, Ayers (1965) attempted to
validate Bloom's Taxonomy by means of factor analysis Irom tetrachoric
correlations using programmed instruction in order to control the
teacher variable. His findings in general supported Bloom's notion of
a hierarchical structure. However, the results did not consistently
fit the classification system in the Taxonomy. A more ambitious study
to this same end was conducted by Kropp, Stoker, and Bashaw (1$66).
Although their findings were similar to those of Ayers (1965) because
of the illumination their .tudy provides for the construction of
taxonomic tests, it is discussed in detail on page 18ff. For our
present purposes, it may be sufficien; to say that the validity and

the reliability of achievement tesis may be improved by using Blcom's
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Taxonomy as a guide for developing the items.

Second, Gupta (1968) showed that the reliability in an intermal
consistency sense of an achievement tést can be improved if the test is
subdivided into subtests based on factor analytic results or on the
basis of the DuBois, Loevinger and Gleser (1952) method of cluster
analysis. This procedure makes subtests from relatively homogeneous
items. This present study used a similar approach.

It should be noted, once again, that these methods tend to

concentrate exclusively on the "right" answers.

Reliability based on part- whole comparisons. A special case

of the alternative forms method of determining the reliability of the
test is the group of procedures which use the correlation of one part
pf the test with another. The mathematical limit of the repeated use
of the split-half technique when certain assumptions are made is found
in the Kuder-Richardson (X-R) formulae. It is this form of reliability
which increases in the DuBois et al (1952) procedure.

The Kuder-Richardson procedure is most sensitive to diffexrences
in the variance of the test. For this reason, if error variance is
kept constant, increasing the test variance (as when using a
correction-for-guessing), also increases the reliability. Another
method of increasing the variance is to rewrite the test in such z man-
ner as to move the difficulty (selection ratio) of each item toward .5
(50%). If the item is a dichotemy, a difficulty of .5 (50%) tended to
maximize the variance assuming rositive correlation because it
maximizes the probability of chocsing either altermative.

It is 2 common suggestion in evaluation texts for example, that
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items should have middle range of difficulty. This suggestion assumes
that each item should be treated as a "right-wrong" dichotomy. The

Plurality of wrong answers is being overlooked when items are treated

as a dichotomy.

Current Practices for Evaluating Achievement Tests--Validity

In addition to the reliability of a test it is also necessary
to be sure that a test measures the things it is intended to measure,
i.e. the validity of the test. The validity and the reliability are
related in that the validity of a test can never be higher than the
square root of the test's reliability when the latiter is defined in
repeated-measures terms, hence the efforts to increase test reliability.

The APA Standaxrds lists three types of validity. These are:

1. Content validity

2. Construct validity

3. Criterion-related validity

The concept of content validity refers to the validity of an
item or test as dependent upon the appropriateness of the item or test
of the information background needed to answer the test. In this
present study most of the necessary information background needed is

supplied in reading selections embedded in the test.

The construct validity aspect of a test. Construct validity

has several aspects. In brief, construct validity refers to some
psychological construct or constructs, more or less independent of
content, which are included in the test. For instance, if intelligence
as a construct is assumed to be manifested by intelligence measures,

such as the WISC, the correlations between a new group I.Q. test and
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the WISC scores on the same subjects could be support for the construct
- validity of the new test. In this case the construct would be
"intelligence." Another approach to construct validity is to define
the construct in such terms as to facilitate translation into perform-
ance terms. A good example to this approach is Bloom!'s Taxonomy (1958).
As already indicated, this procedure should increase the reliability of
the test as well as its validity. These constructs should also be
identifiable in the performance of examinees when the performance data
are subjected to statistical analysis.

Another procedure which strengthens support for constructs for

-

which measures have not been standardized is '"cross-validation." In
cross-validation statistical analysis should revezl the same constructs
in independent groups. Cross-validaticn is uéed in this study for
testing the construct validity of thé procedure being explored here Ior
the development of foils (wrong altermatives) on multiple choice tests.

A final aspect of construct validity concerns the degree to
which the examiner's objectives have been accomplished by the test he
has developed. 1In the absence of stéﬁdards this accomplishment is
difficult to measure. One approach is to study the distribution of
answers to an item to get clues to its effectiveness. Part of the
discussion in Chapter III on the development of the experimental test
used in this study will elzborate this procedure.

In some cases the construct may be sufficiently well defined
that the different performance outcomes are indisputable. In such
cases the construct validity of z lest may be easily determined.

Piaget's discussion of the acquisition of various aspects of

conservation concepts are a case in point. Items measuring the
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acquisition of these concepts must conform in their discrimination to
the known characteristics of this acquisition process. Where wrong
answers are concerned, as will be discussed on page 27 ff no such clear

definition exists. The present study, therefore, can be no more than

exploratory in nature.

Criterion-oriented aspects of a test. One of the fundamental

functions of any measurement of achievement is its predictive value for
future achievement. Within the context of the present study one of the
concerns is the ability of the experimental tesi which may, by its
construct characteristics, be considered as a test of strategies which
may improve the prediction of other achievement test results. Popham
and Husek (1969) point out that most of the statistical procedures used

in current practice may be inappropriate for criterion-referenced tests.

Studies Related to Wrong Answers

At this point the concept of answering patterns becomes

critical. An answering pattern will, for present purposes, be defined

as some characteristic among the answers selected by a group of
students which is consistent and stable under statistical analysis, and
hence leads to an improvement in the validity and reliability estimates
of the test to which these answers are given. The works already quoted
suggest that there may be such patterns among "success" performance.
The question can now be raised as to whether or not there may be
answering patterns among wrong answers as well.

A possible source of findings concerning wrong answer informa-
tion is diagnostic testing which has a considerable history. Schonnel

(1943) discusses the cumlative results of more than twenty years of
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reséarch. His procedures showed that the nature and location of
mistakes can reveal specific problems, i.e. wrong answers can be meaning-
ful for diagnostic purposes. However,.error types are usually estab-
1lished iniadvance, and are restricted to items which reflect only one
type of error thus allowing the items to be scored as right or wrong.
Large numbers of questions are needed for this procedure since as the
complexity of the problem to be solved increases, the number of tasks
required to diagnose all possible errors increéses expotentially; prob-
ably explaining the absence of diagnostic tests in "subjective" subjects.
The Cox and Grazham (1966) procedure refines this diagnostic technique.
In order to develop diagnostic tests of this sort, an interlocking
pattern of items is usually designed in such a way that specific wezk-
nesses in a particular student's performance can be inferred. This pro-
cedure identifies weaknesses on the basis of relationships between items
rather than relationships between alternatives within a particular item.
It becomes evident from the fact that diagnosis can lead to the
identification of specific error types that the four categories of
students' responses made by Shuford et al (1965) may be an over-
simplification. Furthermore, it would seem reasonable that more tThan
one error type could be accommodated in one item if a multiple choice
format were used. In this latter case, there should be evidence of

answering patterns among wrong answers.

Inswering patterns in foil selection. The evidence supporting

the possibility that there may be answering patterns in the wrong
answers as well as the right ones is sparse. Sigel (1963) reported

with reference to intelligence testing that children tend to '"be
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consistent within themselves in the errors they make ZE. 527."
Fouldes and Forbes (1965) reported in the manual for their
revision of the Advanced Set of Raven}s Progressive Matrices the
following finding concerming common errors:

Four types of common errors could be identified.
(A) Incomplete solutions. There were errors due to people
failing to grasp all the variables determining the nature
of the correct figure required to complete a test item.
Instead they chose a figure which was right as far as it
went but was only partily correct... (B) Arbitrary lines
of reasoning. Here the figure chosen suggests that the
person has used a principle of reasoning qualitatively
different from that demanded by the problem... (C)
Overdetermined choices. These were errors involving
fajilure to discriminate irrelevant gqualities in the figure
choseénes. (D) Repetitions. These are errors made by
people who simply selected a figure identical with one of
the three figures in the metrix immediately adjacent to the
space to be filled. ZE. 297

Fouldes and Forbes (1965) did not attempt to show whether or
not these common errors were more characteristic of some individuals
than of others.

These types of error would seem to be more related to some form
of answering procedure based on the relational characteristics cf the
alternatives rather than on their informational characteristics.

Powell (1968) factor analysed some wrong answers derived Irom

an administration of Gorham's Proverbs Test (1956). This test would

probably be classified as a comprehension test by Bloom's Taxonomy. A
wrong answer pattern of four factors resulted. These were:
1. Reduction of information to affect a simplification of the
statement
2. Addition of irrelevant information
3. Substitution of elements

L, Replacement of proverb by one largely unrelated
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If this list is compared with the one by Fouldes and Forbes on
page 16, we find, at least by éescription, Factor I remarkably like
their Class C (Overdetermined choicesj. Possible relationships between
the remainder are less certain although Factor 4 and Class B may be
related. Their Class D is unlike Factor 3 but is very much like the
"Word-Word Links" class present in the experimental test used in this
study. A definition of this class is on page 38.

However, Sigel (1963) went on to report that there "seemed toA
be no relationship between type of error and total score.” ZE. 53;7 In
contradiction to Sigel, Jacobs and Vandeventer (1968) showed that

within the context of Raven's Coloured Progressive Matirices and by

using the Guttman and Schlesinger (196?) facet design, that a relation-
ship often does exist between right and wrong answers. Ebel (1969) has
shown similar systematic characteristics among True-False items.
Furthermore, Powell and Isbister (1969) showed that some wrong answers
can be related ito right answers so as to adversely affect the high
scoring students. The type of foil involved was the "irrelevancy." A
definition of this class is on page 27. An inconclusive trend in this
same direction was found in Factor 4, page 17.

Thus, the available evidence, scanty though it is, suggests
that neither "misinformation" nor '"no information" (leading to a hap-
hazard answer) are ;ufficient to account for all the wrong answers
given to multiple choice achievement tests, and that in certain
circumstances specific foils may influence the totel-correct score.

If wrong answers contain achievement information, then the
wrong answers which display systematic characteristics which acceptably

support the construct characteristics of the experimental test should
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improve the prediction of independent achievement scores for the same
examinees.

This improvement should occur in comparison with the prediction
made by either the total-correct scores on the experimental tesi or
some reasonable subdivision of these scores into subtest scores where

the subtests also fit the construct characteristics of the test.

Studies Related to Item Generation

Perhaps the most ambitious attempt to develop tests reflecting
Bloom's Taxonomy (1956) was the work of Kropp, Stoker, and Bashaw
(1966). These researchers encountered a number of problems in their
work some of which are discussed here along with the alternative
procedures used in the design of-the experimental test used in this
study.

The problems they encountered which are relevant to this study
are:

1. Problems arising from the "Knowledge" category of the

Taxononmy -

2. The generation of Synthesis and Evaluation category items
in multiple choice format

3. Item analysis problems

L4, Problems arising from implicit assumptions in their study

Although the fourth of these problems is probably the most

important for present purposes, the discussion which follows considers

each problem in the order given here.

Problems arising from the "Knowledze" category of the Taxoncmy.

Kropp et al (1966) spent some time discussing whether the "Knowledge"



19
category in Bloom's Taxonomy is a legitimate category and, if so, what
psychological processes other than recall this category might represent.
They further compound the problem by basing their questions on reading
selections supplied in the test. Thus, the legitimate question is
raised as to the meaning of less than a perfect score on '"Knowledge"
items when all the information necessary for the answering of these
items is contained in the reading selection used,

These researchers do not comment on the possibility that
"Knowledge" items presented in an "open book" format may not be
"Knowledge" gquestions in the sense of Bloom's Taxonomy at all. Instead,
these questions, in order not to be obvious, produce a test of search
skills more commonly known in the literature on reading skills as
"reading for details" ZEE Gray, 1960, p. 1}7. it is ndt surprising,
therefore, that an imporfant éontributor to the "Knowledge" category in
two of the grade levels is an unidentified factor consisting in grade
nine of "Word Arrangements, Letter Sets, and Symbol Production Zi. 1317,
and in grade twelve of "Thing Categories, Locatiomns, énd Gestalt
Transformations" [5. 13%73. All three of these tests were positiveiy
loaded on the unidentified factor for grade nine, and the "Locations"
test is positively locaded on the unidentified factor for grade twelve.
These unidentified factors add credence to the suggestion that the
"Knowledge" category for the Kropp et al (1966) tests may well be more
related to search-skills than to recall. There is probably no logical

method of testing "Knowledge" as defined by Bloom's Taxonomy when the

3These names refer to names of specific tests from the Kit of
Reference Tests (French, Ekstrom, and Price, 1963) which
purport to define particular cognitive aptitudes.
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information backgrcund is supplied by the test. 1In the case of the
- experimental test in this study, no "Knowledge" category items were

generated.

Generating multiple choice synthesis and evaluation items.

Another point made by Kropp et al (1966) was the difficulty of
generating multiple choice items of the Synthesis and Evaluation
Categories. One of the problems encountered in this respect is the

restriction of a specific category in Bloom's Taxoncmy for inductive

reasoning to one subcategory of the Synthesis Category. Another sub-
category adds "unique communication" reguirements which are impossible
to meet in a multiple choice format. The third subcategory involves
producing a plan or proposad set of operations. Again, the open-
endedness of this requirement restricts its employment in the multiple
choice format.

Second, if the "Synthesish category is restricted to induction,
the problem remains that the internal structure of a single reading
selection is usually highly organized. For this reason, the generation
of a large number of items which require an inductive combination from
some components of this selection or an inductive generalization from
these components is very difficult because both of these possibilities
are either explicit or closely implicit in the passage. However, if
more than one reading selectior is included in a test of this type, it
would seem to be a relatively simple matter to generate items which
require inductive combinations between selections or inductive
generalizations between selections. fhis latter procedure is used in

the experimental test in this study.
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It is possible that the nature of the strategies employed by
examinees when solving problems has an effect on the effective.classifi-
cation of the item by the Taxonomy. Two outcomes would be expected in
this case, First, the more familiar an examinee is with the content of
the problem the lower the effective classification of that problem., Sec-
ond, the nature of the strategy shifts employed for generating foils may
influence the strategies which the examinee has to employ to answer»the
problem, which in turn may also affect the classification of the problem.
For instance, an item classified as synthetic on the basis of the stem
alone or the stem and right.answer may become a comprehension item if the
foils stress reading comprehension. Perhaps the rather surprising
apparent dislocations of the Evaluation items in the Kropp et al (1966)
study reflect this problem. It should be noted that the Evaluation
category occurs in the second, third, and sixth positions in the ordered
Simplex (Guttman, 1954) anzlysis and additionally in the fifth position
by mean score ZEE Kropp et al, pp°.83, 87, 3§7° Greater elaboration of
this latter problem occurs when the implicit assumptions of the Kiopp
et al (1966) study are being discussed. Only three Evaluation items are

used in the experimental test because of its length (30 items).

Problems of item analysis on taxonomic tests. Another problem

which Kropp et al (1966) discuss at-some length is the problem of item
analysis for tests designed to measure levels in a Taxonomy. The
Taxonomy was developed on the basis of the assumption that each higher
level subsumes 211 lower levels and adds some unique characteristics of
its owm. Thus, as the level of the Taxonomy increases so does the

complexity of the problems which are appropriate to this level. It
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would therefore be expected that the difficulty of items designed for

- each category wculd increase as the level of the Taxonomy for which

these items were designed increased. Thus, the selection of items on
the basis of approximate middle difficulty at each level of the Taxonomy
in order to maximize discrimination would seem to be inappropriate. |
This subsumption property also implies that if any item were missed at
any level of the Taxonomy, all items designed for higher levels of the
Taxonomy which involve the context of the item missed should also be
missed. As a result, the number of items correct at any level of the
Taxonomy should determine the upper limit of the possible score for the
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next higher level.

Kropp et al did not test this latter hypothesis in their study
by examining individual performance to see whether or not individuals
who answered a particular Kﬁowledge'question incorrectly tend, in
general, to miss all higher level.gquestions related to the same informe-
tion background. They did, however, mention that low scorers on the
Knowledge subtest tended to be low scorers on all subtests. An alter-
native hypothesis which might be posed is whether or not those people
who misinterpreted a particular knowledge question are more likely to
miss a high level item from the same background if one of the foils
contained the same misinterpretation than if it did not. Although this
latter alternative presents an hypothesis which is beyond the scope of
this present study, 1t is more in keeping with the possibility of the
influence of systematic choice behavior on response selection as
developed here, than is the former hypethesis.

It is true that for dichotomous varizbles, the discrimination

is maximized for items of middle difficulty. In general, if 21l
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alternatives are to be considered, discrimination is maximized if the
selection frequency for all response alternatives on any item is- equal.
Thus, for a four-alternative item, dis;riminati;n is maximized when the
difficulty is .25 when all four categories are used., In the case of
forcing a dichotomy on a polychotomous variable, the fact that 50 per
cent of the examinees éet the item right means that the distribution of
answers on this item is not the product of chance, at least for the
right answers. The same conclusions may be true for wrong answers, as
Powell (1968) has shown, when higher mental processes are involved.

For these reasons, it may be reasonable to ignore item difficulty
except for very easy or very difficult items as a criterion of item
discrimination. At 1eas§ the former argument with respect to ascending
complexity, and the related ethical problenm of predetermination of
hypothetical results were the basis for Kropp et al (1966) ignoring
item difficulty in the preparation of their tests. The latter argument
with respect to the discriminative power of polychotomous items, except
in extreme cases, was the basis for minimizing the importance attributed
to item difficulty in the present study.

As Kropp et al (1966) point out /p. 77/, an additional problem
with respect to item analysis arises in the interpretation of correla-
tions on data derived from taxonomic tests. Since the subtests are
assumed to be hierarchically interdependent, the bivariate distributions
of scores between subtests appear triangular, making the distribution of
each higher level skewed further to the right, On this basis the
total-correct score may not be normally distributed for tests of
practical length used on groups of usual size, hence the use of biserial

correlation for the validation of an item against the total test score
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may be inappropriate. This fact, as they point out, also raises
~ problems in the interpretation of any correlation coefficient in their
study. When determining the discrimination coefficient Kropp et a2l

(1966) used the traditional procedure.

Problems which arise from implicit assumptions in the Xropp,

Stoker, and Bashaw study. The central assumption of the Taxonomy is

that each higher level subsumes all lower levels and adds characteris-
tics of its own. For this reason, Kropp et al (1966) approached their
analysis with the implicit assumption that the complexity dimension was
characteristic of the Taexonomy as a whole rather than being a
characteristic of each level of subcategory within the Taxonomy. The
results of their findings with respect to this assumption were incon-
clusive. Analysis of the subtest scores showed that the order of the
levels of the Taxonomy as a hierarchy did not fall consistently into
the order hypothesized. On the other hand, Powell and Isbister (1969)
tested the assumption that hierarchical categories should be obliguely
related. Their finding, however, was that the use of a promax rotation
did not improve the resolution of the factors when right and wrong
answers were combined, thus the expected obligueness did not occur.

It has already be indicated on page 21 that the Evaluation
category can occupy most positions above the Xnowledge level. The
Kropp et al (1966) study alsoc found that on the basis of cognitive
attributes no single category is consistently defined for all grade
levels tested although the tasks themselves were identical for all
grade levels., These two findings of Kiopp et al are inconsistent with
the Taxonomy as defined. Perhaps the Taxonomy is éctually a descrip-

tion of some of the strategies employed by humans in problem-solving
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situations. There may be a hierarchial order to these strategies but
_they may not be taxonomic in Bloom's sense of the term.

A problem which is a Synthesis.level problem for a five-year
0ld, may be a comprehension level problem for a twelve-year old. 1In
this context two deviations from this taxonomy would be expected with

Bloom's Taxonomy. First, each category of the Taxonomy, with the
possible excepticn of "Knowledge," should be characterized by a range of
compléxity levels within the category in addition to an order of
complexity levels between categories. 1In such circumstances, as Kropd
et al (1966) demonstrate, a wide range of possible orders may occur
among specific samples from'category levels. In addition to the most
cbmmon, and expected, order of the categories found in their study, the
categories occur at least once in any one of three other orders under
Simplex analysis.

Second, the strategies involved at different developmental
. stages will vary in accordance with the information and strategy back-
grounds of the individuals at these stages. For this reason, striking
dissimilarities in the cognitive attribute coﬁtent on the basis of the

Klt of Reference Tests (French, Ikstrom, and Prlce, 1963) for any

category would be expected at different developmantal 1eve7s. This is
precisely what Kropp et al found. An important characteristic of this
change should be its movement toward simplicity. TFor instance, if we
reclassify the Kropp et 21 (1966) "Kncwledge" category as a "search"
category on the basis of the Undefined factor, we find that for grade
nine the positively correlated cognitive aptitudes are Vord Arrangement,

Letter Sets, Symbol Production which suggests that the grade nines may

be generating their search strategies as they proceed with the test.
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For the grade twelves the positive attribute is Locations whiqh suggests
a more simple and direct approach.

Another factor which Kropp et al (1966) discussed is that the
difficulty of a problem mey be affected by the complexity of the problem.
It also may be affected by the familiarity or obscurity of the informa-
tion background and/or strategies required by the problem solver. It
may also be affected by the nature and the fineness of the discrimina-
tions which the sélution to the problem requires. This latter aspect
may be related to the nature of the foils. Kropp et al (1966) deal only

briefly with the difficulty problem. [Ei pp. 90 and l5§7.

Contributions of the Krcpp, Stoker, and Bashaw Study to the

present study. It may be possible to assume that Bloom's Taxonomy is

not a subsumptive taxoncmy. In this case, the Xropp et al (1966) study
more strongly supports the possibility of the transcendence of process
over content than their interpretation of their findings suggests. This
transcendence of process over content has also been supported by Furth
(1966) in his work with the congenitally deaf.

In combination with the cther research already discussed
(see p. 16) there would seem to be at least three variables which
contribute to the choice behavior of examinees on multipie choice
achievement tests. These are: 1) content, 2) process, and 3) effective

complexity. A fourth possible variable is item difficulty (see: p. 26).

Since misinterpretation of content and inappropriate.selection of
strategies might both be expected to lead to the selection of an inappro-
priate response, it is reasonable to assume that at least some students
will display systematic wrong-answer seleciion. Hence, in a forced-

choice situztion the nature of the alternative choice provided would
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be expected to influence the nature of the selections made. If foils
are deliberately designed to reflect probable misinterpretations of
content, or probable inappropriate seiections of strategy, more than
the "right".answers might be used to determine the present achievement
status of the examinee.

How can tests which meet these criteria be developed? It is
fairly clear from the Kropp et al (1966) study that the use of Bloom's
Taxonomy is useful as a set of guidelines for the construction of the
relationship between the stem and the right answer for each item. A

discussion of common recommendations for the development of the foils

for each item is presented in the following section.

Recommendations for Construction of Foils

The fcllowing discussion reviews what some textbook authors
have had to say to teachers about the construction of foils for multiple
choice items. Among these authoré, Ross and Stanley (1954) list
fourteen rules for the construction of multiple choice items. Of these
only two deal specifically with foil (distractor) construction.

6. Make all responses plausible

9. To measure higher levels of understanding, increase the

homogeneity of the options provided [E.-18£7.

.These authors do not define plausibility, and the example they

use for increasing the homogeneity of options actually illustrates:
increasing the content specificity of the item. Their second suggestion .
involves increasing the fineness of discrimination between aliernatives

which may be more related to the difficulty of the item than to "higher

mental processes."
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As another example, Thorndike and Hagen (1961) in their second
edition list ten "maxims for multiple choice items." TFour of these
have direct bearing on foil construction. Quoting the original we
finé (Italics in original):

4. Be sure that There is One and Only One Correct or Clearly

Best Answer.
5. Beware of Clang Associations.

8. Beware of the Use of One Pair of Opposites as Options If

One of the Pair is the Correct or Best Answer.

9. Beware of the Use of "None of These," "None of the Above,"
and "All of the Above" as Options./pp. 74, 75, 76, and p. 77/

Whether or not there should be more thah one ''correct' answer

will depend upon whether or not the examiner wishes to discriminate
5etween levels of insight into a particular problem as in the "best
answer" type of test. However, to make such discriminations may require
the use of information from.more than one alternative of any item.

One of Hoffmann's (1962) most damning criticisms of the multiple
choice types of tests arises from the arbitrary assignment of only one
alternative of the response set to the "right" category in tests cf this
type in such a way as to discriminate against the thoughtful, well
informed student. This admonition is only appropriate if we are to
assume that the only answer to be taken into account for any particular
item is the one designated as "right" whereas the "rightness" may be
arranged on a continuum in the '"best answer" type of test.

Thorndike and Hagen (1961) quite rightly point out that Clang
Associations (see numbér 5, p. 28) tetween stem and right answer tend
to give the answer away. However, using superficial associations be-
tween the stem and the wrong answers may in some circumstances bé an

effective discriminating device (seel "Word-Word Link," p. 38).



29

Thorndike and Hagen's (1961) alternatives, numbered eight and
nine (see p. 28) are interesting in that they suggest that certain

aspects of the logical relationships between answers and feoils should

be considered in foil construction. If a student selects an answer
belonging to a set described in number five (see p. 28) that is
logically opposite to the "right answer," then this selection in itself
may contain useful information. Such a selection reveals at the very
least which students completely misunderstand the relationship in
question. Why this sort of alternative should be discarded without
qualifications is therefore not clear. The criticism these authors
make of the "all of these," "none of these" type of alternatives have a
similar basis. They neglect to say that if "none of these" is cérrect
it may be regarded as beipg logically equivalent to an omission. The
tnone of these" provides & noncommittal response which has the effect
of making closed-choice alternatives into open-ended alternatives. Fox
some purpcses it may be useful to.know if the student made cne of the
less common errors, if there are more possible errors than the foils
account for. 1In addition, omissions at the end of the paper can also
mean "not finished.'" Since there is more than one possible reason fér
omitting an item, interpretations of an omitted response becomes ambig-
uous. For these reasons, the basis upon which a student makes & non-
committal response may be a valid question for study.

More recently, Evel (1965) lists 48 "suggestions for preparing
good multiple choice test items." Of these 48 only five directly
relate to foils or "distractors." He also rates these as "desirable"”
or "undesirable.”" Quoting the original:

32, Item using true statements as distractors. (Desirable)
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33. 1tem using stereotypes in distractors. (Desirable)

34. Item using obscure distractors. (Undesirable)

35. Item using a highly implausible distractor. (Undesirable)

36. Item involving verbal trick. Zib. 183—1827'(Undesirable)

The first two of these are examples'of the use of errors in
logic which Sanders Zf966, D. 1027 suggests we teach the students to
recognize, but does n;t elaborate on, with respect to measurement.

Ebel's (1965) suggestion numbered 34 immediately above, proposes
that the use of obscure oricomplex vocabulary is undesirable. On the
contrary, if the intention of the examiner is to study responses to
obscure, ambiguous or complex situations, this type of item may be
desirable. Although other methods may have certain advantages when
measuring complex human behavior, the multiple choice methcd retains two
particular advantages. First, a high level of control can be maintgined
in the alternatives supplied so that the "controlled sample of perform-
ance" characteristic of all tests can be very explicit. Second, once
the performance components of the complex behavior which is to be
observed has been established, accurate counts of the frequency of the
choices which fit the categories of alternative (whether right or wrong)
designed to measure these components is a simple matter. Other meas-
uring instruments have other advantages at the expense of these two.

The study of such items would probably necessitate examining 211
responses to each item. Thus, Fbel's (1965) proposal that this type of
item is undesirable can be considered valié only if the Y“one right
answer" assumption is considered valid. Closer scrutiny of this entire
problem seems reasonable.

In suggestion numbered 35, {p. 30), relating to implausibility

the problem of a definition for plausibility arises once again,
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Plausibility may be a functicn of the rationale used in determining the
_constfuct and content validity of the test. The examiner must be able
to anticipate what alternatives may be plausible to the examinees.
Without a definition of plausibility, implausibility is impossible to
determine. In fact, plausibility is often defined on a post hoc basis
from the item analysis with foils having a low selection ratio being
classified as "implausible." However, if the purpose of discrimination
is to identify individuals for differential treatment a foil which -
identifies ten or twelve out of 1,000 students may be more valuabie than
one which identifies 250 students.

Finally, many foils which seem to involve a "verbal trick" may
have a valid function. These verbal tricks are probably of three kinds.
The first kind could be the introduction of a peculiarity of wording
designed tc produce interpretive or misreading errors on the part of
some students. The second kind of "verbal trick" is found in such
things as Zeno's Paradoxes (¢ 340-264 B. C.) in which the "verbal
tricks" involve a faulty assumption in the reasoning. The third kind of
"verbal trick" introduces the possibility of detecting in the examinee
an inappropriate "set" for the correct solution of the problem. Botﬁ
the Einstellung effect and "functional fixity" may possibly be used to
develop examples of foils for this type. In each of thesé cases it is
conceivable that the information generated from response to these tyves
of item could have discriminative value. The issue here, once again,
is both content and construct validity. Does the "verbal trick" give
the intended information, or interfere with the obtaining of this

information.

We find this.same.ambiguity of advice prevailing throuzhout the
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range of standard texts in this area. From the ETS booklet Multiple

Choice Questions: A close look (1963) through to such writers as

Ahmann and Glock (1963), Gronlund (1965) and Noll (1965) we find the
great bulk of the suggestions about item writing discussing thg func-
tional, linguistic, and structural characteristics of the stem, and

stem-right answer relationships, with only minimal and often contra-

dictory treatment of the foils and how to construct them.

Need for a Basis for Interpreting Foil Selection

On the basis cf the above discuséion we can identify several
general bases for foil construction as presented to constructors of
multiple choice tests. These are:

1. Logical Relationships

2. Logical Errors

3. Partial Information

4. Misinformation

5. Obscure Relationships

6. Misunderstanding

7. Verbal Tricks

Not all of these are regarded favourably by the authors
mentioned nor are these bases consistent with themselves or between one
author and another. It would seem that the recommendations have been
developed on a trial-and-error basis derived frcm the experience of
professional test constructors during their attempis to meet the

statistical criteria of an "effective item."

The Possible Value of the Experimental Test

The testing technigue being explored in this study hypothesizes
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that Bloom's Taxoncmy adequately describes the strategies leading to
- right answers, and that a set of logically based guidelines for foil
development effectively describes some of the possible systematic
deviations from the ideal outcomes of these strategies. These two
facets combine to form the construct characteristics of the testing
techniques under study. Of course, any findings from a purely explor-
atory study must be tentative. However, wrong answers from a "strategy"
test may increase the predictive power of that test for total achiéve—
ment scores (found in the usual way) from independent achievement tests.
In this case, more than the information background of a test may be
involved in "success" on an achievement test. Such findings would
strengthen the support for the hypothesis that prccess may transcend
content. Furthermore, this study may suggest some of the typical types
of errors students may make as they mature intellectually which might
eventually lead to the establishment of a behavioral descriptiocn of
development which is independent of test content, and of educational
strategies which may be appropriate to the stages and phases of this
developmental sequence.

On the application side, the main advantages of guidelines for
foil construction would be expected to involve the 1) simplification
of item writing, 2) clarification of why a foil is wrong, and 3)

possibility of producing diagnostic tests in subjective content aresas.



