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Abstract

This thesis uses the data from two experiments to investigate the mental representations
underlying syllogistic reasoning. The first takes the standard syllogisms task but adds a
recall component, the second consists of an entirelv new svllogistic reasoning paradigm:
seeking valid individuals.

The main effects found centre on the explanation for the figural effect and the status
of agglomerated representations as an explanation for responses to syllogisms. Subjects
who do not use an agglomerated representation show a figural effect - this throws doubt
on explanations of this phenomenon based on the transitive arrangement of an agglom-
erated representation. Analysis reveals that subjects seem to interpret the svllogism at
a linguistic level initially and derive a likely topic for the argument of the syllogisimn.

The representation must also include information about the potential of the svllogism
to “cancel” the middle term. If the svllogisim does not cancel. then this will cither cause
effects similar to those found for indeterminate texts or with the individuals task help
subjects to determine whether syllogisins possess a valid conclusion or not.

Strong order effects for positive and negative information ave found in both experi-
ments and this preference also has an effect on the reasoning data. similar 1o the figural
effect. The information in the syllogism must therefore be reordered hefore a conclusion
is given, to satisfy this preference.

Many subjects do appear to use an agglomerated representation plus cycles of testing
to solve syllogisms. but the representation they use must contain linguistic information
about topic. and will be reordered so that positive information precedes negative, Ag-
glomerated representations are probably equivalent at the level of coding common to
all subjects, the differences apparent to introspection will depend on the particular

instantiation chosen by the subject.
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1.1 Human Reasoning

The study of mental processes is as old as the discipline ol psychology. Early work
on the structure of memory and some of the earliest strictly experimental work in
psychology was carried out by Ebbinghaus (1961, originally published in 1885) who
laid the foundations for much of the later work in the field and who first vielded the
observation that familiar and meaningfully connected material is easier to commit to
memory than material which is meaningless and unconnected. Later work by Bartlett
(1932) demonstrated that memory is constructive - that when attempting to recall
rather abstruse material, people will make errors that demonstrate that they are actively
reconstructing what they recall having read or seen to fit the information in hetter with
their own conceptions or experience.

Theories of learning, the process of which memory is the result. have heen strongly
influenced by the behaviourist school of psvchology which originates at least in panrt
from the work of Pavlov on conditioned reflexes in dogs. These theories have in com-
mon a conception of human belaviour as being the predictable response to an external
stimulus. The early behaviourists (Skinuer for example) professed themselves interested
only in the observable elements of behavious and not in the part hetween stimulns and
response. the element of cognition. As experimental techuiques have been relined it has
become possible to make more and more of that hidden process observable and more
and more complex descriptive models. such as mathematical models for example. have
been used to characterise the learning process. but the underlying model ol cognition as
a process of taking information (stimulus) and transforming it (response) has persisted.
The similarity of this to the way information is processed by a computer has led 1o
efforts to formulate human thinking based ou the methods used 1o program computer
svstems.

The information-processing conception of human reasoning relies on elements ol con-
puter programming to explain how humans might go about solving problems. under-
standing langnage or even negotiate social exchanges. The first significant attempt
to simulate a human cognitive process in terms of computer architecture was made by
Newell and Simon (1956) who developed an information processing maodel to prove theo-

rems in svmbolic logic and subsequent rescarch has found mneh of value in the computer



metaphor, as an example of information processing that is transparent to research in

the best behaviourist tradition, by virtue of the fact that it is a human artefact.

1.1.1 Reasoning and resource limitation

As the metaphor of the serial computer has become popular in cognitive psychology. so
its limitations as an explanatory model have become apparent. There are many aspects
of human cognitive performance that simply cannot he captured on a computer of this
tvpe. One of the main reasons for this lies in one of the most bhasic features of the
machine: its memory. A serial computer will forget nothing that it is not programmed
to delete and possesses no intrinsic facility for processing the information it receives,
s0 as to create a memory store that is meaningfully structured.  Although liimans
also possess a possibly infinite store for long term events, the information within it is
arranged so as to be accessible from a number of different points and as the result ol a
number of different searches. The part of our memory that does not act as a permanent
store - working memory - has a very limited size. In a now-famons paper. Miller (1957)
established that working memory could contain seven units +/ two units of information
at any given time. It was alveady known that working memory spontanconsly starts to
decay after a lew seconds without rehearsal to maintain the information in it.  hese
phenomena can only be replicated in a serial computer by artificially creating limits on
memory size and duration and no way has vet bheen found ol simulating the trausfor
from working 1o long-term memory in such a way as to structure the information in the
appropriate form.

The importance of the limitations on the computer metaphor hecomes very obvious
when attempts are made to model human reasoning on a serial machine'. There are
certain tasks that humans find particularly difficult:- complex mental arithmetic. for
example. and the reason for this difficulty appears to lie in the limits on working mem-
ory. In the case of mental arithmetic. we are incapable of computing the next stage in
the process before the information from the preceeding stage has started 10 fade. As a
contrast. a serial computer. once properly programmed has no difficulty ar all with such
tasks as there are no limits on its memory. hence the popularity of pocker caleulators.

Conversely there are human functions such as understanding speech. which we perform

A serial computer is taken to mean a computer programmed as a serial compute



effortlessly, but which have resisted attempts at computer simulation to the present
day. While we may have developed special perceptual mechanisms for such processes.
the form of our storage and retrieval mechanisms in long-term memory must also play
a part. This should come as no surprise given that the earliest research by Bartlett.
already referred to above, found exactly that human recall is not a simple matter of
certain items just being deleted from memory. perhaps by interference, hut of elabo-
ration and reconstruction. Further, work such as that by Sachs (1967) and Jarvella
(1971) demonstrates that not all information is treated equally in memory - that some
information is more readily lost than others and this in turn has led in part to a model
of language processing and memory being undertaken at a series of levels (for example
KNintsch (1974)) with syvntactic information being lost from memory rather readily but
the essential semantic content of the information being preserved. This taken witl the
finding of Bransford and Franks (1971) that language is only readily understandable
when it is presented in a context that makes it meaningful tends to work against the
idea that human processing works similarly 1o simple computer models which take in
information without surrounding context. treating all parts of the message with equal
importance.

[t is clear that an understanding ol memory is essential for a proper understanding
of cognitive functions. Further. to understand why humans find certain reasoning tasks
difficult, we must appeal to the notion ol resource limitation. the operation of context

and the prioritisation of information for storage in memory as sources of error.
1.1.2 Reasoning and context

In the previous section reference was made to the fact that a language function snch as
speech recognition was difficult to model on a serial computer and that this was probably
due to some characteristic features of human memory. It may be the case that in order
to successfully carry out the functions of language. which are innmensely complicated.,
we have developed particular kinds of mental svstems. which function not ou the basis
of logical operations. but on the basis of complex heuristies derived from repeated
experience. Language. being our most effective means of commumication has developed
in such a way as to reduce ambiguity in the message to bhe transmitted. However the

complexity of the situations we attempt to communicate abont means thar the receiver



of language must attempt to exclude ambiguity as much as the deliverer, This can be
done by making certain assumptions; these might be about the communicative intentions
of the speaker, derived from a knowledge of the speaker: the sitnation one is in (the
context of the speech) and certain conventions all users of language assume to be in
operation, summarised by Grice (1975) in the form of conversational implicatures. All
this information and the inferences that can be drawn from it must be built up from
repeated language experiences and stored in such a way that evervthing relevant to a
conversation can be activated once speech begius.

Because language has suclh a central importance to humans, it is reasonable 1o sup-
pose that the processes we use for language function aflect other aspects of our mental
functioning that. while not directly derived from language. are related toit. Theories ol
reasoning have found that. apart from error due to resource limitation. humans adopt a
particular perspective to some logical problems that lead them to draw non-logical in-
ferences. One example of this is the selection task extensively studied by Wason ( 1965).
This problem consists of subjects being presented with four cards each of which has
something printed on both sides. But they are only able 1o see one side of cacli card.
They are asked to verify a rule which states a condition about the nature of the items
printed on the cards. Thev are asked to do this by indicating the smallest nmnboer of
cards that they would need to turn over to verify or falsify the rule. In the abstract
condition, the rule might be =if there is a vowel on one side of the card. there mus
be an odd number on the other™. Subjects have four cards. one with a vowel: one an
odd number; one an even number and one a consonant on the visible side. The over-
whelming response from naive subjects is to choose the card with the vowel on one side
and the card with the odd number. Clearly subjects are making the infercuce that the
rule is reversible. that if p—>q then g->p. This is not warranted by the rule. Subjects
also fail to make the inference that not ¢ > not p and therefore fail 1o check this by
turning over the card with the even number to see that it does not have a vowel on its
reverse. Once subjects have discovered the correct response they are able to perform
the task correctly without difficulty. but their initial approach to the problem is very
often incorrect.

This finding suggests that subjects are unable to use standard logic appropriately.

Evans (1973) found that rather than using a verficationist strategy. subject~ were choos-



ing cards on the basis of “matching™ the items in the rule to those on the card indicating
that subjects are using a non-logical strategy to solve the probleni. The effect of the
content of the problem on performance has also bheen studied. with the finding that.
although using real-life materials aids reasoning it does not do so in every paradigm. A
comprehensive study of this problem and conditional reasoning in general by Qaksford
(1988) has shown that subjects’ failure to grasp the requirements of the task and the
relationship of content to reasoning can be explained by a model of the reasoner as
searching for a suitable context in which to situate the rule?. Falsification is not nsed as
a strategy unless taught as a method because it is not a useful means of communicating
information. The ability to use falsification is increased by situating the rule in context
where the reasoner has had the opportunity to experience the negated implication of
the rule

Human reasoning does not proceed along the lines of predicate logic. therefore. partly
hecause we are unable to keep in mind all the ramifications that such problems require
and partly because we bring to reasoning problems a particular set of sirategios and
priorities that have been developed [or successful language use. To understand human
performance at a reasoning problem it is crucial 1o identify the effect these stratogies
might have and to bear in mind that any given reasoning problem will hirst-and-foremost

be interpreted as an attempt at communication.

1.2 Investigating Human Reasoning

The discussion above should serve to illustrate that the interface hetween natural lan-
guage processing and reasoning is deserving ol further investigation. Firstly there is the
observation that people do not always adopt a rational strategy when faced with some
forms of logical problem. but that a significant proportion of them make predictable
errors when attempting to solve such problems. Secondly there is the observation that
features of natural language processing appear to provide a possible explanation for
subjects” behaviour, as has been the case with the four-card problem. At this point it
is appropriate to set the agenda for the work which follows in terms of the proposition

that human reasoning is to some extent dependent and affected by strategies adopted

2Similar effects have been found for svllogisms, beginning with Wilkins (192%) and recently Oakhill
et al (1989),



for language comprehension. To take the matter further. it could be argued that im-
portant insights into natural language processing could be gained by observing people’s
performance on reasoning problenms given that the errors they make will he at least in
part the consequence of the natural language strategies they use [or everyday commu-
nication. The evidence already outlined above and some of the disenssion below (see
especially Newstead’s work) support such an argument and pave the way for a detailed
examination of these issues.

With these aims in mind. the way forward would seem to be to build on the findings
from the four-card problem and investigate human performance in relation to other rea-
soning tasks. .\ view of human reasoning is heing adopted which assnmes that cognitive
processes are lighly “transparent™. that is that they are open to examination directly
and it conld be argued that this is not the case. however it seems unreasonable to argue
that two functions of human cognition. language processing and deductive reasoning.
could be conducted by two completely separate and unrelared sets ol procedures. It
also seems unreasonable to believe that these processes are completely or even largely
opaque and that experimental results can give us nothing hevond superficial information
about how these processes are carried out. It is essential 1o a “top-down™ approach to
take on trust that these operations can he described meaningfully ar the macro-level
and the success of other studies ol this kind in using such methods 1o explain aspects
of human reasoning should bear testament 1o the persuasiveness of this approach.

