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The Effects of Negation Mode, SyllogisticInvalidity, and Linguistic Medium on
the Psychometric Properties
of Deductive Reasoning Tests
Mary Anne Nester and Magda Colberg
U.S. Office of Personnel Management

This study explored the relationship between certain
formal (logical) properties of syllogistic items and the
psychometric properties of the items. The formal
properties of negation mode, syllogistic invalidity, and
linguistic medium (symbolic versus verbal) were var-
ied in 16 syllogistic tests. When administered to large
samples of college-educated adults, the tests had diffi-
culty levels that were in consonance with previous
findings relative to the content and validity of syllog-
isms. However, the variable of negation mode had the
greatest effect on test means. The study expands on
previous studies of negation by analyzing negative
propositional equivalents in the syllogistic context.
These equivalents include term negation in addition to
the more familiar verb negation.

An analytical review of the history of psycho-
metrics in the deductive area reveals that the formal

(1&reg;~ic&reg;~m~th~rn~tic~l) systems of syllogistic logic,
and of deductive logic in general, have not been
explored to the fullest extent possible. One of the
principal areas of neglect, for example, is that of
propositional variables, particularly negative prep-
ositional variables. In the area of negation, studies
have been largely limited to negative subsumption
(i.e., to the use of the negative copula to be, as in
No A care ~) and have not dealt with negation in
the context of terms, i.e., with contrapositives and
inverses of propositions in which conceptual ne-

gation accompanies subsumptive negation, as in
Some non-B are not non-A.

The fundamental purpose of the study presented
in this paper was to vary certain formal (logical)
properties of syllogistic items in order to explore
their influence on the psychometric properties of
syllogistic tests. These formal properties were the
negation mode (conceptual as well as subsump-
tive), syllogistic invalidity versus syllogistic valid-
ity, and the symbolic versus the verbal medium.
The presentation of this study will be preceded by
a very brief discussion of negative propositional
equivalents and by a summary of the treatment
given in most major psychometric studies and in
the experimental literature to the logical properties
which are relevant to this study.

Negative Equivalents

The propositions which are used in categorical
syllogisms (and in other deductive forms) are of
four types: Universal Affirmative (All S are P),
represented by the symbol A; Universal Negative
(No S are P), represented by the symbol E; Par-
ticular Affirmative (Some S are P), represented by
the symbol 1; and Particular Negative (Some S are
not P), represented by the symbol 0.

These propositions have negative equivalents that
can be inferred through processes called ob version,
obverted conversion, contraposition, and inver-

sion. These processes, particularly the last two, are
based on the contradiction, with respect to the orig-
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inal proposition, of both the c&reg;pul~ t&reg; be and one
or both terms. For example, the converse of the E
proposition is No P are S, the obverse of the I

proposition is Some S’ are not P, the obveried con-
verse qf the E proposition is All P are 3,- an inverse
of the A proposition is Some 5 are P, and the
contrapositives of the E proposition is Some P are
not S. (A line over a term denotes negation of the
term.) The reader who is interested in exploring
the valid inference of negative propositional equiv-
alents is referred to Cohen and Nagel (1934) for a
succinct delineation of these inferences.

Psychometric Studies

The study of Wilkins (1928), which provided
the first extensive set of data on syllogistic reason-
ing in the ~J.S.A.9 represents the first time that the
difficulty levels of the symbolic and verbal media
were studied in both valid and invalid syllogistic
questions. Her findings indicated that syllogistic
problem solving was more difficult in the symbolic
medium in the context of both syllogistic validity
and invalidity. Both Thurstone and Guilford used
syllogistic tests in their factor analytic studies of
reasoning abilities. Neither of them, however, ana-
lyzed the syllogistic variables that are relevant to
the present study. Thurstone, in particular, juxta-
posed a variety of schemata from the domains of
sentence logic (e.g., conditionals) and predicate
logic (e.g., categorical syllogisms) in all of his tests
(Thurstone, 1938a, 1938b, 1940). This juxtapo-
sition of schemata from different domains of due-
ductive logic could possibly account for Thur-
stone’s finding of unclear results and multiple factor
loadings in the area of deduction. The early studies
of Guilford and his associates used several forns
of syllogistic tests, including one of Thurstone’s
logically heterogeneous tests. The unclear results
that were obtained caused these researchers in one