CHAPTER III
DESIGN OF THE EXPERIMENTAL TEST

From the discussion developed in Chapter II, the usefulness of
Bloom's Taxonomy for the development of process-oriented items was
suggested. Th¢ possibility that Bloom's Taxonomy may not display the
assumed subsumptive characteristic between categories does not minimize
its role relative to the establishment of the construct validity of a
test. The evidence presented suggested that there is no similar set of
internally-consistent construct guidelines for the development of foils.
Seven general categories of foil based upon recommendations from the
literature couid be established. Using these seven as a starting point
the first task in this chapter is to develop a systematic set of Guide-
lines which may prove helpful for foil construction. The seven cat-
egories can be further reduced. Perhaps the most important category
involving strategies are those foils which can be based on probable
errors in logic made by the examinee. Partizl information can lead to
an error in logic if the wrong strategy is used to generate the missing
information. It can lead, -also, along with other casues, to.an over;
simpiification of the problem. Since only the product of the choice-
behavior is cbservable on a multiple choice test, it would be reasonable
to include Logical Errors, Partial Information, some Verbal Tricks, and
perhaps some Logical Relationships (like answers which are opposite to
the right ones) in a list of categories of foil generation where higher
mental processes are to be tested.

Misinformation and misunderstanding may be ildentical or they may

be different in that the misunderstanding mey be related to the re:.:iing
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of a specific item or group of items rather than to a weakness in the
. information background of the examinee. If the examinee succumbs to
certain kinds of verbal tricks (for example, the use of ﬁeaningless
Jargon in a foil) his problem may be more immediately test-related than
background-related provided that he is not misled elsewhere on the teét
when jargon is not used. In the present context there is the possi-
bility that in addition to the process variables there may be a class
of foil related to the linguistic characteristics of the item. This
class of foil may be designated as a "Misreading" class.

Another possibility is that the examinee has systematically
misclassified a particular piece or set of information. In items based
on the possible logical relationships among the total information back-
ground this piece of misinformetion will lead to the systematic
selection of specific wrong.answers each time this misclassification
appears in a foil. For instance,. the person who confuses the work of
Hebb with the work of Hull. Foils of this type, and of several others,
are beyond the scope of the present study and are, therefore, classified

in the "Others" class. Subsequent research may be expected to elaborate

this latter problem.

The Guidelines for Foil Construction

Our earlier discussion showed that similarities can be found
between common errors on nonverbal tests and verbal tests (see: P. l?).
The present experimental test in its original version was based on
claésifications involving logical fallacies and logical relations. The
test has been revised in an attempt to improve item discrimination for
the present study. The same reading selections and general questions

and overall format remained unchanged. The Guidelines which follow
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were used to revise the foils.

Since the definitions of foil classes, as they were originally

used, tended to lack precision, they were redeveloped for this study.

The Guidelines are described below ( see p. 37) in terms of the proce-

dure used for constructing each type of foil. Four classes were

produced:

1.

Strategy class; the largest group of Gﬁidelines,to be .
developed for this study is based on thé logical
characteristics of the foil relative to the right answer
and information background. Because these types of foil
are suggestive of incorrect analytic procedures they are
collectively referred to as the "strategy class."

Misreading class; this group of foils is based on semantic

chazacteristics-of the foils relative to the right answer
and information background. The nature of this test,

i.e. an open book test, would be expected to reduce the
possible number of foil categories in the misreading class
because an examinee who feels he has misread an item can
refer directly back to the information background supplied.
This class of foil probably has many mére members wﬁich
would describe different aspects of misreading where
information reéall is the source of information. An
example of this situation is the Jargon (J) category

(see p. 39).

Other; the foils in this class are unclassifiable, at least
by the present Guidelines. TFuture studies are expected to

reduce but not eliminate this class of foils.
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Misinformation class; the nature of the experimental

examination, (i.e. an open book examination) precludes the
development of misinformation foils which would be expected
to occur in the context of a test requiring information |
recall. These would be expected to be related to"Knowledge"
level items, a2 level of item which was not used in this

examination for reasons already discussed (see p. 19ff).

The first two of these major classes may be subdivided on the

basis of a specific description of how a foil which fits any particular

category is produced. This subdivision follows:

Guidelines

A. Stratezy Class

1.

Overgeneralization. (0G) In the development cf this type of
foil the author retains the correct relationship of the
best answer in its entirety and adds some irrelevant
information. (For example, see item 14, p. 154).

Oversimplification. (0S) In this case the author omits one

or more parts of the best answer. gFor example, see

item 2C, p. 156)

Inversion (Inv). In this case the author makes a statement
in some way opposite to the best answer., (For example,

see item 4C, p. 158).

Irrelevancy (Irr). In this case the author makes a true
statement which is unrelated to the best answer, or a

statement which could be a correct answer. (Perhaps by

virtue of some restriction in the stem). (For example,
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see item 1D, p. 151~'r).'br

Invalid Assumption (IA). In this case the author begins
with an unwarranted assumption about the background or
solution to the problem and thus writes a foil which would
be correct as if this assumption were valid. {For example,

see item 1C, p. 154).

Substitution (Sub). In this case the author replaces at

least one of the elements or the relationships of the bést
answer by a corresponding element which is less accepiable.
(For example, see item 2B, p. 156).

Transposition (Tr). In this case the author modifies the

order of the elements in an ordinally dependent relationship.
(For example, see item 30C, p. 181).

Common Misconcevtion (CM). In this case the author utilizes

his knowledge of the probable common misconceptions held by

the examinees to write the foil. (For example, see item 5B,

p. 159),

B. Misreading Class

1.

2.

Word-Word Link (WW). In this case the author produces a

daadale

false statement which has strong verbal links with the stem
or background information by either repetition or associa-
tion. This type of foil may be similar fo Foulde's (1965)
Class D error, see p. 16, (For example, see item 7B, p. 162).

Redefining of Terms (RT). In this case the author uses 2

4This type of foil misleads certain of the best students,
perhaps the more imaginative ones (see p. 18).
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word or words in the foil in different literal or
connotafive sense than it is used in the stem or backzround
information. (For example,. see item 11D, Do 166).

3. Jargon (J). In this case the author produces a quasi-
meaningful statement which tenuously relates in some manner
to the best answer. The use of coined "near words" may also

be present. (Not used in experimental test; see p. 36).

C. Others

1. Others (0). In this case the foil is, at present, for some

reason, unclassifiable.

These are the Guidelines which were used in the construction of

the foils in the experimental test,

Structure of the Experimental Test

As already mentioned, Bloom's Taxonomy was used as a guide for
the construction of the stem and right answers of the experimental test.
An interrater religbility between judges for the advance classification
of right answers was reasonably high (r = .83). The Guidelines Just
given on pages 37-39 were used to construct the foils. The inferrater
reliability for foil classification was somewhat lower (r = .62, N = 5){

As in the case of Bloom's Texonomy for the right answers, the
Guidelines presented the immediately evident advantage of increasing the
number of possible foils which could be considered for any one item,
making foils easier to generate than they were in the more usual "hit-
and-miss" method. 4n additional advanfage for the Guidelines became

evident after the earlier administration of the test. The Guidelines
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help clarify the basis for vwhy any foil should be considered wrong. The
absence of such a basis is a common wezkness of teacher-made tests,

The examination consisted of five short reading selections drawn
from material which was in some way related to educational psychology
since this was the central topic of the course in which this examination
was to be used. They were also chosen on the basis that it was rel-
atively unlike%y for the examinees to have encountered the works from
thch these selections were drawn in their previous training. To.the
extent that these selections were specifically oriented to the vocab-
ulary of the studies of psychology and education, this test demanded
information recall from thé examinees. Aside from this restriction, it
was assumed that all items cculd be answered correctly solely upon the
basis of the information given in these selections. This assumption
may not have been entirely warranted,

Since most of the necessary background information was assumed
to have been supplied in the test, no Knowledge category items were
generated. On this basis, the test was intended to be a2 "higher mental
processes" test., Since the major emphasis of the test involved logical
banalysis, it was assumed that the test was essentially an."Analysis" .
level test. The findiﬁgs of the preliminary version as reported in

Powell and Isbister (1969) confirm this assumption.

Content and Construct Characteristics of the Experimental Test

A detailed item-by-item discussion of the test may be found in
Appendix B (see: p. 153 ff). In brief, five reading selectiSns related
. to the area of educational psychology were chosen on the basis of
information density and the unlikelihood of the examinees having

encountered the selections previously. These selections which are



L3

both giver and referenced in Appendix B are referred to subsequently as?

l, Stupidity

2. Awareness

3. Aggression

4, Discipline

50 Progress

The 30 items in the test were classified using Bloom's Taxonomy
as a construct model as indicated in Table 1 (p. 42) and elaborated. in
the discussions in Appendix B. No Knowledge-level items were developed.
Items were classified as Synthesis if they required the examinee to
organize the material from more than one reading selection into some
systematic relationship when deciding which altermative to select for an
answer. A reasonably‘high interrater reliability (r = .83) was found for
the classification of the items based upon the item format, the stem, and
the stem-right relationship when the right answer was indicated. Dis-
agreement occurred among severzl réters, and among other reviewers of
this study on the keying of some of the items. This disagreement would
be expected from the subjective nature of the content and the related
differences among the value systems inherent in any group;

Much less agreement among raters was found for the foil

classification (r = .62)5. This poor resuli was expected for the

5A word of caution is in order, This low interrazter reliability
suggests that readers following the ifem-by-item discussion in
Appendix B may disagree with the foil classification given and
with the reasoning behind it. It would be interesting for the
reader to record his disagreements and to compare these with the
results of the cluster analysis as given in Table II, page 73,

and Table 12, page 77.
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TABLE 1

CLASSIFICATION OF ITEMS
USING BLOOM'S TAXONOMY
(30 ITEMS)

Bloom's Category

Comprehension Application knelysis Synthesis Evaluation
Item
Numbers 3,6,12,15 5,7,11 1,2,4,8,9 13,14 10,16,18
-17,19,20,21 26,28

22,23,24,25,27 29,30

Totals 4 3 14 6 3
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reasons already given (see: pp. 4-5), and the findings of Kropp et al
'(1966) which suggest multiple interpretations of specific items and
alternatives within heterogeneous grou;;s° This multiplicity would be
expected to increase with the complexity and subjectivity of the content
so that a high level of agreement, even among professionals on the
particular test used in this study, would be unlikely.

To illustrate the extent of this problem, a check was conducted,
One of the raters of the items disagreed with the classification of
three foils in particular. Of these three only one of his reclassifi-
cations was supported by the cluster anzlysis as given in the results of
the study (seé: Po 182 for details). This one-in-three success ratio
was equivalent to that of the experimenter,

The overall appearance of the experimental test suggests that in
the traditional sense it is a very pcor one: The internal consistency
value for the test was K-R 20 = .34. A review of the item difficulties
and biserials from Table 40 of Appendix A (p. 150) is equally discour-
aging. However, the use of Bloom as a moéel for the right answers and
the Guidelines for the wrong answers suggests that the test should not
be considered homogeneous. For this reason, and the reasoné given
earlier when discussing this same procvlem relevant to the Kropp et al
(1966) study, (see po 21 £f) the use of traditional evaluative proce-
dures on this test may be questionable. Support for this position is
found in the Procrustes rotation of the factors tc fit the clusters
which gives six nearly orthogonal factors which display guite adequate
internal consistency (see: p. 70).

The foil classification procedure differed from the item

procedure in two important respects. First, although the Guidelines -
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were also used as a model for the possible information content of the
foils, the relationship between this model and any possible characteris-
tics of the examinees, in the almost to%al absence of research, was
largely unknown. Second, whether these Guidelines formed mutually ex-
clusive categories, or a hierarchy paralleling Bloom could only be
inferred from the assumptions which went into their development,

These foil Guidelines were used to help develop the foils as
well as to classify them. A summary of the classification of the foils

is given in Table 2.

TABLE 2

CLASSIFICATION OF WRONG ANSWERS
USING THE FOIL GUIDELINES

Classification of Foil

A B C
Strategy Misreading Other
0G 0sS Inv Irr IA Sub Tr M wW RT 0
1A 2C 4C 1D 1¢C . 2B 30C 5B 7B 11D All
4a 3D 8D 2D 54 3A 9D 10D 15D foils
6B 5C 9B 3C 8A 6C 104 13D 29D in
8C 7D 10C 4D 13A 74 12B 15C 30D items
12C 1ic 11A 6D 25D 9C 13¢C 304 19-24
14D 26C 12D  14a 14C 16D 26B
154 29C 17C 16A 27A 17D 27D
16C 18C 28D 184 29A
17R 25C 254
18D 26D
28C 27C
28B
11* 7 7 12 7 9 1 8 5 4 19

* = Frequency of foil in each category.
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The test used in this study is a revision of the one reported
-in Powell and Isbister (1969) which had a slightly different purpose.
The present discussion supported by the.item-by-item analysis given in
Appendix B would seem t¢ demonstrate that, for all the faults of the
instrument, the content and construct requirements for this test as
laid out in Chapter II have been met to a reasonable degree of
acceptability.

Tn the Powell and Isbister (1969) study the advance
classification was taken as given and profile scores were developed
accordingly. The resulting score sets were treated as independent
variables and subjected to principal axis factor analysis in order to
determine relationships among these scores. In this study the advance
classification was not taken as given but subjected to a comparison
with a cluster analysis baée& upon the relationships found among each
of the altematives., In this present study the acceptability of the
advance classification system as exemplified in the test was being
studied.

On the basis of what has already been said about the problemg
that communications of this type produce, it would be reasonable to
expect the advance classification systems used in this study would
not hold up without the gualifications derived from the possibility of
1) multiple interpretations of the commmicating stimulus, 2) multiple
methods of integrating and relating the stimulus to each individual's

own experience, and 3) leading to multiple interpretations of the

responses,



CHAPTER IV

THE DESIGN OF THE STUDY

The-success of this study is contingent upon three aspectse
First, the study must stand upon the acceptance of the logic of the
content and construct validity of the experimental test as given in
Chapter III.

Second, the construct validity must find evidential support in
the statistical results of the analysis of the examinee performance on -
an administration of the experimental test. This support can be fcund
in several ways. First, the advance classification may be found to re-
appear in the statistical patterns. Second, the content pattern might
be shown not to be an important contributor to the statistical pattemns.
Third, in the event that the advance classification cannot be supported,
some Teasonable method of modifying the advance classification which does
not violate the construct assumpticns, such as possible multiple
interpretation of the items, may be found; Fourth, the patterns should
cross-validate between equivalent independent groups. Fifth, if cross-
vazlidation fails, a reasonable explanation which fits the data and the
construct assumptions must be found to explain this failure,

Third, however much the construct validity is supported, wrong
answers in some form must also contribute significantly to the prediction
of achievement scores obtained in the usual menner before they can be
considered to contain achievement information.

These three aspects form, in combination, the necessary and
sufficient conditions needed to demonstrate that the methed of test

construction used in this study can be used to develop tests which
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contain useful information about student performance in the answers
- given to the foils. A further restriction to this problem arose. Since
the study began with categorical data,.it should end with categorical
interpretations in so far as is possible.

To begin with, however, the answer selections on the
experimental test cannot be assumed to have any of the usual continuous
distributions. The selection pattern can be considered to be cat-
egorical,since one choice is made for each item, but not dichotomous.

An expedient method of defining categorical data mathematically
is to treat categorical membership as "one" (1) and nonmembership as
zero™ (0). A matrix of categorical data should have the following

properties:

1l. The centroids of normalized clusters from the matrix should

tend to be either orthogcnal or opposite‘each other.
2. The orthogonal projec?ions of the members of a cluster upon
its centroid should be near unity.
3. The orthogonal projections of the members of a cluster upon
the centroids of all other clusters should either be non-
existent, or nonsignificant. .
Figure 1 illustrates a typical response matrix which displays
these properties for the itwelve variables included, and may display
these properties for some reduction of the matrix to less than twelve
variables, Figure 1, a sample response matrix is on page L8,
The usual procedure for test analysis is to use.the right
answer portion of Part B and Part C (the total number correct) and
to treat the wrong answer division of Part B as redundant.

If all four alternatives of each item are considered the
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FIGURE 1

A SAMPLE RESPONSE MATRIX

statistical problem of linear dependency arises. To illustrate what

is meant by linear dependency refer to Figure 1 above. Notice that in
Part A of this figure the sum of each row is always three. " Only in the
case of omitted items will the sum of the answers be less than the
number of items. ‘

Since all alternatives are being counted, this total is
predetermined as being the number of items. If the columns are added
vertically, the sum of the columns within an item is predetermined at
the number of examinees., In the case of Figure 1 above, this sum is 5.
In many statistical procedures, linear dependencies have the effect of

rendering indeterminate or non-unigue solutions.
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The solution to this problem used in this study was to partition
~ the matrix as indicated in Part B of Figure 1 (see: Po 48){ Two
matrices, one for the right answers and one for the wrong answers, were
made from the original response matrix. The categorical property was
retained within each of these two new matrices. This procedure had the
effect of treating right and wrong answers as though they were
independent.

Part C of Figure 1l-(see p. 48) shows the row sum (horizontally)
of the right answer partition of Fart B. This sum, which is the total-
correct score, is the usual approach to the interpretation of test
results., It is with Part C that the results of the statistical analyses
of Par% B are being compared.

There are several possible methods of dealing with categorical
data, Since this study is concerned with relations among categories
the most reasonable approach is tg begin with phi correlation co-
efficients between the category pairs. This procedure produced two
correlation matrices, one 30 by 30 for the right answers, and one 90
by 90 for the wrong answers.

Since the results of these analyses were to be-croés-validatéd,
the original group of examinees were subdivided by randon assignment
into two groups (Group 4 and Group B). The datz for both groups were
subjected to the same statistical treatment although most of the
interpretive work was done with the results from Group A.

The result of this latter subdivision was that the analytical
aspects of this study began with four phi coefficient matrices (one for
right answers and one for wrong answers for each of Groups A and B).

These four matrices were the basic data for much of this study. They
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may be found in Tables 32 to 39 of Appendix 4.

The phi matrices gave relationships among pairs of altematives
only. To proceed further, it became neéessary to find relationships
among these relationships. From the original structure of the experi-
mental test there were two patterns of relationship which could be
sought. The first was the pattemn as defined by the advance classifi-
cation based on Bloom's Taxonomy, the second was the pattern as defined
by the content (information background) of the items and foils,

One of the methods of checking the data for these pattemrns
which could be used is the Procrustes rotation solution to factor
analysis. The procedure began with the principal axis factor solution
and found the best rotation of this solution in a least squares sense
for a given matrix. |

A factor solution was used to remove as much measurement error
as possible from the further analytic procédures used in this study.
The phi coefficient is extremely sensitive to the marginal proportioms,
particularly when the selection ratios deviate considerably from .50, as
in this study where four altermatives are being used. Slight changes
can have a profound~effect upon specific coefficients, This effec? can
be reduced by the factoring procedure which takes the relations among‘
coefficients into account.

The principal axis solution was used to get as much variance as
possible in as few factors as was reasonable,

A third approach normalized the principal axis matrix by rows
and then found the distances between the ends of the resultant vectors
by the usual distance formula. Clusters were then defined in terms of

mininizing within cluster distances and maximizing between cluster
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distances. The mathematical procedure used in this study is given in
Appendix A (see: Table 41, p. 151).

The advantage of this proceduré is that if a good fit is obtained
the solution alleviates many of the problems of rotation which are other-
wise inherent in factor analytic solutions.

211 three of these solutions can lead to results which can be
interpreted categorically. If a good fit is found with the target matrix
for advancé classification either by process or by content, then the cat-
egories of the qriginal classification were to be used, If, on the other
hand, good fits were not found, then the categorical solution of the
cluster analysis procedure would be studied for possible interpretation
on the basis of either process or content., In this latier case, the data
would also have to show that there were no contradictions to the content
or construct assumptions as given in Chapter II, (p. 12 ff) otherwise
this study would not meet the nece;sazy'and sufficient conditions
required as outlined at the beginning of the present chapter on page Lé,

An additiocnal advantage of these three procedures is that they
all begin from a principal axis factor solution of a correlation matrix.
Furthermore, if the same factor solution is used in all three cases,'the
goodness of fit of the cluster solution can élso be found by the
Procrustes method., Hence all three of these solutions can be subjected
to the same criteria.

Since the object of this study was to support the construct
characteristics of the experimental test, the analysis began with an
attempt to find the best possible cluster solution to this consiruct
criteria for the data of Group A. It was decided that the best pcssible

solution would involve having clusters defined by the most frequently
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recurring category as defined by the advance classification. The number
of these identifying elements was to be as large as possible for each
solution, i.e. the right answers and tﬁe wrong answers. The number of
factors in the principal axis solution needed for this result was then
taken as standard for all solutions involving the same kind of data.

For instance, six factors gave the best solution for the right answers
for Group A. Hence, six factors were used for all right answer analyses.

For cross-validation the identical statistical procedure used
with Group A was repeated with Group B. Cross-validation was then
established once again from a best-fit match (in terms of most fre-
quently recurring members) between the categorical results for Group A
and Group B. Several procedures were used until a satisfactory match
~ was found. Once again, the cross-validation could not violate the
construct considerations outlined in Chapter II, page 12 ff for this
study to be successful.

Finally, the categories which were established as being
potentially meaningful in the earlier parts of the study were used as a
basis for rescoring the experimental test. The results of these sub-
test scorés were combined in several ways and their ability to predict
the total-correct scores of two independent achievement tests for the
same subjects was compared with the predictive power of the total-
correct score. 1In this latter case it would be necessary to show that
the use of wrong answers consistently improved prediction over
total-correct score and combinations of right answers.

If all these criteria were met, the value of wrong-answers
part of performance information would be demonstrated. With so many

criteria to meet, the probability that such conclusive evidence would
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be found is exceedingly low., On the other hand, trends in the
directions indicated could be treated as suggestive. The borderlines
‘between undemonstrated and suggestive, and suggestive and :conclusive,

are unclear and subject to disagreement,

Statement of the Problem

Since this study is exploratory, attempting to demonstrate the
presence of information in wrong answers and to discover the major
properties of this information, an elaborate theoretical structure for
formulating testable hypotheses was considered to be unnecessary.
Instead, the procedures suggested for the establishment of grounded
(data-based) theory as outlined by Glaser and Strauss (1967) was used.

Such theory as is used in this study comes from well established
principles in psychology, communication theory, and test construction
theory. Begimming with the S-O-ﬁ paradigm commonly used in problem-
solving studies, it became evident from communication theory that each
of the members of this paradigm may best be considersd a composite.
That is, any specific stimxlus may be subjecé to a range of interpreta-
tions. If this stimulus requires the solution of a problem, the
specific iﬂterpretations may be subject to a range of solution strat-
egies some of which may lead to "correct' and some to "incorrect"
solutions. In the multiple choice test, the examinee can be expected
to try to match the altematives given him in the item within the
interpretation range and strategy range available to him., In this case,
the most reasonable assumption would ve that most, if not all, responses
given by an examinee to a multiple choice achievement test would be
selecied on a systematic basis.

If some characteristic of particular altematives in two
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separate items are sufficiently similar to the apparent right solution
in the view of the examinee, he can be expected to choose both of them.
If a sufficiently large number of examiﬁees select this same pair of
altematives this joint selection will appear as a high correlation in
the phi coefficients relating the two events, thus becoming "systematic"
in that it would produce a significant statistical event,

In the usual procedure used for scoring multiple choice
achievement tests, only the right answers are treated as'systematic in
this sense, hence the requirements usually set for their pefformanceo
This study addressed itself to the exploration of the possibility that
"most if not all 6f the answers given to multiple choice achievement
tests are selected upon a systematic basis." This psychological
hypothesis is the basic theoretical proposition proposed by this study;

Since it is possible that wrong answers may influence the way
in which items behave, and, inferr@ng from communication theory, the
suggestion emerges that each altermative may have more than one
interpretation among a group of examinees. Thus, there are four
possibilities, 1) that the systematic characteristics depend upon
content; 2) that the systematic characteristics depend upon the
advance classification as defined by the two process models of Bloom's
Taxonomy and the Guidelines; and 3) and 4) that the sysiematic
characteristics depend upon multiple interpretations as based upon
content or process. The study could have no commitment toward any of
these four possibilities.

For an exploratory study, Q.E.D. can be written at this point
without further interpretation attempts. The developmental characteris-

tics of wrong answers, their relationships with personality variables,
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with right answers, etc. exceeds the scope of this dissertation; These

.topics are, of course, legitimate areas for future research.

The Sample Used

The experimental test was administered to 277 summer school
students in a one semester course in educational psychology at the
senior level., The age group range of these students was from 19 to 55
with the median age about 30, and most of the studénts having had some
teaching experiencea. The overall group was subdivided by random
assignment into two groups (Group A of 139 students: and Group B of 138
students). A t-test for independent samples based on the total-correct
scores of the experimental test designed to confirm the equivalence of

the scores of these two groups is reported on page 92.
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RESULTS AND THEIR INTERPRETATION

A somewhat different procedure to the one usually employed was
adopted for this study. To begin with, the usual procedure for scoring
and interpreting multiple choice achievement tests is to count the
number of items each examinee has correct. This procedure is sometimes
modified by the specification, by various methods, of subtests of the
total test. One éf two general procedures is usually employed. Either
the experimenter establishes the categories into which the items fall in
advance of the test administration and then interprets his results on
this basis, or he groups his results on the basis of some analytical
procedure and then endeavours to interpret these groupings. Powell and
Isbister (1969) used the former procedure, and Powell (1968) used the
latter. In general, only right-answer information is used.

The present study endeavours to link advance classification and
statistical classification, and also endeavours to use wrong answers as
well as right answers in the interpretation of test results. As has
already been indicated, very little research of the type just described
is present in the literature., For this reason, this study can best be
described as exploratory in which negative results are moré likely to be
indicated than are positive results.

Each item on the experimental test had four alternatives, hence
the study began with four variables for each item. The response matrix,
therefore, contained a "one" (1) for each alternative selected b& each .
examinee; otherwise "zero" (0). Since the examinee was allowed no more

than one choice per item for 30 items, each examinee would have a
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maximum of 30 "ones" in the vector of 120 variables which rep;esented
his selections., Because these selections were further restricted to one
in each group of four, each variable w;s linearly dependent upon the
other three in the same item. In order to remove these linear depend-
encies, the performance matrix was partitioned into a right-answer
matrix and a wrong-answer matrix. These latter two matrices were
subsequently treated as being independent.

In order to attempt to cross-validate the findings, the
examinees were randomly assigned to two groups, Group A and Group B.

A11 the statistical analysis done which was not related to cross-
validation was performed on the data from Group A. The relationship
between the mean total-correct scores of Group A and Group B is given
in Table

In addition, since a relationship between advance classification
and statistical ordering was beinglattempted, an advance classification
éystem was used separately for the items as represented by their correct
alternatives and their foils. These classification systems were
discussed in detail in Chapters IT and ITI.

Since an attempt to find a consistent interpretation of
performance is being made, the examinees were randomly assigned to two
groups so that the interpretations could be examined for cross-
validation. Hence, the basic data for this study consists of two phi
correlation matrices (see: Appendix A, Tables 32 %o 39) for each of
the two groups. The cortelation matrices represent the intercorrelation
between variables across examinees for the right answers and for the

wrong answers in each group.

Finally, two achievement test scores were obtained for each
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examinee. O(ne of them was concurrent in the sense that the
experimental test formed a subtest in the mid term examination given in
a one-semester course. The other aéhiévement score was part of the
final examination in the same course. This data‘ﬁere colleeted so ﬁhat
the predictive validity of the various interpreted categories and their
predictive cross-vélidation could be deterﬁined.

Several steps were taken in each phase of the anal&sis. For
instance, attempts were made to interpret the right answers on the basis
of both factor analysis and inter-point distance cluster analysis. This
step was followed by a detailed logico-semantic analysis of the right
answer clusters in an attempt to interpret these clusters.

A similar logico-semantic analysis was made of the wrong-answer
clusters.

Attempts were then made to cross-valiidate the advance
classification, the interpreted clusters and a particular grouping of
the interpreted clusters.

Finally, the predictive validity of the advance classification,
the interpreted clusters, and the grouped clusters was found. This
validity was found in each case by using the right answers alone, and
the combination of both right and wrong answers.

The discussions which follow adhere to this sequence.

Interpretation of Right Answers Using Factor Analysis

On the basis of the advance classification there were two
possible interpfetations based upon either of two independent classifi-
cation systems with respect toc the right answers given by the examinees.

One of these interpretations could have been best described as a
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"process" interprectation based upon classification of the items cn the
basis of Bloom's Taxcnomy. The other possible interpretation.was
"content" in which the items were classified on the basis of the
information background regquired to answer them.

An attempt was made to verify the possible existence of either
or both of these two interpretations. The primary data for this attempt
was a six-factor unrotated principal axis factor matrix derived from the
phi correlations for the right answers. This matrix was rotated by a
Procrustes solution to find the best fit (in a least squares sense) to
two target matrices. The first of these targets specified a simple
structure which indicated the way in which the items were classified
using Bloom's Taxonomy. The second target matrix specified a structure
which indicated which items referred to each of the several reading
selections. The mairix structure was not always simple since some of
the items referred to more than one selection.

Table 3 (see: p. 60) gives the target matrix and the pattern on
the primary axes as related to the "process" classification of these
items.

It is evident from the results that the pattern does not
reproduce the target matrix in any satisfactory marmer. This finding
suggests the conclusion that the advance classification of items using
Bloom"s Taxonomy did not give a satisfactory indication of the way in
which each item performeé. Table 4 gives the correlation between the

primary axes in this solution. Table 4 is on page 61.
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TABLE 3

PROCRUSTES ROTATION OF THE ADVANCE
CLASSIFICATION OF RIGHT ANSWERS

Co

1t
1t
Item! Bloom's Classification |
No. Target Matrix " Pattern on Primary
1 1t
12,00 3.00 4.00 5.00 6.00}} I I1 III Iv v
1 te
3 11.00 o 1.87° 1.62°
6% 11.00 112.35¢ 140 1.06 -1.33
l2 1!1.00 112.03 3.46 1.99
15 11.00 .21 L4.44 3.55
t te
5% 1 1.00 111.60 6,44 3.89
7* 1 1.00 111.03 3.63 3.51
11 ! 1.00 H 3.55 2,46
1 1t
1 1.00 o 1.36 1.04 2.50
2 1.00 HH 1.15 1.57 2.60
L 1.00 111,53 -1.51 1.04 -2.02
8% | 1.00 " 1.40 1.17
g ! 1.00 " -4.95 : -3.73
17 1.00 111.00 1.21
19 | 1.00 11l.42 4.97 3.16
20 ! 1.00 T 2.40 2.7
21 1.00 " 1.02 1.11 1.7
23 | 1.00 "
24 ! 1.00 " 1.79
25 | 1.00 - -3.35 1.28 -1,.38
27 | 1.00 " -6.23 1.33 -5.55
1 11
i3 | 1.00 112,46 1.09 1.23 -1.79
14 1.00 1.9l 6.71 . 1.39 3.19
26 ! 1.00 " -1.15 1.82
28 | 1.00 " 1.62  1.12 3.02
29 | 1.00 "
30 1.00 HH -1.97 -3.42
1 1!
10% ! 1.00}; L4.91 5.22
16 |} 1.00!} L, oL 3.55
18 ! 1.004,;1.07 2.60 2.40
1 11
a. The numbers in Italics had the highest loadings.
b. Only those loadings with an absclute value of 1.00 or greater are

shown.
The items which are starred (*) approximate the target.