To proceed a reasoning problem must he chiosen that has certain specific fearnres,

These can be listed as being:-
e The problems must require reasoning 1o he solved correctly

e There must not be too high or too low a ceiling on the diffienlty of the problem -
subjects must be able to solve some ol the problems bhut have a reasonable risk of

making an error

e The problems must to stateable in language used for evervday communication -

mental arithmetic would not be suitable for example

e There must be sufficient numbaers ol the problems to obtain a suitable nmmher of

cases per subject



e Specifically with reference to the examination of memory effects and reasoning.
the problems must be similar enough that they can be confused in memory during
a recall task. but not so similar that they cannot be distinguished. There should
preferably be some part of the problem that can be used as a cue for recall and

therefore is unique to each problem.

For these reasons the set of reasoning problems known as syllogisims were chosen as
a means to study how the way in which humans approach reasoning problems might be
bound up in the requirements of language comprehension.

This brief description of the structure of svllogisms demonstrates why this subset of
logical problems have been chosen for study in line with the expressed aims of this work.
The criteria laid out in the preceding section arve all fullilled: these problems are not of
uniform difficulty. therefore subjects have a reasonable chance ol answering some hut
not all of the problems correctly and reasoning is required 10 solve the problems. ~o that
the performance of subjects not using logic 1o solve the problems can be distingnished
from those that are using logic. Svllogisms as will he shown in the section that follows.
can be stated in language that might he used 1o convey information in other settings and
therefore should activate the language strategios of the subjects and they can contain
unique information that can be used as a cue for recall. by replacing the abstract 7\
"BT and "CT with nouns signifving distinet gronps. such as professions. nationalities or

pastimes.

1.3 Syllogisms

Svllogisms are a set of logical problems invented by Aristotle, They were used as o form
of argument during the middle ages and during this century have heen of interest 10
cognitive psyvchologists for a variety ol reasons. Fach syllogisin consists of a predicate
(P). middle (M) and subject (S) term which are arranged into two premises. cach of
which contains a quantifier describing the relationship between the nouns. An example
is given in Figure 1.1

To correctly solve a svllogisim the reader must either decide whether a valid conelnsion
follows from the premises and give a correct valid conclusion il one does. or determine

whether a given conclusion follows from the premises. \ valid conelnsion is o relationship



“All the M are P.”

“All the S are M7

Figure 1.1: An example syllogism

Figures Quantifiers Conclusions
AB-BC All A-C
AB-CB Some C-A

BA-B(C None No Valid Conelusion

BA-CB  Some..not

Figure 1.2: Possible components of a syvllogism

between the subject and predicate terms which cannot be falsified by any interpretation
of the syllogism. Some early studies only allowed one form of conclusion 1o he considered
correct, that of the form “All S are P for example. Later work has allowed conclusions
of the form “All P are S to be considered correct also®.  Figure 1.2 gives the four
ways the nouns can be arranged in each svllogism. the four quantifiers and the types of
conclusion that can be drawn.

There are sixteen possible pairs of quantifiers that could be used in cach syllogism
and given the four possible figures. there are sixty-four possible syllogisms that can be
evaluated. Of these, twenty-seven have valid conclusions of the form a-¢ or ¢ v and

thirty-seven have no valid conclusion.

1.4 Theories of Syllogistic Reasoning

Syllogisms wonld be of little interest to psychologist were it not observable on casual
inspection that they are not uniform in their difficulty. The very casiest svllogisins are
very easy indeed, the very hardest very rarely solved correctly. From a logical point of
view there is nothing to justifyv these differences. it seems to be a uniquely hnman feature

of this kind of reasoning. Much work has therefore been carried out in an attempt to

*Following recent work I will adopt a slightly ditferent terminology from that nsed above and call
the predicate term A the middle term B and the subject term O



characterise subjects™ attempts at syllogistic reasoning. Below these will be described.
firstly those that emphasise the non-logical aspects of subjects” performance. then those
descriptions that do rely on some notion of rationality. The strengths and weaknesses

of each theory will be evaluated.
1.4.1 Non-Logical Mechanisms and Errors of Interpretation

The first studies on syllogisms adopted the idea that subjects drew conclusions on the
basis of non-logical strategies or misinterpreted the premises of the syllogism before
drawing a conclusion. Woodworth and Sells (1935) theorised that subjects. when forced
to make errors would choose conclusions that had something in conunon with the syllo-
gism itself. This they called the “atmosphere effect™ and they formulated roles to show
which type of conclusion the subject would be most likely to draw given any particular

svllogism. These, as stated by Begg and Denny (1969), are the following:

e When one quantifier is negative. then the accepted conclusion will tend 1o be

negative.
e When one quantifier is particular then the conclusion will tend 1o he particular.
e In general the tendency is to choose universal or affirmative conclusions.

Rather than use logic to solve the svllogisims. the argument riuns. subjecis can choose
a conclusion to the syllogism by using the atmosphere of the premises.

There are several problems with this approach as it stands. Firstly it gives no account
of how subjects can correctly answer syllogisims. except more or less by chance. Secondly.
it fais to explain how subjects can ever give the response “no valid conclusion™ as every
svllogism has a conclusion that can be derived from atmosphere. Thirdly. it fails 10
account for eflects found in the choices of conclusion that subjects make - the ligural
effect. Stated briefly the effect concerns the relative frequencies of different types of
conclusion, whose frequencies vary according to the order of the nonns in the conclusion.
Syllogisms with the figure AB-8c tend to be followed by conclusions of the form A ¢ and
svllogisms of figure BA-cB are followed by ¢ conclusions. The atmosphere effect has
been criticised for failing to provide any means by which this effect can be explained.

Interest in this approach has continued to the present day and many of the claims

of these two theories have been formalised and tested in other wavs, Revlis (1975) con-



+A +B
+C -B

Figure 1.3: Politzer’s formulation: an example

structed models that were elaborated versions of the atimosphere effect and conversion
theory. This study found that 883.9% of the data collected could be explained by a
feature-matching model based on the atmosphere effect. Politzer (1989) has reformu-
lated the atmosphere effect to explain the responses of his subjects. Recognising that
the atmosphere effect as conventionally stated is a good descriptive theory but a poor
explanatory or predictive one he has retained the four principles that make it up and
added some others. In this revised theory. he includes a priuciple preventing subjects
from creating a conclusion containing the middle term and one that asserts 1hat snbjects
will always choose a conclusion that is as general or less general than the least general
premise of the syllogism. The most crucial new factor however is his introduction of
a new means for combining the information carried by the quantifiers and the nouns
in each premise. Politzer cites precedents that sngeest that the information relating to
quantity conveved by the quantifiers (whether it is universal or particular) is carried
by the subject of the premise in which the quantifier appears and that the information
relating to quality (whether it is positive or negative) is carried by the predicate. Thus
each syllogism can be expressed in terms of a feature matrix. no two syllogisins carrving
the same combination of nouns and features. Figure 1.3 demonstrates the consequences
of this for the syllogism “All the A are B. none of the (" are B”. Politzer then uses
the principles of the atmosphere effect to sclect a quantifier for a candidate conclusion.
opens this quantifier into a two feature frame as was done for the quantifiers of the svllo-
gism and fills it using the major and minor terms of the syllogism. Rather than chance
determining the order of these nouns in the conclusion. Politzer suggests that nouns will
be attracted into the available slots by the possession of a feature that matches that of
the slot.

By this means Politzer introduces the possibility that different svllogisms will have a
preponderance of certain conclusions and that in certain cases the response “No Valid

Conclusion™ is likely to be given. Figure .1 will demonstrate this for the syllogisms

10



1 3 I
+B+A +B+A +A 4B
+C -B +B -C +1-C

conclusion frame (+ -) (+ -) (+ -)

first filling (+C-*) (+*-C) (+*-0O)
conclusion 4+ -A +A -C +A -C
second filling (+*-*) (+*-C) +A-C
conclusion +(C -A 4+A -C +A-(

Figure 1.4: Drawing a conclusion by Politzer’s method

containing the quantifiers ~all™ and “some™ in the first and second premises respectively.
as in figure 1.3 with the figures 1. 3 and 1. When attempting to lill a frame for a
conclusion using the nouns bound to the feature in question in the svllogism. the subjects
will often find that the middle term is the noun most suitable for a slot in the frame.
This term cannot play a part in the conclusion and therefore when making a filling where
this occurs an asterix (*) is used in its place. The subject must then find another term
for the slot. In some cases s/he will decide that there is no conclusion 1o the syllogism.
Politzer states that this decision is made with a probability thar ~is a paramerer of
the population™, which is taken to mean that individuals will differ markedly in their
decision under these circumstances and that predicting their response is not possible.
The subjects may also decide to substitute another term for the middle term. this will
always be the term not already filling a slot in the frame. In certain cases the frame
can be filled directly, without the involvement of the middle term. this is the case with
the syllogism AE1* . The prediction can therefore be made that the incidence of NV(?
responses will be low for this syvllogism as the necessity 1o choose a non-ideal nonn for
the conclusion will never arise.

Once the first fillings are completed. a stage is allowed where any other fillings for

the conclusion frame are considered and the conclusions that can arise lrom this are

*Following an earlier convention the quantifiers will be occasionally referred 1o as A for =all™, 1 for
“some”, E for “none” and O for “some.not. Pairs of quantifiers can be expressed in this way - Al refers
to the pair “All, none”

®This acronym is used for the phrase “no valid conclusion”



given. In cases where both the major and minor terms are bound to the appropriate
feature in the same premise. Politzer proposes that the term that takes procedence will
depend on factors such as the similarity of the conclusion frame to the premise each
term appears in and the temporal proximity of each term to the other feature of the
conclusion frame.

In this way Politzer shows that his updated version of the atmosphere effect can he
made to account for two major phenomencen that previously it was unable to explain:
the figural effect and the existence of “no valid conclusion™ responses. A full analvsis of
the 64 syllogisms in this way gives a prediction for the conclusions that closely mirrors
the performance of his subjects.

Another early approach was to explain error as the result of misinterpretation of the
quantifiers of the syllogism. Chapman and Chapman (1959) identified conversion as a
main source of such error. meaning by this that subjects would interpret a statement
such as “All the A are B™ to mean =\ is equivalent 1o B” and therelore suppose <Al
the B are A™ also to be true. In this way. the subject would misunderstad the logic
of the premises and draw an incorrect conclusion. Newstead and Griges (1983) have
followed this precedent and have looked more specifically at subjects” ability 1o make
inferences on the basis of the logical meaning of the four quantifiers used in syllogisnis.
[n their experiments they found that subjects were able to make the contradictory and
contrary inferences (if =all™ is true then “nor some..not™ is also troes it =all™ s troe
then “none” is false) but had difficulty with the subcontrary iulerence (“some™ is not
equivalent to “some.not™ ) and the subaltern (=all™ tmplies “some™ and “noue™ implies
“some..not™ and vice versa). Conversions ol premises with ~all™ or “some.not™ as the
quantifier were made in 34% and 60% of cases respectivelyt.

Newstead (1988) evaluated predictions generated by the conversion hyvpothesis. Gricean
implicatures and Erickson’s set theoretic approach using Enler’s civeles and immediate
inference tasks. Subjects™ choices in these paradigms provide evidence relating to these

theories in a number of ways.

®For two of the quantifiers used in svllogisms, it is logically possible to infer the converse of a given
sentence to be true: “None of the A are B” impliecs “None of the B are A7 and similarly Some of the
A are B” implies “Some of the B are A”. However the quantifers =all™ and “Some . not”™ do not mmply
the converses of the sentences in which they appear.



Newstead found the following:-

1. The conversion hypothesis, stated as a belief of the subject that all quantifiers are
symmetrical in their logic, would predict that subjects choose Euler’s circles or
make immediate inferences to the effect that if ~All A are B™ then “All B are A”
for example. Newstead finds significant numbers of these errors for the immediate

inference task but only for “all” with the Euler’s circles paradigm.

2. Given that subjects are following Gricean implicatures when interpreting the syl-
logisms, they should tend not to make the inference that “Some A are B” implies
“All A are B” and “Some A are not B” implies "No A are B7. In other words they
will interpret “some™ as meaning “some but not all™ and “Some...not™ as meaning
“some but not none”. There is evidence that subjects perform in this way for the

Euler’s circles task but not in the immediate inference paradigni.

3. The difficulty of the interpretation of the quantifiers is related to their complexity.
as predicted by Ericksou’s (1971) set theoretic approach. but although this theory
specifically rests on subjects choosing only one representation for cach quantfier,
the evidence suggests that thisis rare and the difference in difficulty for “some™ and
“Some...not™ is not found to be great cuongh to unequivocally support Erickson’s

hypothesis.