study to question whether or not deduction consti-
tuted a human ability (Guilford, Christensen, Kett-
ner, Green, & Hertzka, 1954). However, in Guil-
ford ’ s later work, in which he developed the Structure
of Intellect model, deduction was found to fit into
the mental operation category of &dquo;convergent pro-

duction,&dquo; which was defined as the &dquo;Generation

of logical conclusions from given information, where
emphasis is upon achieving unique or convention-
ally best outcomes. It is likely that the given (cue)
information fully determines the outcome, as in

mathematics and logic&dquo; (Guilford & Hoepfner,
1971, p. 20). This suggested identity between evi-
dence and conclusion represented a considerable
step forward in the evolution of the definition of
deduction (and, by implication, of syllogistics) in
psychometric.

In the 1963 kit of reference tests for cognitive
factors (French, Ekstrom, & Price) Syllogistic Rea-
soning was defined as the ability to reason from
stated premises to their necessary conclusions, a
definition perfectly consonant with the logico-
mathematical definition of deduction. Syllogistic
Reasoning was identified with Thurstone’s Deduc-
tion and Guilford’s Logical Evaluation (a name
given in the Hertzka, Guilford, Christensen, &
Berger, 1954, study to a factor on which many
syllogistic tests loaded). In the 1976 kit Syllogistic
Reasoning became Logical Reasoning and was de-
fined as &dquo;the ability to reason from premise to
conclusion or to evaluate the correctness of a con-

clusion&dquo; (Ekstrom, French, & Harman, 1976, p.
141). This definition is also consonant with the

logicomathematical definition of deduction in gen-
eral and syllogistics in particular, although it is
stated in such broad terms that it can be said to be

equally applicable to induction (cf. Colberg, Nes-
ter, & Cormier, 1982).

Experimental Studies

Among the studies in experimental psychology
that are of relevance to the present study, many
have discovered that invalid syllogisms are, on the
average, more difficult than valid syllogisms (e.g.,
Dickstein, 1975; Johnson-Laird & Steedman, 1978;
Woodworth & Sells, 1935). Dickstein (1976) var-
ied the proportion of invalid syllogisms in order to
see if response bias contributed to the tendency of
subjects not to answer &dquo;No valid conclusion.&dquo; He
found that subjects were not influenced to avoid
the response &dquo;1~1o valid conclusion&dquo; by the number
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of invalids contained in the test. The present study
will provide a further test of this hypothesis with
proportions of invalids that are more realistic for
a multiple-choice test.

In regard to the linguistic medium in which syl-
logistic items are presented, Guyote and Stemberg
(1981) have obtained results analogous to those of
Wilkins (1928). They presented the same set of 20
syllogisms in three verbal forms: factual, counter-
factual, and anomalous. Their subjects performed
better on the factual than on the other two types, 9
which had identical percentages of correct re-

sponses.
One source of variation which has not been ex-

plored by experimentalists is that of using negative
responses, such as contrapositives and inverses,
which are logically equivalent to the more usual
propositions A, E, 9 f and 0 and which contain term
negation in addition to verb negation. Wason and
~&reg;h~s&reg;~-~~ird9s summary (1972) of the research
on negation, which is limited to verb negation and
does not include term negation, reveals that sub-
jects consistently made more errors and took more
time to evaluate or to construct negative sentences
than they took to perform the same operations with
affirmative sentences. Some of their subjects re-
ported converting negative sentences to affirmative
ones before responding to them. The authors ar-
gued that understanding a negation necessitates un-
derstanding the implicit preconception that the ne-
gation der~i~s9 and they warned that the process of
understanding may break down when many neg-
atives are used. Although Wason and Johnson-Laird
did not study response choices containing negated
terms, their findings on verb negation would lead
to the expectation of increased difficulty in re-

sponse choices containing negated terms as well
as negated verbs.