. 61
TABLE &

PROCRUSTES ROTATION OF THE ADVANCE
CLASSIFICATION OF RIGHT ANSWERS

Correlation Between Primary Axes

I IT IIT Iv v
1 1.00
11 -.96 1.C0
111 -.93 .04 1.00
1V .80 -.91 -.83 1.00
v «95 -1.00 ~.94 090 1.00

The primary axes (Table 4) were highly correlated, suggesting
that by this classification system, there may be only one factor
present.

As indicated on page 88 an identical procedurs was used to
examine the data for the possible'presence of "content" factors.

Table 5 (see: p. 62) gives the target matrix and the pattern on primary
for this Procrustes rotation‘solution.

The fit of this matrix to the target based on centent is only
slightly better than for process-oriented advance classification.
Factor V loading with items 21, 24, and 25 show a nsarly simple
structure which coincides with the target matrix. These three itens
also formed a unique cluster on the basis of the cluster analysis
conducted later in the study. It is possible, however, to give a
process interpretation to the cluster which may iean that this pattefn
for content might be coincidental.

Lside from these items the pattern did not reproduce the target
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mairix in an acceptable mammer. Content would seem to be only slightly
better than process as a means of classifying items in advance of their

use.

Table 6 shows the correlations between the primaries.

TABLE 6

PROCRUSTES ROTATION OF THE INFORMATION
CONTENT OF RIGHT ANSWERS

Correlation between Primary Axes

I II ITT IV v
I 1.00
11 .14 1.00
11T -.76 -.39 1.00
v -.52 -8l .58 1.00
v .30 -.12 .16 -.08 1.00

The Interpretation of Right Answers Using Cluster Analysis

The negative r?sults just reported suggested the need to search
for =z multiple interpretation possibility. Hence, a cluster analysis
procedure which normalized the same factor matrix by rows as was used
in the two solutions just given. The normalization involves dividing
each meﬁber of 2 row in the factor matrix by the square root of the

communality. Since this value is the length of the vector given by the
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row of factor loadings, this division raises this length to unity (one)°

The procedure then calculates the interpoint distances from the
ends éf the vector pairs, surface-to-sufface, across the hypersphere.
The square 6f this distance is the sum of the squares of the differences
across the rows taken in pairs. This interpoint distance is then used
‘to form clusters in which the within-cluster distances are minimized as
indicated by the formulae given in Table 41, p. 151. The clustering
begins with as many clusters as variables and ends with all variables in
one cluster, In addition, there is a unique cluster solution for each
factor solution which might be used or with the inclusion of each
additional factor., The experimenter, therefore, was left with the
problem of determining which of many possible solutions to choose.
Repeated attempts suggested an advantage to the process classification
of Blocm's Taxcnomy. It was decided to consider a cluster to have
recapitulated the advance classification if it contained mcre members
from one particular advance category than from any other category. The
solution which gave the best recapitulation was then sought, by itera-
tion, for both right and wrong answer clusters. The clustier was
assumed to be identified on the basis of the recapitulated category.

For the right answers, in this sense, the best solution was
derived from an unrotated principal axis factor matrix cf six factors.
In this solution twelve of the thirty items recapitulated in the
clusters., This result is four times better than the Procrustes rotation
to fit content just reported. Since this was 40 per cent of the items,
in spite of multiple interpretation possibilities, the result was

reasonably satisfactory.
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An examination of the data suggested that the first unrotated
factor might be a "difficulty" factor., Table 7 on page 66 expénds upon
this relationship. .

In géneral, the value of the loading on Factor 1 seems to be
about 50 per cent of the value of the difficulty. The correlation
between these two variables was r = .65,

Does this finding seriously disrupt the use of the six factor
solution? Table 8 on this page compares the interpoint distance

clusters as determined with and without Factor 1.

TABLE 8

RIGHT ANSWER CLUSTERS
WITH AND WITHOUT

FACTOR 1

1 §1
! With Factor 1 " Without Factor 1
1 .

;¢ 1 2 8 28 111 2 8 222 i7 28 23
1 11

c,! 3 17 30 o3 30 '
{ 1t

C3 . 13 6 HE é 13
1 11

Cpy 5 14 19 s 1L 19
1 t1

C5 N 22 23 i
’ 1t

Cg E 9 27 Eg 9 27

C7 110 11 16 29 1110 29 11 16 26
1 tt

Cg 112 20 26 nor 12 20
1 1t

C, | 15 18 "

9i Tt

CIO; 21 25 2L 115 18 2L 21 25

! H

a. The numbers in Italics displaced with the removal of Factor 1.



TABLE 7

RELATIONSHIP BETWEEN ITEM CONSISTENCY, ITEM
DIFFICULTY AND ITEM FACTOR LOADING ON
UNROTATED FACTOR 1

Item Intermal
Number Consistency Difficulty Factor 1
1 . 384 .086 -,007
2 456 . 245 .150
3 . 304 0345 176
L 425 173 037
5 0295 .223 ~0.200
6 473 «525 .392
7 .336 1hl -.185
8 419 «295 022
9 .135 .698 o245
10 2320 o173 074
11 o334 475 2216
12 430 . 345 «181
13 378 669 .118
14 405 460 «11l4
15 015 : .050 -.581
16 Ny .813 314
17 546 .07% .194
18 -.295 014 -.732
19 463 .309 .055
20 .269 .532 .055
21 404 . 324 »300
22 .001 .072 -.587
23 0165 .583 -.084
24 _ 0377 .856 k02
25 . 329 .547 o340
26 - 140 .381 .101
27 . 388 .849 14
28 .378 .367 .048
29 « 275 .827 .243

30 .158 734 .182
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The Italics in Table 8 on page 65 indicate that seven items move
by dropping Factor 1.. This fact does not seriously affect the replica-
tion of the advance classification in tﬁe new solution. Also, most of
the items whgch move to a new cluster do not follow the general rule
that the difficulty be roughly twice the factor loading. For these
reasons, it was decided to retain the complete six factor solution
throughout subsequent analyses.

Since a Procrustes rotation was used to determine how well the
advance classifications fit the data, it was reasonable to use the same
procedure with the cluster analysis data. Table 9 (see: p. 68) reports
the target and pattern matrices in solution.

The pattern on primary in Table 9 is a good reprocduction of the
simple structure of the target matrix. Furthermore, if the values of
"h" (i.e. the square root of the communality from the six factor matrix
are taken into account, then the pgttern seemed to fit even better. The
cluster analysis was produced from the interpoint distances derived from
a normalized matrix. For this reason, to find the length of the largest
vector approximating the overall length of the vector in the unrotatéd
six fgctor solution add to the acceptabiiity of the solution, |

Iﬁ short, the cluster solution was a far better fit to the data
than either of the two methods of advance classification., The independ-
ence éf the interpoint distance clusters from rotation problems also
reinforces the acceptability of this approach. Table 10 (see: p. 69)
reports the correlation between the axes.

The relatively low correlations between the axes in Table 10
further strengthens the support for the use of interpoint distances as

an analytical technigue for the problem under examination in this study.
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TABLE 10
PROCRUSTES ROTATION OF THE

CLUSTER ANALYSIS OF THE
RIGHT ANSWERS

Correlation between primary axes

C1 C5 06 C? 08 Clo
C1 1.00
C5 -.31 1.00
C6 -.07 .18 1.00
C? -.17 .31 -.03 1.00
08 .06 -.29 -.03 -.08 1.00
C10 .12 .20 015 -.12 .09 1.00

The largest correlation between axes given on Table 10 was -.31 which
represents an angle of more than 70o between this pair of axes. It is
possible, therefore, to state that interpoint distance clusters produced
a solution which was independent of the usual rotation problems and
which was approximately orthogonal. The procedure gave & very satisfac-
tory statistical representation of the data. On the other hand, the
failure of the advance classification systems to render interpretabil-
ity left the researcher with the problem of interpreting these clusters.
Finally, 2 matrix which is in fact categorical in the sense
given on page 47 would be expected to have low correlations between the
prima%y axes for a Procrustes roitation. When the dimensionality of this
categorical matrix has been reduced by factor analytic technigues,

before rotation, the best fit frcm a Procrustes rotation should display
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the retained lengths of the vectors (i.e. the square roots of the
communalities) as the loadings of the pattern on the primary axes.

Also, the pattern on the primary axes sﬁould display a structure similar
to the targe; matrix, All three of these properties must be present for
the inference té be mzde that the principal axis matrix is categorical.
It is evident from Tables 9 and 10 (pages 68 and 69) that all these
conditions were met, strongly suggesting that the cluster analysis
technique gives a good categorical solution to the six factor data. The
low internal consistency was thus explained, suggesting profile scores
from the clusters may better describe the data than total correct scores
alone, Finally, the close match between the original vector lenzths and
the facdor loading in the Procrustes rotation and the near crthogonality
of the factors suggests that this solution clearly identifies the homog-
eneous subtests of the right answers. These findings contradict the

apparently poor showing of this test in the usual analytical setting.

The Meaningful Interpretation of Item Clusters

With the failure of the advance classification, the multiple
interpretation hypothesis was the only alternative to invesiigate hence
some reasonazble common ground was needed for each clusier if answering
was systematic, The first possibility which had to bte either confirmed
or eliminated was that the clusters were sufficiently strongly content
oriented to suggest content as a possibility. The only cluster in which
content was at least a strong contender to process was the Cluster C10
containing items 21, 24, and 25, All these items were based upon reading
selection number‘five (Progress), but also, all three were classified as
Analusis items. A closer look was taken at this cluster, along with all

the others (see: Appendix C). This look supported the process
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interpretations over the content interpretation. Thus, it was reasonable
to reject content as a basis for the interpretation of any of the right
answer clusters; .

The misfit items in the identified clusters were examined by
logico-semantic (structure-meaning) analysis to determine if they could
. be reasonably reclassified in common with the recapitulating category.
Success by this procedure would lend support to the multiple interpreta-
tion hypothe-sis° All misfit items in clusters Cl’ C5, C7 except possibly
item 7 could be reclassified to fit the overall classification of these
clusters, adding three or four items to the original twelve.

The logico-semantic analysis of Cluster 08 revealed that the
formation of an inductive structure within a particular reading selec-
tion could possibly be the basis for synthesis items., For this reason
C8 was classified as Synthesis, adding another three items to the
support of the multiple interpretation possibility.

This procedure gave 19 of the 30 items, or 63 per cent, of the
items a reasonable classification based upon process. Since the inter-
rater reliability was only moderately high (r = .83) and since the cross-
validation based upon interpretable reazsons found in Powell (1968) was
only 64 per cent, this level of recapitulation can be considered to be
satisfactory,.

For the remaining four clusters the interpretation was ambiguous.
Cluster C9 contzining items 15 and 18 seemed to be simply poor items,
Cluster 04 seemed to involve implication or extrapolation from the rel-
evant content suggesting comprehension but in the absence of better
éefinitions for strategies it was safer to call this cluster azmbiguous

(see: p. 197). The remaining two clusters (02 and C3) seemed to be
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strongly influenced by the nature of the foils in the items which tended,
in general, to lower them to Comprehension items; but each had some
Analysis characteristics leaving their élassification ambiguous, which
seemed to further support the multiple interpretation hypothesis. These
decisions are summarized on Table 11, page 73.

Trying to make Synthesis items by combining two or more reading
selections proved unsuccessful for a number of reasons, suggesting the
need for more resezrch on this method,

Thus, the results of the logico-semantic anzalysis of the item
clusters suggested reasonable support for 1) the multiple interpretation
hypothesis, 2) the transcendence of process over content, and 3) the
suggestion that foils influence item performance,

The summary just presented is supported by a detailed discussion
.given in Appendix C (see: po 186 ff). The details are also presented,
first, because it was felt that thg effective reclassification repre-
sented evidential support for the multiple interpretation hypothesis,
and second, because subsequent researchefs might find value in an

independent evaluation of the logic behind the conclusion of this study.

The Meaningful Interpretation of Wrong Answer Clusters

The tables for the factor analysis of the wrong answers were
very large since they involved 90 variables (see: Appendix A, Tables 34
to 39).6 The analysis of the right answers showed that interpoint

distance cluster anglysis gave a good representation, in a statistical

6The phi coefficients in these tables are in the following
sequéﬁzé: variables 1 to 30 represent 1D to 30D, ; variables
31 to 60 represent 1D2 to BOD and varlaolos 81 %o 20
represent 1D3 to BODBO



TABLE 11

CLASSIFICATION AND MEMBERSHIP OF

RIGHT ANSWER CLUSTERS AS

DERIVED ¥OR GRCOUP A

73

Cluster Item Agdvance Interﬁreted

Label Membership Classification Classification
Cl 12 2 8 28 fnalysis Analysis
C, 3 17 30 Ambiguous
C3 4 13 6 Ambiguous
Cp 5 4 19
C 7 22 23 Analysis Analysis
06 S 27 Analysis Analysis
C7 10 11 16 29 Evaluation Evaluation
CS 12 20 26 Synthesis .
C9 15 18 Ambiguous
Cio 21 25 24 Analysis Analysis

The numbers in Italics were all in the category nzmed in the
advance classification.

The "interpreted classification" of each cluster is given in
Appendix C beginning on page 186.
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sense, for those data. Finally, the interrater reliability was lower
for wrong answers than right answers, suggesting that the advéncé
classification of foils would be 1less iikely to reappear in the data
than the right answer. For these three reasons, the interpretation of
the wrong answers began with the cluster analysis. Attempts to fit the
unrotated principal axis factdr matrix to the advance foil classification
and to the foil content were not made. There was no reason on the basis
of the characteristics of the results of the cluster analysis to assume
that the results of these two preliminary steps would have been

substantially different for the wrong answers than they were for the

right answers.

The best replication of the advance foil classification which
could be found in the cluster analysis involved a 25-factor solution to
the phi correlation matrix of the wrong responses, and 15 clusters of
foil in this solution. This replication placed 28 of the 90 foils
(or 31 per cent) into clusters which might be considered equivalent to
the categories of the advance classification on the basis of the most
frequently occuring category of foil in that cluster. This proportion
(31 per cent) was not quite as good for the wrong answers as the .
corresponding proportion (40 per cent) was for the right answers.

In getting this best replication, the same procedure was used
for determining the number of clusters as was used for right answers.

All 90 foils were clustered. OCnce the best replication was
found, however, those foils for which the selection ratio was less than
.06 were dropped from further consideration. This precedent was

established when the interpretation of the right answer clusters was

teing made. The result of the dropping of foils ¢f iow selecticn ratio
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was to reduce the number of foils under consideration from 90 to 60,
Of these 60 foils, 18 foils (or 30 per cent) continued to meet replica-
tion requirements. The proportion is éssentially the same as before,
The interrater reliability for foil classification (r = .62)
was not as high as for the right answers. It i1s possible that this
figure might have been considerably lower, had the right answers to the.
items not been clearly indicated to the raters at the time of the rating.
The procedure of rating involved comparing the foil, stem, and right
answer relationships to the definitions of foil categories as.listed'in
Chapter III. It became fairly evident that at least some of the foils
might be placed quite reasonably into several different categories. The
problem of multiple classification of foils will be dealt with in more
detail in the interpretation of the wrong answer clusters.
(see: Appendix C, p. 209 £f).
Briefly, the advénce classification of foils were arranged into
three or four possible general classes. These general classes were
1) Strategy Errors, 2) Misreading, 3) Misinformation, and &) Other.
The Other, (0), category was for foils which for some reason could not
be readily classified into some established category. In the Experi;
mental Test this category referred primerily to the foils for items 19
to 24 inclusive. 1In these items a different item format was used to
that of the remainder of the items. It was not possible, in advance,
to know whether or not this difference in item format would influence
the way in which the foils behaved statistically. It was assumed in the
interpretation of the clusters that "O" type foils which were found to
be in reasonable association with foils of specified categories were not

influenced in their behavior by the item format. If the Other (0) type
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foils formed their own unigue clusters, these clusters were assumed to
represent categories of foil not identified by the advance classifi-
cation of foils. Two such categories appeared in the data.

The specific categories used in the advance classification of

foils were as follows:

Name Symbol
1. Overgeneralization 0G
2. QOversimplification 0S
3. Substitution Sub
4, 1Inversion Inv
5. Invalid Assumption IA
6. Irrelevancy Irr
7. Common Misconception M
8. Worid-Word Link Ww
9. Transposition _ Tr
10. Redefinition of Terms RT
11. Other 0

A cluster was identified on the basis of the most frequently
occurring foil of a particular advance classification in that cluster.
The identification given in Table 12 (see: p. 77) is based on allbof
the foils in each cluster before low selection ratio foils were
eliminated. This identification was used as 2 starting point for the
attempt at meaningful interpretation of each foil cluster. The {inal
meaningful interpretation of each cluster is also given in Table 12.

Once again the members of each cluster were examined in an
attempt to determine the common basis upon whizh these foils clustered

together. Particular attention was paid to the foils which were not in



7

°I9960TO ,,POTJISSBIOUN, UB JOJ SPUB)S [ dYL °q

. °pajatdwoo sem stsfTBUL J0108] 9Y)
AmpmwOﬁpwh:OﬂpomHomonwmomﬁw@pmspzomﬂthdemspEonwcmmmonnmhozwoﬁﬁmuthvm;doﬂc:ﬁmﬁﬂo&ow

ag, | 0 S foz %oc @@ Tm

Iat Ixx Nmmm mmm Nmmm Nnm :HB

% 0 acz agz  atz €Ty

T 0 Canz ‘T Tt Ty

i A . ‘ot %z fwot foo e et T

i n | Tw6e %Goz oot 0w

* S0 SO ‘s Cwe fwr %aor ez Sac  GF ki én

VI VI ot Y@t fagz Tarr N

) n e %aoz %aer fast Twer Gact fon Casr Taor Ly

SN 1 mgom Cw Carz Yase G Twe In

AUt 0 o Y6t TF %aer Yart fazt Yoot o “n

hR n ‘et Tar G T @@ iy

O o) m Mmﬁm Mamm MgmH M@#H MQ@ M@m e M@@N Hg: Mz

Po}BUTWT T qug @6z @S¢ *ugz @@ “TRT Ty The T  TOT Q€ N

90 20 Twr T fazz Taez Tz o Ty
sTSATBUY UOT3BOTIISSBI) TTOd I995NT)
oT1UBWES-00TH0T Aq aoueAapy £q J9gsn) Jomsuy JFuoap JaMsuy
uorgeloadaaguy U0T3BOTITAUSDT Un® UT STTOJ Suoam

V dO¥) Y04 QIATHAQ SY SHAISNTD YAMSNY ONOYM J0 JTHSHAAWAW ANV NOILYVOIAISSVIO

ST VL



78

the common advance category present in the cluster. In addition, the
evident influence of foils upon the performance of an item led.to the
possibility that the interpretation of é foil by category might depend
upon the point of view of the interpreter., The low interrater reli-
ability suggested this possibility., For at least some foils several
classifications may have been reasonable. In this case the foil cat-
egories would not be independent or unambiguous., If foils are only
interpretable afier a test has been given, then these interpretations
become specific to the particular examinees upon whose rerformance the
interpretations were basea. That is, the expectation would be that
where multidefined foils were concerned, the proportion of cross-
validating foils on a cluster-for-cluster basis would be low,

A procedure similar to the one employed for item clusters was
used with wrong enswer clusters, For complete details see Appendix C
(see: p. 209 fr).

The possibility of multiple interpretations of wrong answers was
most clearly illustrated in the case of foil 2Di. Briefly, the classifi- -
cation of this foil was initially set as Substitution (see: p. 156)
because it substituted a conjunctive for a disjunctive relationship, |
However, it is possible to look at these relationships as Overgeneraliza-
tion or Oversimplification as the discussion in Appendix C indicates
(see: p. 213).

'Apparently, considerably closer analysis of the logico-semantic
relationships within items and their componentis would probably reveal a
range of possible interpretations for each item, This multiple
interpretation effect is consistent with the findings using right

answers, For foil clusters, the lower recapitulation left five clusters
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containing 28 foils from the 60 that remained classifiable because of
the advance classification of their members. Of these, ten foils.did
not have these classifications in advance, but eight of them could be
reasonably reclassified into the category of the total cluster.

Only one cluster (w?) which contained nine foils could not be
classified by logico-semantic analysis although one or two more of these
were shaky at best. One cluster (WB) was classified Common Misconception
on the basis of logico-semantic analysis beCausé the characteristics of
this cluster were reminiscent of the findings of Powell and Isbister
(1969) thereby suggesting consistency between two independent groups on
the same test. Three categories (NS, 01, 02) were added to the Guide-
lines because of the clustering as well as the logico-semantic analysis.

Clearly, the Guidelines were not exhaustive and were not mutually
exclusive, as already anticipated by the establishment of the "Giher"
classification, and by the multiple interpretation hypothesis. Because
of the support for this hypofhesis it is likely that the interpretations

formulated should be confined to the group upon which they were derived.

A Possible Hierarchy of Foil Categories

During the above analysis it became evident that foil categories
%ere, to a degree, interchangeable. For instance, foil 2D1 could be
classified as 0G, 0S, or Sub. In only a few cases did reclassification
within a wrong answer cluster of specific foils seem unreasonable. No
attempt was made to exhaustively reclassify foils. Instead, the attempﬁ
was to reclassify specific foils to fit the patitern which seemed to be
evident within the entire cluster as derived from Group A. Table 13 on
page 80 summarizes the reclassification which occurred for each foil

class in each of the wrong answer clusters.
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TABLE 13

RECLASSIFICATIONS WIICH WERE

MADE OF SPECIFIC FOILS

Cluster Advance Classification Reclassification

Wi Sub became 0G

w5 Sub, 0OS and 0OG became CM

WE CS and 0G became Inv

wg Inv, Sub, 0S, Irr became NS

w8 Inv and Sub became IA

w9 Irr, Inv, and Sub became 0S

wll Irr and 0S, Sub, CM became WW

7 ~

hlB oG became O2

Since the O class in Table 38 was treated essentially as though
it were unclassified it was omitted from this table, as were foils which
did not classify within their respective cluster. Table 13 lists the
Advance Classification of the foils in each of the ‘wrong answer clusters
vhich were different from the final classification of that cluster and
the final classification given. As such it summarizes Tables 33 to 66
inclusive,

Put the other way around, the substitution category of feils

disappeared by reclassification as 0G, CM, NS, and IA. Besides
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retaining a cluster for itself, 0G also reclassified as CM, Inv, and 02.
0S also retained its own category but also became WwW, CM, Inv, and KS.
Similarly, some of the Inv foils reclassified to NS, IA, and OS.
Finally, some Irr foils became NS, 0S, and WW.  Figure 2 presents these

changes diagrammatically.

FIGURE 2

FOIL RECLASSIFICATION PATTERN

In Figure 2 there is a double headed arrow between GS (Over-

simplification) and Inv (Inversion). This arrow means that at least one
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0S foil was reclassified as an Inv. and al least one Inv foil was
-reclassified as an 0S (Oversimplification). The other arrows in the
figure can be interpreted in the same way.

Sub foils disappeared, and hence are dropped from this diagram.
From the analysis of the right answer clusters it became eviden# that.
CM and Ww type foils tended to lower the level in the taxonomy of an
item while 0S and OG foils tended to raise it.

From the reclassification pattern in Figure 2 0S foils seem to
be pivotal in the sense that it was most frequently involved in changes
(from or to). Furthermore, NS, Inv; and 0G may be higher order foils,
and CM, WW, and Irr of lower order foilg on the basis of the changes
these foils seem to cause in the reclassification of right answers.

Thus the general order of a possible foil hierarchy would seem
to follow a vertical axis iﬁ Figure 2, with the lowest 1ével at the

bottom.

O2 and IA foils are ambiguous in this pattern because they have

one-way linkages only.

Other evidence to support thé possibility of an hierarchy of
foils should be found before this property of foils can be considered to
be established from the data. Any set of random variates can be ordered
on the basis of relative magnitude into an arbitrary hierarchy. Two
random variables will be uncorrelated. If, however, two correlated
hierarchies can be produced from two independent variables, this produc-
tion would suggest that these two variables may be functionally related.

One possible source of such an arbitrary hierarchy is to consider
the average total-correct score of the respondents selecting each inter-

preted foil as listed in the Appendix in Table LO. The average of these
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averages could be found for each interpreted wfong-answer cluster., This
average total-correct score for all the members of a particular cluster
may reflect a systematic characteristic.of the examinees which may
relate the kind of "error" made to the total-correct score achieved.

If foil selection patterns reflect a functional relationship
between "errors" and total-correct score, the rank of a foil (from one to
three for high to low) within an item based on the average total-correct
score should also reflect this functional relationship. If each itém is
independent of each other item, the average within item rank of the foils
across a cluster should also be independent of the average total-correct
scores of the foils in that same cluster. This is a reasonable assump-
tion since only in item cluster CBvdoes there not seem to be a close
relationship between item clusters and foil clusters for the items in
that cluster. An exception to this expectation would arise in the event
that there is, in fact, a functional relationship between the kind of
error -and the total-correct score. In this latter case, both these
procedures should produce roughly the same hierarchy.

In addition, this hierarchy would be expected to reflect the
pattern which seemed to be evident on the basis of the pattern of re-
classification of foils, the reclassification of items as influenced by
foils, and the indications which also arise from other research into
wrong-answer patterns,

Since this part of the study is exploring the possibility of a
hierarchy among the foil categories, the rank order of the two variables
just described was determined. That is, the rank order of the average
for eéch interpreted foil cluster of the average total-correct score

associated with each foil in that cluster was found. This procedure
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established an arbitrary ordinal relationship among the interpretgd foil
. clusters. A ranking of the average within item ranks was als& estab-
lished. If there is no functional relafionship between foil type and
total-correct score, the rank order correlation between these two
ranking systems should be near zero. That is, the within item and
between item characteristics would not be related to the average total-
correct score on each foil in a functional manner. Table 14 shows the
ranking of foil clusters by two independent methods (see: De 85).

Each of the two ranking systems in Table 14 tend to support the
| more general ranking procedure suggested by the reclassification pattern.
The comparison between the two ranking systems gave a rank corder correla-
tion of p = .68 which is significant (g # .01 for two-tailed test for
N = 12).

Other findings support this hierarchy. For instance, Powell and
Isbister (1969) found that IA foilé correlated negatively to Synthesis
items. Foils in this category would be expected to have the fairly low
rank this study suggests for IA foils. On the other hand, placing this
foil type just above the content-linked misreading categories may be
placing it too low in the hierarchy. Similarly, RT foils seemed to be
content-linked, and would be expected to have a low rank for this reason.
Support for this extrapolation was also evident. The tendency for Irr
foils to distract middle and high level performers has already been noted
in Powell (1968) and Powell and Isbister (1969). Thus the renking by
average total-correct score which seems to place Irr foils in sixth
place would seem to be too low. Similarly, the ranking on a within item
basis as shering top place would seem to be too high.

By itself, the ranking on total-correct scores weuld seem to be
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TABLE 14

RANKING OF FOIL CLUSTERS BY TWO

INDEPENDENT METHODS

Interpreted Rank by total-correct Rznk by average
foil cousters averages within within item rank

clusters by cluster?
Cluster Interpretation Average Rank Average Rank
Wy 0G 12.0 ’ 1.0 2.4 1.5
wl3 O2 11.9 2.0 2.67 L.s
W, NS 11.8 3.0 2.6 3.0
wg Inv 11.7 4.0 2.7 6.0
w9 0S 11.6 5.0 3.0 9.5
w14 Irr 11.5 6.0 2.4 1.5
w15 Tr 11.3 7.0 2.75 7.0
w3 M 11.2 8.5 2.9 8.0
Wy 1A S 11.2 g.5 2.67 4,5
WA & wlO RT 11.1 10.0 3.25 11.5
w11 Ww 11.0 11.0 3.0 9.5
Wiz O1 10.8 12.0 3.25 11.5

a. The within item rank includes the right answer and does not drop
any foils.

fairly closely related to an hypothetical foil hierarchy on a between
item basis. Similarly, the within item ranking would seem to be more
closely related to the influence of foil categories upon.the items.
However, these two variables are obvicusly related, as indicated by the
significant rank order correlation between them. These results suggest

overall systematic answering which influences the statistical outcomes
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of both within and between item events.

Perhaps the most reasonable arréngement for the hierafchy would
be to consider both events to be interéependent. The simplest approach
in this case, is to consider the average rank of thehtwo separate
ranking systems used and to rearrange the foil categories accordingly.
The resulting hierarchy would then reflect the influence of both between

and and within item events. Table 15 gives the results of this

procedure.
TABLE 15
RERANKING OF FOCILS
BY AVERAGE RANK
Cluster FPcil Classification New Rank
Wi oG 1.0
w13 02 3.0
wlL,r Irr 4.0
w5 Inv 5.0
W8 IA 6.0
W 0s .

9 7.5
WiS Tr 7.5
ws M 9.0
Wil WwW 10.0
wq & wlO RT 11.0
W. 0 12.0
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This rearrangement put RT nearer the bottom, OS nearer the
middle (as its pivotal position suggested), and Irr nedrer the top than
the average total-correct rank, which éeems to be reasonable relative to
the available evidence. This new reordering has not been used in sub-
sequent analysis because of the problem of the relevance of the within
item ranking to this hierarchy. Furthér research 1s needed before the
most probable sequence in the hierarchy has been established.

The lowering of the performance level of synthesis items in CZ-
and C, by Tr, CM, and RT foils further supports this hierarchy. Foil

3

l?D3 was reclassified as 0S in the logico-semantic analysis of the wrong
answer cluster. The pivotal position of the 0S category would seem to
suppert the "double-strategy" interpretation of CZ' Foil 4Dl was
changed from OG to CM, which suggests that this foil, and 4D3 which was
unclassifiable may have combined to lcwer this analysis item to a
comprehension level. Right answer cluster 02 may, therefore, be a
comprehension level cluster and not a double-stirategy cluster as
suggested earlier. These suggestions are too tentative to alter its
"undetermined" classification.

Further support for this foil ﬁierarchy may be found by taking
the new foil ranks and determining from these the average foil rank of
each right answer clust.er° Table 16 (see: p. 88) gives this
information. |

Table 16 shows three additional characteristics which may add
support to the ccncept of a foil hierarchy. First, the order conforms

to Bloom's Taxonomy with C the apparent split strategy cluster falling

2,

between the analysis and undetermined categories. Second, evaluation

fell out of crder as occurred in the Kropp, Stoker, and Bashaw (1966)
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study. Third, the cluster C9, if legitimately classified by one foil,

fell at the bottom; The Procruétes rotation match-to-content suggested
that this cluster might be a éontent-oriented cluster, In this case,
its location was also reasonable,

Further support for the hierarchy can be found by determining
the rank order of the right answer clusters in several ways. When the
between and within item foil ranks, as given in Table 14, page 85, are
used to calculate the right answer cluster rank, a highly significant
correlation is found (p = .90, p <.001 for N = 9). This finding
supports both the hierarchy and the apparent influence of foils upon
iteg performance, All of the other possible rankings produced correla-
tions which were not significant, including a comﬁarison between ranking

by average foil rank and average total-correct scores.