Newstead concludes that both conversions aud Gricean implicatnres play an impor-
tant role in the interpretation of quantifiers. but that their relative importance depends

upon the sort of task the subject is required 1o perform?®.
1.4.2 The deductive approach

The theories described above tend to ignore the deductive component of this process and
ascribe errors in drawing conclusions to processes outside reasoning. Some researchers
have become uneasy with using these approaches as whole explanations. as they appear
to overlook the fact that subjects can and do behave rationally when artempting to
solve syllogisms. Various attempts have therefore been made to create a description of

the deductive processes subjects use when solving svllogisis.

"See also Politzer(1990)



Guyote and Sternberg (1978). for example use a combinatorial svmbolic language
to capture subjects reasoning performance. They assume that the combinatorial rules
are applied without error. and that subjects produce incorrect responses by failing to
consider all the possible representations that can be considered. Newell (1981) takes
Venn diagrams as a starting point, with a heuristic process combining the premises to
provide a possible conclusion to be evaluated.

Erickson’s (1974) set-theoretic approach uses Euler’s circles as the basis of the rep-
resentational device, with limitations on the numbers of interpretations that can be
considered. The reason that this limit must exist is that the traditional version of Eu-
ler’s circles requires several representations 1o he constructed 1o fully capture the logic
of the quantifiers. Figure 1.5 demonstrates that only “none™ has ouly one interprotation
under this representation. “all™ has two. “some.not™ three and “some™ four,

Erickson (1979) tests two models based on this notation. one ol which allows only one
interpretation of the syllogisim to be entertained and one which allows all inrerpretations
to be considered in turn - a random combination model. The former model is the most
sucessful explanatit)n of the data. but does not allow the response "o valid conclnsion™.
Erickson suggests that a compromise model that can consider more than one hut not
all combinations of the syllogism would overcome this difficulty.

Major criticisms of these theories. made by Johnson-Laird (1933) are that they as-
sume that subjects possess a mental logic which is in some way flawed so as 10 produce
the errors observed. He argues that theories of this kind cannort explain why some svl-
logisims appear to be harder than others. Theories such as Erickson’s he criticises for
allowing a combinatorial explosion of models and having to he artificially constrained
as a result. Further he states. the fact that “some™ and “some.not™ lave an equivalent
representation in an Euler’s circles notation. forces Erickson to invoke the atmosphere
effect to explain why subject will choose one quantifier in some situations and the other
under different circumstances.

Johnson-Laird’s solution to these problems is to propose a diflcrent representational
device based on individuals rather than sets and to appeal to the limitations and prop-
erties of working memory to explain subjects” errors and preferences. Fiestlve as did
Erickson he identifies the fact that certain syllogisms require a nnmber of mental op-

erations to be performed before the presence or absence of a valid conclusion Tor them
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All of the A are B
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Some of the A are B
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None of the A are B
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Some of the A are not B

Figure 1.5: The four guantifiers in Euler’s circles notation



can be ascertained. Other syllogisms require ouly one representation hefore it hecomes
clear that there is a valid conclusion. Johnuson-Laird argues that the more operations a
svllogism takes to solve, the less likely it is that the subject will be able to produce the
answer as, following Sternberg (1981). the limits on working memory make it difficult
for her/him to entertain all the possibilities simultaneously. In addition, Johnson-Laird
proposes that subjects tend not to attempt to negate the conclusions they have drawn
and are thus led into error. Examining the error rates of subjects allowed to freely
draw conclusions, Johuson-Laird (1978) finds high numbers of errors where two or three
operations are required, low error rates where only one model is needed.

His second criticism is that these theories of syllogistic reasoning fail to account
for subjects” marked preference for certain forms of conclusion - the figural effect. To
elaborate on what was mentioned earlier: it was established by Frase (1968). Pezzoli and
Frase (1968) that the four figures of the syllogism resemble the four stage mediational
paradigm and on the basis of this. differences in the difficulty of the syllogisms were
predicted according to figure®, It was found by Dickstein (197X) that these differences
do exist: that subjects make most errors when the figure is AB BC intermediate errors
on AB-CB and BA-BC and fewest on Ba~CH. lu addition. the number of conelnsions of
the form A-c exactly reverses the trend. If conclusions of either form are allowed. this
finding shows that for the figure AB- B¢ conclusions of the form a ¢ are preferred and
c—a for figure BA—cB. while the other two figures have no bias.

To explain this effect Johnson-Laird states that when interpreting the syllogism sub-
jects must arrange the nouns in it so that theyv can be related into a single model. For
the figure AB-BC this is straightforward: A is first related to B and then B to ¢ and
the relationship between A and ¢ tested. With Ba-cB this cannot the case. To repre-
sent syllogisms of this figure. subjects must find a way of rearranging the nouns in the
svllogism so that the middle term stands between the two other terms. Jolnson-Laird
hiypothesises that the premises are interpreted in reverse order of presentation, giving a
figure of the form cB-BA. With the figure As-sc. the term A enters working memory
before the term ¢. Thus. when a conclusion has to be drawn. rhis term is the first

to be retrieved. given a “first in-first out™ principle is operating in working memory.

"Here reference to difficulty is only meaningful given that correct conclusions must be of the form

C-AL
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Therefore conclusions of the form a-c will be preferred when this figure is encountered.
With the figure BA-cB. the term ¢ will be the first to be retrieved from working memory
and therefore conclusions of the form c¢—a will be chosen. For the other two figures,
reversal of the nouns within one premise to give one of the two arrangements required
is thought to be the mechanism used. If the nouns are reversed at random then a 50-50
distribution on types of conclusions should be found. and this is in fact the case with

the data in question.

1.4.3 Evaluating the hypotheses

A brief description of a number of major theories has been given along with what
have been identified as their main problems. Johnson-Laird uses these arguments as
arguments in favour of his mental models approach and offers evidence of its applicability
to other areas of human reasoning to advance the argument that a mechanism of this
kind forms the basis of a large part of human verbal reasoning and other langnage
processes.

However, it may be that he is too ready to dismiss other thearies, sometimes per-
haps because they present problems that his approach cannot resolve. In the follow-
ing sections, it will be discussed whether certain theories reallv are incompatible with
Johnson-Laird’s claims and ways of reconciling what may appear 1o he at first sight
conflicting approaches considered. It will also be of interest to discuss whether some of

these theories have offered insights that Johnson-Laird connot easily explain.

Quantifier misinterpretation

Misinterpretation of the quantifiers as a source of error in reasoning. is an established
finding, as already shown. For example in Fisher's (1981) model. misinterpretation.
particularly conversion, is found to be necessary to explain typical performance. .\
model depending on correctly interpreted premises provides a poorer fit 1o 1he data then
one including misinterpretations. Fisher also finds that introducing a factor resembling
a limit on working memory capacity by constraining the number of interpretations of
the quantifiers that the system can entertain must be included. as must a dedunctive
reasoning component which produces errors through the use of alogical and incomplete

strategies.
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Premise
Premise misinterpretation
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The figural effect would
Encode influence this stage
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etc.

Figure 1.6: Part of Revlis’ flow chart for syllogistic reasoning
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Most formalisations of syllogistic reasoning use a flow chart to demonstrate the pro-
cess. To take as an example Revlis™ (1975) model (see Figure 1.6). this takes as separate
parts of the process the interpretation of the premises and the manipulation of the
representation derived from the premises to produce an answer to the problem. In prin-
ciple then, there is no reason why a hypothesis such as the conversion hypothesis or
Gricean implicatures should conflict with a theory such as that of mental models. In
fact Johnson-Laird himself separates the reasoning process into two such parts - premise
combination and then cycles of testing to establish the correct response. Thus hypothe-
ses that explain error through misinterpretation of the quantifiers are found not to he
exclusive of theories incorporating deductive reasoning. It is quite plansible that a sub-
ject might incorrectly interpret the svllogisin and go on to reason with it logically. This
seems even more acceptable once it is remembered that the conception of conversions.
for example, has changed with time from being an automatic and inevitable process
(Revlis,1975), to it being a natural propensity of the system (Revlin and Leiver. 1980).
In this way, subjects do not have to make conversions. but may make them. for example.

by failing to disallow a representation which includes an illicit conversion.

The atmosphere effect

The atmosphere effect is not a theory of premise misinterpretation. but rather a mech-
anism that allows subjects to choose conclusions without using deductive reasoning
processes. Given that subjects are observed to behave rationally. it is hard to defend a
theory that does not make any allowance for deductive reasoning. Revlis hypot hesises
that in circumstances where rationality cannot he used. such as in Woodwortl and Sells’
experiment where subjects were asked to draw conclusions for syllogisms where no valid
conclusion exists, feature-matching will be used as a strategy to gencrate conelusions.
Politzer, whose neo-atmospheric approach resolves many of the arguments against the
atmosphere eflect as originally conceived by developing a mechanism whereby both the
figural effect and “no valid conclusion™ can he generated without the need for deduction.
argues that some syllogisms indeed exceed the capacity of the subject. 1t might also
be the case that some subjects fail to use deductive reasoning at all and use nothing
but non-logical strategies to generate conclusions. Politzer points out that there is a

group of svllogisms who appear quite difficult to solve in that correct answers are given
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to them rarely and a larger group that get correct responses ouly part of the time. le
infers from this that many svllogisius are bevond the capabilities of a large gronp of
subjects who therefore use other means to draw a conclusion to then. This view con-
flicts with the deductive approach that holds that underlving all svllogism solving is a
reasoning mechanism common to all who attempt syllogisms and probably to the whole
class of reasoning problems. Rather than differing in their ability to hold a number of
possibilities in mind, rather as we differ in our ability to perform mental arithmetic.
according to Politzer subjects differ in their approach to the problems themselves. Few
if any, he supposes, reach the stage of using deductive reasoning to solve these problems
and instead resort to the method he describes. It is also possible that subjects use an
atmosphere approach to first generate conclusious to the syllogisms and then gradually

learn to test the conclusions thus arrived at by means of a interpreted model.

Theories of deduction

It has been shown that theories based on non-logical mechanisims do not necessarily
conflict with the idea that subjects can treat svllogisims rationallyv. but may simiply be
capturing the performance of subjects who do not fully understand the logic ol the
quantifiers, even if the rest of their performance is immpeccably deductive or that in
circumstances where the subject finds a syllogism exceeds their capacity. non-logical
approaches are used to generate an answer.

The explanations for the deductive part ol the process have also been eriticised
however. The three main problems found and introduced above are: that theories based
on rules of inference express in syntactic form that which is semantic. that theories based
on Euler’s circles notation cause combinatorial explosion and that none of these theories
adequately explains the figural effect.

First let us consider the criticisim that human deductive reasoning is semantic rather
than syntactic and that therefore systems of reasoning that are based on proofs.being
syntactic in nature connot incorporate that which is distinctive about linmean processing
of this kind - its reliance on semantic networks in the shape of context and real world
knowledge. Intuitively it seems that there is a very real difference hetween these two
things and it is this argument that Johnson-Laird uses to motivate his theory. Sten-

ning(1990) makes clear however that there is a conceptual muddle abont the nse of
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the terms syntactic and semantic in this seuse. He argues that there is no syntactic
arrangement of a logical process that cannot he restated as a picce of semantics (say
as a theorem being restated as a truth table and vice versa) Rather than these two
levels being two sides of the same coin, he conceptualises them as two points along a
continuum along which human reasoners travel. the poles of which are agglomerative
strategies versus analytical ones. At some level of coding it may well be true that human
reasoning is analytical, but if this is so, it is a level not available either to introspection
or experimentation. What Johnson-Laird has asserted about human reasoning is not
that it is semantic, but that it is agglomerative - that human beings tend to combine
all the information available into a single representation which they then use to assess
the truth or falsity of statements. The problemn with syllogisms is that assessing their
truth or falsity involves the kind of abstract manipulations that we find places 1oo great
a burden on memory.