Method

Sixteen 20-item tests were constructed. Eight
were constructed using symbols for the three syl-
logistic terms and eight using verbal language for
those terms. The eight verbal tests were constructed
to be ~~e~et~c~cl in logical structure to the eight sym-
bolic tests. The two versions were used in order to

discern the effect of manipulating symbolic terms s
in comparison to the effect of manipulating verbal
terms .

The logical structure of the basic eight tests was
designed as follows. There were four sets of paired
-tests. Each pair contained identical tests as far as
both propositional and syllogistic variables are con-
cer~ed but in one test the five alternative answers
represented converses of the premises or other

propositional manipulations of the premises and
conclusion, whereas in its &dquo;paired&dquo; test the alter-
native answers were presented in negative form,
i.e., in contrapositive, inverse, and obverted-con-
verse form. These negative alternatives represent
manipulations (valid or invalid) performed on the
same premises as those on which manipulations
were performed in the affirmative paired test. For
example:

All v is w.

Some x is not w.

Therefore, 9
A) Some w is v. (limited converse of major)
B) Some x is not v. (conclusion)
C) All w is v. (invalid converse of major)
D) Some w is not x. (invalid converse of

minor)
E) No w is x. (superaltem of invalid con-

verse of minor)
Therefore, 9

A) Some non-v is not w. (inverse of major)
B) Some non-vis not non-x. (contrapositive

of conclusion)
C) All non-w is non-v. (contrapositive of

major)
D) Some non-x is w. (invalid inverse of mi-

nor)
E) Some non-w is not non-x. (contrapositive

of minor)
The instructions for all tests were identical: The

syllogism was explained, and an example was pro-
vided. In the negative versions of the tests, a sen-
tence was added stating that conclusions were to
be reached about negative concepts from state-

ments about affirmative concepts. In the symbolic
versions of the tests, a sentence was added stating
that in those tests letters of the alphabet represented
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the concepts or terms. The time limit for each test
was 35 minutes.

Out of the four sets of paired tests, one set was
constructed exclusively with valid syllogisms. These
included the basic 19 valid forms plus one subaltern
syllogism, which was included in order to complete
the 20-item test.
The negative versions of the paired tests con-

structed only with valid syllogisms contained five
inverses, nine contrapositives, and six obverted
converses in the correct alternative. This distri-
bution was dictated by the validity of these infer-
ential processes of equivalence for each statement
A, E, I, and 0. For example, an I conclusion is
not susceptible to contraposition or inversion.
The remaining three pairs of tests contained in-

valid syllogisms: One pair contained nine invalid
syllogisms, another pair contained five, and the last
pair contained four. The three pairs of tests con-
taining invalid syllogisms included &dquo;none of these&dquo; 9

as one of the five alternative answers on all ques-
tions, whereas the tests containing only valid syl-
logisms did not include such an alternative. The
five invalid syllogisms contained in one pair and
the four contained in the other pair were the same
as the nine contained in the first pair. The smaller
numbers of invalids were included in order to study
the performance of the &dquo;none of these&dquo; answer as
a correct choice in approximately one-fifth of the
questions. This was considered important because
in multiple-choice tests the expectation, and the
general rule, is that all response alternatives (A,
B, C, D, E) will be correct equally often. Hence,
in a multiple-choice test with five response choices
per question, the alternative E, which has tradi-
tionally been the &dquo;none of these&dquo; answer, would

be expected by subjects to be correct on approxi-
mately one-fifth of the questions.
The determination to study exactly nine invalid

syllogisms (among the large number of such syl-
logisms) was based on the traditional axiomatic and
theorematic foundations of syllogistic logic (cf.
Cohen & Nagel, 1934). That is to say, the invalid
syllogisms used were constructed in violation of
one of the traditional five axioms or one of the
traditional four &dquo;general theorems&dquo; (applicable to
all four figures). Additionally, two invalid syllog-

isms were constructed to express a contradiction
of one of the 6 ‘special theorems&dquo; (applicable to
individual figures).
The 16 tests were administered as an experi-

mental part in a Federal employment test battery.
The tests were given to large (N was approximately
1,500 for each test) nationwide random samples of
the people who took the test in April, 1979. Pre-
vious studies (Wing, 1980) indicated that approx-
imately 80% of the applicants for this examination
were college seniors or graduates.