Results Related to the Subsumptive Property of the Taxoncmy

Another interesting finding in the results just reported is
the fact that the average difficulty of each cluster seems to be un-
correlated with the rank of each cluster. This correlation is p = .05
and does not change much if within item rank is used or if the composite
rank is used. This finding would seem to contradict the subsumption
characteristic assumed to be part of Bloom's Taxonomy.

From the data available in this study, another test of this
subsunption hypothesis can be made. If the subsumptive property holds,
successively higher members of the right answer hierarchy should be
obliquely related. The Procrustes rotation gave a good fit to the
target for the cluster aﬁalysis (see: p. 67). In general, the

relationship among the primary axes would seem to be orthogonal.
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However, the sampling distribution of these correlations is unknown so
that their statistical significance of these corre;ations canﬁot be
determined. In this case, thé actual values of these correlations,
arranged in order on the basis of the hierarchy cf right answer clusters

may reveal a systematic pattern. Table 17 gives this data.

TABLE 17

POSSIBLE SYSTEMATIC OBLIQUITY

BETWEEN ORDERED CLUSTERS®

1
t
1
v G %10 Ce Cs Cy
E
Clo i "012
1
1]
06 : —003 : o15 .
: H Relations among
05 LS X ! .20 .18 Analysis clusters
1 1
1 1
Cl : _ol? : 012 "oO? .—.31
3 3
! .
C8 : "c08 009 ".03 ’529 006
1
1
H
H

a. This table is based on Table 10, page 69

If the point is stretched to the ultimate and correlations

greater than or equal to an absolute value of .15 are ccnsidered
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oblique (r = I.lSl), there may be seven (7) of these fifteen (15)

. relationships that could possibly be considered as oblique. In this
case three (3) of these relationships are oblique along the diagonal of
Table 42, but all are within the analysis grouping. Four of these

seven are found among the six of the analysis grouping. The other théee
are among the nine relationships outside the analysis grouping. The
highest of these correlations still represented an angle larger than 70°
(r =1 .31) and the greatest proportion of these sligﬁtly nonérthofgonal
angles are found among analysis clusters. Such slight pattern as might
have existed did not seem to be too important outside of the analysis
group of clusters. The relationships among the clusters did not seem to
support this assumed subsumptive relationship between levels of the
Taxonomy. Kropp et al (1966) found that the order from the simplex
analysis did not consistentiy support this subsumptive property either
(see: p. 21). In short, the lack of correlation between average item
difficulty and cluster order would seem to be fﬁrther evidence towards
the probable refutation of the assumed subsumptive relationship between
the levels of Bloom's Taxonomy.

The fact that the correlation between the order of the right
answer clusters and the average total-correct score was negative
suggests a general tendency for examinees tc do better on low level
items, which suggests a ceiling effect present in this difficult test.
The test was also shown to be difficult by the average total-correct
score, which was 12.19 out of 2 possible 30 items for Group A. This

possibility found further support in the cross-validation part of the
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Cross-validation g£ the Analysis

The multiple interpretation hypothesis supported thus.far, and
the apparent foil hierarchy, suggested two possibilities with respect to
cross;validation° First, the attempts made to cross-validate these
findings might not be successful. Other evidence for systematic
responses may, therefore, have itc be sought, such as the hierarchy,
which might be supported more strongly in the cross-validation than the
individual clusters,

The total-correct means and variances for each of these two
groups on the experimental test were used in a t-test for independent
samples in order to confirm the equivalence of test scores of these

two groups. Table 18 contains this data.

TABLE 18
COMPARISON BETWEEN GROUP "A" AND GROUP "B"

ON TOTAL-CORRECT SCORES

Group A Group B af t P
X1 = 12,19 X2 = 11.91 275 o83 o0
s%=8.62 57 =7.60
Ni = 139 N2 = 138

a. Probgbility of t equal to or larger than .83 is given for a
two-tailed test.
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On the basis of the results given in Table 18, page 92, the two

groups would seem to belong to the same population so far as the

experimental test means and variances are concermed.

Cross-validation of >ight answers. Three different comparisons

were used in the cross-validation of item clusters., 1) Those right
answers from the advance classification which were used to help identify
the item clusters were checked against ithe clusters of Group B.I 2) The
clusters which occurred from the answers of Group A were compared with
the clusters from Group B. 3) The right answer clusters were divided

into three groups of about equal size based on their average foil rank,

and this division was cross-validated. Table 19 gives the first two of

these comparisons. The code C' is used to refer to Group B's clusters.

.

(see: p. 94).

The rule used in Table 19 (see: p. 94), once again, was the
most frequent repetition of items within clusters for Group A and Group
B. Only four of the 12 items (33 per cent) which were grouped by the
édvance classification and retained this grouping in the clusters were
found to cross-validate in Group B. Thus, the advance classification
holds up about as well (or as badly) in cross-validation as it did in
the clustering.

Comparing cluster by cluster, there were ten items (33 per cent)
in the clusters from Group A which occurred in equivalent clusters for
Group B. Cluster C! contained itwo members from 05 but also had all of

5

c9 in it (items 15, and 18) which leaves the definition of c; ambiguous,

In any case, it was evident that the clusters themselves did not

cross-validate any better than the advance classification.
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TABLE 19

CROSS-VALIDATION OF THE RIGHT ANSWERS OF
GROUP A BY GROUP B FRCM THE ADVANCE
CLASSIFICATION AND THE ITEM CLUSTER

1
Group A ! Group B
1
1 1 1
Cluster ! Item ICluster } Ttem
L] 1 | B
1 1 1
6 i 1% 2% 8 28} c; Pl o2 12
1 1 1
c, | 3% 17% 30 Pocy 1 o3% 14 17% 29
1 1 1
1 1 1 1
c; 13 6% Poy w26 6
1 1 1 1 ’
Cy 5 14 19 to, 15 100 13
1 1 1 1
cy 17 22% 23 poe, po7xo1s 18 ez
1 1 1 1 .
Cg 19 27% P o8 2rx 9% 30 25
1 1 1
c 110 11 16 291 ¢L 111 19
T Lo
1
cg 112 20 26 I Cg 16 28
i S
cy 115 18 P C, 120 2
; : :
1 1 ! 1 e
0y {22 25 2l P Cp | 2 24
1 1 ‘ 1
bd 1 1

2. The numbers in Italicsdcross—validate the advance classification.

b. The starred (¥) numbers cross-validate the item clusters.

Table 20 (see: p. 95) has the right answer clusters arranged by
their rank based on the average total-correct écore as given in Table 16
(see: p. 88), and arranged into groups of three clusters with C9 (items
15 and 18) dropped. The cross-validation was then repeated.

Instead of 33 per cent there is now 57 ver cent cross-validation

although with only three groups to match instead of nine. An increase
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of this sort would be expected., More interesting is the distribution
of the shifts between Group A and Group B clusters., If the pattem

for Group A is taken as a reference and the order is considered to

be fixed, a shift is considered to be + 1 if the mobile item in the
Group A cluster is found in a Group B cluster associated with items

one cluster higher for Group A, Thus, a + 1 shift occurred for item 13
in C3 clustered with item 5 in CL where the latter is in Cq. Similarly,

item 10 in Cq would represent a - 1 shift., Table 22 summarizes these

shifts,
TABLE 22
MOBILITY OF ITEMS BETWEEN GROUP A
AND GROUP B IN TERMS OF SHIFTS
. + . + . + . .

O Shift - 1 Shift - 2 Shifts - 3 Shifts Larger Shifts
Items tems Itens Items Items Shift
1 7 3 19 12 16 23 -4
2 9 8 20 14 28 24 -+
4 11 10 21 25 30 26 -5
5 22 13 29
é 27 17

10 9 3 3 3
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Table 22 (see: p. 96) shows that the mean absolute shifting of

items between the two groups was slightly more than one place in the
hierarchy (5 = 1,11). This shifting was about one third of the shift
expected if the items had randomly rearranged from Group A to Group B.
If all possible shifts were equally probable, the mean shift would be
3.24. fn fact 22 of the 28 items shifted twc steps or less, which
accounts for 79 per cent of the items,

'A possible explanation for these shifts can be found in the
hypothesized multiple interpretations. This hypothesis would suggest
that in spite of the homogeneity of these two groups based upon total-
correct scores, these two groups were obviously not homogeneous when it
came to clustering of the items into item-homogeneous subtests. The
clustefing was based upon correlations which were sensitive to marginal
totais. The stability of these marginal totals could be expected to be
affected by the range of interpretations of the items within the groups
concerned., This shifting could, therefore, be a product of the
heterogeneity of the examinees and the effectiveness of the item in

communicating a limited range of possible interpretations.

Cross-velidation of wrong answers., An identical procedure to

the one used for right answers was used with the wrong answers,
" Table 22 (see: p. 98) gives the cross-validation between the advance
foil classificatioﬁ and the individual foil clusters between Group A
and Group B.

Ir. Table 22 we find that of the advance classification only
three foils out of 16 (or 19 per cent) cross-validate as compared with
the 16 cut of 60 foils (or 26 per cent) which help to identify the

clusters, Once again, the advance classification and the clusters
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cross-validate in about the same proportion. Wrong answers seem to
cross-validate about as well as right answers.

The third comparison, once again, was between foil clusters
grouped into three groups based upon the average foil rank. Table 23
(see: p. 100) gives this comparison.

In Table 22 the high group again croés-validated best using the
hierarchy. With w? being dropped as uninterpretable, 27 of the remain-
ing 51 foils (or 53 per cent) cross-validated compared with 16 out of
28 (or 57 per cent) for right answers, and for a combined total of 43
cut of 79 altematives (or 3% per cent). |

Although the wrong answers showed a wider range of shifts, 30
foils had a shift rangé oi * 3 or less (or 59 per cent) compared with a
probable § = 4,83 for random shifts. Foils, though less stable, showe@
the same trend foward stability as right answers. Once again the mult-
iple interpretation hypothesis cou}d account for the lack of stability.

The joint cross-validation combining right and wrong answers by
group were: high group 21 out of 28 ( or 75 per cent); middle group 14
out of 28 (or 50 per cent); and low group 8 out of 23 (or 35 per cent).
That is, the stability increases by about the same proportion (50 per
cent) from low to high, This increase in stability was also found

among the wrong answers for the Proverbs Test (g£ Powell, 1968),

The Prediction Value of the Experimental Test

In addition to the scores and individual responses on the
experimental test, two achievement scores were obtained for most

examinees, There was some loss of data, making Group A have 125 members,

and Group B have 120 members.

The first achievement test (4chievement Test I) was given with
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the experimenizl test as a subtest for a midterm examination. The
scores used for predictive purposes do not contain the experimental
test scores. The second achigvement test (Achievement Test II) was the

final examination in the same course. The relationship among these

tests is presented in Table 24.

TABLE 24

CORRELATIONS BETWEEN THE TESTS IN THIS STUDY

Experimental Achievement Achievement
Test Test I Test II

Experimental

Test : 1.000
Achievement

Test I 224 1.000
Achievement

Test II 0125 JAlh 1.000

As shown in Table 24 the two achievement itests were moderately
correlated (r = .414). The relationship between the experimental and
achievement tests was considerably less, particularly with respect to

Achievement Test II.

In order to establish the predictive validity of the
subdivisions of the experimental test, several comparisons were run

using a stev-wise multiple regression technique in all cases. Fach

achievement test was predicted separately for each cf Group A and
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Group B. The following predictions were made.

1. Total-correct score on experimental test predictiﬂg the
total-correct scores of the achievement tests.

2. Right-answer subtest scores on the experimental test with
the subtests defined by the advance classification of'items
predicting the total-correct scores on the achievement tests.

3., Combined right answer subtest scores and wrong answer
subtest scores with the subtests defined by the advance
classification, predicting the total-correct scores in the
achievement tests.

L4, Scores on right-answer subtests defined by interpreted
clusters used to predict the total-correct scores on the
achievement tests.

5, Scores on combined right-answer and wrong-answer subtests
defined by all interpreted clusters used to predict-the
total-correct scores on the achievement tests.

6. Scores on right-answer subtests defined by grouping right-
answer clusters by the foil.hierarchy used to predict the
total-correct scores on the achievement tests.

7. Combined right- and wrong-answer subtest scores defined by
grouping of clusters on the basis of the foil hierarchy
used tovpredict the total-correct scores on the achievement

tests,

In each case the total-correct score of each achievement test

was being predicted.

Table 25 (see: p. 103) gives the results of these predictions

for Group 4.
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TABLE 25
STEPWISE REGRESSION OF GROUP A DATA USING

SEVERAL COMBINATIONS OF VARIABLES:

Combinations of Variables®

1 2 3 4L 5 6 7

Achievement Test I R2

R

.059 .142 .228 .068 .278 - ,055
243,377 478 .261 .525 .23L

5 14 6 18 3 6
5 14 3 18 None 2

No. of Predictors available

No. of Predictors usedb

Achievement Test II  R2 .006 .029 .130 __ .156 .OL9 .085
R 073 .169 .360 __ .395 .222 .291
No. of Predictors available 5 14 6 18 3 6
No. of Predictors used 1 1 9 NoneP 11 2 5
Total number of right
answers used 30 30 30 19 19 28 28
Total number of foils used 0 0 70 0 L6 0 46

shaduliaded e BBt o LEE R TR SRR RO REY SOU QU I SRy s

a. The combinations of variables are defined by number as given on

page 102.
b. Only those predictors which made a significant contribution (p / .06)
to the prediction were included on this table.

Table 25 gives the correlation betweeﬁ the total-correct score
on the experimental test, the rultiple correlation achieved for signif-
jicant variables (p / .06). The squered multiple correlation (RZ) are
also given to indicate the amocunt of variance accounted for in the

predictions.

A similar set of data for Group B follows in Table 26

(see: p. 104).
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TABLE 26
STEPWISE REGRESSION OF GROUP B DATA USING

SEVERAL COMBINATIONS OF VARIABLES

Combinations of Variables®

1 2 3 4 -5 6 7

046 063 .190 .035 .189 .09
214 .251 436,188 .435 . 301

Achievement Test I R2

R

5 14 6 18 3 6
3 14 1 14 None 5

No., of Predictors available

No. of Predictors usedP

046 ,082 .135 .054 .237 .057 .193
L2114 .287 .368 .232 487 .239 439

Achievement Test IT  R?
R

5 14 6 18 3 6
1 L 9 2 18 2 6

No. of Predictors available

No., of Predictors used

Total number of right

answers used 30 30 30 19 19 28 28

Total number of foils used 0- 0 70 0 4é 0 46

R | aladaled aledeeleked | niakaiaiaieiad clata e L RGN LRI UIIN S

a. The variables used with Group B were identical in definition to

those used in Group 4.
b. Only those predictors which made a significant contribution
(p / -06) to the prediction were incluced in this table.

There are two considerations relevant to Tables 25 and 26.
First, the value of the procedure is partly determined by the amount of
variaﬁce accounted for (as given by RZ). Using this criterion, there is
a consistent improvement in prediction when the scores on wrong-answer
subtests are included in the analysis. When this was done, the wrong-
answer varizbles, in general, accounted for more of the variance than

the right-answer variables within the same solution. The interpreted
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clusters give a better solution than the advance classification. Bofh
of these were vetter than the grouping by the foil hierarchy. The
poorest predictor was the total-correct score on the experimental test.
The second consideration is the statistical significance of the
improvement of these values of R2 when compared with each other. The

formula for this comparison is:

2 2
r-H "R x y_-x-2

1.00 - R 2 k-1
where N is the number of persons,
X is the number of independent predictions in Rl’
and L is the number of independent predictions in RZ'

This procedure gives the usual "F" test with degrees of freedom,
N - K-1and XK - L respectively. The results of these calculations
derived from the data in Tables 25 znd 26 (see: pp. 103 and 104) are
given in Tables 27 to 30 which follow (see: pp. 106 to 109).

Table 51 gives the significance of the difference between the
predictions of Test I for Group A. It shows that the sequence 1 [ 2 =
3/ 4 /5 stands clearly in the diagonal. One factor which may be
involved in the equality 2 = 3 may be the fact that the number of
predictors increases from 5 to 14. If all other values remain the same,
an increase in the size of the sahple of less than 50 per cent would
make the difference between combination 2 and 3 significant. Also, no
variables made a significant contributicn in combination 6, and 2
variables were significant in combination 7, which makes 7 a signifi-
cantly better predictor than 6. Thus, for Group A when predicting Test
I there is a consistent tendency for the combined right and wrong

answers to be better predictors than the right answers alone.
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TABLE 27

 SIGNIFICANCE OF DIFFERENCES BETWEEN R2'S

FOR GROUP A WHEN PREDICTING TEST I

1

R12 ! R22 for Variable Combinations®
1

for variable]
combinations! 1 2 3 b 6 7
i b, ! ! ' '
! F B ! F 2} F B: F 2 F E; F B
' i i i ' i
empty

S R N B B e
! ] : ! ompty |
1 ! ! t 1 PG V1]

2 32.90 .OjJI : :5.41 'Ol}cell :4.02 .01
: ! : : {oopty |

3 51.86 00551.36 —-; ; Ecell ——;2.05 .05
: ! ! : ooty |

L g .58 ——3 52.07 .05; icell -—§1.69 -
: ] ! ! | ompty |

2 ; i E ; gcell --52'05 -05
! 1 1 1 1 ;

. ! i ! fempty __!
: : : H Tcell !

a. Definitions for these variable combinations are given on p. 102.

b. Only the probability (p level) for significent differences are shown.

Table 28 gives the significance of the differences between the
predictions of Test II for Group A (see: p. 107).

There is no similar pattern when predictions are made to the
future Test II as compared with the concurrent Test I. Some of the F
values in the equivalent diagonal are large encugh that a larger sample
might make them significant. At least all predictor combinations are
better than the total-correct sccre. Although the grouping of

alternatives (combirations 6 and 7) on the basis of the hierarchy does
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TABLE 28

SIGNIFICANCE OF DIFFERENCES BETWEEN R2'S

FOR GROUP A WHEN PREDICTING TEST II

2

!

for variable R22 for Variable Combinations®

combinations
P 2 3 l 6 7
; 'b? 1 ! 1 1 1
i E i E pi B pi E R E U
; T : , i i ;
1 | ; i i ; i '
! ! ! ! ! ! :
1 1 1 ] 1 1 :
2 1 *%¢ i i jempty | i ;
. ! ! tcell ; : :
{ { : ! emot } P !
3 12.05  .05]1.72 - gcei’ly —-11.53  --11.49 -]
] : : S ! !
em
5 12.01  .05[1.7¢  --j1.67 --io00Y --l1.59  --11.57 -
: : ; : : : 5
1 1 ot pempty 1 1 4
: : | lempt : 5 ;
7 '2.57 .05!11.82 --! ;Ce$1y 11,56 --! ;
1 1 L] ] el L] 1 1

a. Definitions for these variable combinations are given on page 102.
b. Only the probability (p level) for significant differences are shown.

¢. * means: Denominator O, F value indeterminate.

not yield significant differences, these two variables tend to have the
largest ¥ values. Once again, a larger sample size might have made the
difference. The cross-validation of the multiple regression coefficients
which follows this section casts further light on this aspect of the
problem.

Table 29 (see: p. 108) gives the significance of the differences

between the predictions of Test I for Group B.



108

TABLE 29
SIGNIFICANCE OF DIFFERENCES BETWEEN R2'S
FOR GROUP B WHEN PREDICTING TEST I
2 '
uo ) .
for variable! R,” for Variable Combinations®
combinations)

! 1 2 3 . b 6
: 7
' 3 | | : |
1 £ i E R F o, F B E D, E R
i T ! 1 : m

1 ' v i 1%C --lempty --!
: : : : jcell :
1 ! 1 1 ! 1

2 11.05  --! ! 11,70  --lempty --!
B : H : ;cell :
1 1 1 1 1 1

3 11.42 --11.43 == ' lempty --11.43 --
: i : : pcell :
~1 1 1 1 1 t

b i ' 11.53  --} jempty -}
: _ : ! rcell :
1 1 1 1 1 . t

5 1,42 —=11.43  --ix —-11.53  --lempty --11.41 --
! : H ' jeell :
1 1 1 1 ) 1

6 : ' i § i i
: L : : : :
1 1 . 1 1 1 t

7 11.13 --11.76  --1 11,77 --tempty --!
: : : : jcell :

a. Definitions for these variable combinaticns are given on page 102.
b. Only the probability (p level) for significant differences are shown.

c. * means: Denominator O, F value indeterminate.

Table 29 is very similar to Table 28 except that none of the
predictor combinations are significantly better than any other including
the total-correct scores. -These findings are not surprising considering
the low level of cross-validation already found for 211 combinations

except the grouping based upon the hierarchy. Although none of the
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values for these groupings (Combinations 6 and 7) are significant, these
two combinations have the highest F values. Once again a larger sample
size might have made the difference.

Table 30 gives the significance of differences between

predictions of Test II for Group B.

TABLE 30
SIGNIFICANCE OF DIFFERENCES BETWEEN RZ'S

FOR GROUP B WHEN PREDICTING TEST II

2

!

R 2 for Variable Combinations®

1 ! H

1
1
1
by ariablez 2
or v : ‘
combinations! 1 2 3 o é (=
; 1 1 1 1 1
i £ B E B E R E pi £ Ry E B
; 1 1 1 t 1
1 ! : : ! !
! : : ! : :
) 1 1 t ] !
2 :loLl’9 "-: : :1-?? —-:1057 —_:
! : ! : : :
1 1 ! 1 t . 1
3 11,44 --11.35 --} 11.50 --1l.42 --!
: : : : : !
s 11.00 : ] ! !
t—° 1 1 1 1 1
] 1 1 ! ! !
) 7 ] v 1 1
5 51,50 ——21052 --11.41 —-il.56 —-21.29 -1 .50  --
] b
é :1 12 __; : ; xC __: :
1= 1 1 1 ) 1 t
: : H . : :
1 1 : ' [ ]
7 4,12 .01i7.77 .0li-ve  --14.87 .01ik.76 0L,
! ! 1 !
1 L 3

a. Definitions for these variable combinations are given on page 102.
b. Only the probability (

¢. * means: Denominator 0, ¥ value indeterminate.

p level) for significant differences are shown.
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Table 30 shows Combination 7 to be a highly significantly better

predictor in four of the six cases. When comparing Combination 3 with 7,
the R2 is larger for Combination 7; but the number of significant
predictors is larger for Combination 3 and, for this reason, gives a
negative F value in the formula. Logically, Combination 7 would,
therefore, be the better predictor in this case as well. Combination 5
has a somewhat larger R2 but requires many more predictor variables to
achieve this, making the difference clearly insignificant.

Three trends seem to emerge from this data. First, combined
right and.wrong answers generally seem to yield the best predicvionse

Second, the best prediction of a concurrent test seems 1to be
found by using the interpreted clusters for the same group.

Third, when predicting remote events or the results of another
group combining the predictor variables on the basis of the hierarchy

would seem to give the best predictions.

Cross-validation of the multiple regression coefficients. It is

possible to cross-validate multiple correlations by finding the vector
product of the validity coefficients for one group and the standardized
regression weights for the same variables from the other group as

follows: R2 = V'W

where V' is a row vector of the validity coefficients for

one group,

W is 2 column vector of the standardized regression for the
corresponding variables from the other group,

and R2 is the resulting vector product.
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Since the combining of right and wrong answers seemed to give
the best results, only these combinations of variables were cross-
validated in this manner. Table 31 (see: p. 112) gives the results of
these calculations.

To begin with, Table 31 shows that Combination 3, the advance
classification, does not survive cross-validation. Clearly, the best.
predictor of the concurrent test for Group A was the interpreted
clusters (Comﬁination 5), a finding consistent with the findings'for the'
significance of differences. This combination (5) of variables did not
cross-validate in any other situations.

For the remote test, Combination 7 proved to cross-validate very
well, much be%ter than the significance of the differences would suggest.
For Group B, Combination 7. cross-validated about as well as the propor-
tion of item-for-item cross-validation would suggest that it should.
These findings alsc tend to support the suggestion that grouping oﬁ the
basis of the hierarchy may be the best method for predicting future
performance or performance in another group.

The reader is cautioned that the correlations between the
total-correct scores of the experimental test and the-achievement tests
suggest that. these tests may be dissimilar in the characteristics they
are measuring. This situation would be expected to produce lower
multiple correlations than tests of greater similarity might achieve.
Second, near zero multiple correlations azre easier to cross-validate
than higher ones, so that the relative statility of these correlations

can only supply suggestive results by themselves.



112

got”

T ]
] 1
| ;

00T* m £10° Lz m 920° GeTe

GHO* 450° m 8¢0" 68T’ m £90° 06T°
i {
| ) 1

860° ¢g0° m 2€0° 96T° m 200° 0€T"

SHO* ¢s0° m 802° 8l2° m T00° gze°
H 1

24 A ! A A A A
UOT3BPTTBA~-SSOI) TBUTITIO | UOT]BPTBA-SSOI) TBUTSTIO | UOTIEPTTBA~SSOI) TButIdTI0
] ]
L | g ! ¢

Joqumy UOT}RUTQUIO)

o o e e e e e o v O e o o o

I1 989y
I 989

I 9s9]
I 989y,

g dnoan

y dnoxp

SUAMSNV TUNTIZWOD ¥0d
SLNITOTAAHOD NOISSHUIMY TTIILTINN J0 NOILVAITIVA-SSOUD

€ T4V



113

Summary of Chapter V

follows:

Briefly, the findings as reported in this chapter were as

1.

Interpoint distance gave the best statistical solution to
the data being considered in this study. |
Logico-semantic analysis provided reasonable support to the
construct validity of the procedure used, provided that
alternative classifications are permissible, and inter-.
pretations were confined to the group under study.

There may be a hierarchy of foils which parallels Bloom's
Taxonomy which may influence the way in which items perfornm.
None of the. cross-validations were very strong, with the
hierarchy tending to be somewhat better supported than other
aspec£s of the aﬁalysis.

Wrong answers, in general, tended to add significently to
the predictions of both concurrent and future achievement
whenever significance was found.

Within one group the interpreted clusters gave the best
concurrent prediction, otherwise the grouping on the basis

of hierarchy seemed to produce the best prediction.



CHAPTER VI

CONCLUSIONS AND IMPLICATIONS

The conclusions which can be drawn from this study are discussed
in three sections; first, the conclusions which are relevant to the
experimental test used in this study, second, the conclusions which are
relevant to the analytical procedure, and finally, those which are
relevant to the systematic response postulate. |

The implications which can be drawn from this study are discussed
in four sections. First, there are the implications of the results of
the use of this analytic procedure to the theory of test analysis
procedures. Second, there are the implications to the design, construc-
tion, and interpretation of taxonomic tests, Third, there are a number
of implications of this study to educational practice. Finally, this
study has opened enough possibilities for future research that these

are discussed in a separate section.

Conclusions Related to the Experimental Test

Superficially, the experimental test used in this study would
seenm t0 have been a weak instrument tut, as will be seen, the criteria
usually used for evaluation may not have been applicable to this test.
Using the usual criteriaz, for instance, the selection ratio for the
right answers on most of the items was low; the biserial correlations
c¢f the items to the total correct scores were alsc low relative to the
size of the corresponding difficulty ratios; the internal consistency
based upon the Kuder-Richardson procedure was low, and the interrater
religbilities left a great deal to be desired.

On the other hand, the usual criteria employed for the
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- evaluating of tests may not be appropriate for this one. Briefly, the
desirability cf middle difficulty items is a criterion based upon the
assunption that this level of difficulty maximizes the discrimination
of the test when all the items are dichotomous variables. When all
alternatives are being considered rather than when the item is being
considered either right or wrong, this criterion seems no longer to
applye.

The biserial correlation of the test items tsken against the
total -correct scores is a criterion of the discriminating power of
these items assuming that the test as a whole is highly homogeneous.
The low internal consistency of this test suggests that the test was
not homogeneous. Evidence for the lack of homogeneity in this test can
be found in the logic of the construct model (Bloom's Taxonomy), and in
the fact that the test subdivides in the cluster anzlysis into ten
clusters of right answers, at least six of which were nearly orthogonal.
Also, the loadings of the items on these nearly orthogonal factors were
very nearly the original lengths of the vectors in the principal axis
matrix from which they were derived. This latter result suggests that
the internal consistency within clusters was substantially higher than
within the test as a whole. For these reasons, the usual criteria may
not apply to this test.

| On the positive side, the average total correct score for
persons selecting each alternative was higher for the right altermative
than for all others used by at least 1.5 points in 37 out of 58 cases
(or 64 per cent) which gives scme support to the strength of the test
(see : Table 40, p. 150). Although the clusters did not cross-validate

very well, when the shifting of items into other clusters was considered,
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it became evident that the items and foils were much more ‘stable than
would be suggested by chance alone. Also, the clear evidence for an
interacting hierarchy of items and foils would seem to provide strong
support for the possibility that the instrument was measuring some
systematic characteristics of the examinees,

Precisely what these characteristics were would seem to be more
ambiguous than the probability that they were being measured. They were,
however, clearly process-oriented characteristics. The doubt about
precise definitions arose from two sources, 1) the lower than desirable
interrater reliabilities, and 2) the lower than desirable cross-
validation of the clusters. Both these weaknesses in the interpretability
of the results, however, may be a property of this type of test, and not
a criticism of it.

If the proportion of the total variance used in the factor
solution is considered, there was 37.7 per cent accounted for by the six
factors for the items and another 48.6 per cent for the 15 factors used
for the wrong answers, suggesting a higher internal consistency than the
Kuder-Richardson results suggested.

Thus, the instrument displays the following properties:

1, Significantly improved prediction of independent concurrent
achievement scores for the same group of examinees using
interpreted clusters from both right and wrong answer clus-
ters combined over the other combinations of scores tested,

2, A clear hierarchical pattern of both items and foils. The
right answers and the foil selections seem to interact and
to be relatively stable within the hierarchy under cross-

validation when the range of shifts are considered.
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3, An overall discrimination apparently based upon process-

oriented events rathgr than content-oriented events?

The construct objective was to produce a process-oriented
taxonomic test which had predictive value relevant to achievement
variables. Whatever criticisms might be made of the test, the results
made it clear that it met this construct objective to a reasonable
degree, and for this reason be taken to be a valid test. Also, the
indirect evidence suggested that the test was probably more reliable
than was suggested by the direct evidence. Precisely which procedures
should be used to establish validity and reliability estimates for tests

of this type are noct yet clear.