If it is agglomerativeness that is important rather than “semanticness™. what advan-
tages do mental models have to offer above other tyvpes of representation that are also
agglomerative? Erickson’s set-theorectic approach is certainly agelomerative - Fuler’s
circles almost beg to be combined. but this approach has been criticised because of the
combinatorial explosion it is supposed to provoke. as discussed above and the point has
already been made that tolerating more than one representation is exactly what people
are bad at. Mental models get round this problem by using individuals rather than sets
and including a notational device that can allow the possibility of a relation existing.
without asserting it to necessarily exist. Stenning and Oberlander (1990) note however
that the inclusion of a shading notation allows Fuler’s circles to capture the information
in each quantifier with one diagram as Johnsou-Laird’s tableau do. Figure 1.7 shows
that shading the area in an FEuler’s circles representation where individuals can he as-
serted to definitely exist gives an equivalent representation to tableau. while also lalling
in with subject’s intuitions about the type of structures they are using.

These diagrams can be combined just in the same way that Johnson-Laird’s are. but
with the interesting effect that in some cases there are areas that become shaded twice
as a result (sec figure 1.8). This feature does not correspond exactly with the existence
or otherwise of a valid conclusion. although in many cases where double shading exists.

a valid conclusion does exist and the absence of shading is often found where no valid



All of the Aare B

Some of the A are B

None of the A are B

Some of the A are not B

%@s@

Figure 1.7: Stenning’s version of Euler’s circles

conclusion can be found. The fact that there is no exact overlap between double shading
and the existence of valid conclusions leads 1o interesting predictions about subjects’
behaviour should they be using this method to select conclusions.

It can be seen that in both cases several possible representations must he considered
before the correct response can be generated. so Johnson-Laird’s intuitions abont the

way memory interacts with the reasoning process can also be preserved.
1.4.4 The explanation of the figural effect.

The important claim about mental models than is that they are agelomerative and par-
simonious, this has been shown to be the case lor an Eunler's cireles notation too. The
claim might then be made that mental models stil have some greater claim 1o explana-
tory power because they are able to provide aun explanation for the lignral effect. \s
already shown, Johnson-Laird claims that this effect occurs becanse the nouns in the
syvllogism must be presented in a certain order for a representation to be constructed.
This is not a necessary feature of all representations of syllogisins. but follows from
mental models because they incorporate an element of order. An Euler’s cireles repre-

sentation. for example, does not require nouns to he presented in any particular order.



Some of the A are B
None of the B are C

Allof the B are A
Some of the C are notB

Figure 1.8: Combining premises with Euler’s circles

any information can be included in the representation at any point. but for a mental
model to be constructed, information entering the system must he related to objects
that have already been included in the model. leading to the necessity for a particular
order of processing to be adopted. It is this. the argument runs that creates the ligural
effect, because of the way in which memory must deal with this ordering.

Thus the figural effect falls out of mental models theory as part of the process of
reasoning. But as a consequence, Johnson-Laird is forced to make a very strong claim
about the form of the representation subjects use, A subject that produces a ligural
effect must use a mental representation that involves the use of individuals rather than
sets, In other words. according to Johnsou-Laird. subjects cannot use Fuler's circles
as a means for solving svllogisms and still display a figural effect. despite the fact that
subjects report the spontancous discovery of Fuler's circles as a reasoning device as they
become proficient at syllogistic reasoning (Inder 1986) and that Fuler’s circles are widely
used as a means of teaching syllogistic reasoning (this, incidentally is one of Johnsou-
Laird’s prerequisites for a successful theory of syllogistic reasoning). Johnson-Laird
might argue that underlying an Euler’s circles representation is one based on individuals.
or that the preference created by mental models remains even if the representation

changes. This leads to a characterisation ol the process that is unecessarilv complex.



Johnson-Laird makes the assumption that the figural effect must he a consequence ol
the representation adopted by the subject. hence his success at criticising other theories
for failing to explain it. However, what he is doing in fact is providing a description of
mental models rather than an explanation. Fuler’s circles could be given a notation 1o
specify order of processing. without this necessarily explaining why the order has 1o be
so. A conceptual leap is made in assuming that because the nouns in mental models
have to be arranged in a particular way this implies that they have to be processed in
that order. If what is required of a theory is that it provides a description of the figural
effect then this paves the way for any explanation of the figural effect 1o be acceptable
so long as it can be incorporated into existing theories.

From anotlier point of view then it is possible that syllogisins are seen by reasoners
as an attempt at communication (there is evidence cited above [rom stdy of other rea-
soning problems to suggest that this is a likelihood ). then the most likely interpretation
of syllogisms will be that they are a form ol argument. This is the position adopred by
Gilhoolev and Wetherick (1989) who go on to point out that if svllogisms are interpreted
as arguments, then it is natural to suppose that the subject will identify some topic for
the argument ro be about. This topic will he the subject of the conclusion. as the point
of an argument must be to make some statement abont its topic. The person solving the
svllogism must use some criterion to decide what item in the syllogism the argument is
about. There is ample evidence [rom linguistics” to suggest that one such might he the
grammatical roles of the nouns in the svllogisni. with the subject term being taken as
the subject of the argument. When there are two subject terms or no subject terms in
the syllogism then other factors might come into play. some of which will be discussed
in chapter 4.

If the requirement of a theory is that it provides a framework in which a deserip-
tion of the figural effect can be couched then the force of the argument in favonr of
mental models is weakened. Any lactor could he responsible for creating the eflect. a
respectable substitute has been proposed above. so it is not necessarily the case that

the representation itself must be the cause of the effect.

?cee Chafe (1976) for a summary



1.4.5 Explaining quantifier misinterpretation

Factors such as premise misinterpretation and the atmosphere effect are woll supported
experimentally as sources of error in syllogistic reasoning and have heen shown not
to exclude in principle the possibility of subjects using deductive reasoning as another
part of the process. In fact the experimental finding that subjects show preferences
for certain interpretations of the quantifiers which accord with Gricean implicatures
creates a difficulty for Johnson-Laird’s choice of representation. As noted above. using
a mental models notation has the advantage that one representation can be used to
denote each quantifier. whereas with the original formulation of Euler’s circles between
one and four diagrams are needed. Stenning and Oberlander’s (1991) additional notation
solves this problem. but allows a measure of ambiguity that may capture why logically
inexperienced subjects fail to fully understand the meaning ol the guantifiers. Other
researchers have found that “some..not™ and “some”™ are olten conlused in meaning.
With the Euler’s circles notation it is easy to see how this conld happen - misplace the
shading and the two become equivalent. With mental models. quite radical restrnetnring
is required before the two resemble each other and it is hard to sce how subjects can
ever make such errors if they are using such a ropresentation.

The same is true of the conversion hyvpothesis. If subjects make conversions as a
result of only choosing a particular interpretation of the quantifier (in the case of “all”
for example they would choose the interpretation =\ is equivalent 1o B7) then they
must have a representational device that does not necessarily allow lor the full Togical
meaning of the quantifier to be included. Although Johnson-Laird can achieve this hy
excluding some of the information from the mental model for cach syllogism. he would
render his tableau equivalent to Euler’s circles by doing so. Gricean implicatures pro-
vide a basis for arguing that subjects choose an impoverished version of the meaning
of the quantifiers “some”™ and “some..not™ as these implicatures are claimed to underlie
language processing and will affect our comprehension and therefore representation of
information a priori. However. conversions do uot appear to result [rom anv preexisting
preference, rather they appear to be a consequence of the representation itsell. The
same is true of the common confusion between “some™ and “some..not™, althongh this

may result from a Gricean interpretation of their meaning leading 1o equivalent repre-



sentations for these two quantifiers. Thus. as quantifier misinterpretation is supposed
to result from the representation itself and as there is no principled reason for any in-
formation to be excluded from a mental model . to do so in order 1o allow quantifier
misinterpretation to occur would be a device designed to suit the data. Johnson-Laird
claims that Erickson’s theory is inadequate because it cannot capture the figural effect
due to the symmetricality of Euler’s circles and that the inclusion of some device to
generate a figural effect would be ~...an ad hoc manouevre designed to save (the theory)
from falsification™. Now it is found that to capture the effects of quantifier misinterpre-
tation, mental models would have to make a similar manouevre. On the other hand.
quantifier misinterpretation “drops out™ ol an Euler’s circle representation as a result
of one of the criticisms Johnson-Laird makes of them:- the memory load on subjects
produced by the multiplication of figures needed to capture all the information abhout
the quantifiers means that not all the figures are produced and those chiosen are those

that conform to factors such as Gricean implicaturoes.

1.5 Logical and non-logical strategies

Theories of reasoning generally assume that all subjects exercise some degree of dedue-
tion when solving syllogisms. One of the criticisims of the atmosphere effect for example
is that it makes no provision for deductive reasoning strategios. It is cortainly the case
that some subjects display a grasp of the logic nnderlving svllogisms and use this with
a greater or lesser degree of success to obtain an answer. However, there is evidence
that some subjects fail to grasp the logical significance of syllogisms altogether and use
other strategies to generate conclusions as argued by Politzer. Gilhooley and Wetherick
(1989) find that subjects choose a conclusion that has the same quantifier as one of
the quantifiers in the syllogism. By isolating a group of six svllogisms that have both
quantifiers the same and for which there is no valid conclusion. they identified a group
of subjects that were reporting conclusions for these svllogisms containing the same
quantifier as that found in both premises. The performance of their subjects overall
correlated highly with the number of such conclusions the subject gave - the higher
the number of these conclusions. the higher the number of errors overall. Gilhooley
and Wetherick concluded that certain subjects were using what they called a “match-

ing” strategy to solve the svllogisms. rather than deductive reasoning. In a sitnation
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All of the A are B

Some of the B are ¢

Figure 1.9: Possible interpretation of “All of the A are B. some of the B are (7

where the subjects had two different quantifiers in the svllogisin to choose from for their
conclusion, a principle such as the atmosphere effect might be used.

These responses also occur in Johnson-Laird’s own data. but his theory fails to take
account of the possibility of non-logical performance altogether. In lact. the elaim is
that mental models are a version of the representation that is the basis of all hnman
inferencing - one of the arguments advanced [or this is that mental models can be used
to represent quasinumerical quantifiers and multiplv-quantified assertions. If this is the
case, then it must also be the case that simply to read and understand the syllogism
involves the construction of a mental model of the type described. as this is the way
the semantics of the quantifiers are understood. In this way all subjects can produce at
least one model of a syllogism and generate a conclusion from it.

However this on its own does not explain why subjects when encountering the syl-
logism in figure 1.9 do not choose the response “None of the A are ¢ as a result of
creating one model alone. To explain the instances in his own data where snbjects
produce matching responses where the response “no valid conclusion™ would be correct.

Johnson-Laird devises two heuristics that guide the initial choice of representation.,

e Heuristic 1 — with affirmative premises cusure that the intersection between sets

is never empty.

e Heuristic 2 — with negative premises ensure that the intersection hetween sets is

always empty.

In this case. subjects who can only produce one niental model can generate a conclusion



A-B-C
A=B-C
(A) ()
All of the B are A
All of the B are C

Figure 1.10: Mental Models representation of “All of the B are A. all of the B are ('

on the basis of the model that they have.

As demonstrated. these heuristics can generate the “matching”™ responses ina number
of cases. However, there are other syllogisims where matching responses cannot bhe
generated by these heuristics (see Figure 1.10). The response =All the A are (" or =All
the C' are A" to the example in fignre 1.10 would not follow from the mental model
drawn in accordance with IHeuristic 1. As shown. it should be immediately obvions that
the correct response is “Some of the A are (7 or “Some of the C are A7, In Johuson-
Laird and Steedman (1978) 50% of subjocts gave a response with ~all™ as the quantifier
for the conclusion.

Given that this example cannot be accounted for, a theory of syllogistic reasoning
must include the possibility of subjects using non-logical strategies. As snbjects ap-
pear to sometimes choose conclusions that cannot be generated from a single mental
model, even with a heuristically determined starting point. it must be supposed that
some subjects are reading and understanding the svllogism withont constrncting a rep-
resentation of the sort that Johnson-Laird proposes. A reason this might he possible is
that syllogisms are first-and-foremost texts and. as Begg and Harris { 1982) point out.
they can be treated as attempts to communicate. If subjects fail to recognise the logical
possibilities of the syllogisins then they will use pragmatic inferences to generate con-
clusions for them, of which matching is an example and the atmosphere effect another.
The representation of syllogisms at the textual level is therefore unlike that used by
subjects who are attempting deductive reasoning. The clainm made hy Johnson-Laird

that mental models are the automatic means ol representing svllogisims is breached.