Results

Table 1 presents the means, standard deviations,
and KR-20 reliabilities of the 16 experimental tests.
Each test was scored on a number-correct basis

only; the means reported refer to the number of
questions answered correctly. That the time limit
was adequate for the test is confirmed by the finding
that on 10 of the tests at least 99% of the applicants
answered the last item of the test, on two of the
tests 98% answered the last item, and on four of
the tests 97% answered the last item. All protocols
were included in the analyses, whether or not the
applicant completed the test, since it was deter-
mined that including protocols with unanswered
items had a negligible effect on the analysis.
The information reported in Table 1 reveals that

the tests with negative response alternatives were
more difficult than those with affirmative alterna-

tives, that syllogisms in symbolic form were more
difficult than those in verbal form, and that the
total score was affected by the number of valid
syllogisms in the test. The tests with 20 valid syl-
logisms were considerably easier than those which
had only 11 valids, and the tests with 15 and 16
valids were intermediate in difficulty.
A 2 x 4 x 2 fixed effects analysis of variance

was performed on the test scores. The method of
unweighted means was used because the Ns were
unequal and disproportional on the 16 tests. The
summary of the analysis is presented in Table 2.
All three main effects and all four interactions were

significant at the .01 level or lower. With such

large sample sizes, however, even trivial findings
yield significant test statistics. The w2 statistic was
calculated for each main effect and interaction in
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order to assess the percent of variance due to each
effect. These statistics are given in Table 2. The
negative-affirmative variable contributed 32% of
the variance. The number-of-valids and symbolic-
verbal variables accounted for only 5% and 4%,
respectively. The interaction between the negative-
affirmative variable and the number-of-valids var-
iable accounted for only .7% of the variance, while
the other interactions were even more negligible.
Because the 15-valid and 16-valid conditions were

perhaps too similar to be analyzed by a fixed-ef-
fects model, the analysis of variance was per-
formed a second time using only three levels (11,
16, and 20) for the number-of-valids factor. The

16-valid condition was chosen because of its &dquo;re-

alistic&dquo; percentage (20%) of questions for which
&dquo;none of these&dquo; was the correct answer. The re-

sults of this analysis were very similar to those of
the first analysis. The principal differences were
that the number-of-valids factor accounted for 6%
of the variance, the symbolic-verbal factor ac-

counted for 3% of the variance, and the interaction
of these two factors (the B x C interaction) was
not statistically significant and accounted for none
of the variance.

The KR-20 reliabilities of the 20-item tests (Ta-
ble 1) are sufficient in almost all cases to permit
the tests to be used operationally as a component

Table 1

Means, Standard Deviations, and KR-20 Reliabilities
of Syllogistic Tests

Table 2

Summary of Analysis of Variance

~p < &reg;0~&reg; o

**p a001&reg;
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of the selection test battery. The two tests that have
negative response choices and only 11 valid syl-
logisms are the two exceplions-they both have a
KR-20 reliability of .59. The significance of the
effect of the experimental variables on the relia-
bilities was evaluated through the use of nonpar-
ametric tests. Neither the affirmative-negative var-
iable nor the symbolic-verbal variable were shown
to have a significant effect on reliability by the
Mann-Whitney ~7 test (n, _ 8, I n2 = 8 for both sig-
nificance tests; p> 05, in a two-tailed test, for both

significance tests). The number-of-valids variable
was found to have a significant effect on reliabil-
ities by the Kruskal-Wallis one-way analysis of
variance by ranks (N = 10.73, df = 3, p<.02).
Thus, while the negative-affirmative variable had
the greatest effect on test means, the number-of-
valids variable affected test reliabilities.