Conclusions Related to the Analytic Procedures Used

The analysis began with phi coefficients. The use of these
coefficients can be defended on the grounds that none of the assumptions
which are made for these coefficients was violated by their use., The
two variables being related for each coefficient are discrete since each
represents the selections made by the members of the same group for dif-
ferent alternatives. They were dichotomous because an accept-reject
decision applies to all alternatives as a requirement of the response
p;ocedure. Linear dependencies were removed from the data by parti-
tioning the matrix., Finally, since all values were expressed as
frequencies of occurrence, the categories were amenable to appropriate
representation by two-point values,

The resulting large matrices of phi coefficients were simplified
by principal axis factor analysis in order to remove as much measurement
error as possible, and to meximize the variance accounted for by any

particular number of dimensions in the space being used. Beyond this
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point the procedures seemed to seﬁarate into two aspects, those which
are commonly used for the study of tests and their results, and those
which are not commonly used but which are specifically selected to meet
problems which may arise in the interpretation of the results.

The result of this study derived from the commonly employed
procedures was uniformly ambiguous, inconclusive, or negative, whereas
the less common procedures uniformly produced significant results. As
indicated, the test itself would seem to have been of questionable
value if it were evaluated by the commonly used précedures, and yet it
clearly met the construct properties it was designed to meet.

The Procrustes rotations of the factor matrix to fit either
content or process in the advance classification produced negative
results. The results of the usual analytic rotations on the factor
matrices were not revorted in Chapter V because they were as uninter-
pretable as the Procrustes rotations. However, when interpoint distance
clusiers were used to avoid the problem of rotation, a set of nearly
orthogonal groupings of the variables was produced. Unquestionably, the
cluster approach produced a statistically satisfactory representation of
the data leaving the researcher with the problem of interpretation to be
resolved by non-statistical methods.

Cross-validation of clusters was equally disappointing, and
contradicted the results of the it-test for uncorrelated samples based
upon total correct scores. Substantial improvements in the proportion
of cross-validation were found when the apparent hierarchy of items and
foils was taken into account. Additional support for the cross-
validation was found in the pattern of shifts of altermatives which
occarred among the clusters between the itwo groups. The data were much

more systematic among the clusters between the two groups. The data
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more systematic than the usual procedures seemed to suggest.

Using total-correct scores to establish a hierarchy of.foils on
both a within item and a between item basis produced results with a
moderate relationship., When these two procedures were used to order
the right answer clusters, however, a highly significant similarity
between these latter two orderings was found, leaving little doubt that
an interactive ordering between the right and wrong answers was a
systematic characteristic of the data. This ordering was unrelated to
the total correct averages for the right answer clusters and to item
difficulty, making the use of total-correct scores for the establishment
of the hierarchy questionable., However, the shift pattems of the cross-
validation suggested a much more stable result than did the cross-
validation 2lone, suggesting that these shift patterns might be used to
determine the ordering of the clusters instead of using total-correct
scores,

Although all predictions wére low, the use of the interpreted
clusters did tend to give significantly better concurrent prediction of
the total-correct scores on the independent concurrent achievement
measure for the group on whom the interpretation was attempted. The
amount of variance accounted for increased roughly three times in this
case., The question of the validity of the use of the total-correct
scores as adequate representations of achievement on the achievement
measures was not explored. TFinally, the hierarchy also proved to be
more brdoadly stable during cross-validation than other variables.

Evidently, the more conclusive results were found by the less
common procedures. Since these procedures were designed to fit the

specific problems raised in this study, and since the statistical
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adequacy of these procedures proved to be beyond question, they would
_seem to be, collectively, a more adequate method of approaching the kind

of data this study produced than the more common procedures would seem

to be,

Conclusions Related to the Systematic Response Hypothesis

The adequacy of the experimental test, and the analytic
procedures used for the puarpuse of this study seem to be established to
a reasonably acceptable level. Taken alone, the data were sufficiently
systematic in both right and wrong answer matrices to establish that
"most if not all of the answers given to multiple choice achievement
tests are selected upon a systematic basis" may be a reasonable approach
to human performance., The two findings most relevant were the presence
of the interactive hierarchy and the increase in predictive validity
evident when wrong answer clusters were included in the regression
equations,

If the evidence supporting the multiple interpretation hypothesis
is included, the support for this psychological postulate is greatly
increased. To begin with the negative resuits from the Procrustes
rotations for the advance classification by both content and process
established the inadequacy of this approach., Logico-semantic analysis
clearly established that process variables provided the best interpreta-
tion of the clusters. But the failure of the Procrustes rotation with
the advance classification, the low cross-validation levels and the
shift patterns clearly indicated that the classifications are not

mutually exclusive,

Kropp et al (1966) found that the same subtests were differently
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defined by the Kit, for different grade levels, and Powell (1968)

reported only about 60 per cent cross-validation by reported reasons
for the selection of particular wrong answers. Also, the higher level
alternatives tend to be more stable than the lower ones when taken in
combination, which is consistent with other findings (see: Powell, 1968).
Thus, independent studies also report findings suggesting that the
classifications of answers may not be mutually exclusive, A reasonable
synthesis of these findings would be to suggest that each itemn may bg
interprefed in a variety of different ways. That is, the poor showing
on cross-validation and the lower than desirable interrater reliabilities
may be a product of multiple interpretations of the items. Strong
support for this hypothesis was found in this study in the systematic
character of many of the shifts which occurred among the alternatives.
These shifts were sufficiently small in range for most items that the
possibility of their use in the establishment of order among the
variables could be proposed (see: o 97). Further support was found
in the fact that the prediction of the concurrent test on the inter-
preted group was the only case where the interpreted clusters had a
distinct advantage. redictions based upon the hierarchy, on the other
hand, seemed to be less powerful; but more stable over a broader range
of time and population. These findings support the multiple interpreta-
tion hypothesis as well because they suggest the short rance
applicability of specific interpretations.

Perhaps the range of this applicability of interpreted findings
could be increas2d if the heterogeneity of the examinees upon whom the
interpretations are made were reduced.

In summary, the conclusions of this study were:
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1; Human performance, when abstracted from responses to
multiple choice achievement tests involving higher mental
processes, would seem to be systematic, and to display
evidence of multiple interpretation of the communication.

2, There ﬁould seem to be a hierarchy of foils which parallels
the hierarchy of right answers and which influences the way
in which each total item performs. The levels of the foils
themselves seem to depend upon the systematic ways in which
this totality of each item is approached.

3., Wrong answers contain potentially useful information with
respect to achievement when higher mental processes are
involved.

Before the implications of this study are discussed, a statement

should be.made concerning the limitations to generalizability apparent

in this study.

Limitations Eg Generalizability

There are several restrictions to the generalizability of the
findings of this study which can be derived from the nature of the study
and its conclusions. First, the findings of this study do not apply to
multiple choice achievement tests where the simple recall of informa-
tion is the only characteristic being measured. The experimental test
was process rather than content oriented and Knowledge level items
were considered inappropriate to its format, hence this limitation.

Second, the findings of this study do not apply where the cost
of the additional effort required to obtain and interpret categorical
information upon the examinees is greater than the cost of information

loss, and pessible misclassification attendant thereto, by using the
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much simpler total-correct score method of evaluation.

Third, these findings may not apply when the most competent are
being screened from already competent individuals for some specific
purpose. A strqnger statement in this respect cannot be made because
later research méy show that wrong answers may supply valid information
for the purpose in question. For instance, Irr (Irrelevancy) foils may
identify the most creative individuals among the high performers.

Finally, if a researcher has a valid reason to evaluate the
effectiveness of a single treatment given to a heterogeneous group by
using a single ordinal dimension for the particular group in gquestion,

the findings of this study cleérly do not apply.

Implications of This Study to the Theory of Test Analysis

There are several situations where the findings of this study
are very important to test theory. The fact that the more common
procedures tended to give ambiguoué, inconclusive or negative results
raises a number of pertinent questions.

Classical test theory begins with the assumption that

X. =T, +E.
x S L

where Xi is observed score of the ith individual,

Ti is his true score, and

Ei is the measurement error

However, for multiple choice achievement tests, this otserved

score (Xi) itself is usually a composite entity obtained from the

summation of single events as follows:
n

Xi =& Ei‘

=

i=1
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where X, . 1s binary, being 1 if the 1

individual answered the item correctly, other-
wise 0, and
n is the number of items in the test.

The issue then becomes -- is Xi sufficiently homogeneous for
all individuals to justify the use of ;iassical test theory? If it is
not, as was c¢vident in the present study, then an alternative approach
to the data would seem to be needed, since the more common approaches
proved unsatisfactory in this study.

Within the context of the present study, several considerations
must be met by this alternmative approach. The phi coefficients used
are extremely sensitive to the magnitudes of marginal proportions, For
this reason, if particular alternatives are selected for a different
range o7 reasons among two samples of individuals, it would be expected
that these altematives would migrate to new clusters for reasons of
‘systematic differences between groups rather than for reasons of
measurement error, Also, if the'range of reasons within a group of
examinees were too broad, the interpretation of clusters would be ex-
pected to be difficult and possibly not applicable to specific individ-
uals. That is, the first assumption made would be that different
reasons for the selection of a particular altermative would be reflected
by differences among overall pattems., These arguments suggest the need
at the outset for a homogeneous group of examinees. The key to
homogeneity in this study would seem to be the shifts in category which
occurred upon cross-validation. Perhaps an homogeneous group should be
defined in terms of minimizing the shifts which occur in the clustering

of the alternatives for any, or all possible random assignments of the
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group members to an arbitrary number of groups. In short, the
procedure should probably begin by selecting groups of individuals with
maximum cross-validity within these groups.

The clusters for such groups will be as stable as possible on
the basis of the determindition of their composition. Hence, the
possibility of interpreting the resulting clusters should be optimized,
as should the applicability of these interpretations to the individuals
within the groups.

With the clusters thus stabilized it should be possible to
determine the clusters using all the data rather than a simplification
of it, since the surface-to-surface interpoint distance Q@) between the
ends of the vectors within the hypersphere can be determihed guite
simply by assuming that phi (ﬁ) is the cosine of the angle between the
arms 0 the isosceles triangle produced by the vector pairs. In this

case the distance (d) is
d =v2(1 - §)

A tighter level of homogeneity is possible among individuals
who have essentially the same response patterms but these individuals
would tend to have only one meaningful cluster composed of all or most
of their résponses thus rendering interpretztion impossible.

The dimensionality of the data from a homogeneous (by cross-
validation) group of individuals would be determined by the minimum
number of homogeneous clusters which can be extracted before orthogonal-
ity between the centricds of the clusters begins to disappear. Thus,
the proposed procedure as just outlined as related to the problems
raised by the data in this study provides a unique solution once the

stop criteria are established, Each cluster would be categorical
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(in the sense given on page 47), and optimally interpretable gssuming
that differences in interpretation of the communication by'the examinee
are characterized by differences in selection pattem, |

There may, as the evidence from this study suggests, be an order
among the categories which can be determined by the shifts which occur
during cross-validation. Poor items would be unstable for the cross-
validation,

So far as the categories themselves are concerned, these would
be expected tc be of two types 1) nominal, and 2) ordinal. Nominal
categories would be expected to be bimodal with the modes tending to
polarize at the extremities of the potential range within the category.
Ordinal categories would be expected to display scalability
characteristics within their potential range.

Relationships among categories other than the ordinal
(hierarchical) one could probably be determinable by the relationships
among the centroids of the categories. For instance, Powell and
Isbister (1969) found a polarity between Invalid Assumptions for the
wrong answers and Synthesis items among the right answers., In such a
case it might be unnecessary to partition the matrix to remove linear
dependencies. If this latter facilitation could be provided by this
procedure, a homogeneous test in the classical sense would be one in
which the right answers formed a single cluster of the ordinal type.
Thus, the proposed procedure just given would seem to contain the
characteristics of classical test theory as a special case.

It would be reasonable, then, to argue that the findings of
this study suggest the need for alternative procedures to the ones in

common use for the analysis of data from multiple choice tests, and the
Y P )
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findings suggest a particular procedure which contains the commonly used

procedures as a special case,

Implications of This Studv Concerning Taxonomic Tests

Bloom (1956) defines his Taxonomy as having three aspects:

1. It is a classification system,

2, It is hierarchically ordered on a "complexity" dimension.

3; Each higher level is formed by combinations of the lower

levels,

The two properties of classification and ordering among classes
combine to distinguish a taxonomy from other classification systems.
Thus the evidence from this study supports the description of both
Bloom's Taxonomy and the Guidelines as taxonomies., Noting the evident
interrelatedness of these two taxonomies in this study suggests that
they may both be part of a single taxonomy.

Concerming the "complexity" dimension, Bloom said, "Our éttempt
to arrange educational behavior from simple to complex was based upon
the idea that z particular simple behavior may become integrated with
other equally simple behaviors to form a more complex behavior Ziége 1§7."

The findings of this study which produced no relationship between
total-correct scores and the hierarchy where right answers were
concerned, and no relationship between average item difficulty within
clusters and the hierarchy did not help to identify the meaning of the
term "complexity." Since the hierarchy could apparently have been
produced thrcugh cross-validation procedures without recourse to total-
correct scores, the meaning of "complexity" becomes even more vague.
However, the finding that "higher'" level members of the taxonomy tend

to be more stable than lower levels suggests that these categories may
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be the product of "more powerful strategies,"

The third aspect of Bloom!s Taxonomy as noted previously
(see: p. 127) also deserves attention. This aspect of his definition
would seem to arise as an hypothesis from his definition, the
"complexity" dimension. About this subsumptive property of the
Taxonomy Bloom himself szid that the evidence he could collect to
suppert this property was inconclusive (Bloom: p. 19).

Other evidence concerning this subsumptive property is meagre.
Kropp et al (1966) did not find the clear reproduction of the pattern
which they expected to find in the factor analysis of their tests
/Kropp: p. 91 ff/. Also, their Simplex analysis did not produce the
consistent order that this property would predict (see: pp. 24-25),

Powell and Isbister (1969) found that a promax rotation did not
improve the resolution of factofs between subtest scores based upon the
advance classification for essentially the same test as used in this
study. The subtesis as defined in this study by cluster analysis
rather than by advance classification showed this same tendency to
orthogonality. It is premature to be dogmatic, but it is possible that
this subsumptive property may be a hypothesis which will be refuted by
the evidence, Alternative analytical procedures such as the one
outlined above may be needed to settle this issue conclusively,

There are alternative theoretical positions which would predict
the possibility that strategic categories may be discrete and hierar-
chically ordered by "power'" rather than subsumptive., Piaget ZT963,

p. 13 f£7, for instance, has suggested that development may involve

7

shifts in the schema' in which case development may be expected to

?Alternatively, "the acguisition of new strategies,"
[see: Powell, 1967, p. 286 £f/.
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proceed in a series of discrete phases and stages, each of which would
be expected to have its own distinctive properti.es° Such evidence as
is available, in particular the difficulty in detemmining a data-based
definition of "complexity" as just discusscd; the apparent tendency for
"higher" clusters to be more stazble than "lower" clusters; and the
broader cross-validation support for the hierarchy than for specific
interpretations add suggestive support to the latter alternative over
the former,

Thus, the advent..of taxonomic achievement tests raise some
issues in connection with the analytic procedures and the interpretive
procedures used for these tests, Whatever else, the results of this
study have clearly shown that these tests produce a genuine taxonomy
which might be improved by the syétematic development of foils, and the
use of the responses to these foils as information when evzluating
and interpreting these tests and when evaluating, interpreting, and

predicting the performance of the individuals taking them.

Implications of This Study to Educational Practice

The findings of this studr suggest that tests which are clearly
homogeneous regarding internal consistency may form az special case of a
broader class of tests which have taxonomic properties, This conclusion
has broad implications with respect to their use in the educational
setting,

To begin with, the use of the Guidelines would seem to have
several practical advantages. First, they simplify item writing because
they provide a systematic basis for writing a broader range of foils
than can be made without them. Second, the Guidelines improve the basis

for the reasons why a foil is wrong. Third, as research further extends
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the range of Guideline categories and refines their definition, it may
be possible to increase the precision with which such concepts as
analysis may be defined, further improving the construct validity of
process-oriented taxonomic tests.

Another advantage may arise from the extension of the Guidelines
into the Misreading and Misclassification types of foil, Such.an
extension may link what is now known about diagnostic characteristics
of tests in the areas of content-related performance and skill-related
performance, This linkage may make it possible to extend the diagnos-
tic aspect of testing beyond the knowledge and comprehension
characteristics of of reading and arithmetic into the more abstract
characteristics of mathematics and irnto the more esoteric subjects such
as social science, and perhaps even literary appreciation where the
subject meiter is clearly open to multiple interpretations.

If diagnostic testing can be coupled through research with
improved definitions of educational objectives and the factors involived
in their attainment, teaching could be more nearly like the practice of
medicine. In medicine the practioner classifies a set of characteris-
tics (a syndrome) and uses his knowledge of the effective treatments
available to remedy the condition. He then monitors the progress of
the treatment. If all goes normally, the condition is corrected, If
not, the practioner modifies treatment (prognosis) and/or orders
further tests to modify the classification (diagnosis) of the condition,
and if necessary, calls in specialists to extend his knowledge
resources, moves the patient to the hospital to extend his physical
resources, etce |

There are, of course, dissimilarities between medical and
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educational practice. Medical men deal generally with short temm
problems of a clinical dysfunctional nature; The treatment range at:
their disposal tends to be drastic and when appropriate dramatic in
jts effectiveness. Educators, on the other hand, generally deal with
long term developmental situations. The procedures available are less
spectacular, slower acting, and much more complex. However, learning
research is now providing increasingly powerful tools for the educator.
Among these are CMI (Computer Monitored Tnstruction), and CAI
(Computer Assisted Instruction). These two procedures alone, along
with the meaningful interpretation of right and wrong answers in the
terms just indicated might greatly extend the capabilities of education.
The essential problem with the bright picture just painted is
that at the moment, if contains too many unanswered "ifs." The next
section spells out some of the research which might be conducted %o

help to make this dream become a reality.

Further Research Suggested by the Findings of This Study

There are several areas for further research suggested by this
study; One of these involves the host of problems which an extension
of test theory could generate., The solution to the "multiple
interpretation" problem presented in this study, although suggested and
strongly supported by the findings of this sﬁudy, is probably only one
of a range of possible solutions some of which may be more practical
than others. Those individuals interested in mathematical statistics
could puréue many avenues from this single problem. At a more practical
level, there are a host of numerical analyses problems in the

implementation of the particular procedure proposed in this study.
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Subsequent to the effective implicction of an effective
analytical procedure, there is the possibility of a host of studies
into the characteristics of specific tests and classes of test, into
the conditions under which nominal and ordinal categories form, into
the types of relationship among categories which are normally found
and the conditions under which these relationships occur. Second,
order factoring of the centroid matrices seems a logical first siep
but perhaps the entire structure could be integrated into a single
analytic procedure and a single model,

Another essential area for research involves the formulation
and resolution of problems arising from the interpretation of clusters
after their statistical characteristics have been determined., Attend-
ant to this problem is the cross-validation of interpretation to
independent samples of equivalent or nearly equivalent profile
characteristics. A profile in this context is a set of clusters and
its attendant statistical and logieo-semantic characteristics,

The formation of a generic model for a range of type of test
opens the possibility for the computer generation of a test of partic-
ular construct characteristics derived from the past performance
characteristics of a large number of items in a pool of items., With an
even larger pool of items, the computer could generate and aiminister
a branching type programme tailored to a wide range of individual
differences with the aid of researchable adjustmentc to the test
construction model. In this latter case, the computer could update its
performance statistics on the item pcol as students take the course,
and in so doing reiine its own course.

Another area for research could be the reworking of many of the



133

studies related to educational methodology, evaluating the me?hods with
the profile analysis procedure suggested here. Problems of matching
teacher, method, student, and programme could be opened to detailed
research, paving the way to the much broader use of diagnostic-
prognostic practices in education than their present use, Studies into
the relationships between achievement, personglity, intellective and
perhaps even genetic disposition variables whould also seem reasonably
possible from these small beginnings.

Another area for research could be the precise definition of
the developmental sequences through which children pass, the optimum
ways of modifying these sequences toward specific'goals and the degree
to which these sequences can be modified. The charting of developmental
patterns might lead to earlier and more precise identifications of
specific talents, Also, the extension of the Guidelines to include the
full range of academic performance might help to answer gquestions about
the relative importance of content and of process in particular subject
areas and for specific stages of development.

Finglly, there is the psychological question as to whether
intellectual development is continuous and cumulative, or discrete and
taxonomic, or some combination of these two., In this latter case which
aspects of intellectual development are continuous and which are
discrete and how do they interact? Can critical phases and critical
experiences be identified and matched so as to extend human
capabilities?

This 1list is not exhaustive, t is left to the reader to

extend it himself in keeping with his own special interests,
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TABLES 34, 35 & 36

GIVE THE
._E_I-LI_ COEFFICIENTS FOR THE WRONG ANSWERS
FOR GROUP A
LOWER TRIANGULAR MATRIX

IN THREE PARTS
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TABLES 37, 38 & 39

'GIVE THE
PHI COEFFICIENTS FOR THE WRONG ANSWERS
FOR GROUP B
* LOWER TRIANGULAR MATRIX

IN THREE PARTS
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ITEM ANALYSIS
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Selection Ratios

c, Ttem r, ¥ D D, D we oW M, M
Cq 12 .345 35 .20 .35 .10 13.5 11.4 11.4 12.1
20 ,269 .53 .04 .04 .39 12.8 9.2 10.0 11.9

26 .140 .38 .15 .34 .13 12.6 12.1 11.9 11.9

¢, 1 .384 .09 .83 .04 .02 4.2 12.1 13.4 10.0
2 456 .25 .61 .09 .Ob 13.9 12.0 9.3 12.0

8 419 .29 .58 .01 .12 13.6 11.5 9.0 12.4

28 .378 .38 .25 .32 .06 13.3 11.5 12.0 9.5

c, ? .336 J4 .04 .31 .51 13.7 10.8 11.6 12.2
22 .001 .07 .02 .06 .8h4 12.2 8.3 11.2 12.4

23 .165 .58 .20 .17 .0k 12.5 11.8 12.4 8.8

C 9 .135 .70 .11 .17 .03 12.4 11.4 12.3 10.0
27 .388 .85 .03 .09 .03 12.5 10.0 11.1 8.7

Cy 21 L0k .32 .07 .37 .23 13.5 11.2 11.4 11.9
25 .329 .55 .24 .19 .02 12.9 11.5 11.5 9.0

2k .377 .86 .01 .07 .06 12.5 8.0 10.7 10.7

o 3 304 .35 .01 .23 W 13.1 10.0 11.2 12.0
17 .56 .08 .80 .03 .09 15.2 12.0 12.2 10.9

30 .158 7L .01 .15 .10 12,4 13.0 11.8 11.0

c, 5 .295 .22 .05 .61 .12 13.4 12.9 11.8 11.5
14 .05 46 .02 .10 .40 13.2 12.0 12.4 11.1

19 463 31 .09 Wb W47 13.7 10.8 11.5 11.6

c, 10 .320 .17 .22 .06 .55 13.6 11.2 12.4 12.1
11 .33L 48 .20 .30 .02 13.0 11.8 11.4 9.7

16 L7 .81 .01 .02 .1k 12.6 8.0 9.7 10.7

29 .275 .83 .08 .06 .02 12.4 11.1 11.1 8.7

c 4 425 17 .10 .01 .72 14,0 11.9 8.0 11.8
=S 13 .378 67 .01 .07 2L 12.8 12.5 9.6 11.3
6 473 .53 .02 .22 .23 13.2 9.3 10.9 11.3

C9, containing

items 15 and 18, is

omitted from this table.
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METHOD OF CALCULATING INTER-POINT DISTANCE CLUSTERS
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Variable Meaning
ann = . A square matrix of inter-member distances
Sk = - A submatrix of V made up by extracting from
n, X n nxn
v the members of Group K
nm
Nk = The number of members in Group K
Nk Nk
k
Ak = 2 i 2 Sxy / N
=1 y=1
N
g
S 7 b
g
k=1
N. + N. N. + N.
i J i 3
ij -
= S N, + N.
Aij E E Xy / ( 1 J)
x=1 y=1
D =

(TsoM, ) - (TSO¥ ) = A, - A - A
Ng INg+l 1J i1 Jd

D was minimized in this procedure.
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APPENDIX B

THE ADVANCE CLASSIFICATION OF THE ALTERNATIVES

IN THE EXPERIMENTAL TEST

The discussion which follows presents a detailed item-by-item

account ol the procedure used in the construction of this experimental

test. The formazt of this discussion involves:

1,

2.

30

Directions

Giving the reading selection as it is required,

Giving each item in its entirety in the format it was given

to the examinees; except that in this discussion the cat-
egofies of the items and the foils are indicated for the
convenience of the reader.

The reason for classifying the item by Bloom's Taxonomy,

and the foils by the Guidelines as indicated, are given
following ‘each item.

Items 19 to 24 inclusive form a special case and will,
therefore, be dealt with as a unit.

In the classification cf foils no one item contained, by

arbitrary practice, two foils from the sazme category.

THE EXPERIMENTAL TEST

for Examinees:

Answer all questions in Part.-I on the basis of the reading

selections given.

First Reading Selection

Source: Dexter, Lewis Anthony; The Tyranny of Schooling,

N.Y., Basic Books, 1964, p. 1.

Most people in our society 2t one time or another suffer

humiliation, shame, or at least severe apprehension because of
one great fear: they are afraid that cther people may think
that they are stupid. This fear of being regarded as stupid
frequently underlies inferiority complexes, seif-contempt,
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self-depreciation, and despair.

Our society teaches contempt for stupidity and fear of being
regarded as stupid through one central institution and its
auxiliaries., This institution is compulsory schooling. It is
aided by such auxiliary practices as compulsory written
examinations for admission to many Jjobs, intelligence testing,
and the 1like.

1. From the above article we may conclude that if society does
not reduce its contempt for stupidity:
(Bloom's Category 4.20)

A. Emotional problems will continue to be on the increase.
(0G)

*B. The development of creativity will continue to be
restricted.

C. Mutual co-operation will continue to be difficult to
obtain. (IA)

D. Economic power will continue to be confined to a
minority group. (Irr)

This item was classified as an analysis (4.20) item on the
grounds that it requires the examinee to display '"skills in comprehend-
ing the interrelationship among ideas." (Bloom: p. 206). The examinee
is expected to realize that, contrary to pepular myth, creative pecple
do not display "inferiority complexes, self-contempt, self-depreciation,
and despair" to the same extent as is found in the population at large.
For this reason, the development of creativity and the development of
contempt for stupidity would be expected to be inversely related.
Since, in the stem, the variable "contempt for stupidity" does not
change, it follows logically that the status of any related variable
should show no change. If the examinee did not know this relationship,
he should have been able to arrive at it from the logic of the foils.

Foil 14 (or IDl,.on the basis of the symbolism used in
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Chapter V)8 suggests an increase in one variable without a corresponding
increase in the other. The phrase "does not reduce" in the stem, does
not validly warrant the conclusion that contempt for stupidity will
increase. It is adding incofrect information to the answer to suggest

a change in one variable without an explicit statement concerning change
in the appropriate direction in the other variable. Hence the foil is
classified as an Over Generalization (0G).

Foil 1C (or 1D2) assumes a functional link between co-operative-
ness and contempt'for stupidity. Unlike the case for creativity, there
is no valid reason to assume such a relationship for co-operativeness.
Hence this foil involves an Invalid Assumption (IA).

Foil 1D (or 1D3) assumes a func?ioqal relationship between
contempt for stupidity and the confining of economic power to a minority
group. For this reason this foil could have been an Invalid Assumption
(IA) except for the arbitrary rulg used for classifying foils which
allows only one foil in a category per item. On the other hand, the
concentration of economic power for the purpose of méintaining eccnomic
institutions is a practical necessity independent of how the society
treats the individual or hbw‘the decision makers are chosen so that this
statement is true but irrelevant to the proﬁlem. Hence this foil was

classified as an Irrelevancy (Irr).

2. VWhich of the following is the most important causitive
factor of contempt for stupidity? (Blocm's Category 4.10)

8In this code used in Chapter V the subscript stands for the
first distractor (foil) in item 1. The code gives a standard
procedure for identifying foils without concern for which
alternative is the right answer.
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*A. Compulscry categorizing in school.
'B. Compulsory school attendance. (SUB)
C. Compulsory written examinations. (O0S)
D. Ccmpulsory intelligence testing. (Irr)

ftem 2 is asking for the “causative factor" which is not stated
in the selection. This item, therefore, reguires the examinee to
demonstrate his "ability to recogﬂize unstated assumptions™ (Bloom:
1956, p. 205), hence the classification of this item as analysis (4.10).

Compulsory school attendance is an enabling facior in this
situation, but it is neither necessory nor sufficient. In fact, compul- -
sory school attendance is disjunctively related to the development of
contempt for stupidity which can develop in universities where attend-
ance is not compulsory. Also, contempt for stupidity need not develop
in a compulsory school system. Any attempts at the instutionalization of
an individual can lead to the development, on the part of the individual,
of contempt for the forms of behavior considered "stupid" by that
institution. (It can also have the opposite effect). In any event, the
replacement of this term "any" by the term "compulsory" makes this a
Substitution (Sub) foil.

With respect to foil 2C (2D2) the cause of contempt for
stupidity is the "pass-fall syndrome" which compulsorily classifies a
certain proportion of the population as "stupid." In this case, it is
not the written examinations but the use to which they are put which
leads to contempt for stupidity. ZFurthermore, contempt for stupidity
can (and dces) develop in the classroom context at times other than
during examination writing by the tacit acceptance by a student's peérs

of the assumption made by the teacher that making a mistake is "sinful."
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There would be no need for compulsory examinations if there were no
attempt to make classifications. However, written examinations by
themselves do not cause contempt for stupidity, hence this foil is an
Oversimplification (0S).

In the case of compulsory intelligence testing (Foil 2D or 2D3)
the issue is whether or not the results of these tests are used as part
of the compulsory classification system rather than whether or not the
tests are given. Therefore, this foil as stated is an Irrelevancy (Irr).

3. The school acts as an agent for the continuance of contempt
for stupidity by: (Bloom's Category 2.10)

A. Placing too much emphasis on success in extra-curricular
activities., (Sub)

¥B. Reflecting the attitude that personal worth is at stake,

C. Encouraging competition between students of unequal
ability. (Irr)

D. Stressing knowledge as the only means to success. (0S)

Dexter's approach to the schools 1s essentially upon an
emotional level. In attributing & person'’s inferiority complex to the
school his implication is that the basic strength of contempt for
stupidity is in its reflection upon self-esteem. This item tests the
examinee's "ability to understand nonliteral statements (exaggeration)"
(Bloom: p. 204). The classification is 2.10.

In foil 34 (3D1) the phrase "in extracurricular activities"
would have to be replaced by the phrase "in academic pursuits to the
exclusion of success in self-corrective activities,” to be correct.
This foil contains a Substitution (Sub).

Competition between students of unequal ability can lead tc the
continuance of contempt for stupidity provided that the purpose of the

competition is to make the less able appear stupid. It is the
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objective and not the fact that is critical. The fact itself is
irrelevant; therefore, this foil is an Irrelevancy (Irr).