1.6 Memory and Syllogistic Reasoning

As discussed in the first section, an understanding ol memory is crucial for an under-
standing of human reasoning as its structure underpins all our coguitive processing. In
particular a study of what information survives in memory after a particular task has
been performed can give quite subtle insights into the nature of the processing that
preceded the memory test. Successful use has been made of such a method to investi-
gate the nature of textual processing by Stenning. Shepherd and Levy (1937), with the
result that information has been gained about how people can associate properties as
belonging to one individual and not another and thus build up stable deseriptions of
individuals. This question is also of importance to theories about svllogistic represen-
tations as these also require the processing of collections of individuals. Stenning has
pointed out that there are seven distinet tvpes of individuals that can be found in any
svllogism: the three nouns of the svllogisin can be combined in any one of seven wavs to
assert that an individual either has or does not hrave that particular property. Syvllogisis
can describe situations in which up to all seven of these individuals exist. but only in
a limited number of situations will it be the case that a particular individual must ex-
ist. This is equivalent to a svllogism possessing a valid conclusion although the overlap
between conclusions and individuals is not exact. This can be found to relate to the re-
formulated Euler’s circles notation in an interesting way: as shown before in figure 1,11
certain svllogisms when represented in this way have arcas that are shaded twice, or
“double-hatched™ and these are always svllogisims that have individnals that must exist.
There are in addition two cases where syllogisims that are not double-hatched have valid
individuals and some cases of svllogisms that have individuals but no valid conclusion
(figures 1.12 and 1.13). In addition to this Stenning has noted that representing the
quantifiers as expressing a simple affirmative or negated relation between two nonns!'
and combining the two premises gives a simple structure for the syllogism in which the
B or middle term is affirmed or negated in both premises or negated in one and affirmed
in the other (figure 1.14 and figure 1.15) depending on the figure of the syllogisim. The
cases that give B a different role in each premise are syllogisins that never. bar two cases.

have a valid individual or conclusion. Should subjects be aware of such a mechanism.

1%The quantificrs “all” and “some™ have both nouns positve, “none™ negates the non-repeated term
and “some..not” negates the predicate
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Some of the A are B
None of the B are C

Allof the B are A
Some of the C are not B

Figure 1.11: Combining Stenuning’s variation on Fuler’s cireles
oD = =

they would have a quick and easy way to decide if certain syllogisms have a conclusion
or individual. The two exceptions are the two that have no donble-hatehing ver possess
a valid conclusion and individnal,

Asking subjects to find individuals rather than draw conclusions has never been done
before. It is ol interest therefore to try this variation on the svllogistic theme to see if
subjects are able to find the individuals that exist where no conclusion does and 1o look
for evidence that they use the presence of double-hatching and cancellation to make
decisions about the presence or absence ol individuals. These results can be compared
to those obtained in the usual task 10 see il these factors play a part in the strategies
adopted by subjects to find valid conclusions.

Another way in to the reasoning task thouel. is through memory. As mentioned
above studies of recall data have already provided information about the wavs in which
properties and individuals are kept together and modelled in distributed systems. Nen-
ory could play a similar part in gathering information relating to the way properties are

combined in representations. But memory also plays a crucial part in the explanation
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All of the A are B A B
Some of the C are notB C~B

Some of the A are notB A~B
All of the C axe B C B

Figure 1.12: Syllogisms that are not double-hatched but that have valid conclusions

None of the B are A B A
Some of the B are notC B ~C

None of the A are B ~A B
None of the B are C B ~C

Ficure 1.13: Svllogisms that have a valid individual but no valid conclusion
= . (=)



Allof the B are A B A

Some of the C are B CB
All of the A are B A B
None of the B are C B ~C

©

Figure 1.14: Syllogisms that cance

Some of the A are not B A~B
Allof the B are C B C

Some of the B are A B A
Some of the C are not B C *B

Figure 1.15: Svllogisms that do not cancel
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of syvllogistic phenomena: the mental models account of the figural effect and. most
importantly, the errors created by cvcles of testing exceeding memory capacity.

These relationships between memory and syllogistic reasoning could affect recall data
in a number of general ways: phenomena such as the depth of processing effect reported
by Craik and Lockhart (1972) may have relevance if memory for particular svllogisims
can be shown to vary according to the amount of processing required to correctly solve
them. It has also been demonstrated that the greater the difficulty of a task that
follows a piece of text or the greater the processing capacity required to perform the
task, the better remembered the text that was originally read!'. It has been found
that increases in difficulty bevond a moderate level do not improve memory and can in
fact degrade it and that tasks that integrate information within a text aid recall after a
delay in particular. Again these effects might be expected to trausfer to the syllogisms
paradigm in a similar way to depth of processing. but perhaps predicting a drop off in
recall performance for the most complicated solutions and accentuated effects of amonnt
of processing at delayed recall. Kintsch and van Dijk’s (1983, 1990) work on levels of
representation within texts gives a similar view: that the better intergrated the text. the
better the recall of that text will be. Ratelifle and NMeCoon (1980) suggeest that ditlerent
kinds of information may be available to recall at different points in retrieval. Thes
have found that early in the time course ol recognition tasks. surface similarity of the
texts playvs an important factor. and other considerations. related 1o deeper processing
for delayed recognition. Again. cued recall of syllogisims may bhe allected by similar
factors. with errors due to the formation of mental representations only appearing in
any numbers at delay although the work of Lea ot al (1990) finds that subjects are able
to discriminate in memory between information that was actually present inoa given
text and information that must have been inlerred from the 1ext 1o correct]ly answer a
question about it. The effect of reasoning on svllogisms may not therefore he 1o directly

introduce inferred material into the recall.

1.7 Agenda

The general motivation for this work has already been outlined as heing the desire 10

examine in detail the way in which natural languge processing affects inman deductive

Ureveiwed in instein and MeDaniel 1900,



reasoning and further what can be said about language processing itself on the basis
of this. A number of more specific questions have also been raised with respect 1o the
interaction between memory and svllogistic reasoning and also issues about combining
information, the operation of the figural effect and the whole question of what kind of
representation is available to subjects of different levels of expertise.

In an attempt to decide these questions and to collect information about the general
issues that form the theme of this work an experiment where recall data for syllogisms
has been collected and analysed has been carried out. The second part of this work has
been to collect data regarding subjects” ability to find individuals. This experiment it
is hoped will demonstrate the existence of strategies for solving syllogisins similar to
those found for the four-card problem and in general to aspects of langnage processing.
Because the data collected from the second experiment relates to the reasoning and recall
data collected from the first experiment. it has not been possible to adopt a conventional
structure for this work, in which a first experiment is described and analysed and then
a second. Instead the two experiments have very much been taken together and there
are many points at which data from both experiments can bhe taken togethier to furnish

a convincing argument which would otherwise he lost,
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Chapter 2

Method

2.1 Experiment One

2.1.1 Rationale

This experiment aimed to investigate the relationship between language processing and
reasoning by asking subjects to perform a reasoning task and then examining the recall
errors they made when asked to remember the content of the syllogism. From these
errors it should be possible to build up a picture of the strategies. priorities and assump-
tions subjects use when attempting to solve these reasoning problems and relate these
to errors of reasoning. Ultimately a model of how humans reason might be constructed
from this data which would probably have much in common with earlier lormulations.
but which will be enriched by the information collected here. Cued recall was used as
the means to elicit the memory for the syvllogism. as free recall under cireumstances
such as these is likely to be too poor to provide much of interest. T'wo recall conditions
were included. one where recall was immediately after the subject read the syllogism.
one where the recall was at 32 texts delay. The aim here was to ensure that a recall
condition of sufficient difficulty was included - there are few precedents for this type of
recall task. so little was known about the difficulty of the task. Should immediate recall
prove too straightforward. delaved recall would certainly be more productive of errors.
In addition, it is also possible to study the effects of decay with time on memory and
further gain a picture of the most and least persistent aspects of the information the

subject has stored.
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2.1.2 Subjects

Twenty-five subjects were used. aged between I8 and 10, all graduates or undergradu-
ates. Most were paid for their participation. some were volunteers. It was felt necessary
to choose subjects who were likely to be familiar with some aspects of logical reasoning
if not with syllogisms themselves. People who are exposed to syllogisms without any
prior experience of this type of task are apt to find it difficult to grasp the requirements
of the experiment without substantial coaching. for example the distinction between a
valid conclusion and one that is only true in certain situations can be difficult for very
naive subjects to understand. This can lead to large numbers of non-standard responses
being given and although this experiment was constructed so as to prevent subjects from
giving anything but standard answers. it was felt that inexperienced subjects would he
confused to the point at which little of value would be obtained from their responses.
It was also important to use subjects who were not very familiar with syllogisins and
also to exclude people who may be familiar with psychological theories ol svllogistic
reasoning. For that reason. students who were undertaking studies at the Centre for
("ognitive Science were not asked to participate. as most il not all of these students
had taken courses specificallyv concerned with svllogistic reasoning and its psycholoeical

implications.
2.1.3 DMaterials

This experiment requires subjects to read and evaluate syllogisms. Syllogisins consist
of two sentences, each begins with one of four possible quantifiers. These quantifiers
are “all”: “some”™: *none” and “some not” known as the positive universal; positive
particular. negative universal and negative particular quantifiers respectively, As there
are two sentences and four possible quantiliers for each sentence. the nnmber of possihle
quantifier pairs is sixteen. The rest of eacl sentence consists of two nonns. An example
svllogism is given in Figure 2.1.

One noun is repeated in both sentences - this is known as the middle term. The
unrepeated item in the first sentence is the called the major term and that in the
second sentence the minor term. The nouns in the two sentences can be arranged in
four different ways relative to each other. The svllogism in igure 2.1 illustrates one

such order, another is given in Figure 2.2
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All of the busdrivers are cricketors.

None of the cricketers are German.

Figure 2.1: First example syvllogism

Some of the French are not butchers.

All of the French are footballers.

Figure 2.2: Second example syllogism

Using the convention that the major term is Ao the middle term B and the minor
term € the four figures can be represented as AB-BC: BA-CB: AB-CH and By -BC. giving
the order of the nouns in the two premises of the syllogism. Combining the order of
the nouns or figure of the syllogism with the number of pairs of quantifiers possible. the
total number of syllogisms that can exist is sixteen times four or sixty-four.

Twenty-seven of these syllogisims have a valid conclusion - that is the situation de-
scribed in the syllogism implies a relationship between the major and minor terms that
cannot be falsified by another interpretation of the syllogisim. Thirtv-seven of the syl
logisms have no valid conclusion. that is to say that there is no relationship between
the major and minor terms that cannot be falsified by another interpretation ol the

svllogism.

2.1.4 Design

All sixty-four syllogisms were used. Each was presented to the subject once. in two
sessions of thirty-two syllogisms each. The syllogisis were randomly assigned to these
two sessions and were presented in a random order so that no two subjects read the
svllogisms in the same order. or had the same group of syllogisms in cither the first or
second session. Each svllogism had a unique set of nouns: a nationalityv. a profoession
and a hobby were used in each syllogism and never repeated. The order of noun type
was randomised so that, for example the major term was not alwavs a profession. but

might be a hobby or a nationality.



2.1.5 Presentation

The syllogisms were presented on a BBC microcomputer. Each subject first completed
a practice session of 4 syllogisms, accompanied by a set of printed instructions. which
explained how to use the microcomputer and gave four syllogisms with the correct an-
swers worked out. Two of these had a valid conclusion. two did not. No particular
strategy for representing or solving the syllogisms was discussed, but the correct con-
clusion for the syllogism was given with some indication as to why this had to be the
case. All the subjects completed the same practice session and so all had already solved
the same four syllogisms when the experiment proper began. The practice svllogisins
were also included in the experimental session.