Table 3 presents the mean proportion correct
(j7), the mean point-biserial correlation (rp,), and
the mean biserial correlation (r~,) for valid and
invalid syllogisms in each of the 16 tests. The point-
biserial and biserial were calculated by correlating
the item score with the total score minus item score.
In all tests the valid syllogisms were considerably
less difficult than the invalids. The difficulty levels
of both types of syllogisms were affected analo-
gously by the experimental variables of content
(symbols vs. verbal language) and response format
(affirmative vs. negative). For example, the valids
and invalids both have their highest average p-
values in the four tests that have affirmative re-

sponse choices and that are written in verbal lan-

guage. They have their lowest average p-values on
the symbolic test with negative response choices
(although the invalids in this case are very close
to the invalids in the verbal language-negative test).
The p-values of both the invalids and the valids

were not affected by the number of invalids in the
test. However, the effect of the number of valids
is seen in the point-biserial rs and the biserial rs
of valid syllogisms. Although thep-values of valids
tend to remain constant as the number of valids

decreases, the point-biserial rs and the biserial rs
tend to decrease. This is undoubtedly due to the
addition of the very difficult invalid syllogisms to
the test. There is no consistent tendency for the

point-biserial fs or biserial rs of the invalids to

increase as more invalids are added to the test. The

point-biserial and biserial rs of the valid syllogisms
are much higher than those of the invalids. This is
not surprising given the very low p-values of the
invalid syllogisms. Both the point-biserial r and
the biserial r are severely attenuated at lowp-values
due to the effect of guessing (Urry, 1974, 1977). o
The rs of both types can be seen to increase for
the invalid syllogism as their p-values increase. It
should also be noted that all of the item-test cor-

relations are positive. (In the entire set of data from
which this table is derived, there was only one
negative point-biserial ~°9 which had a value &reg;f - .072
and corresponded to a negative invalid syllogism
in the verbal medium.)

Finally, correlations were obtained between scores
on valid and invalid syllogisms in the 15-valids
tests and in the 11-valids tests. In the 15-valids

tests, the scores on the set of live invalid syllogisms
were correlated with the scores on a set of five

corresponding valid syllogisms. In the 11-valids
tests correlations were found between all 11 I valids
and the 9 invalids. The correlations are presented
in Table 3. The results are similar for the symbolic
and verbal items. In the tests with affirmative re-

sponse choices, the correlations are in the range of
.22 to .29. In the tests with negative choices, the
correlations range from .02 to 10. These latter

correlations are low undoubtedly because the items
were so difficult that a large share of the correct
responses was due to guessing. The higher corre-
Iations-those for the affirmative tests-were un-

doubtedly also attenuated by guessing and by the
wide difference in the difficulty levels of the valid
and invalid sets of syllogisms (Carroll, ~9~~~). When
these correlations were corrected for attenuation
due to unreliability (using ~~~-~0 estimates of re-
liability), they ranged from .42 to .54.

Mscussinom

The results of this experiment have demonstrated
that negative term variables can be used in the
categorical syllogism and that the interaction of
these variables with other variables, such as syl-
logistic validities invalidities and verbal or
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Table 3 _

Mean Percent Correct (p), Mean Point-Biserial r (rpb),
and Mean Biserial r (rb) for Valid and Invalid Syllogisms,