Iﬁ foil 3D (3D3) the critical aspect of this statement is "to
the exclusion of success in self-corrective activities." Hence this
foil is an Oversimplification (0S). Notice that foils 3A (BDl) and
3D (3D2) are both related to a "correct" answer which is not given in
this item. It woﬁld seem perfectly 1egitimate when more than one right
answer is éossible for a particular item to use alternative right
answers for the generation of foils.

4, The author, in charging that "society teaches contempt for

stupidity and a fear of being regarded as stupid" by means

of the school, is assuming that: (Bloom's Category 4.20)

A. The school should not be an enforcing arm for the
customs of society. (0G)

*B. The school is a more powerful socializing force than
the home. :

C. The home is a more powerful socializing force than the
school. (Inv)

D. The school is an enforcing arm of the customs of
society. (Irr)

This item asks the examinees to "recognize a hidden assumption”
(Bloom: p. 206) which makes this an analysis (4:20) item.

If the school is at fault it must have more influence cn the
child than the home has on the child. Foil 4C (4D2) must be an
Inversion (Inv) by virtue of being oppesite to the correct answer.

Foils LA (4D1) and 4D (4D3) are related since both contain the
same irrelevant premise. EHowever, 44 (QDl) alsc contains the additional
unwarranted value judgment '"should not be." By virtue of the rule which
excludes category repetition, it becomes reasonzble, at least superfi-

cially, to classify 4D (4D3) as an Irrelevancy (Irr) and 4A (4D1) as
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an Overgeneralization (0G). In the case of 4A (QDl), however, this
Overgeneralization is an unreasonéble extension of a statement which, in
itself, is incorrect, suggesting that second thoughts might have led to
a more reasonable claséification of this foil, as the results of

subsequent analysis showed.

Second Reading Selection

Source: Marris, Peter; The Experience of Higher Education,
London, Routledge Kegan Paul, 1964, p. 175.

In this sense, it does not matter what subject a student
studies, since each is leading towards a generalized intellec-
tual awareness. But the starting point is still important since
a student has the greatest incentive to understand whatever
relates most immediately to his interests. Nor are the concepts
derived from any one field of study equally relevant to any
others: the ramification of insights remains biased by its
roots. The intellectual content has to both guide and be guided
by the purposes for which a student seeks understanding.
Otherwise it is meaningless.

If, then, higher education aims to teach students how o
abstract, from a rarticular context, principles by which they
can organize the perception of their universe of thought, it
requires that these studenis have a use for such free-ranging
understanding. When they enter higher education, their aims
are confused, and they may not see, or wish to see, the value
of a generalized intellectual skill. Their approach to learning
has been conditicned by extraneous motives: they worked to win
approval or avoid blame, to pass an examination, as much as or
more than for the sake of understanding. They are not used to
asking themselves what they want to understand, or why, but
derive enough interest to master the skills required of them
from a desire to satisfy the authority who sets the task. So,
I think, the function of higher education is as much to develop
the autonomy of their desire to understand, as to satisfy it.

5. The author suggests that a generalized intellectual
awareness can be achieved by: (Bloom's Category 3.00)

A. TFocusing on progressively more difficult topics in a
subject. (I4) ‘

B. Teaching the students how to generalize from specific
content. (CM)
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C. Presenting highly abstract material which is extensive
in scope. (0CS)

¥D. Presenting any subject matter in any predetermined
sequence.

This item was treated as an application (3.00) item because it
requires the examinee to make "use of abstractions in particular and
concrete situations.”" (Bloom: p. 205). For this reason this item was
classified as application (3.00). The right answer is also, in fact,
an Oversimplification (0S) because Marris says "the starting point is
important” (see p. 47). However, the use of this phrase in 5D would
have produced a "Clang association" which Thorndike and Hagen (1961)
point out should not be used. (See p. 28). Alternative 5D, is,
nonetheless, the most nearly correct of the four alternatives.

The first foil (54 or 5D1) assumes that 1) some specific
subjects are needed for the development of generalized intellectual
awareness and that 2) instruction must, of necessity, begin with the
"easier" topics first. Both of tﬁese assumptions are explicitly stated
as invalid in the selection. This foil was classified as an Invalid
Assumption (I4).

The relationship between generalized intellectual awareness and
inductive reasoning as suggested in 53 (5D2) is a very common over-
simplification. With another oversimplification foil in the same item
the classification of this foil is a Common Misconception (CM) would
seem to be quite reasonable.

Similarly, the identificétion of generalized intellectual
awareness with the transferability of content is an oversimplification
of the topic of Marris' (1964) discourse. Therefore, foil 5C (5D3) is

classified as an Oversimplification (0S).
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6. The purpose of developing a generalized intellectual
awareness is to: (Bloom's Category 2.30)

*A. Promote thinking ability which is not contextuzlly
bound.

B. Enable an individual to master any subject area. (0G)

C. Stimulate thinking ability within the individual's
chosen field. (Sub)

D. Give the individual an ever-widening view of his
world. (Irr)

In order to answer this question, the examinee is expected to
make an "extension of trends or tendencies beyond the given data."
(Bloom: p. 205). On this basis this item was classified as
Comprehension (2.30).

In foil 63 (6Dl) the mastery of Y“any subject area" is far too
broad a statement for the purpose of Marris' (1964) discussion. Hence
this foil is an Overgeneralization. (0G)

In the case of 6C (6D2) the phrase "within the individual's
chosen field" is substituted for the phrase in the correct manner
“which is not contextually bound" making this a Substitution (Sub)
foil.

For foil 6D-(6D3) the absence of context in the right answer

renders the Weltanshauung (World view) aspect of this foil irrelevant,

hence €D (6D3) was classified eas an Irrelevancy (Irr). This foil could
also be a Word-Word Link (WW) because of similarities in phrasiology

between "ever widening view'" and "free ranging understanding" (see p.

7. Of the following, the best example of generalized
intellectual skill is: (Bloom's Category 3.00)

A. Thinking within the confines of pairticular subject
areas. (Sub)
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B. Generalizing from the concrete to the abstract. (Ww)-
*C. The widely applicable technique of logic.
D. Applying abstract principle to new situations. (0s)

The phrase '"best example" in the stem led to the classification
of this item as an Application (3.00) item.

There are strong similarities between this item and the previous
two. For instance, the "particular subject areas" Phrase is similar to
the "individual's chosen field," in item 6 so that foil 74 (7Dl) should
2lso be classified as a Substitution (Sub). With respect to 7B (7132)
the use of induction is similar to 5B (51)2)° In this case, however, the
Word-Word Link between "generalized" in the stem and "generalizing" in
the foil is somewhat stronger because of the context than in item 5.
Hence 7B (7332) was classified as a Word-Word Link. (Ww)

Also, the confusion in equating transfer of training with
generalized intellectual awareness found in 5C (5D3) reappears in 7D
(?DB) which makes it reasonable té regard this foil as an Over-

simplificaticn (0S) as well.

Third Readineg Selection

Source: Kagan J. and Moss, H. A.; Birth io Maturity,
N.Y., Wiley, 1962, p.8s5.

Aggression is a second behavior system that tegins its growth
during the first five years. Traditionally a response was
labeled aggressive if the goal of the behavior was assumed to
be psychological or physical injury to a person or person
surrogate. We have adhered to this definition. As with depend-
ency the display of aggressive acts is a regular concomitant
of development. The slapping or pushing of an age mate, the
destruction of a sibling's new fort, and the stinging verbal
attack are regularly observed in the behavior of many children.

Aggression, like dependency, is subject to socialization
bressures, for the child does not have ccmplete license to
unleash his anger when he chooses. 1In addition, as with
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dependency, the occurrence of overt aggression is a function of
both the threshold feor motive arousal and the intensity cf
anxiety associated with direct expression of this behavior.

In contrast to dependency, however, the potential for
conflict over aggression is greater for females than for males.
The pattern of social rewards and traditional sex-role standards
act in concert to discourage the direct expression of aggression
in girls and women. It might be anticipated, therefore, that
aspects of aggression would be more stable for males than for
females. This is precisely what occurred, for overt aggression
to mother and fregquent tantrums during childhood predicted adult
aggressivity for men but not for women.

8. If the school were to encourage tolerance for honest
mistakes, we would expect aggression to:
(Bloom's Category 4.10)

A. Diminish somewhat, (IA)
¥B. Take different forms.

C. Disappear completely. (OG)
D. Remain unchanged. (Inv)

Although this item makes a reference to the first reading
selection (Stupidity), the question can be.answered within its own
context. For this reason this item was not classified as synthesis but
as analysis (4.10). The logic of this item revolves around the assump-
tion of the author that aggression is an innate characteristic of human
beings which can be modified but not diminished. Thus 8a (8Dl) can only
be true if this assumption is violated. TFoil 84 (8D1) would seem to be
an Invalid Assumption (IA) foil in the sense that the examinee must
make an invalid assumption to select this answer as "correct." Foil 8C
(8D2) strongly overstates the same error as found in 8A (8Dl). For the
same reason as 4A (4D1) this foil was classified as Overgeneralization
(0G).

Changes in the psychological climate will lead to changes in the

modes of expression of aggression which makes foil 8D (8D3) an Inversion
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(Inv).

9. The basic position of the author in writing about aggression
is that it: (Bloom's Category 4.20)

*A. Is inevitable but can be direct through socialization.

B. Can be eliminated through the process of socialization.
(Inv).

C. Will result in internmal conflict independent of the
environment., (Sub)

Do Is crippling to the individual by Qasting considerable
energy. (CM)

This item requires the récognition of the assumption of the
authors which was indicated in relation to item 8. For this reason the
item was classified as analysis (4.20).

Foil 9B (9Dl) is an Inversion (Inv) for the same reason as
8D (8])3).

Aggression, as an innate behavior system, will produce intermal
conflict only if its modes of expression are frustrated. Hence,
internal conflict is "dependent upon environmental conditions" rather
than being "independent of the envircnment." Since there is already an
Inversion (Inv) foil in this iteﬁ, another category had to be found for
this foil. Comparing the two statements "dependent upon..." and
"independent of..." the latter phrase can be treated as a.replacement
for the former. Therefore, this foil 9C or 9D2) was classified as a
Substitution (Sub).

Aggression can be harmful, but as one basis for intrinsic
motivation it can be constructive as well. Foil 9D (9D3) by treating
aggression as being exclusively harmful oversimplifies the situation.
This oversimplification is so commonly held that this foil was

classified as a Common Misconception (CM).
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10. With which of the following statements concerning
aggression would the author be most likely to agree?
(Bloom's Category 6.10)

A. Aggression is like dependency in that it is harmful to
personality development. (CM)

B. Aggression generally interferes with the attainment of
educational goals. (Inv) :

*C. Aggression is potentially useful for educational
purpose,

D. Aggression is considered to be 2 response to threats
to a perscn or person surrogate. (WW)

This item asks the examinees to evaluate the statements made in
the alternatives against the information given by the authors about the
topic, therefore this item was classified as Evaluation (6.10).

Foil 104 (lODl) was classified as a Common Misconception (CM)
on the same basis as foil 9D (9D3).

As pointed out with reference to item 9, aggression can be one
of the bases for intrinsic motivation. Hence the possibility that
aggression may be potentially useful for educational Purposes may be
inferred from the selection. In this case the opposite statement as
in 10B (10D2) must be an Inversion (Inv).

Foil 10D (10D3) is best classified as a Word-Word Link (WW) on
the basis of the phrase "person or Person surrogate." This foil is
wrong because it contains the phrase "a response to" which is
extraneous to the definition of aggression. (see: p. 51)

1ll. Overt aggression would likely be decreased by:
(Bloom's Category 3.00)

A. Blocking of many modes of aggression. (Inv)
B. Lessening the threat of punishment. (0S)

*C. 1Increasing the threshold of moiive arousal.
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10. With which of the following statements concerning
aggression would the author be most likely to agree?
(Bloom's Category 6.10)

A. Aggression is like dependency in that it is harmful to
personality development. (CM)

B. Aggression generally interferes with the attainment of
educational goals. (Inv) :

¥C. Aggression is potentially useful for educational
purpose,

D. Aggression is considered to be a response to threats
to a perscn or person surrogate. (WW)

This item asks the examinees to evaluate the statements made in
the alternatives against the information given by the authors about the
topic, therefore this item was classified as Evaluation (6.10).

Foil 104 (lODl) was classified as a Common Misconception (CM)
on the same basis as foil 9D (9D3).

As pointed out with reference to item 9, aggression can be one
of the bases for intrinsic motivation. Hence the possibility that
aggression may be potentially useful for educational pPurposes may be
inferred from the selection. In this case the opposite statement as
in 10B (lODZ) must be an Inversion (Inv).

Foil 10D (lODB) is best classified as a Word-Word Link (WW) on
the basis of the phrase "person or Person surrogate." This foil is
wrong because it contains the phrase "z response to" which is
extraneous to the definition of aggression. (see: p. 51)

11. Overt aggression would likely be decreased by:
(Bloom's Category 3.00)

A. Blocking of many modes of aggression. (Inv)
B. Lessening the threat of punishment. (0S)

*C. Increasing the threshecld of motive arousal.
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D. Motivating people to rise above their peers. (RT)

This item was classified as an application (3.00) item because
it asks for a practical method of behavior change.

Blocking of modes of aggression (114 or llDl) would be expected
to intensify responses in the remaining availableAdirections, hence
this would not necessarily decrease overt aggression. This foil was
classified, therefore, as an Inversion (Inv). |

If the threat of punishment is lessened, overt aggression may
or may not temporarily increase, depending upon the amount of frustra-
tiqn which hés previéusly developed and the way in which‘the threat is
lessened. If the release leads to an increased frustration the increase
in overt aggression would continue. On thé other.hand, if lessening
threat also lessened frustration and provided for alternative modes of
expression, overt aggression could decrease. Foil 11B (llDZ) must be
considered an Oversimplification (0S) in this context.

Rising above one's peers ;an involve the use of aggression as
intrinsic motivation but it can also be accomplished by the use of
overt aggression or the threat of its use(i.e. intimidation). The term
"motivating" in this sense refers to "behavior modification™ rather
than motivation in the sense used by psychologists. Foil 11D (11D3)
was classified as a Redefinition of Terms (RT).

12, ZAggressive behavior in female children is:
(Bloom's Category 2.30)

¥A. More likely to produce guilt feelings than in males.

B. A less likely occurrence than in males of the same
age.(CM)

C. More unpredictable and is expressed differently than
in males of the same age group. (0G)



167

D. Less differentiated in expression than in males of the
same age. {(Inv)

Once again the examinee is expected to go beyond the given
information in order to recognize the role of guilt in child rearing
practices. For this reason this item was classified as comprehension
(2.30).

Since aggression in males and females tends to take different
forms because of sex differences in child rearing practices, guilt is
more iikely with females. Both sexes show aggression. The difference
in mode of expression leads to the common misconception that girls are
less aggressive than males; hence the classification of 12B (lZDl) as
a Common Misconception (CM). '

The first two words in 12C (12D2) make this statement false.
The lack of predictability is from childhood to adulthood and not
across peer groups. This foil is therefore classified as an
Overgeneralization (0G).

Foil 12D (12D3) is exactly opposite to the true state of
affairs making this foil an Inversion (Inv).

13. If we assume that the school increased its use of contempt
for stupidity as a motivating device, we would expect that:

(Bloom's Category 5.30)

A. Parental pressure would intervene to trevent the
school from making this change. (IA)

¥B., Overt aggressive behavior would increase and
autonomous thinking would decrease.

C. Both academic success and generalized intellectuzal
awareness would increase. (CM)

D. The level of student motivation would decrease rather
than increase. (RT)

This item is classified as a Synthesis item (5.30) because it
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involves more than one reading selection in order to achieve the answer.

Foil 13A (lBDl) involves the assumption that parents would
oppose this move. However, contempt for stupidity could not be used at
present if it did not have at least support by implication from parents
‘at the present time. The major supporters of the school system, the
middle class, want to keep the "riff-raff" out of the professions as
unwanted competition for the asﬁirations they have for their own
children. Contempt for stupidity as Dexter (1964) implies is an
extremely effective method of destroying the academically unfit. It is
unlikely that powerful parents would oppose this move. This foil'was;
therefore, classified as an Invalid Assumption (IA).

Contempt for Stupidity has the effect of maintaining the
dichotomy between the academically successful and the others. Increas-
ing this pressure would sharpen the ‘dichotomy and would not necessarily
increase the academic success of the survivors and would most certainly
not increase the academic success of those who did not survive. On the
other hand, the overt effect of this increase would be to produce an
apparent increase in academic standards which would be expected to lead
to the  common misconception that making school achievement more diffi-
cult improves the guality of schocling. For these reasons foil 13C
(13D2) was classified as a Common Misconception (CM).

Foil 13D (13D3) redefines motivation in the narrow sense of
positive intrinsic motivation (i.e. interest). The use of contempt for
stupidity is, in fact, increasing the level of extrinsic aversive

motivation. This foil was classified, therefore, as a Redefinition of

Terms (RT) foil.
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14, Which of the following best describes the probable
relationship between contempt for stupidity and generalized
intellectual awareness? (Bloom's Category 5.30)

A. Changes in either will have no effect on the other.
(Irr)

¥B, As one increases the other will decrease.

C. PEither will increase with an increase in the other.
(Sub)

D. Contempt for stupidity should be reduced and awareness
should be increased. (0G)

This item, once again, involves two selections (Stupidit& and
Awareness). For this reason it was classified as a synthesis (5.30)
item. A person who is motivated by contempt for stupidity (his own and
others') would be expected to be constantly en guarde against making
mistakes. Such an orientation toward his own behavior would tend to
make him intellectuzally cautious and hence less inclined to the
expansive thinking needed to develop a generalized intellectual
awareness. These two variables wéuld be most likely to be inversely
related thus explaining the correct answer.

Treating these two variazbles as unrelated as in Foil 144 (141)1)
is contradicted by the information in these iwo passages. This
statement could be true in another (independent) context, hence the
Irrelevancy (Irr) classification of this foil.

One part of the statement in foil 14C (14D2) is correct, the
other incorrect, hence this foil was classified as a Substitution (Sub)
foil.

Foil 14D (14D3) contains an unwarranted value judgment when only
the relaticnship and not its psychological importance is asked for.

This foil was classified as an Overgeneralization (0G).
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The classification of the fcils in this item is difficult

. because three of the foils are based to a large degree upon logical
relations rather than errors in logic. The three possible relationships
direct (14D) inverse (14B) and unrelated 14A) form the basis for three
of the four foils. It might have been more reasonable to have '
classified 144 (14D1) and 14C (1432) as Other (0) than to attempt to
establish classifications on the basis of the rather tenuous arguments

given here.

Fourth Reading Selection

Source: Dinkmeyer, D. C.; Child Development, Englewood Cliffs,
N. J., Prentice-Hall, 1965, p. 59.

The social studies committees were working on their reports.
Doris was chairman of the southern states committee which
included Jack, Susan, and Bill. There seemed to be confusion in
this group so I decided to investigate. "Jack won't co-
operate,'" complained Susan. ‘"What do you want him to do?" I
asked. Jack was frowning. "They say I have to study economic
conditions in the states, and I am interested in state
capitals," said Jack. "Did you volunteer to take economic
conditions?" I asked. "There wasn't a chance to volunteer.

Ve were just told her plans," answered Jack. "Is anyone
investigating the state capitals?" I asked. The children
indicated this job had not been assigned. "In that case, does
the group mind having Jack study the capitals?" No one seemed
to care. "What about the rest of you--are you all satisfied
with your jobs?" They were. Jack went to the reference shelf
and started to read. "B, H.M

15. From this report we may infer that the:
(Bloom's Category 2.20)

A. Classroom is very well equipped with instructional
materials. (OG)

¥B, Classroom probably has moveable seats.
C. Class is studying the Southern United States. (WW)
'D. Teacher favours voluntary participation. (RT)

This item involves a "reordering, rearrangement, or new view of
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the material.(Bloom: P. 205) which explains its classification (2.20)
level.

Foil 15A (15D1) overétates the situation in the phrase "very
well equipped" proposing an inference which goes far beyond the
information in the passage than is reasonable. This foil was
classified, therefore, as an Overgeneralization (0G).

In foil 15C (15D2) only one committee and not the whole class
seems to have been studying the southern United States. Since this
item already has an 0OG foil, the next most reasonable is a Word-Word
Link (WW) on the grounds that careless reading might lead to this word
association.

In foil 15D (15D3) the term voluntary is used in more than one
sense. Actually, the teacher has substituted her own arbitrary
decisicn for Deris! decision., This foil could also have been a Ww fbil
except that 15C (15D2) fits this gategory better. For these reasons
foil 15D (15D3) was classified as Redefinition of Terms (RT).

16. If the teacher had written "Doesn't work well with others,"
as an anecdotal record for the above incident, this would

have been: (Bloom's Category 6.10)
A. Better; it says the same thing with less words. (Irr)

*¥B, Worse; it fails to indicate the circumstances of the
incident.

Co Better; the details of the event are unnecessary when
judging Jack's behavior. (0G)

D. Worse; teachers are failing in their obligations in
not supplying complete information. (CM)

This item clearly asks for a value judgment based upon the

evidence in this reading selection which makes it an Evaluation (6.10).

item.
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Since it should be evident by comparison of the two alternative
. descriptions given for this same incident that the function of an
anecdotal record is to give a clear picture of an event for future
reference, a goal of "“saying the same things in less words" is
irrelevant to the task at hand. For this reason foil 164 (16I&) was |
classified as an Irrelevancy (Irr).

Adding unwarranted statements concerning judgment of behavioxr
makes this foil, 16C (16D2), an Overgeneralizatic;n (oG).

. Once again, inappropriate value judgments are involved in 16D
(16D3), this time directed at the teacher rather than the student.
This attitude is so common that this foil was treated as a Common
Misconception (CM).

17. TFrom the above passage we can infer that Doris! leadership
of the group was: (Bloom's Category 4.20)

*¥A, Coercive,
B. Autocratic. (0G)
C. Destructive. (Inv)
D. Laissez-faire. (Sub)
In item 17 the examiner is expecting the examinee to "comprehend
the interrelationships among ideas in a passage (Bloom: p. 206)."

Hence the analysis (4.20) classification.

On the basis of the argument that the successful autocrat would
not tolerate contradiction and therefore have no overt objection to his
or her decisions, Doris' leadership was considered as "coercive" rather
than "autocratic" for the best answer. Notice, by the way, that the
teacher is a successful autocrat in this passage. For these reasons

foil 17B (l?Dl) was regarded as an Overgenerzlization (0G).
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It 1s not evident from the passage that Do?is' leadership was
_destructive. In fact, she apparently had the support of the two members
of the committee one of whom reported the problem to the teacher. Being
opposite to a possible best answer, foil 17C (1?D2) was classified as an
Inversion (Inv).

Since Doris' attempts to coerce Jack were ineffective, she
permitted the teacher to intervene. As a result, her later leadership
was laissez-faire, but only under the arbitrary intervention of the
teacher. The replacement of her later performance for her former
performance led to the classification of this foil (17D ox 1?D3) as a
Substitution (Sub).

Once again, the classification of these foils is tenuous and
open to disagreement. The format of these foils also deviates from the
usual Tormat of feils in this test, as in the case of item 13 and
items 19 to 24 inclusive. It is possible that an "Other" (O) classifi-
cation of these foils would have been more reasonable.

18, From the description of the incident, we can conclude that
the teacher's handling of the incident was:
(Bloom's Category 6.10)

A. Good; she intervened to prevent a serious conflict from
continuing. (Sub)

*B  Poor; she allowed Jack to use her authority as a lever
to get his own way.

C. Good; she resolved the problem to the mutual
satisfaction of the group. (Irr)

D. Poor; she failed to collect sufficient information
pefore enforcing a decision. (0G)

This item created a good deal of consternation upon its first
administration. At issue seemed to be philosophical differences between

the examiner and the examinees. It is probable that this problenm ray be
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a complication which is possibly.inherent in any multiple choice
Evaluation (6.10) item where the evaluative criteria is not sﬁpplied.
The problem arose essentially because many examinees insisted that the
function of the teacher was to prevent or to eliminate conflict. In -
this case either 18A or 18C would be correct depending upon the
interpretation given to the phrase in the reading selection "no one
seemed to care."

The examiner, on the other hand, took the stand that the
function of the teacher is to educate. If conflict arises the conflict
should be used in an educational manner. In this case, the teacher
should have found out why the topic of economics was important enough
to the grcup to have engendered the conflict. Once Jack underétands its
importance he may agree to do it. That is, the teacher helps to improve
communication. If, on the other hand, Jack remains adamant, fercing him
to do something disagreeable to him may not help. In this case, the
reorganization of committees more nearly upon sociometric lines might
improve the situation. There may be some personality reasons for Jack's
behavior. In this case, the teacher's long-term role is to help Jack
cope with his own and others' personalities. Letting Jack have his own
way does not help meet this latter goal. Hence the keyed answer.

Some of the examinees argued that they had insufficient informa-
tion to answer this question. This argument was discounted because the
differences still seemed to be philosophical. In any case, the few
people who chose the keyed answer had the highest average total-correct
score which meant the retention of this item.

The prevention of conflict rather than the educaticnal use of

conflict led foil 184 (181)1) to be classified as a Substitution (Sub).
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With education as a goal, the mutual satisfaction of the group (as in
.18C or 18D2) is irrelevant, hence the foil was considered an Irrelevance
(Irr).

The classification of 18D (18D3) as an Overgeneralization (0G)
is somewhat érbitrary. The teacher could have sought more informatioﬁ,
but the essential problem is her use of the information which she
obtained. Since 18C (18D2) was aiready classified as an Irrelevancy

(Irr) some other classification is needed.

Pifth Reading Selection

Source: Prescott, D. A.; The Child in the Educative P*ocess,
N. Y., McGraw-Hlll 1957, pp. 125-126.

Progress Report

X Attendance Area Y County Schools

Name: Chester M Teacher: Miss C. Grade: 6
Days Absent: 0 Days Tardy: 0 ’

Reading: Is reading independently on the third-grade level and
instructionally on the fourth-grade level. Does not enjoy
reading. Finds many excuses to leave reading to do something
else. Has trouble understanding what he reads. Is better able
to find facis than to interpret facts. Has trouble finding
words in context when meaning is given.

BEnglish lLanguage: Has a wide speaking vocabulary. Uses correct
English. Does not enjoy story writing. Understands sentence
construction.

Spelling: Learns woxrds in spelling lessons and uses them in
written work. Enjoys spelling.

Writing: Spaces words well. Is practicing again cn the
formation of letters. Is not neat in written work. Erases
often.

Arithmetic: Has worked again this year on addition, subtraction
and multiplication. Had scme trouble with subtraction. Is not
ready for division. Has had experience with problem solving.
Enjoys arithmetic.

Social Studies: (History, geography, and civics). Has worked
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. with maps. Takes part in discussion. Showed interest in a
study of his community. Shared materials. Is trying for a
better relationship with classmates.

Science: Experimented with the force of air. Has become
interested in cloud formation., Likes dogs.

Music and Art: Listens to music. Takes part in singing and
rhythms. Enjoys all phases of music. Works with clay, wood,
paints, and fingerpaints. Enjoys all media of art expression.

Instruction for Questions 19 to 24

Based on the z2bove progsress report answer the next six questions
by marking:

A, If the hypothesis is supported by the facts.
B. If the hypothesis is implied by the facts.
C. If the hypothesis is refuted by the facts.

D. If the hypothesis cannot be tested by the facts.
(Bloom's Category 4.20)

Hypotheses to test:

19, Chester is not liked by the other children; he avoids
trying to read because he doesn't want them to see him

fail.

20. Chester lacks character. He does all sorts of bad things
and will not discipline himself to learn to read because he
has not been punished enough.

21. Chester is growing very slowly and really is quite immature
for his grade. Everyone expects too much of him.

22. Chester has no real reason to want fo read, since no one
ever reads at home.

23. Chester's reading deficiency has rot yet begun to affect
seriously his performance in other areas.

2L, Chester's mother has kept after him about reading until he
hates it.

All six of these items were classified as Analysis items (4.20)
because of the hypothesis testing characteristics of their format.

This format was used as a marker for analysis subtests. However,
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because of the format, the classification of the foils became

.problematic.

The simple expedient was used of classifying all the foils

for thése items as Other (O).

25.

The most useful suggestion to help Chester is:
(Bloom's Category 4.20)

A,

*B.

To give Chester personal warmth, acceptance and support

wherever it is appropriate. (Sub)

To give Chester concrete help in getting started on
specific tasks, especially in reading.

To give Chester responsibilities and roles of
acknowledged importance in the daily life of the
classroom. (Irr)

To try to get Chester's mother to take the pressure
off him and offer him more opportunities for self-
direction. (IA)

The examinee is expected to comprehend interrelationships in the

answering of this item, hence its analysis (4.20) classification. Foil

254 (25D1) substitutes emotional support for corrective instruction,

hence the Substitution (Sub) classification of this foil.

The treatment suggested in 25C (25Dl) has no bearing on his

academic needs; it was therefore classified as an Irrelevancy (Irr).

There is no evidence in this selection that there is an

unreasonable pressure on Chester by his mother; hence this foil 25D

(25D3) involves an Invalid Assumption (IA4).

26.

If additional information on Chester is desired, and ncne
of the following had been attempted, which one would
provide the greatest amount of immediately useful
information? (Bloom's Category 5.20)

A,

*B.

C.

An interview with Chester's previous teacher. (0)
An interview with the.parents.

A diagnostic test in reading skills. (O0S)
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D. A request for the assistance of a guidance counselor.
(Irr) :

This item involves the cxaminee generating a structure to
represent Chester's entire situation by inductive reasoning priér to
answering the question. For this reason, this item was regarded as a
synthetic {5.20) item.

The best first hand source of information about Chester is his
parenis. The next besi is his previous teacher. Siﬁce the Guidelines
do not make any provision for this kind of relationship, foil 264 (26D1)
is best classified as "Other" (0).

A diagnostic test in reading skills is only useful to a teacher
who know enough about these tests and the reading problems they
diagnose to be able to use them effectively. 4lso, administering and
interpreting such tests can be time consuming. It is an Oversimplifica-
tion (0S) for foil 26C (26D2) to suggest this course of action to be
superior to any other.

Most of the examinees were experienced tieachers, hence 1t was
reasonable to assume that they would know from experience that guidance
personnel rarely can give a teacher information they do not already
know. This effect occurs because test batteries are rarely more
reliable than a month or two of sensitive observation by a teacher.
Therefore, the course of action suggested in foil 26D (26D3) is

classified as Irrelevancy (Ixr).

27. A reasonable conclusion which can be drawn from ihris
report is that: (Bloom's Category 4.10)

A, Chester's problem stems essentially from his poor
relationship with his mother. (I4)

B. Chester's problem stems essentially from his poor
relationships with his peers. (Irr)
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*C. Chester's problem has no single cause and no simple
solution. '

D. Chester's problem stems from such a wide range of
sources that a classroom solution is impossible. (CM)

This item is somewhat difficult to classify because the "dréwing
conclusions" is not part of Bloom's Taxonomy. However, this item also
involves the examinee's."skill in distinguishing facts from hypotheses"
(Bloom; p. 205), hence the analysis (4.10) classification of this item.