Once the practice session was completed. the subject proceeded to the main experi-
ment. The subject read the first premise of the svllogism. then pressed the space bar on
the computer keyboard to read the second premise. Once they had finished reading the
second premise they pressed the space bar again and were asked whether the svllogisim
had a valid conclusion or not. They were required to answer “ves™ or “no’: they had
been warned that once they had made a decision as to whether a valid couclusion ex-
isted or not and pressed the appropriate kev. they could not change their mind. 11 they
chose "no”, the computer would print the message “No valid conelusion™ and proceed.
If they chose “ves”. then the computer generated a menu consisting of the four quanti-
fiers and the major and minor terms of the svllogism they had just vead. the major and
minor terms being in random order. An example response for the svllogism shown in
Figure 2.1 is given in Figure 2.3

From this the subjects were instructed to choose a conclusion consisting ol a quantifier
and then the two terms, in the order in which they thought they should appear. For
example the conclusion “none of the Germauns arve busdrivers™ would be represented as
“none Germans busdrivers”. as shown above. Qnce the subject had chosen a conclusion.
he or she pressed the RETURN kev. The question “are you sure?” wonld then appear
and the subject had the chance to change the answer. Il the subject was sure of the
answer he or she could respond “ves™. If the subject attempted to choose more or less
than three items for the conclusion. the message “try again. vou shonld give three items”

would appear.



menu response

all none
some Germans
none busdrivers

some not
Germans

busdrivers

Figure 2.3: A sample conclusion

ment response
all all

some busdrivers
none cricketers
some not Hote

busdrivers cricketers
Germans Giermans

cricketers

Figure 2.1: A sample recall menu

Once the conclusion was completed. the recall menn appeared. This consisted of
seven items, the four quantifiers and the three nouns that the syllogism just read had
contained. Figure 2.4 demonstrates what the subject would be shown and wonld have
to produce having been given the syllogism in Figure 2.1.

The nouns were not in the same order as they had appeared in the svllogisim. for
example the middle term might appear first. the minor second and the major last. \s
noted above, these nouns were unique for cach syvllogism and acted as a cue for the
svllogism concerned. so that the subject did not have to explicitly recall the nouns used
in the syllogism. He or she was required to list six items from the menn. two groups
of three consisting of a quantifier followed by two nouns. each group representing one

premise of the syllogism. For example. il the svllogism contained the premise “All
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ment response

all all
some busdrivers
none German

some not none
cricketers  cricketers
Germans German

busdrivers

Figure 2.5: A sample menn at delayed recall

the butchers are French™ the correct group of items to choose would be ~All butchers
French”, however the subject was at liberty to choose any quantifier and any order for the
nouns. Fach premise had twenty-four different possible quantifier-noun combinations.
Once the list was complete. the subject pressed the RETURN key and again was given
the opportunity to correct the reply. Agaiu.if there were foewer or more than six items in
the list., the computer would prompt the subject 1o give the correct number. Ouee the
recall was completed, the instruction to press the SPACE bar appeared and the subject
could begin reading the next svllogism. This procedure was repeated for all thirty-two
svllogisms in the session.

As soon as the recall for the thirty-second svllogism was completed. the instruction
“recall the first syllogism™ appeared. accompanied by the same menu that was used for
the recall immediately after the first syllogisin had been read. with the exception that
the nouns were presented in a different order. as shown in Figure 2.5.

The subject could use the nouns in the menu as a cue for the svllogism in question
as no other syllogism had contained these nouns. As before the subject had to choose
six items from the menu which would capture all the information in the svllogisin and
the order in which the items occurred. Once the first svllogism had heen recalled
then a second menu appeared for the second syllogism and so on. until all thirtv-two
svllogisms had been recalled a second time. The subject was then told that the session
was complete.

Exactly the same procedure was followed for the second session. which contained
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the thirtv-two syllogisms not vet encountered in the first session and a separate set of

nouns.

2.1.6 Summary of the data collected

The microcomputer used recorded the data for each subject. This consisted of an
identifying code for each syllogism: a note of the exact nouns used in each syllogism: the
conclusion given; a recall profile for immediate and delayed recall and the reading time
for each premise of the syllogism. The data was analysed using the BNDP statistical
analysis package.

The conclusion data consisted of the quantifier in the conclusion and the two nouns.
or a code corresponding to the response “No Valid Conclusion™. Facli possible 1ype of
conclusion was therefore represented. The recall data consisted. as shown in Figures 2.1
and 2.5, of six items, the first three being the recall of the first premise. headed by
the first quantifier and followed by the two nouns recalled as being in the premise. the
second three corresponding to the second premise. All possible versions of the syllogism
were captured in this way. There were a small number of respouses that could not he
classified. these consisted entirely of instances where the same noun was repeated in one
premise. Errors of this type were excluded from the analvsis.

The reading time for each premise of the syllogism was also recorded. In general the
reading time for the second premise was much longer than for the first. The experiment
was designed so that the syllogism would no longer be available when the subjeet reachoed
the point of being asked for the solution to the problem. This resnlted in the subjects
processing the syvllogism and reaching a conclusion for it when the second premise was
still available. Thus the time taken to read the second premise corresponds to the time
taken to process the syllogism and find an answer to it. The time taken to respond
to the first premise relates to the time taken to form a simple representation of the
information in the syllogism. Both measures of processing time will be nsed 1o test

hypotheses about the svllogistic reasoning,.
2.2 Experiment Two

In this experiment, subjects were given all sixtv-four syllogisins. as in Experiment One.

but rather than being asked to perform the standard task. were instrueted to seek valid



individuals, possessing all three properties in the syllogism in some respect. to report

the individual should they exist and if one could not be found. to note this too.
2.2.1 Subjects

Twenty-one subjects were used, aged between 18 and 40. all graduates or undergradu-
ates. Some were paid for their participation. others were volunteers. The same criteria
for selected subjects were used for this experiment as for the first and for the same

reasoins.

2.2.2 Materials

The syllogisms were printed each on a separate piece of paper. with enough room for

the subject to write her/his conclusion at the bottom.

2.2.3 Design

Every subject was intended to answer all sixtyv-four svllogisims. A lault in the program
producing the svllogisms meant that the 10 svllogisin of figure A8 ¢B was replaced
with the EI svllogism of the same figure. Not every session was fanlty however. and
the analysis has been adjusted to allow for this discrepancy. The syllogisins contained
distinct sets of nouns. as in Experiment One. Each syvllogisin contained o nationality.
an occupation and a hobby. pastime or other attribute. The syllogisins were presented

in random order.
2.2.4 Presentation

Each subject was given a general explanation of what syvllogisms consist ol. Thev were
given an example syllogism and the concept ol a valid individual introdnced. Thev were
invited to attempt the first svllogism and discuss their response. An example without
a valid individual was given and the subject asked to attempt it. Again their response
was discussed until the subject felt confident that s/he understood the requirements
of the task. The examples were chiosen randomly from the subject’s session and their
responses not altered. Once the subject felt confident the nature of the task was grasped
s/he was invited to begin solving the svllogisims. When these had been completed. the

finished papers were collected and the subject thanked for his/her participation.



2.2.5 Analysis

The responses were transfered by hand to a master sheet. and this was then processed
to a computer file, giving the subject number. respouse type and a score as to whether
the response was correct or not. Three subjects had success rates beneath 50%. These
were excluded from the analysis on the basis that their grasp of the task was too poor
to provide meaningful results. Response type was divided into the individual actnally
chosen by the subject, represented by a series of positives and negatives and the order
the nouns in the individual appeared in. A category for “no valid individual™ was
also used. Certain responses were unclassifiable. usually because the subjeet had given
two responses without indicating his/her final choice or because only two of the three
categories were actually used. These responses were excluded from the analvsis. Farther
description of the types of possible individuals and other response data is given in

chapter 4.



Chapter 3

Preliminary Investigation of the

Recall Data

3.1 Recall of the Quantifiers

When recalling the syllogisms. the subjects indicate which quantifier they remember as
having occurred in the first and second premises of the svllogisin. The errors made when
doing this are investigated in the following section. The first question to be addressed is
whether there are any differences in the munmber of recall errors for the different types of
quantifiers and whether there are differences in error rates between premises. Fignre 3.1
shows the mean error rates for each premise. each type of quantifier and for immediate
and delaved recall. The maximum number of errors for cach category is sixteen,

A two-way Anova shows the significant differences between these means. There is a
significant difference in numbers of errors for immmediate and delaved recall (F=11x8.33.
p<0.01). The type of quantifier is significant. for the first premise (1'=19.95. p<0.01)
and is significant for the second premise at delaved recall (=395 p<0.05 from a one-
way ANOVA). The interaction between the tyvpe of quantifier and immediate versos
delayed recall is also significant for the first premise but not for the second (F=x.12.
p<0.01; F=1.96. n.s.). This implies that the pattern ol recall errors is significantly
different at delaved recall compared to that at immediate recall, for the first premise.
Comparing the first and second premises shows that there is no effect of premise for
immediate recall. but that the second premise has significantly more errors than the first
for delayed recall (F=0.95. n.s.: F=18.81. p<0.01). This comparison also shows signifi-
cant interactions between the premise and the quantifier type. as might be expected. as

this implies that the pattern of errors for cach premise is significantly different (1= 1.109.
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First premise

immediate | delayved
all 0.56 3.32
some 1.08 6G.8R
none 1.88 G.88
some not 1.96 7.16

Second premise

immediate | delayved

all 1.80 N0
some 1.60 6.96
none 1.76 .80
some not 1.0 3.88

Figure 3.1: Mean recall errors for the quantifiers

p<0.05: F=21.36. p<0.01).

An t test shows that the difference between = \I™ and “Some..not™ in the first premise
is significant at immediate recall and the difference between =A™ and the other three
quantifiers is significant at delayed recall. The dilference between =A™ and “Some.not™
for the second premise delayed recall is also significant, but there is no overall difference
between means for immediate recall of this premise.

Figures 3.2 and 3.3 give the mean errors for quantifiers as a bar chart. for each
premise at immediate and delayed recall. There clearly is an elfect of quantifier 1ype -
“All” has fewest errors in the first premise and “some not™ in the second. “Some™ has
second fewest errors in the second premise and in the first premise at immediate recall.
These differences are significant as has been shown. The pattern of ervors is similar for
delayed and immediate recall. though the differences between errors rates by quantifier
type is less pronounced at delaved recall.

To further investigate the effect of quantifier type on recall. the choices subjects ac-
tually made when recalling a particular quantifier are shown in fignre 3.1, For example.

if the first premise quantifier of the syllogism being recalled was “some™ was the subject
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equally likely 10 recall ~all”™. “noune™ or “some not™ when making an error’

Figure 3.4 demonstrates that “all” is a popular choice for the first premise quantifier.
when an error is made and that “some..not™ and “some” are preferred for the second
premise. The patterns for immediate and delayved recall are roughly similar. but there
is a larger proportion of errors for delayed recall. The recalled syllogisni. even when
incorrect tends to have a feature in common with the actual quantifier. thus “some™ is
recalled for “all™ and “some..not™, “all™ and “some..not™ for “some™. Instances where
the recalled quantifier has no features in common with the actual ¢uantifier are uncom-
mon, the only exception is when “none” was in the premise read. in this case “some” is

the second most common quantifer recalled as an error.
3.1.1 Quantifier pairs by recall errors

Figure 3.5 shows the number of errors for cacli pair of quantifiers. The first premise
quantifier is shown in the top row. the second quantifier is found in the leftimost column.
The total errors for eacl pair are shown as is the number of times both quantifiers were
wrong. Particularly high error rates are shown in bold type. Following the double errors
are the number of times both quantifiers were wrong because they had been recalled in
reverse order.

There is a cluster of high total error rates for quantifier pairs with “all™ or “some™ as
the second quantifier and “none™ or “some..not™ as the first. The pairs “Some. None”
and “Some..not, None™ also attract many errors. The reason for some of these high
error rates is shown by the number of double errors and reversals in the second table.
Pairs with “all” as the second quantifier tend to be reversed so that ~all™ is the first
quantifier. The pair “Some..not. Some™ is also reversed 1o “Some. Some.not™. The pair
with high errors rates that is not reversed would be transformed by reversal to a pair
that attracts a similarly high error rate. This is the case with “Some. None™ and “None.
Some”. In the other cases reversals change a pair into one that wounld not attract many
errors. These findings are in line with those above. Preferred pairs have =all™ in the
first premise and “some” “none” or “some..not” in the sccond. Pairs that violate this
preference are liable to be reversed in memory so that they conform. The two pairs that
are not covered by this explanation are “Some. None™ and “None. Some™. The same

tables, for delayed recall, are shown in figure 3.6.