and Correlation between Valid and Invalid (rl~)
~~~=~--~--~--------------------~-~-----------------~~~--~~-~~==--~~

symbolic media, can be controlled to produce tests
of varying difficulty levels and high reliability.
The variation that had the greatest effect on test

difficulty was the use of negative response choices.
The percentage correct on tests with negative re-
sponse choices was approximately one-half as large
as the percent correct on tests with affirmative re-

sponse choices. This finding was in line with the
hypotheses of this study and with the work on ne-
gation reported by Wason and Johnson-Laird (1972).
However, in the present study the variable of ne-
gation acquires dimensions that have not been stud-
ied before, since the use of contrapositives and
inverses as response choices requires the process-
ing of negated terms (often both S and P) some-
times in conjunction with a negated copula. The
difficulty levels obtained for these negative for-
mulations in the context of invalid syllogisms were
so extreme as to exclude them from use in test

batteries. On the other hand, many of the negative
formulations proved to be accessible to the subjects

in the context of valid syllogisms. These results
indicate that the two variables (deductive invalidity
and negation of terms and copula) can be handled
separately but may not be psychometrically appro-
priate in conjunction, at least for college-level pop-
ulations and below. The implications of this finding
uncover a very rich area of research in the field of

cognitive processing, i.e., what type of effort is
involved in processing as a cognate the disjunction
- (S P)? How does this processing effort compare
to that involved in processing as a cognate the
disjunction - (SP)?

Secondly, it was found that the tests in verbal

language were somewhat less difficult than cor-

responding tests expressed in symbols. This finding
replicates Wilkins’ (1928) finding with her more
heterogeneous deductive tests. The effect of verbal
content found in this study was small when com-
pared to the effect of the term negation variable.
The differences in p-values of syllogisms produced
by the difference in test content was approximately
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.10 on the average. The verbal language and sym-
bolic tests appear to have been affected in the same

way by the other experimental variables. This is
reflected in the insignificant contribution of inter-
actions to the explained variance in the analysis of
variance. This finding might suggest that reasoning
in simple verbal language and reasoning in symbol
have substantial commonalities. However, since
correlations between individual differences in the
two modes are not available from the present study,
this suggestion should be regarded as tentative.

In consonance with many other studies, this study
has shown also that reasoning with invalid syllog-
isms is considerably more difficult than reasoning
with valid syllogisms. The finding of Dickstein
(1976) that the difficulty of invalid syllogisms is
not affected by the proportion of invalid syllogisms
in the test was reproduced with a smaller proportion
of invalids than Dickstein used. The present study
has shown that even with a realistic proportion (20
to 25%) of invalid syllogisms in the test, in which
there should be no response bias against choosing
the &dquo;none of these&dquo; alternative, invalid syllogisms
were as difficult as they were in a test made up of
approximately one-half invalid syllogisms. It was

found, however, that inclusion of a large propor-
tion of invalid syllogisms reduced the reliability of
the tests.

One question that would be relevant to the use
of syllogisms in a psychometric context is that of
whether or not valid and invalid syllogisms test the
same reasoning processes. Dickstein (1975) found
a correlation of .43 between performance on valid
and invalid syllogisms. In a later study (1976) he
found a correlation of .64 for one experimental
group, but a correlation of -.002 for another ex-

perimental group (the group that solved valid and
invalid syllogisms in nearly equal proportions). It
should be noted that each of the correlations in the
1976 study was based on data from only 16 sub-
jects. In the present study, with large samples,
positive correlations were found between perfor-
mance on valid and invalid syllogisms when re-
sponse choices were affirmative. These correla-
tions would no doubt have been higher if the effects
of guessing and the difference in difficulty of the
two types of syllogisms could have been elimim

nated. Further indications that the invalids may be

tapping many of the same processes are apparent
in that all of the point-biserial and biserial rs in the
tests were positive (with the one exception noted
earlier) and that these statistics for invalids tend to
increase as the p-value increases. An approach to
testing this hypothesis would be to construct invalid
syllogisms that are more similar in difficulty to the
valids included on the tests, aiming for an average
p-value of .50 or higher. It would then be expected
that the point-biserial rs and biserial rs of the in-
valids would be similar to those of the valids. Even

if invalid syllogisms continued under those circum-
stances to have low item-test correlations, it would
seem to be necessary to include them in a test of

deductive reasoning, since the finding of 66n&reg; valid
conclusions’ is an important part of the domain of
deductive reasoning.

Lastly, it has been the intent of the authors to
contribute to the elucidation of deductive reasoning
as a human function. The deductive domain is a

large schematic domain based on both predicate
logic and sentence logic. Thus, it should not be

surprising to obtain unclear results from factor-

analytic studies, such as Thurstone’s and Guil-

ford’s, based on schematically heterogeneous tests.
As indicated by Colberg (in press), the pluralism
of deductive schemata lays the foundation for de-
sirable psychometric distinctions between types of
deductive reasoning, although all these types fun-
damentally share the same logico-mathematical def-
inition of inferring necessary conclusions.
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