Ohce again, the mythical poor relationship with his mothexr is
introduced in foil 27A (Z?Dl). In this context the most reasonable
classification of this foil would be an Invalid Assumption. (IA).

Chester's problem seems to be centered upon his reading
difficulty. His relationship with his peers may influence his motiva-
tion to attempt improvement, but is irrelevant to his problem. There-
fore, fcil 12B (12D2) was classified as an Irrelevance (Irr).

Foil 27D (Z?DB) overgeneralizes to an extreme level which made
the most reasonable classification for this foil to be Common

Misconception (CM).

28. In Chester's progress report, which one of the following is
the most important factor contributing to his difficulty
with school achievement? (Bloom's Categery 5.30)

*A, Aggression which is building up due to frustration
over his reading develcopment.

B. His inability to develop a generalized intellectual
awareness. (Irr) '

C. His weakness in reading which is affecting all areas
of learning. (0G)

D.

The teacher has been using "contempt for stupidity" as
a motivating device. (I&)

This item, once again, involves more than one reading selection

and was therefore treated as a synthesis (5.30) item.
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Foil 28B turned out to be somewhat unreasonable because the
author assumed that the examiﬁee would be able to identify the fact that
generalized intellectual awareness is an adult phenomena. The evidence
is tenuous since the Awareness selection from its title is related to
university education, and Chester in this (Progress) selection is in
Grade six. This foil would be an Irrelevancy (Irr) but it may have been
unreasonable to expect so tenuous a comnection to be made if it could
not be assumed that the examinees would know this fact.

The progress report indicates that there are some areas of
Chester's development which are not out of step which makes foil 28C
(28D2) an Overgeneralization (0G).

Foil 28D (28D3) suggests that this teacher is using contempt for
stupidity for motivation, which may be an Invalid Assumption (IA) since
the tone of the report is supportive rather than condemnatory.

29. On the basis of the foregoing which of the following seems

.to be the most important consideration when preparing

anecdotal records or progress reports?
(Bloom's Category 5.30)

A. Make no attempts at interpretation since your judgments
are probably biased. (CM)

%¥B. Present as much information as possible about all the
salient aspects of the situation.

C. Be as brief as possible, giving no information which
may cloud the central problem. (OS)

D. Do not put anything into these reports which might
antagonize the child's parents. (RT)

This item also involves more than one reading selection and
therefore it was classified as a synthesis (5.30) item.
In the case of foil 29A (29D1), it is impossible to aveid

judgments in any reporting, hence this advice is a Common Misconception
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(cM). Because of the problem of observer bias, as much pertinent
information as is possible should be supplied so that alternaéive
interpretations can be considered by others. This latter statement
makes foil 29C (2932) an Oversimplification (0S).

In foil 29D (29D3) the term report referring to "progress
report" is redefined by the suggestion that such a report may become
public property, i.e. it will be part of the "report card" to the
parents. This approach involves a Redefinition of Terms (RT).

30. The most important principle illustrated in this set of
questions is that the teacher should:
(Bloom's Category 5.30)

A. Promote generalized intellectual awareness in
aggressive children by using contempt for stupidity
as a motivating force. (WW)

*B. Recognize that developmental deficiencies arise from
complex circumstances, requiring multiple-strategy
solutions.

C. Seek professional assistance from the school counselor
in the identification of developmental problems. (Tr)

D. - Recognize that "contempt for stupidity" is not
necessarily an effective way of generating motivation

in pupils. (RT)

This item synthesizes the previous twenty-nine which led to its
synthesis (5.30) classification.

Foil 30A (BODl) is a good example of a contrary-to-fact
statement developed by the glib use of the repetion of phrases from the
reading selections. It illustrates very well the way in which Word Word
Link (WW) foils might be generated.

The discussion concerning the role of the counselor which
occurred on page 66 suggests that it would be more reasonable tc get the

teacher to identify the problem and then get the professional's help in
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its treatment. However, this approach means changing the role of the
. counselor from diagnostician to prognostician. The relationship
recommehded by foil 30C (30D2) may, therefore, be reversed to the ideal,
and this foil was classified as a Transposition (Tr) for these reasonms.

One of the important characteristics of the so-called "Puritaﬁ
Ethic® is its heavy reliance on adversive extrinsic motivation (i.e.
punishment) as a means of regﬁlating behavior. Contempt for stupidity
is an extremely effective method of motivation in this context if the
i1l effects of aversive motivation are ignored. Furthermore, there is
a tendency, for political reasons, as already suggested that the
strongest supporters of the school also support this method of motiva-
tion. On this basis, foil 30D (BODB) is clearly incorrect. For it to
be considered correct, the term "motivation" must be confined to
intrinsic positive motivation (or interest) making this foil a
Redefinition of Terms (RT).

In general terms, the overall classification of the foils as
reported here is probably open to considerable disagreement as suggested
by the low interrater relizbility. Would other researchers have
produced superior results? One of the raters of the items made the
following alternative classifications:

1. 61)3 was classified as a Word Word Link (WW).

2. IOD3 was classified as the right answer.

3. 15D, was classified as an Invlaid Assumption (IA).

In this case his classification of 6D3 turned out to bve
supported by the cluster analysis(see:i Do 77); his classification of
10D, was incorrect for the reason given (see: 7p. 165); and his classifi-

3

cation of 15Dl was not supported by the cluster analysis. (see: Do 77).
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This success ratio of one out of three is equivalent to that of the

experimenter (see: Do 75).

It should also be noted that the nature of fhe examination wés,
at least in part, predetermined by the examiner's philosophy of
education. This characteristic of the examination is evident in the
first place in the nature of the reading selections upon which the
examination is based. Second, it is evident in the nature of the
questions asked concerning these reading selections. Third, it is
evident in the reasons given for the classification of items and foils.
In general, it is hoped that the majo; portion of this bias is confined
to the nature of the reading selections used and that once these are
given the astute reader should be able to infer the bias, and answer
accordingly. The possible exceptions which are clearly evident are
item 18 and item 28, particularly with respect to foil 28B'(28D1).

It is being argued that bias is unavoidable and, hbpefully, can
only be minimized in its adverse éffects upon student performance. The
clear thinking student should be able to recognize and adopt a number

~ of points of view concerning any particular subject matter and apply
logic, once the point of view is assumed, in order to arrive at
reasonable conclusions. So long as the logic which follows from the
assumptions cannot be faulted the system itself can remain intact.
The purpose of presenting the development of the experimental test in
such detail was to expose the logic of the test including thé reasons
why the foils are considered to be wrong (i.e. its construct validity)
to such reasonabie attacks as may be made. If the construct validity

’ o? the test is ;upported, on both logical and evidential grounds, then

the experimental test may be regarded as an effective measuring
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instrument of higher mental processes independent of the assumptions
upon which the particular items are based. In this case the refutation
of these assumptions by subsequent evidence will not diminish the value
of this procedure as a method for the construction of measuring

instruments for the evaluation of student performance in the cognitive

domain (i.e. in the use of higher mental processes).
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APPENDIX C

LOGICO-SEMANTIC ANALYSIS OF RIGHT
AND WRONG ANSWER CLUSTERS

This appendix presents a detailed discussion of the items and
foils which differed in their advance classification from the classifica-
tion of the clusters in which they occurred. A cluster was classified by
the most frequently recurring advance classification in the cluster.

The findings for this part of the study were summarized on pages
70 to 71 for the right answer clusters and on pages 71 to 79 for the
wrong answer clusters. This detailed analysis is given here for two
reasons. First, it was felt that the effective reclassification of
alternatives represented evidence in support for the multiple interpreta-
tion hypothesis. Second, it was felt that subsequent researchers might
find value in an independent evaluation of the logic which led to the

conclusions this study has presented.

The Meaningful Interpretation of Item Clusters

In an exploratory study into a new area of research, the
relative relevance of characteristics can be expected, in general, to be
unknown. For this reason, the failure of the advance classification of
items to provide much assistance towards a meaningful interpretation of
the data was disappointing, but not surprising.

On the other hand, the cluster solution used, replicated the
advance classification by Bloom's Taxonomy to the extent that 40 per
cent of the items which appeared in a single cluster also held a common
advance classification. Table IT (see: p. 73) gives the clusters from

<9,

Group A and indicates which items were in a common classification, the
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classification of these items, and the final interpretation given to
each cluster.

Where the interpretation remained ambiguous in Teble 11
(see: v. 73) the uncertainty is indicated. It would be a fairly simple
matter with clusters like C6 and ClO’ for instance, to assume that the
advance classification of these items adequately interprets the cluster.

In other cases such as Cl’ C5 or C?, the majority of the items
were in a common class. If the class of the majority is used as an
interpretation, the members which did not share this common
classification must be explained.

Pinally, there were several clusters, CZ’ CB, CQ, C8’ and C9
which did not contain even two members which éﬁared a common advance
classification. The interpretation of these clusters would seem most
problematic, but must be attempted.

Several considerations were used in an attempt to arrive at an
unambiguous meaningful interpretation of each cluster. The first and
most obvious one was the advance classification of the items by Bloom's

Taxonomy.

Second, the possibility that some clusters (09 for instance)
might ve comtent clusters could not be entirely discounted.

Third, the possibility that items might have been misclassified
in either of two possible ways. The aspect of the item which leads to
the misclassification might be related to some cbvious but irrelevant
format characteristic. This problem has already been illustrated by
the case of items 19 to 24 inclusive. (see: Appendix B pp. 175—1?7).
Alternatively, there may be a discrepancy between the way in which the

examiner intended that the item be interpreted and the way it was, in
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fact, interpreted by the examinees.  For instance, an item which is a
comprehension item for some students may well be'an analysis item for
others. This latter possibilit& would suggest that the classification
of items might be better after their characteristic clustering has been
determined than before the test is given.

Fourth, since this study is postulating that the foils may have
some effect upon the interpretation of the item and, therefore, the way
in which it is answered, the nature and selection ratio of thé foils
should also be taken into account when an attempt is being made to
interpret the clusters. In this respect, foils with a selection ratio
of .05 or less were dropped from this and subsequent analyses, since
these foils were selected by too few peovle for the statistics pertinent
to these foils to be stalle.

Finally, there were other sources of information about these
items, such as the interitem phi correlation coefficient matrix and the
item consistency which might have proved useful in the attempt to make
an unambiguous interpretation of each of the item clusters.

In the discussion which follows each of the ten item clusters
are dealt with in turn in an attempt to establish an unambiguous
interpretation for each cluster. In advance of each discussion a table
appears which supplies the following information:

1. The numbers of items in the cluster.

2. The subject matter content from which each item is drawn.

3. The advance classification of each item.

L. The biserial correlation (z,) of each item with the total

test scoré. N |

5. The difficulty of the items.
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6. The selection ratic for each foil and the advance
classification of each foil for the items in the cluster.
The foils which are dropped afe also indicated.

Any other information needed for the discussion is supplied in
the context. Tablé 42 follows on page 190.

Three of the four items in Table 12 have their content clearly
drawn from the Stupidity reading selection on pages 41 and 42, and the
fourth one, item 8, has a reference to this selection in its stem.’
However, item 8 can be answered without having read this selection since
a good student should be able to infer what is meant by the phrase
"contempt for stupidity" from the context. Also, foil 28D3 was the only
part of item 28 which confained a reference to this selection but, once
again, it should be possible to infer the meaning from the context.
Furthermore, foil 28D3 is classified as an IA (Invalid Assumption) foil,
the invalid assumption for which can be arrived at without reference <o
the "Stupidity" selection. In addition, this cluster does not exhaust
the items in which a reference to this selection is made. There are
five other such items. For these reasons, it is not possible to
interpret this cluster unambiguously on the basis of content.

The relative magnitude (.378 to .456) of the T (biserial
correlations with total scores) varies sufficiently to suggest that they
were probably not related to the statistical artifacts which caused
these items to form a2 cluster. Also, since none of the difficulties or
selection ratios (D,) are large enough that these items must (of
necessity) overlap, the D, ratios cannot ve considered to be relevant in

this event either.

Since three of the items were classified in advance as analysis
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items, whereas the fourth one (item 28) is Synthesis as this class was
defined, the reasonableness of retaining the Analysis classification for

.this cluster is greater than for changing it to a content-oriented
classification. Also, as has already been noted, item 28 has identical
foils by class with item one. Furthermore, in three of these items
(1, 8, 28) the most commonly selected foil has an advance foil classifi-
cation of 0G (Overgeneralization). In this case, if 2D1 could be
reasonable reclassified from Substitution to OG an alternative to the
reclassification procedure is to suggest that the categories of foil
given above may not be inéependent. In this case, the common element to
these items would be the common classification of the most commonly
selected foil. This argument would be strongly supported if all of
these foils fell into a common wrong answer cluster, which they did not
do (281)2 is the exception). It is reasonable to be reluctant to
classify a cluster derived from the right answer correlation matrix of
Group A on the basis of the perfofmance of foils to the items when
performance on specific foils is not part of the statistical basis {rom
which this cluster is derived. In this cluster, the classification was
(reluctantly) retained as Analysis, even though this meant reclassifying
item 28. Table 43 follows on paze 192.

To begin with,,in Table QB_ﬁheré was no consistency between the
items in Cluster 02 with respect to their content (information back-
ground) which might have accounted for the formation of this cluster.

A similar statement can be made for the advance item classification, for

b

the relative magnitude of the r. and the D, coefficients, and for the

advance classification of the foils.

Superficially, then, there would seem to be no basis for the



192

*paddoap sTI T10J susau Y
.x.

°IOMSUB 408IJ00 9y} IOF ST "@ .
1 | 3] T
3 TRE
Iy aL X ) 0T GT°  To*iinldeiissTe sTEaY) ukg swalT TT®
} 1 jo fowmas o
qug X 9 mm 60°  €0° ow.mm@oommﬁ:m. stsATBUY autTdTos1q LT
SO xxr X mm ™ €2° Ho.mmmmomw:om. uotsusyaxduo)  £31prdnyg €
i 'l ¥ UOTIBOTJISSBT) 1u8juo) *ON
[N 1l [ . L%
m@ NQ HQ mm mn Nq HQ bi¥q mm 4G 20UBADY wag I way T
UOT4BOTJISSRID || sotyey i
1104 8oueapy || Uo0T409T88 '
[N} 11
2

0 WILSATO YO VIVQ J0 XUVIHWAS

€ AT4vL



193

interpretation of this cluster. However, an examination of the foil
classification for item 30 is revealing.(éee: pb. 181,182); and 36D3 was
an RT (Redefinition of Terms) foil. Two and possibly all-three of these
foils are related to Comprehension-type operations (i.e. they are
Misreading type foils). If the foils of an item could be eliminated by
comprehension-type strategies, the fact that the stem-right-answer
relationship involved a synthesis-type relationship may have been
irrelevant. Similarly, if the stem-right answer relationship can be
recognized by comprehension-type strategies without having to eliminate
foils, an item may be a comprehension item with high level foils. Such
a combination of arguments could account.for item 3 and item 30 occurring
in this group. In order to account for the presence of item 17 in this
cluster, it is necessary to suggest that the 0G, 0S, etc., type foils
are related to analysis-type strategies. For some individuals, then,
item 3 could have been treated as an analysis item because of the high
level of the foils. 1In this case; item 17 would have to have most of
the examinees who selected the correct answer ih the top one-third of
the group as defined by total score correct, and there would have to be
a high phi coefficient between items 3 and 17. The results support this
contention. In the first place, about 80 per cent of the individuals
who answered the item correctly were in the top 40 per cent of the
group. In addition, the phi correlation coefficient between item 3 and
item 17 is .281 which is significant at a probébility level of
.02>p>.01.

These results did not make possible the unambiguous
interpretation of Cluster C2° On the contrary, the interpretation would

seem to be that this cluster involves multiple strategies, some at the
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comprehension level, and some at the analysis level. Hence C2 cannot

be defined in terms of a unitary category from Bloom's Taxonomy.
Once again, the data suggests right- wrong answer interactions.

In addition, there appeared to be a multiple-strategy level involvement

in the cluster.

Cluster C,, Table 44 (see: p. 195) proved to be somewhat

3
similar ﬁo 02 in that the same phenomena occurred once again. All the
initial bases for interpreting this cluster failed to provide for an
unambiguous decision. In addition, the high level (Synthesis) item
seemed to be lowered by virtue of the low level foils.

It may be reasonable to relate items 4 and 6 because of the fact
that 4Dl was reclassified a (M (Common Misconception) in the interpreta-
tion of the wrong answer clusters and 4D3 became unclassifiable. It is
possible that these are both low level foils which might lower the
analysis classification of item 4 to comprehension. This argument
concerning the reclassification of item 4 must remain inconclusive since
a classification of QDB was not established.

The fact that these two clusters (02 anq 03) proved to be
similar raises the question as to why they did not form a single
cluster. Obviously, the items from cne cluster did not correlate
highly with the items from the other, but this fact does not add any
information since it is this fact which is the statistical basis for
the information of clusters. 4 look at the wrong answer clusters
(indicated by Wh) into which the foils fell proved illuminating.

Table 45 (see: p. 196) shows that there is a degree of

similarity within C2 of the wrong answer clusters (W9 occurs in two

items). C, has a high level of similarity among the foils (ws occurs in

3
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two items). Cy has a high level of similarity among the foils
(ws occurs in all three items and v, in two). There are no common
wrong answer clusters between the two groups. This evidence would have

been much more conclusive as to why these clusters were distinct if the

foil groups in C_, were more strongly similar. Once again, however,

2
there is some indication that foils may influence the formation of
right answer clusters.

In any event, the fact that there seems, once again, to be

multiple strategies involved in this cluster means that it-cannot be

unambiguously classified.

TABLE 45

WRONG ANSWER CLUSTER MEMBERSHIP
WITHIN AND BETWEEN RIGHT ANSWER
CLUSTERS C, AND C

2 3
c ff c
2 X 3
Item _ Wrong Answer " Item Wrong Answer
No. Clusters " No. Clusters
tt
W. H W, W
1
J 1t ; W
17 Wy h9 ¥ 13 . ws o
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.
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As Table 46 shows (see: p. 198), there is no élear basis for
the unambiguous classification of Cluster C4 from any of the sources of
data being used. This cluster, therefore, remained unclassified.

On the other hand, item 5, in addition to involving a practical
application, also involves "going beyond the given data to determine
impiicationsoo.which are in accordance with the conditions described
in the 'original commmication'™ (Bloom's Taxonomy, 1956, Pe 205). This
could mean that the best Bloom's Taxonomy classification for this item,
if the application aspect is ignored, is comprehension (2.30:
Extrapolation). This item may, therefore, be capable of a dual
classification. Item 19 is the only one in this series in which the
correct answer involves the implication of the statement by the reading
selection, Item 14 also involves extrapolation except that the extrap-
clation is from twc selections iather than one, making this item
(arbitrarily) a Synthesis item. It is too early in the developmert of

this testing technique to be dogmatic on a post hoc basis about the

interpolation on a stratezy basis, of any cluster. This statement is
particularly reasonable since this clustering does not cross-validate
(see: p. 94). However, it does suggest that a better definition of
the multiple strategies which may be involved in the answering of
miltiple choice items for the types represented on this test might
improve the effectiveness of the advance classification of the item,
and most certainly would improve the interpretaticn of the clusters
which were found to be peculiar to a particular group of examinees.
In cluster C5, Table 47 (see: P 199), the common element, on

the basis of the decision rule that the cluster be identified by the

most frequent process category from the advance class, would be
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- Analysis. Item 7 was originally classified as an Application item
because the stem asked for "the best example." 1In other itemé the
lowering of the level of performance of that item by low level foils
was observed. 1In this case the popularity.of the analysis-related 0S
(?D3) foil may:have had the opposite effect. Furthermore, foil 7D3
(an 0s foil) was classified during the interpretation of the wrong
answer clusters as NS (Non Sequitur) (see: bo 225 for definition) which
was one of the three new foil categories which came out of these
discussions. Since both of these categories (0S and NS) seemed to be
more related to the logic of the item than to its semantics, these types
of foil may help to define analysis type items. This possibility was
strengthened by the fact that about 73 per cent of the examinees who
chose ?D2 (the WW foil) were in the bottom 60 per cent of the group,
whereas sbout 65 per cent of the examinees who chose 7D3 (the 0S foil)
were in the top 60 per cent of thg group. These figures suggested a
moderaté but definite trernd on the part of these foils to move the
performance of this item upward in level. The same trend is evident in
the average total-correct values for each of these foils and for the
right answer. Those who chose ?D2 had an average total correct score
of 11.6, while those who chose ?D3 had an average total correct score
of 12.2, and those who chose the correct answer had an average total
correct score of 13.7. The average score on the entire test was 12.2.

The basis for the upgrading of item 7 to the Analysis level is
somewhat tenuous. The fact that it would otherwise be the only arnomaly
in this cluster strengthens the use of the decision rule. The use of
the rule is further strengthened by the fact that none of the possible

bases being used for interpretation give a more reasonable explanaticn
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for this cluster. The Analysis classification of this cluster was
retained.

Cluster C6, as summarized on Table 48 on page 262, was
classified as Analysis since both its members were so classified in
advance. However, the procedures being used suggest at least two other
bases for interpreting this cluster. First, thé difficulties (D*
selection ratios) were high. Second, the most commonly selected foils
fell into the same wrong answer ciuster (Wiq). These wo events coyld
be related to each other since the advance classification of the foils
with their respective items are different.

In any event, 06 was treated as an Analysis cluster in
subsequent statistical analysis.

In Table 49 on page 203 none of the bases being used for
interpretation assist in the explanation of the formation of cluster C7
except the arbitary rule that the majority of the items shared a
common classification in advance. In both these items (Item 10 and
Item 16) a value judgment is specifically asked for in the stem and
explicitly included in each of the alternatives. The other item
(Item 18) which had these same characteristics fell into another
cluster. Item 29 asks for '"the most important consideration' in the
stem which makes the stem contain an explicit request for a value
judgment; however, this value judgment is not explicit in the alter-
natives., The term "likely" cccurs in the stem of Item 11 suggesting,
perhaps, an implicit value Jjudgment may be involved in this stem.
Should the definition of the Evaluation level of items as used in this
study be extended to include implicit as well as explicit value

judgments? The results of the cross-validation part of the study
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suggested that Group B responded quite differently to these items.

4 ' In Appendix B where Item 26 from Cluster C8 in Table 50

(seé: Po 205) was discussed (see: pp. 177,178) it was pointed out that
an inductive structure had to be generated in the mind of the examinee
in order to answer this question, led to its classification as a
Synthesis item. All other Synthesis items had the additional
characteristic of involving more than one reading selection. The use
of the device of having more than one'reading selection as a basis -for
Synthesis items did not generate a unique cluster. On the other hand,‘
if the logic of Item 12 and Item 20 are examined, it becomes evident
that a similar process of reasoning to Item 26 may have been involved
in these two items as well.

The classification of Item 20 as Analysis was made because it
is clearly structured so as to involve a hypothesis testing procedure.
If each of the alternatives in Item 12 and Item 26 were also regarded as.
hypotheses which were to be tested against the inductive structure
employed by the examinees‘in Group A, the answering of these items may

have been relatively homogeneous.

This cluster (08) is classified as Synthesis on the grounds used
for the advance classification of Item 26, or it could be Analysis on
the grounds used for the classification of Item 20. However, in
multiple choice format it is impossible to avoid hypothesis testing
aspects of a Synthesis item when a specific set Qf alternatives is given
in the item. The type of item in this cluster came about as close to a
Synthesis level as it may be possible ?o ccme in multiple choice items.
Bloom (1956) suggests that if ambiguity of classification occurs, it

should be resolved in favour of classifying to the highest pcssible
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level. For this reason, on the basis of the performance of these
_items (at least within Group A) the items in this cluster have been
reclassified as Synthesis items.

) Both~Clustef.C9 items, as summarized in Table 51 (see: . 207),
are from the same reading selection. Also, the Procrustes rotation to
content suggested a possible content basis for this cluster. However,
both of them also proved to be very poor items on the basis of the
combination of their r, and difficulty (D, selection ratios). In
addition to this their most common foils occurred in the same wrong
answer cluster (W?), and the D selection ratios of these two foils were
very high. It is probable that these two items form a cluster, at least
partly, on the basis of the relationship between these two foils. This
cluster remained unclassified in subsequent statistical analysis.

There would seem to be two possible bases for the interpretation
of Cluster C,, as summarized in Table 52 (see: p. 208) content and -
advance classification. It is possible that both of these factors were
operative to make this cluster distinct from other Analysis clusters.
Some support for this argument may be found in the fact that C10 was
positively correlated with all the other classified clusters in the
Procrustes rotation analysis (see: Table 10, p. 69) except C7, although
all of these correlations may have been too small to have much meaning.

In summary, theu, this interpretation attempt upheld the
Analysis level classification of Clusters Cl’ C5, Cé, and Clo as they
emerged in the comparison between the results of the minimal interpoint
distance cluster analysis and the advance classification of the items.

It similarly upheld the classification of C? as Evaluation. The

procedure led to the reclassification of one cluster (08) from
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undetermined to Synthesis., In the remaining clusters (CZ’ C3’ Cq; and
C9) it was impossible to provide an unambiguous basis for classifying
these clusters from the available data. Hence these clusters remained
unclassified. Clusters C2 and C3 seemed to involve some form of multiple
strategies and Cq seemed to be a Comprehension level cluster for Group A
if the superficial characteristics of the items which led to their advance
classification were ignored. Since this cluster did not reappear in Group
B, multiple stratégies between groups of examinees may be involved.

Only in the case of C9 can content be said to be a more
reasonable interpretation of these clusters than some form of single or
multiple strategy. Even in this case, the content interpretation is in
some doubt, suggesting that this test is essentially "process oriented,"
as intended.

From the criginal 30 items on the test 12 items (40 per cent)
formed at least pairs in the clustgrs which emerged. This "intexrpret-

ability" figure was improved to 19 items (63 per cent) on the basis of

the interpretation procedure used.

The Méaﬁingful Interpretation of Wrong Answer Clusters

A similar interpretative procedure was used for wrong answers
as for the items. The considerations were taken in the following order,
1) advance classification, 2) information background (content), 3)
statistics of foils, 4) logico-semantic aﬁalysis. A cluster was again
assumed to be identified by the most frequently recurring advance
classification., Foils of the O (Other) category were assumed to be part
of this common classification.

Of these four, the only one related to the logico-semantic

characteristics of the foils was their advance classification. If these
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clusters could not be accounted for in other ways, and the logico-
semantic characteristics of the foils can be shown as a possible basis
of cluster membership, then this latter basis may be the best available
interpretation. It has already been shown that the advance classifi-
cation of both right answers and foils did not survive very well in the
cluster analysis. It has also been shown that this classification can
be improved by examining the clusters for some relatively unambiguous
basis for interpretation. In the case of foils this involved a re-
examination of their logico-semantic structure. The five bases used in
an attempt to interpret the wrong answer clusters were, once again:

1. The advance classification of the foil.

2. The content of the foil.

3. The selection ratio of each foil.

4. The relationship between right answer and wrong answer

clusters.

5. The reconsideration of the logico-semantic structure of the

foils.

In some cases, material from other sources such as Powell and
Isbister (1969) were used to assist in this interpretative process.
Finally, one cluster (WZ) was completely lost by virtue of the low
selection ratio among all of its membefs. In addition, two other
clusters were reduced to single members by this procedure. In the
discussions which follow some tentative attempts are made to account for
the "special cases" as well as the "general trends'" in each cluster.

For the convenience of the reader, whenever a particular foil is
being discussed for the purpose of reclassification, the stem of the item

and the particular foil are both given ahead of the pertinent discussions.
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Table 53 on this page gives information for the interpretation

of wrong answer cluster Wi.

TABLE 53

INFORMATION FOR THE INTERPRETATION

" OF WRONG ANSWER CLUSTER W.

1

Advance D a

Foil Content Classification n
1Dl Stupidity OG-b .83
2Dl Stupidity Sub .61
22D3 Progress 0 .84
8D1 Aggression oG .58
17D Discipline 0G .80

a. The symbol D refers to the selection ratio.

b. Foils which had appeared in a common category in the advance foil
classification.

v

The content from which these foils in wrong answer cluster wl
are drawn comes from z broad spectrum of the test ruling out content as
a possible basis for the interpretation of this wrong arswer cluster.

The phi coefficients upon which this cluster is based are
dependent upon thé size of the overlap beiween particular palrs and upon
the marginal totais° When the selection ratics for two altermatives
both exceed .50 there is tendency for the range of phi to be shifted

positively. In this case, all of the selection ratios in the cluster
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exceed .50 and for this reason the sizes of the selection ratios could
_be a contribufing factor to the statistical formation of this cluster.
If this event were the only factor, however, it would be reasonable to
have expected more of the other six foils which have selection ratios of
greater than..SO in this cluster, or in a limited number of other
clusters. In fact, they occurred in four of the clusters.

Of the five foils in this cluéter three of them were in items
which occur in a common right answer clustef (Cl). This finding was
suggestive, once again, of a right-answer wrong-answer interpretation,
but insufficient to lead to an unambiguous interpretation of the present
cluster under discussion,

Also, three of the five foils in Teble 24 were classified as 0OG
(Overgeneralization, i.e. 1D1, 8D1, 17D1) and a fourth one as O {Other,
i.e. 2233) which means it could be treated as an 0G as well. Thus, the
advance classification seemed to be the most promising basis for
interpretation, making it necessary to re-examine the classification of
2D, for its logico-semantic relationship with the stem.

1

Item 2: Which of the following factcrs is the most important
causitive factor of contempt for stupidity?

2D1 Compulsory school attendance.(Sub)

Probably the best procedure in the analysis of this foil is to
use a Venn Diagram, as given in Figure 3,_page 213,

Figure 3 shows clearly that "contempt for stupidity" and
“"compulsory school attendence" (Foil 2Dl) are disjunctively related.
For a factor to be "causitive" it must be either conjunctively or

implicatively related to the other factor. Either conjunction or

implication is a necessary but not a sufficient condition for causation.
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FIGURE 3

VENN DIAGRAM ILLUSTRATING FOIL 2D1

A. Compulsory school attendance.

B. Contempt for stupidity.

It would be reasonable to suggest that the student who replaced this
disjunctive relationahip with a conjunctive relationship, (ignoring the
fact that either can occur without the other) is substituting one
category for another. It was upoﬁ this basis that this foil (2Dl) was
originally classified as a Sub (Substitution).

On the other hand, if the student considers the relationship as
implicative, (i.e. compulsory school attendance can occur without
contempt for stupidity but not vice versa) this interpretation could be
considered an 0S5 (Oversimplification). The thinking in this case
involves proceeding from an entire set to a subset of that euntire set
as indicated in the use of Arrow #l in Figure 3.