First Premise. [Immediate Recall

actual quantifier

chosen quantifier

all | some | none | some not
all 386 [ 10 3 1
some 13 | 373 2 12
none 28 13 353 6
some not 4 45 0 351

Second premise. immediate recall

actual quantifier chosen quantifier

all | some | none | some not
all 355 in I8 10
some b 360 1 31
none v 1 356 23
some not 0 2(0) 6 37

First premise. delayved recall

actual quantifier chosen quantifier

all | some [ none | some not
all 317 12 n 2l
sone 82 | 228 2 66
none 69 51 228 52
some not 53 94 32 221

Second premise. delayed recall

actual quantifier chosen quantifier

all | some | none | some not
all 170 | 85 52 3
some 36 2206 30 108
none 28 (32 205 10:1
some not 12 109 26 253

Figure 3.4: Actual quantifier by chosen quantifier
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Total errors | all some none some not
all 2 12 23 19
some 6 6 21 22
none 11 17 9 23
some not 11 14 15 11

Both wrong | all some  none some not

all 0 9(R) 16(13) T(4)
some 2(0) 0 5(0) 9(8)
none 3(2) 2(1) 2 4(0)

some not 0(0) 4(3) 4(0) 1

Figure 3.5: Errors for quantifier pairs. immediate recall

Total errors | all some none some not

all 39 () T2 65

some AR 59 37 6

none 50 633 62 6GY

some not 40 69 58| 65
Both wrong | all some  none some not
all 18 39(18)  40(14)  35(15)
some 13(4) 22 25(6)  3A(13)
none LI(O) 2%(4) 32 25(6)
some not 13(3) 21(11) 22(1) 19

Figure 3.6: Recall errors for quantifier pairs. delayved recall
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The findings for delayed recall are similar 10 those for immediate recall. although
fewer of the double errors can be explained as reversals. The latter are also not so strictly
confined to pairs that are changed by reversal to pairs with low error rate. Perhaps at
delay, memory for the order of the pair has deteriorated more than the memory for
the actual items hence more pairs are recalled in incorrect order even though this may
create a pair that does not accord with the geueral preferences for quantifier tvpe in
each premise outlined above.

Expressing quantifier errors in a different way can give further insight into the gen-
eral trends underlying the individual mistakes that subjects make. Each of the four
quantifiers can be expressed in terms ol two features cach of which have 1two values.
One feature can have the value universal or particular the other the value positive or
negative. The combination of these features that the quantifiers possess distinguishes it
from the others. “All™ is positive and universal. “some™ positive and particular. “none”
negative and universal and “some..not™ negative and particular. This elassification is
useful because it helps to show how all the errors act together to change some features
into others, including those where two leatures are changed. Figure 3.7 gives the abso-
lute and percentage values for the first and second premises at innmediate and delayved
recall for each of the four possible ways the features can chiange when an erroris made
- universal goes to particular and vice versa. postive goes to negative and vice versa.

It can be scen from Figure 3.7 that for the first premise at immediate and delayed
recall the strongest trend is for a negative feature 1o change to a positive. as would
be expected with the tendency to choose “all™ Tfor the first premise. hut the next most
frequent change is for a universal feature to change to a particular one ot immediate
recall and for this change and its opposite. from particular 1o universal 10 be almost
equally frequent at delayed recall. This demounstrates that the preference for =all™ is
by no means overwhelming for the first premise. The second premise at immediate
recall has two feature changes of almost equal [requency: universal 1o particular and
positive to negative at delayved recall. changes from universal 1o particular have hecome
a clear majority. Movement to no one particular quantifier can explain these changes.
they demonstrate a trend that operates above the level of the individual items. These
frequencies taken as a percentage of each group can be shown to become less pronounced

from immediate to delaved recall. especially the change from negative to positive in the



immediate recall delaved rvc';al?_ ‘
first premise second premise | first premise  second premise
UtoP 30 64 169 324
PtoU 19 15 191 104
+ to - 18 GO 131 263
- to + 90 41 267 211
UtoP 19.1% 35.6% 22.3% 35.9%
PtoU 12.1% 8.3% 25.2% 11.5%
+ to - 11.5% 33.3% 17.3% 29.2%
- to + 57.3% 22.8% 35.2% 23.4%

Figure 3.7: Feature change: absolute numbers and percentage

first premise.
3.1.2 Quantifier errors and the recall menu

[t is apparent that recalling the quantiliors in svllogisis correctly or incorrectly does
not purely depend on superficial characteristies of memory sueh as serial position. One
example of this is the differential recall success for the quantifiers which depends on the
tvpe of the quantifier and the premise it appeared in. To summarise. it has been shown
in the previous section that the quantifier ~all™ has fewer recall errors than the other
three quantifers when it appears in the first premise and the quantifier “some.not™ is
similarly recalled more accurately than the other quantifiers when it appears in the
second premise. In addition. subjects tend 1o choose these two quantifiers when they
attempt to recall one of the others for the appropriate premise. There may he an obvious
explanation for this effect. When the subject is asked to recall the syllogism. s/he are
given a recall menu which contains firstly the four quantifiers. then the three nouns
in the syllogism. The order of the nouns is randomised. because a particular feature
of interest was whether the subjects would be able to correetly recall the order of the
nouns in the svllogism. However. the order of the quantifiers in the recall menu was not
randomised, but the quantifiers always preseuted in the order =all™, “some™. “none™.

“some..not”. This has the effect that the quantifier ~all” is always the highlighted item



First premise

all solne none | some..not

Immediate recall | 26.9% | 27.6% | 22.1% 23.1%
Delayed recall | 32.6% | 25.9% | 18.8% 22.7%

Second premise

all some none | some..not

Immediate recall | 23.1% | 25.7% | 23.8% 27.1%

Delayed recall 15.4% | 30.1% | 19.6% 33.6%

Figure 3.8: Percentage choices for quantifiers

when the subject is given the recall menu and must choose the first quantifier. When
the identity of the actual quantifier is at all uncertain, the temptation must he. albeit
unconsciously, to chioose the first item on the list. This may contribute to the popularity
of “all” as a choice for first quantifier.

Does this explanation completely explain the recall resalts for the fiest quantifier.
however? Forimmediate recall the case that it does seems quite strong. “all™ is generally
the most popular choice of quantifier and where it is not “some™ is instead and as thisis
the second quantifier in the menu. it seems reasonable to suppose that it will be second
choice where “all” would be too different from the original - where “some.not™ was
the actual quantifier for example. If the same were to be true for delayved recall. one
would expect the effect to be exaggerated: for as uncertainty about the identity of the
quantifier increases, the likelihood of choosing one of the quauntifiers from the beginning
of the list should also increase. Figure 3.8 shows that the percentage of the total that
each quantifier gets does increase in the favour of ~all™ at delayed recall. but that this
is almost entirely at the expense of "none™ and that “some™ and “some.not™ are not
much affected in their relative popularity by delay. The arrangement of the menu cannot
explain the fall in choices of “none™ at delaved recall being greater than for “some..not”
which is further from the beginning of the menu. nor the lack of an increase of choices
of “some™ which is next to ~all™ and might be expected 1o be chosen more frequently

where there is uncertainty but “all™ would he too far from the original.



The second quantifier is also probably affected by the order of the quantifiers in
the menu. When the subjects have completed their recall of the first premise. they
find themselves positioned in the nouns composing the last three items in the menn.
They must return to the top four items to choose the second quantifier and il they
proceed back up the list from bottom to top, the first quantilier they will encounter
will be “some.not™. If, instead of proceeding up the list they choose to go down the
list, the item at the top of the menu -"all™- will become highlighted. The fact that
“some..not” is the most popular choice for the seccond quantifer may be due to many
subjects proceeding back up the list as described and finding “some..not™ the first
quantifer they are able to choose. As hypothesised for the first quantifier, in cases of
uncertainty, this may well be the quantifier they decide upon. However. continming, the
explanation used for the first quantifier. “none™ should then he the second most frequent
choice of quantifier and this is not so. “Some™ is the most popular choice of guantifier
after “some..not™ a finding that cannot be explained simply by the positions of the
quantifiers in the menu. Order effects in the menn cannot be as strong an explanation
for the choice of second quantifier as it is for the first. as the item chiosen is not already
highlighted when the subject comes to recall i1, as is the case with the first quantifier.
The subject must make a more active decision at this point in the recall 1o chioose a
particular item. Figure 3.8 shows an accentuation ol the effect. hut again the pattern
of this effect cannot be explained by order effects in the menn except 1o note thar the
unpopularity of =all” in the second premise may be due to its overuse in the first
subjects may compensate for this by tending 10 ignore it when seleeting the second
premise. The accentuation of the effects ol individual quantificrs wpon recall shonld be
placed alongside the finding that when the quantifier errors are expressed i terms ol
features, as in figure 3.7, the changes most pertinent to the quantifiers that might he
affected by the menu order tend to diminish with delay. because of the cnmulative effect
of other types of changes.

When the choices for both premises are averaged and expressed as o percentage.
as in figure 3.9 it can be seen that the effect of the second premise outweighs that of
the first. producing an overall preference for the quantifiers “some™ and “some.not™ at
both immediate and delaved recall. In cases of uncertainty. subjects are likely 1o want 1o

make the most equivocal statements they can. the quantifiers “some™ and “some.not”™

Al



all some none | some..not

Immediate recall | 25% | 26.6% | 23.1% 25.3%

Delayed recall | 24% | 28% | 19.2% 28.2%

Figure 3.9: Percentage of overall choice

are the most likely to be true of the model formed from the syllogism and may be

preferred for that reason.

3.1.3 Summary of the quantifier errors

It has been found that choices of quantifier are not uniform over the two premises.
The first premise is significantly more likely to be recalled as containing the guantifier
~all” and the second as having contained the quantifiers “some™ or “some.not™, When
quantifier pairs occur that have these quantificrs but in the non-preferred order then
there is a stroug tendency to recall them as having occurred in the preferred order. that
is in reverse order to the original. The fact that the recall menu always presented the
quantifiers in a particular order suggests that this might be respousible for the trend
and this is supported by the increase in certain choices at delaved recall. However, other
features cannot be explained by the order of the recall menu. particularly the preference

for “some” in the second premise and the overall unpopularity of “none”

3.2 Recall of Noun Order

3.2.1 Recall variables used

When analysing the recall of the order of the nouns in the syllogisms. a number of
variables were used. The recall of the ~rest of the syllogism™. that is the nowns excluding
the quantifiers, can be subdivided into two-variables :- noun assignment. or whether
the correct nouns were recalled as the major. middle and minor terms respectively.
irrespective of whether the middle term was in the correct place and figure. or whether
the middle term occurred in the correct position. irrespective of whether the nouns had
been assigned correctly. For example the syllogisin “All the Frencel are hutchers. some
of the skiers are French™ might be recalled as “All the skiers are French. some of the

butchers are skiers”™ or “All the Freneh are butchers. Some of the Frenel are skiers™,



Noun Assignment

immediate delaved

ABBC 1.56 5.28

BACB 2.28 5.92

ABCB 1.6 5.72

BABC 2.52 6.2
Figure

immediate delayed

ABBC 3.96 N.00
BACB 1.60 NN
ABCB 3.706 N80
BABC 3.0 9.01

Figure 3.10: NMean recall errors for noun order

In the first case the figure is correct (BACB) but the nonns are incorrectly assigned
(middle term=skiers not Irench). In the second case the nonn assignmoent is correct
(middle term=French) but the figure is incorrect (BA BC not A -CR).

The mean errors in Figure 3.10 arc out of a maximum of sixteen. Analyvsis of variance
of the errors for noun assignment and fignre shown in this figure confirm that delay
significantly increases the number of errors lor both variables (I'=90.01. p<0.01 for
noun assignment; F=3.1.08. p<0.01 for figure). The effect of figure tvpe is significant
for noun assignment (F=2.81. p<0.05) but not for figure. The interaciion between
delay and figure type is not significant for noun assignment but is for fignre (F=2.72.
p<0.05). One-way Analysis of variance of figure type by errors shows that figure recalled
is significantly different by actual figure at immediate but not delayed recall (F=3.97.
p<0.05). An t test shows that the difference in error rates for recalling figures By B
and BA-BC is significant at immediate recall.