If the student begins with the conjunctive subset and extends
this to include all cases of contempt for stupidity, the thinking
process would follow the path o£ Arrow #2 in Figure 3.. In such a case,

(proceeding from a subset to an entire set) the most reasonable
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interpretation of the thinking is 0G (Overgeneralization). These
.arguments suggest the importance of the way in which an item is
interpreted with respect to the way in which a foil should be classified.
As just shown, this foil (2Dl) can be reasonably argued to have at least
three péssible classifications depending upon the interpretation placea
upon the foil by the examinee.

A decision rule was needed to deal with foils which might
reasonably be classified in several different categories. Where a -
cluster seemed, in general, to reflect one category of foil, and the
same interpretation was one of the possible classifications of the
ambiguous foil, then this classification was assumed to be an appropriate
interpretation of the ambiguous foil for the particular group on which
the cluster analysis was conducted. The most important characteristic
of this rule was the requirement that the interpretation of a feil
should probably not be generalized beyond the group of examinees upon

whom the interpretation was established.

Hence, since 2Dl could be an 0G, this wrong answer cluster could

be interpreted as an 0G cluster for Group A.

Wrong answer cluster w2 was eliminated before logico-semantic
analysis on the basis of the fact that all of the foils in this cluster
had a selection ratio of less than .06. |

For Cluster wB (see: p. 215) there is no common content. Items
L, 13, and 6 comprise all the items in right answer cluster 03 but these
items represented less than half of the members of w;. Only one of the
foils has a selection ratio of more than .50, and both 0OG and CM have

two representatives from the advance classification of foils. Hence, the

interpretation of this cluster could not be established by any of these



215
TABLE 54

INFORMATION FCR THE INTERPRETATION

OF WRONG ANSWER CLUSTER V.

3
Advance

Foil Content Classification Dn
4Dl Stupidity 0G .10
26])1 Progress 0 015
5D2 Awareness M .61
6D2 Awareness Sub 022
ll‘fD3 Stupifity, Awareness 0G 40

' 13D2 Awareness M .07
29D2 Discipline, Progress 0s 15

methods.

In the ensuing discussions a possible common element among the
foils in & cluster is suggested. The clue which was used in this case
was the presence of 0G, 0S, and CM (Common Misconception) in the same
cluster of which 0G and CM were the most frequent. Powell and Isbister
(1969) found a polarify between OG and OS on the one hand, ana CM on the
other. This polarity in a factor matrix indicates a significant negative
correlation between the poles. Since this polarity, at least in part,
could have been an artifact of the mutually ‘exclusive selection of
responses within items, it is reasonable to suggest that 0S, 0G, and CM
foils may be related. In addition to using the "most frequent" rule, it

might be possible to reinforce the interpretability of this cluster as
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CM if most of the remaining foils had CM as one of their possible
_alternative classifications.
To begin with, foil 26Dl as a member of the 0 category can have
any interpretation which is reasonable for the remainder_of the foils.
A discussion of the others follows:
Item 4: The author, in charging that "society teaches contempt
for stupidity and fear of being regarded as stupid" by

means of the school, is assuming that:

4D1. The school should not be an enforclng arm for the customs
of society. (0G)

This foil is wrong on two counts. In the first place it is a
conclusion rather than an assumption made by the author. Second, it is
overstated by containing a value Jjudgment which may be upwarranted.
This second reason led to its OG classification. It is, however, in
addition, one of the ways of phrasing a very common argument against the
establishment of parochial schools. 1In this latter context it could be
a CM foil as well. However, this argument is shaky at best, and would
not be likely to extend beyond the context of the group upon which this
cluster was established.

Item 29: On the basis of the foregoing which of the following

seems to be the most important consideration when

preparing anecdotal records on progress reports?

29Dl Make no attempts at interpretation since your judgments
are probably biased. (CM)

Be as brief as possible, giving no information which may

29D
cloud the central problem. (03)

2

Foil 29D1 was dropped on the basis of its low selection ratio.
Since in the advance classification two foils in the same class in the
same item were not entertained, and since the '"brief as possible" part

of 29D, is an Oversimplification, foil 29D2 was originally classified
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as an 0S foil. However, the phrase "which may cloud the central problem"
in foil 29D2 is similar in its central idea to "your judgments are
probably viased." This idea being another way of saying that a person
should be as objective as possible. Students who emphasized this idea
in their thinking could be responding more to the second part of the
statement than to the first (0S) part, making CM (Common Misconception)
a reasonable alternative classification for this foil. Of course, there
is the problem of the "relevancy of details" which this foil may also
raise. It is, however, better to put in details which the writer may
think irrelevant and an independent observer may not than to require the
independent observer to infer these details from the context because of
their omissions. This aspect of the discussion leads to another common
misconception, namely that the simple act of speazking or writing has

produced a successful communication.

Item 6: The purpose of developing a generalized intellectual
awareness is to:

6D2 Stimulate thinking ability within the individual's chosen
field.

The confining of thinking ability to "the individual's chosen
field" is false. It is a substitution for the phrase "which is not
contextually bound."™ Once again, however, the frequency with which this
misconception is encountered suggests that the foil could be regarded as

a CM foil as well as a2 Sub foil.

Item 14: VWhich of the following best describes the probable
relationship between contempi for stupidity and
generalized intellectual awareness?

11+D3 Contempt for stupidity should bte reduced and awareness
should be increased. (0G)

This foil is clearly an 0G fcil since it adds an unwarranted
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value judgment to an otherwise correct statement. Should the
~definition of CM foils be extended to incorporate this characteristic?
In any event, six of the seven foils in this cluster could be assigned
fairly reasonably to the CM class, making the CM interpretation of the

entire cluster plausible, if not reasonable. Table 55 on Cluster Wu '

follows. -

TABLE 55

INFORMATION FOR THE INTERPRETATION

OF WRONG ANSWER CLUSTER Wq

Advgnce D
Foil Content Classification n
30D, Summary of RT .10

all passages

wg, as a single member cluster, should probably be dropped
unless a good reason for retaining it can be found. As an approach to
the problem of classifying this Cluster wg the fate of other RT foils

proved helpful. Foil 11D, was originally in this same wrong answer

3

cluster (w#) but was dropped because of its low selection ratio. Foils

13D. and 15D, were both in wrong answer cluster W,, anC this cluster

3 3

remained uninterpreted. The separating factor between 15D3, 29D3, and

30D, may have been on content lines since each of these are from

3

different reading selections. Foil 29D3 was also dropped because of its
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low selection ratio. [Foil 13D, had similar but not identical background

3

to BODB but was dissimilar to 15D3 as to content, which was part of the
classification probiem of w?. The other single member cluster (Wio)

contains foil 29Dl which was originally classified as CM but could also
be an RT. If the foil in Wio is an RT, the separation is on a content
basis. The low average total correct scores for these two foils (11.1

and 11.0) may be taken as equivalent except for content; hence, this

cluster (WL) was retained as an RT. Table 56 on Cluster v, follows.

TABLE 56

INFORMATION FOR THE INTERPRETATION

OF WRONG ANSWER CLUSTER v

. Agvgnce_ D
Foil Content Classification n
12D3 Aggression Inv 210
llID2 Aggression 0s .30
12D2 Aggression oG 35
19D, Progress 0 14
20D3 Progress 0 037

By the rules used thus far, except for the lcgico-semantic

Cluster ws should be classified as O (Other) since this

is the most frequently occurring equivalent advance foil class.

interpretation,
The
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unmusual element in this cluster, however, is the fact that there are two
foils from the same item in this cluster. This event violates the
assumption behind the rule for classification discussed earlier on
page 153, ﬁumber 5

Since the reclassification of any one of foils 12D3, 11D2, or’
12D2 to the same category as either of the others would give that
classification to four ocut of the five foils in this cluster, and since
content, the size of the Dn’ and the distribution in right answer
clusters of the corresponding items do not aécount for this cluster, a
logico-semantic analysis of the two foils in item 12 would seem
reasonable,

Item 12: Aggressive behavior in female children is:

12D2 More unpredictable and expressed differently than in males
of the same age group. (0G)

12D3 Less differentiated in expression than in males of the
same age. (Inv)

Foil 12D3 was classified és Inv (Inversion) because it is
opposite to a true statement. It is not opposite to the actual correct
answer but to a statement that could have been used as an alternative
correct answer if the examiner had so chosen. On the other hand, 12D2
was classified as OG because the first two words (more unpredictable)
form an incorrect statement added to a correct statement. However,
these two words are incorrect by virtue of being opposite to the truth
(Inv) when the restriction "of the same age group'" was applied to this
statement. -

This last property reinforces the Inv (Inversion) classification
of this foil. It may be argued that two Inv foils were possible in

Item 12 because of the complex logical structure which this item
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required before it could be answered. (See: the discussion of right
answe£ cluster Cg on pages 118 to 120).

Item 11: Overt aggression wouid likely be decreased by:

11D, Blocking many modes of Aggression. (Inv)

1
11D, Lessening the threat of punishment. (0S)

Lessening the threat of punishment, or permissiveness, does not,
by itself, either increase or decrease overt aggression. It is on these
grounds that this foil was classified as an 0S. Overt aggression will
be likely to increase if permissiveness develops frustration. ° The
energy of the children must be channelled into alternative directions if
overt aggression is to decrease in a permissive setting. Thus, it is an
oversimplification to say that aggression is likely to either increase or
decrease in a permissive setting. However, lessening the threat of
punishment, in the absence of alternatives, will probably increase overt
aggression. This foil could have been classified as an Inv if it were
not for the fact that llDl was already so classified. 4n alternative
possible classification for 11Dl is given with the .discussion of ws
(see: p. 227).

Perhaps the reclassification of 11D2 as Inv is a bit tenuous.
The other four foils in this cluster are hot on such shaky ground, so
that it is reasonable to reclassify wrong answer cluster ws as Inv.
Information for the interpretation of Wrong Answer Clusﬁer W6 appeaxrs
in Table 57 on page 222.

Short of a close légico-semantic analysis of the characteristics
of the foils in Table 57, there is no clear basis for the interpretation

of cluster ws.

It should be pointed out that the fact that these foils have
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TABLE 57

INFORMATION FOR THE INTERPRETATION

OF WRONG ANSWER CLUSTER LA

_ A@vgnce. D
Foil Content Classification n
9I)l Aggression Inv o1l
25D1 Progress Sub .24
21D3 Progress 0 .23
?D3 Awareness 0s .51
261)3 Progress Irr .13

formed s ecluster has led to the assumption that there must have bcen 2
common logico-semantic element in.these foils, at least so far as the
members of Group A were concerned. The argument for the formation of a
new class of foil (namely: Non Sequitur--NS) which follows should not
be construed to deny the plausibility of the original classification of
the foils in this cluster but only as to the inappropriateness of these
classifications for this particular group of examinees. By this point
in the study, it had become clear that the foil categories were not
mtually exclusive, and that it seemed possible to classify at least
some foils in several different ways (see: 2D1, p. 131 ff). Thus, the

foil interpretations presented here most probably apply only to Group A.

Item 9:' The basic position of the author in writing about
aggression is that it:

9])l Can be eliminated through the process of socialization.
(Inv)
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On the contrary, Kagan and Mess (1962) assume that aggression is
one of several immate behavior systems. Being innate makes its elimina-
tion impossible. However, the socialization process can channel'aggres-
sion aﬁay from its more destructive aspects. A number of classifi-
cations of this foil are possible. Once again, these classifications
are dependent upon several possible logico-semantic distinctions which
can be made. Most simply, the foil does not follow from the data, i.e.

it is a non seguitur relationship. There was, however, no such classifi-

cation in the advance classification. This NS (non sequitur) category

was eliminated, as indicated above, on the basis that it displayed
experimental dependencies with CM foils in the Powell and Isbister
(1969) study.

Item 25: The most useful suggestion to help Chester is:

To give Chester personal warmth, acceptance, and support

29D
wherever it is appropriate. (Sut)

1

As the right answer indicétes, Chester needs "concrete help in
getting started on specific tasks." In other words his problems would
seem, from the progress report, more developmental than emoticnal. The
procedure given in 25D1 substitutes a treatment procedure designed to
deal with emotional problems for a procedure designed for develcopmental
problems. By itself, the use of 25Dl is simply inappropriate. Re-
classifying 25D1 into a new NS category would seem to be reasonable.

Item 21: Chester is growing very slowly and really quite

immature for his grade. Everyone expects too much of
him.

21
Dy

On the contrary, the only information directly available atout

This hypothesis is refuted by the facts. (0)

Chester's physical development is the number of days he has been absent
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of tardy. This limited information is insufficient concerning the
_physical areas of development given in Item 21 to form any conclusions.
He shows some indications of specific academic immaturity, and perhaps
some social'immaturity, but this is all. As to whether or not the
expectations made of him are unreasonable, it cannot be decided from the
information given. The only expectation statement made about his work
is "Is not ready for division," which does not sound like a statement of

overexpectation.

Of course, 21D3 could have been reclassified without this
analysis because of its O (Otkher) advance classification. However,
its relationship to the correct answer supported the use of an NS
category for this foil. 21D2 was dropped for underselection, and 21Dl
formed part of one of the two unnamed new categories toc emerge from this
study. (WiB). This information also implies the reascnableness cf the
formation of a new NS category fo; wrong answer cluster W,.

Item 7: Of the following the best example of generalized
intellectual skill is:

?D3 Applying abstract principles to new situationms. (0s)

Comparing 7D3 with the "correct" answer "The widely applicable
technique of logic" showed this foil to be without question an 0S foil,
since it is a true statement of narrower generélity than the correct
answer. As a true statement it cannot be classified as an NS, which
leaves the interpretation of this cluster based on this item in some
doubt. Any alternative interpretations such as involving its large
" selection ratio (.51) or suggesting a teruous link between NS (Non
Sequitur) and 0S (Oversimplification) would be premature at this stage.

Cross validation data helps to clarify this cluster somewhat. The fact
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that this foil moves to wrong answer cluster w§ in Group B which is most
prominantly composed of members from W7 (the wrong answer cluster from
Group A which proved to be unclassifiable) relieves the problem of
interpreting this cluster somewhat, but does not solve it. Foils 9Dl
and 25D1 moved together, as did 21D3 and ?D3’ while 26D3 migrated by
itself to a new cluster. This cluster held together better than any other
in cross validation with the exceptién of w13.

Item 26: If additional information on Chester is desired and
none of the following has been attempted, which cne
would provide the greatest amount of immediately

useful information:

26D3 A request for the assistance of a guidance counselor.
(Irr)

The D (selection ratio) on this foil is .13. It might be
interesting to know who made these selections. Most of the examinees
in this group were practicing teaéhers and they would know frcm experi-
ence that the usual information f;om the guidance counselor would merely
reinforce what they already knew and not add much further useful
information. In the absence of an NS category, this foil is clearly an
Irr.

0f the five foils in this cluster, four could have been
classified quite reasonably as NS foils. The fifth one (?DB) could not
have been so classified meaning that this cluster could not be unambig-
uously classified. However, the best interpretation for this cluster
within Group A is to esiablish a new class of foil, namely: Non
Sequitur (NS): This type of foil is a wrong answer foil by virtue of

the fact that it simply does not follow from the given
information. As a rule some part of the foil stands in
direct contradiction to the logical structure or

connotative meaning of the background information (or
part thereof) required to answer the guestion.
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Wrong answer cluster wg was classified as containing NS foils,
at least so far as Group A was concerned. Table 58 giving information

for the interpretation of wrong answer Cluster w? follows.

TABLE 58

INFORMATION FOR THE INTERPRETATLON

OF WRONG ANSWER CLUSTER W7

) A@vgnce. D
Foil Content Classification n
lOD1 Aggression M 022
19D3 Progress 0] 47

4D3 Stupidity Irr .72
13D3 Stupidity, Ayareness
Aggression RT .24
121)1 Aggression ' M .35
15D3 Discipline RT .88
18])2 Discipline Irr .86
26D2 Progress 0s o34
8D3 Aggression Inv .J2

The information in Table 58 provides no clear basis upon which
to interpret wrong answer cluster w?. It contains two CM's, two RT's,
and two Irr's. In general, the lower ?n's relate to the selection on
aggression (26D2 is the exception).

No detailed discussion will be given for this group. One
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illustration is sufficient. Foils 10Iﬁ and 12Dl could conceivably be
reclassified as RT foils on the basis of logico-semantic analysis, as

could 19D, by the "O" rule. However, such a reclassification is un-

3
reasonable for foils 4D3, 18D2, 26D2, and 8D3. Similar findings

occurred for other pairs iq ﬁhis wrong answer cluster.

The inability to intefpret this cluster led to its being dropped
from further relevant analysis. This was somewhat unfortunate since
several of these foils have a high selection ratio.meaning that a fair
amount of information was lost by this decision. Nonetheless, it is
reasonable to argue that if a wrong answer cluster cannot be given an
adequate label, it should not be used. Table 59 giving ihformation for

the interpretation of wrong answer cluster ws follows.

TABLE 59

INFORMATION FOR THE INTERPRETATION

OF WRONG ANSWER CLUSTER W8

Advance D
Foil Content Classification n
11Dl Aggression Inv .20
28D3 Stupidity, Progress IA .06
14D2 Stupidity, Awareness Sub .10

Table 59 shows that Cluster Wé also seems to he ambiguous.
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Ttem 11: Overt aggression would likely be decreased by:

11Dl Blocking of many modes of aggression. (Inv)

There are several ways in which this foil can be interpreted.
The blocking of modes of aggression would not reduce overt aggression
except in those specific areas where the blocking occurred. Overt .
aggression would increase in areas where the blocking was absent or less
effective, or more socially acceptable to the peer group. If the
blocking increésed the frustration level,.the absolute incidence or overt
aggression would also increase. For this latter reason, (i.e. since
blocking would probably have the opposite to the desired effect) this
foil was classified as an Inv. However, to arrive at this conclusion as
being correct the examinee must make the invalid assumption that attempts
to regulate overt behavior also regulate imnate drives. This foil could,
therefore, be classified as.an IA foil. This decision gave the cluster
a majority of IA foils. If IA was also a reasonable alternative for
14D2, then IA would be a reasonable classification for this cluster so

far as Group A was concerned.

Ttem 14: Which of the following best describes the probable
relationship between contempt for stupidity and
generalized intellectual awareness?

14D, Either will increase with an increase in the other. (Sub)

Foil 14D2 was one of the Toils about which the raters showed

considerable disagreement. It was classified as Sub because part of the
relationship was wrong, and it did not seem to relate to the other Inv
foils in the pilot study. This relationship could also be an Inv,
because a direct relationship is logically opposite tc an inverse

relationship. Powell and Isbister (1969) encountered the same problenm

in logical relations (as compared to logical fallacies) type foils. On
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the other hand, this foil could wrongly be concidered correct if the
examinee forms an invalid assumption relating "critical" thinking with
contempt for stupidity by defining stupidity in terms of uncritical
thinking.

Other possiblé classifications were given to this foil with
similarly tangled arguments. justifying each rater's conclusions.

Two of these foils can be reasonably regarded as IA foils, the
third could well be stretching the point. In any case, a reasonable
over—allvclassification for this wrong answer cluster would seem to be

TA. Table 60 giving information for the interpretation of wrong answer

cluster W. follcows.

9
TABLE 60
INFORMATION FOR THE INTERPRETATICN
OF WRONG ANSWER CLUSTER w9
Advance D
Foil Content Classification n
3D, Stupidity 0s W4l
28])l Progress ' Irr .25
1OD2 Aggression Inv .06
1?])3 Discipline Sub .09
27D, Progress 0 .06
5D Awareness 0S 212
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'In Table 60 the two 0S's and the O foil account for half of the -
Toils in Cluster W, making an OS classification of this cluster within

9

the rules based on the advance classification. It would be better if the

other three could be alternatively classified as 0S.
Ttem 28: 1In Chester's progress report, which one of the
following is the most important factor contributing to
his difficulty with school achievement?

28 His ability to develop a generalized intellectual
awareness. (Irr)

This foil was classified as Irr on the basis that in Grade g most
children are still too young to have progressed very far into "Formal
Oﬁerations" vhich form the basis of generalized intellectual awareness.
This classification assumes that the examinees know this information
about development which is an unreasonable assumption. In the absence
of this information, Chester's problems also involve decoding skills in
reading and to a lesser extenf in arithmetic. Hence his problems involve
more than this foll suggests, and the foil might, for this reason, be

reclassified as an 0S foil.

Item 10: With which of the following statements concerning
aggression would the author be most likely to agree?

Aggression generally interferes with the attainment of

10D
educational goals. (Inv)

2

This foil was classified as an Inv because the best answer was
"Aggression is potentially useful for educational purposes.'" Superfi-
cially lOD2 would seem to be opposite‘tc the right answer. On the other
hand, aggression can interfere with the educational process. Aggression

expressed in the form of competition may be a2 useful form of intrinsic

motivation. The term "generally" in the foil overstates the case for

the negative aspects of zggression whereas the foil itself understates
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the total picture. This foil might be classified as either 0S or 0G
depending on how the examinee looks at the item.

Item 17: From the above passage we can infer that Doris'
leadership of the group was:

17D; Laissez-faire. (Sub)

The reason for classifying this foil as Sub was that Doris!

attempts to coerce were ineffective, so she let the teacher take over,

As a result her later leadership was laissez-faire but only under the

arbitfary intervention of the teacher. As pcinted out in the original
discussion of this item, even this argument is stretching the point.
(See: pp. 172,173). There is no similar plausible argument which might
make this foil an 0S.

Five of the six foils in this cluster can be included in the 0S

categories hence the advance classification of this wrong answer cluster

is retained. Information for the interpretation of wrcng answer cluster

follows in Table 61.

TABLE 61

INFORMATION FOR THE INTERPRETATION

OF WRONG ANSWER CLUSTER wlO

Advance - D
Foil Content Classification n
29D Discipline, Progress CM .08
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Cluster Wio

" member clusters. It contains only 29Dl which was originally classified

as given in Table 61 is the second of two single

as a CM for the reasons already given (see: pp. 180,181). However, the
fact that it did not occur in a common cluster with the other CM foil;
raises some doubts over this classification within the confines of
Group A. It is possible, however, to classify this foil into other
catégories.
Item 29: On the basis of the foregoing which of the follo&ing
seems to be the most important consideration when

preparing anecdotal records or progress reports?

29])l Make no attempts at interpretation since your judgments
are probably biased. (CM)

The suggestion in this foil that all interpretations are
sufficiently biased so as to be of little value has the effect of re-
defining the term "interpretation" to mean "biased interpretation."”

In this case, it would be necessary to assume that the other
single member group (WA) which is also an RT (Redefinition of Terms)
split'from this one along content lines. The obvious vocabulary-content
linkage in both of these foils makes this conclusion reasonable.” Foil
29D, was reclassified, therefore, as RT (Redefinition of Terms) making
Cluster in an RT cluster. The apparent content binding of some mis-
reading type foils would seem reasonable, since there seems to be a
parallel group of foil levels to the right answer levels in Bloom's
Taxonomy. Bloom's description of the levels in the Taxonomy suggest a
steady progression away from context as the level of the categories
increase. For this reason, it seemed reasonable to combine in with

W, as an RT clrster in subsequent analysis, rather than to discard both

L

clusters because of their small size.
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Table 62 gives information for the interpretation of wrong

answer cluster w11°

TABLE 62

INFORMATION FOR THE INTERPRETATION

OF WRONG ANSWER CLUSTER W.

11

Advance D

Foil Content Classification n

18D1 Discipline Sub .11

7D, Awareness W 31

6ZD3 Awareness Irr .23
16])3 Discipline cM .14 .

ZDZ tupidity 0s .09

10D3 ~ Aggression Ww 55

In Table 62 the most frequent foil category in Cluster Wil was
WW (Word-Word Link) which serves by the decision rules to identify this

cluster.

A logico-semantic analysis of the other foils might reinforce

this classification.

Ttem 18: From the description of the incident, we can conclude
that the teacher's handling of the incident was:

18D. Geed: she intervened to prevent a serious conflict from
continuing. (Sub)

The reading selection states: "There seemed to be confusion in
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" this group so I decided to investigate.™ The similarity between this
~statement and the phrase "intervened to prevent" in the foil is self-
evident. WW would seem to be a reascnable alternative classification

for this foil.

Item 6: The purpose of developing a generalized intellectual’
awareness is to:

6])3 Give the individual an ever-widening view of his world.
(Irr)

The similarity between the phrase "ever-widening view" in this
foil and the phrase "free-ranging understanding" in the reading
selection warranted the use of the alternative class of WW for this foil.

Item 2: Which of the following is the most important causative
factor of contempt for stupidizy.

2D, Compulsory written examinations. (OS)
The phrase “compulsory written examinations" occurs in both this

foil and the reading selection.
Ttem 16: If the teacher had written "Doesn't work well with
others," as an anecdotal record for the above incident,
this would have been:

161)3 Worse: Teachers are failing in their obligaticns in not
supplying complete information. (CM)

There is no similar commection in foil 16D3 between the stem or
the reading selections to the ones presented above. The above discus-
sion, nonetheless, in general supports the retention of WW as a
reasonable interpretation for this wrong answer cluster.

Since, as shown.in Table 63 (see: p. 235) both of these foils
(19D1 and 24D2) are classified as O and both come from the same content,
there may be some doubt about the inte?pretation of this cluster.

One obvious course of action with this foil cluster would be to

drop it from further analysis. On the other hand, the foil classes in
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TABLE 63

INFORMATION FOR THE INTERPRETATION

OF WRONG ANSWER CLUSTER le

Advance D
Foil Content Classification n
19IH Progress 0 .09
241)2 Progress 0 .07

the Guidelines made no pretence at being exhaustive. Since the
experience with other foil clusters has been that logico-semantic
snalysis has often revealed a possible common tase for interpreting
foils within a particular cluster, such an analysis for this cluster may
assist in the illumination as to how the list of Guidelines mighv be
extended. TFor this reason, these foils were also znalysed.

To begin with, the fact that they stood separate from any of the
interpreted categories suggests that these two foils may form a foil
class, the basis of which has not yet been determined, but possibly
related to the special format of items 19 to 24 inclusive,

Items 19 to 24 inélusive used a classification protocol designed
to get the examinees to treat the statements represented by these items
as hypotheses to be tested on the basis of the.information in the reading
selection from Prescott (1957) concerning Chester's Progress Report. The
categories were:

1. supported.
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2. implied.

3. refuted.

4, insufficient evidence.

In these categories there is a hierarchy of inferential support
from insufficient evidence, to implied, to support.

The "correct" answer from item 19 is "implied" and the
cgrresponding answer given in 19Dl was "supported." Similarly, the
“correct" answer for item 24 was "iﬁsufficient evidence" and the
corresponding answer in this cluster was "implied.” Each answer given
in these foils was one step higher in the hierarchy than the "correct®
answer. This "overstatement" was not the same as "overgeneralization
as defined in this study. Whether or not such a relationship is
exclusive to this type of question remains undetermined. Rather than
premature naming, the O (Other) classification of this cluster was
retained. Since another cluster was interpreted as O (i.e. WiB), a
subscript was applied for purposes of distinguishing between these two
clusters.

Once again, Cluster wl3 as given in Table 64 (see: 1p. 156) is
an O classification based on the advance foil cla;sification. The
logico-semantic aralysis of this cluster proved to be very interesting.
A slight change of format will be used in this discussion with all
three items being presented before the discussion of them as a cluster.

Item 21: Chester is growing very slowly and is quite immature
for his grade. Everyone expects too much of him. '

21D, The hypothesis is supported by the facts. (0)

1

Item 28: 1In Chester's progress report, which one of the
following is the most important factor contributing to

his difficulty with school achievement.

28D2 His weakness in reading which is affecting 211 areas of
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learning. (0G)

Item 23: Chester's reading deficiency has not yet begun to
affect seriously his performance in other areas.

23D, The hypothesis is refuted by the facts. (0)
TABLE 64
INFORMATION FOR THE INTERPRETATION
OF WRONG ANSWER CLUSTER WiB

Advance D
Foil Content Classification n
21Dl Progress 0 ' <07
28D2 Progress oG .32
23D2 Progress 0 .17

As it happens, the hypothesis in item 23 is supported rather
than refuted by the facts. Notice, however, that this same contrary-
to-fact conclusion is stated in foil 28D2 and implied irn the response
to item 21. The positive statement of this false conclusion was most
frequently selected, (i.e. 28D2 for which the D, was +32). The negative
statement (21D2) was less frequently selected (Dn = .17) and the implied
statement (21Dl) least frequent (Qn = .07). This would seem to be
reasonable. Also, this cluster holds together better than any other in

cross validation (two of the three form 2 new three-member cluster).
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It would seem, then, that this cluster is content bound, not so
~much on the basis of a commorn reading selection, but rather upon a single
common contrary-to-fact conclusion formed by some of the examinees.
The O (Other) designation was therefore, retained making this

wrong answer cluster O2a Table 65 giving information on Cluster wlq '

follows.
TABLE 65
INFORMATION FOR THE INTERPRETATION
OF WRONG ANSWER CLUSTER Wiq

Advance D

Foil Content Classification n

3D2 Stupidity _ Irr 023

25D2 Progress Irr .19

9D2 " Aggression Sub .17

2?D2 Progress Irr .09

Wrong answer Cluster Wiq contained Irr foils in three out of
four cases. Foil 9D2 cannot be reclassified as an Irr foil since it is
not a true statement. However, the Irr classification of this cluster
was retained on the basis of the decision rules already discussed
‘(see: Pe 237). Table 66 giving inforéation for the interpretation of

wrong answer clusiter W, follows (see: p. 239) .

15
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INFORMATION FOR THE INTERPRETATION

OF WRONG ANSWER CLUSTER Wi5

239

Advance D

Foil Content Classification n
30D2 Summary of all

Selections Tr 0l5

24])3 Progress 0 .06

Wrong answer cluster w15, as given in Table 66,

could not be

interpreted without logico~semantic analysis because it did not contain

a most frequent category by the advance foil classification. A rea-

sonable approcach would be to investigate the possibility that 2L{-D3 might

also be classified as Tr.

Item 24:

24D

The hypothesis is refuted by the facts.

Chester's mother has kept after him about his reading
until he hates it.

Several facts can be derived from Chester's "Progress Report"

which have a bearing on Item 24,

1.

2.

3.

"Does not enjoy reading."

"Enjoys spelling.”

"Has a wide speaking vocabulary."

The three most important are:

From these three facts two conclusions can be drawn:

1) Chester's background mst be fairly verbal, hence his

reading deficiency is probably not the direct product of a
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background disadvantage.

2) Since he likes spelling and he "is better able to find facts
than to interpret facfs," his reading problem would seem to
be a decoding problem.,

In addition, the report gives no direct evidence about Chester's
houe background. Hence the best answer for this question is "insuffi-
cient evidence." In order to have the proposition presented in Item_24
refuted by the facts more would have to be known about the probable
sources of the decoding problems and the side speakiqé vocabulary. Only
' if these two considerations were emphasized bevond réason could the
refutation be zcceptable, This conclusion might be expected to have
arisen, ther, from a reordering of the emphasis given to parts of the.
reading selection vis é’zig other parts of the selection, The classifi-
tion of 25D, as Tr would seem to be appropriate in ihis case, giving

3

the entire cluster this same interpretztion.

ca