Figures 3.11 and 3.12 show the relative success of recall of the roles of the nouns in
and the figure of the syllogism for the four different figure tyvpes. For immediate and

delayed recall figure type AB-BC has a slight advantage over the other types and By BC

TH



has the highest error rate for noun assignment for both immediate and delaved recall.
At immediate recall, the figure BA-BC has fewest errors for recall of ligure. at delayed
recall it has most and AB-BC has least. It should be noted that the two figures that have
a first premise of the form A-B have the lowest noun assignment errors at immediate
recall and that at delayed recall the two figures with middle terms possessing different
grammatical roles in each premise have fewer errors than those where the syllogisim has
the same grammatical role, in contrast to the error rates at immediate recall.

To further investigate the recall errors for the figure of the syllogism. the data has
been adjusted to exclude those cases where noun assignment was incorrect. The eflect of
incorrectly recalling the noun assignment of the syllogism. even if the figure is correct.
is often to produce a syllogism that has more in common with another figure than
the original. For example the figure AB-BC might be recalled as BA A, The fignre is
correct, but the incorrect noun assignment has produced something closer to a svllogism
with the figure BA-BC. The recall of the figure of the syllogism shows that the ligure
AB-BC tends to be the hardest to remember for immediate recall. This contrasts with
delayed recall where the figures AB-BC and BA- B have the lowest error rates and \B-CB
the highest.

Figure 3.13 shows the kinds of errors the subjects made when recalling a particular
figure. The figures have been adjusted to exclude all the cases where the noun assign-
ment was incorrect. If this were not done then only the position of the nouns thought to
be the major, middle and minor terms could he compared. Tn the cases considered. the
terms A, B, C have been correctly assigned and the actual degree of similarity between
the actual and recalled syllogism can be compared as AL B and ¢ are the same noun in
both the actual and recalled svllogism.

This figure demonstrates that the tendency at innnediate recall is for the subject 1o
choose a syllogism that has something in common with the one that was actually given.
The preferred choice usually keeps the first two items in the syllogism the same. but
keeping the second two the same is also much more popular than having no items the
same. By the delayed recall stage the number of times the subject chooses a figure that
has no items in common with the actual figure lias risen a great deall while the nnmber
of other errors has risen very little, in two cases not at all. The number of errors for

figure overall Las risen less than the errors for nonn assignment. thus there are ronghly
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immediate rec

all

actual figure

recalled figure

ABBC' BACB ABCB BABC 1ol
ABBC 280 N 25 32 80
BACB 7 259 2] 38 169
ABCB 34 19 273 10 175
BABC L7 15 3 282 175
total 338 301 322 362
delaved recall I
actual figure recalled figure
ABBC' BACB ABCB  BABC  total
ABBC 160 31 34 32 119
BACB 30 17 27 3N 120
ABCB 4 37 1-10 29 120
BABC 40 49 11 142 115
total 276 261 212 231

Figure 3.13: Actual figure by recalled figure
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(lass Status

First Premise Nouns (A.B) correct
Second Premise Nouns (B.(') | correct
First Premise Order (B.A) correct

Second Premise Order (B.C') | correct

Table 3.1: Type | recall

the same number of texts at delaved recall that have an incorrect fignure hut correct

noun assignment, as at immediate recall.

3.2.2 A preliminary model of recall of noun order

An examination of the frequencies of the various tvpes of errors that subjects make when
recalling the order of the nouns in the syllogisms. suggests an analysis that divides the

process into a series of types.

Type 1

In these cases the subject has made no errors in the recall of the noun order ol the
svllogism. This is demonstrated for a svllogism of the form Ba BC in table 3.1, .\t
immediate recall 72.2% of svllogisms have made no crrors (have a tyvpe | orecall) at

delayed recall this has dropped to 37.4%.

Type 2

Here, the identity of the nouns in each premise is correctly recalled. but their position
in one or both of the premises is forgotten. This results in one of the premises having
the correct nouns recalled in the wrong order. that is reversed. The connmonest type
of reversal error is for the first premise to he recalled correctly and the second 1o be
reversed in the manner described. The next most common is for the first premise to
be reversed and the second recalled correctly and the third for both premises 1o be
reversed, that is only the content of the premises to be recalled. not the order of cither

premise.
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Class Status

First premise nouns (A.B) correct
Second premise nouns (B.C') | correct

First premise order (B,A) correct

Second premise order ((".BB) | incorrect

Table 3.2: Tvpe 2 error

Immediate Recall | Delayed Recall
Second Premise Reversed 27.25% | 7.38Y
First Premise Reversed 20.80% 11.19%
Both premises reversed 6.5 10.59%

Figure 3.14: Percentage of total error for Type 2 errors

The percentage of the total error that these error types accounts for is shown in

Figure 3.14.

Type 3

Here, the subject can correctly recall the contents and order of one premise. nsually
the first. but cannot remember which item was repeated in the other premise. Tnosuch
cases. the subject will not choose the original middle term in one premise to he repeated
in the other. but will incorrectly choose the major or minor term to he repeated. In
the majority of cases the position of the minor term is correctly recalled and the major
term simply replaces the middle term in the recall. In other cases. the position of the
minor term is also forgotten and it is recalled in the position the middle term originally
occupied. The same error types are found for the case where the second premise has
been correctly recalled and the first premise contains the error. An example of a type
3 error, using the classification for the syllogism of the form Ba-RBe shown in table 3.1
is given in table 3.3.

Figure 3.15 shows the percentage of total recall error that is acconnted for by these

error types. The commonest error typeis for the first premise to be correct and the minor
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(Class Status

First Premise Nouns (A.C') incorrect
Second Premise Nouns (B.C') | correct
First Premise Order (C.A) correct

Second Premise Order (B.C') | correct

Table 3.3: Type 3 error

C in correct position.

Immediate recall | Delaved recall

Major Term Swopped for Middle 11.26% R.R0%
Minor Term Swopped for Middle 3.38% 2.60%

C in incorrect position.

Iimmediate recall | Delaved recall

Major Term Swopped for Middle 6.08% (3.59%
Minor Term Swopped for Middle 1.35% 1.00%
Total 22.97% 19.08%

Figure 3.15: Percentage of total errors for Type 3 errors

term € to be in the correct position in the secoud premise. All that has ocourred in this
situation is for the major term to have been substituted into the second premise in the
place of the middle term. The second most common errvor is for the first premise to he
correct and the ¢ term to have been moved to the other position in the second premise.
with the A term occupying the original place of the ¢ term. Clearly. information about
the first premise is retained in preference to either noun assignment or order information

in the second premise.

Type 4

The identity of the middle term is recalled at this stage. bt its position in cach premise

has been at least partly forgotten. Most commonly the position of the middle term



('lass Status

First Premise Nouns (B.(") incorrect
Second Premise Nouns (A.B) | incorrect
First Premise Nouns (B.C) correct

Second Premise Nouns (A.B) | incorrect

Table 3.4: Type - error

Immediate recall | Delaved recall

Middle Term Correct 10.81% [3.419%

Figure 3.16: Percentage of total errors that are Type |

is correctly recalled. but the other two nouns arve “swopped™ that is the major term is
recalled as having occurred in the second premise and the minor term as having ocenrred
in the first and neither are repeated. in a smaller number of cases only the identity of
the middle term has been recalled. not its correct position in cach premise. Ao example
is given in Table 3.4 following the syllogism described in Table 3.1.

This type of error involves recalling information that is forgotten in tvpe 3 - namely
the identity of the middle term. It is likely that the circumstances under which tvpe 3
errors will be made and those under which tyvpe | errors will occur will differ therefore.
Here, it will be noted that making a type 3 error requires a strategy that places most
importance on recalling the exact contents of one premise and the nse of the information
that one term is repeated in both premises. however the wrong terimn is chosen to be
repeated. type 4 errors occur when most importance is given to the identity of the
middle term - this is correctly recalled, but the identities of the major and minor terms
swopped . In this way each error type is complementary. The percentage of total error
types that type 4 errors account for. shown in Figure 3.16. demonstrates that this type
of error is less frequent overall than type 3 errors. although they become more common
at delayed recall. while the overall percentage ol type 3 errvors drops lrom innnediate 1o

delayed recall.
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Types of Noun Order Error

Information Type 1 Type 2 Type 3 Type -l Tvpe H
Preserved
Figure preserved not not possibly | possibly
preserved | preserved | preserved | preserved
Noun preserved | preserved not not not
Assignment preserved | preserved | preserved
Middle Term preserved | preserved | possibly | preserved not
Identity preserved preserved

Major and Minor

Term Identity

preserved

preserved

possibly

preserved

o

preserved

At Least

One Premise

preserved

preserved

possibly

preserved

not

preserved

not

preserved

Hot

preserved

Figure 3.17: Information preserved or lost by noun order error 1y pes

Type 5

This category includes all the remaining errors that have been made. In these cases. it
is possible that one of the noun roles has heen correctly remembered and in a few cases
the figure of the recalled syllogism may be the same as the original.

Figure 3.17 summarises the kind of information preserved and lost by each of these
different tvpes of error.

This demonstrates that there is a progression of loss of information moving from the
top to the bottom of the table. There is some justification for thinking ol these errors
as representing poorer and poorer memory of the order of the nouns in the syllogism
being remembered. It will be of interest to see if this type of progression can be linked

to quantifier error and to features of the original syllogism and conclusion drawn.

3.3 Processing the Figure

In the preceding section. the error types connnitted by the subjects have been analyvsed

into a number of categories. It has already heen shown that the figures of the syllogisms
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are not uniforinly represented in terms of different error types. of which these categories
are composed. At immediate recall. the figures Ba-B¢ and BA-¢B both have higher
levels of noun assignment errors (type 3 and type | errors capture most ol these) than
the other two figures. These findings might be explained by reference to the processing
of the texts by the subjects. It is a feature of this experiment that the subject is obliged
to read the first and second premises separately. This means that when the subject
reads the first premise, s/he has no information about the nature of the second premise.
This implies that the subject can have no certainty about the roles of the nouns in
the first premise (which is the middle term. which is the major) or the figure of the
svllogism until the second premise has been read. In some cases the whole of the second
premise must be read before the whole structure of the svllogism is known. in others
just the first noun in the second premise indicates the exact structure of the texi. The
subject is faced with a predicament when reading the first premise. therefore, Fither
s/he suspends the interpretation of the first premise until the second has been read and
risks forgetting some of the information in it. or s/he makes an assumption about the
identity of the nouns and ficure and risks having to chiange this il i1 is incorrect. s
the first premise has [ew recall errors it may be the case that the strategy is to make
assumptions about the identity of the members of the first premise. so that it is well
remembered, and risk some interference if this has to be changed.

When the first premise is read, the subject has a 50:50 chanee of choosing the correct
noun as being the repeated one. If s/he makes an incorrect chioice about the identity of
the middle term. there is an increased risk that at recall the term v will be remembered
as being the repeated term becanse that will be the assumption that was made hefore
the second premise was read. If the subjects have a bias towards choosing one or the
other of the nouns in the first premise as being the repeated one. then this will affecr the
numbers of times this kind of recall error will happen by the forn of the lirst premise.
It was noted above that the two figures with B A as the first premise are more prone
to errors in the recall of the noun roles. It is hivpothesised that this occurs because
subjects tend to assume that the predicate of the premise is the repeated term. This
preference will mean that subjects will be riglit about the identity of the middle term
more often with AB-BC and AB-CB than with the other two figures. where one would

expect to find higher numbers of errors where A has heen incorrectly used as the middle
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Immediate recall

Noun Order Both Right | Error | Reversed
Type 1 Error 91.0% R.0% 1.0%
Type 2 Error T9.1% 19.4% 1.6%
Type 3 Error T2.7% 24.2% 3.1%
Type 4 Error 45.8% 125% | AL7%
Type 5 Error 56.3% 37.4% 6.3%

Delayed recall

Noun order Both Right | Error | Reversed
Type 1 Error 60.6% 37.6% 1.8%
Type 2 Error 12,14 53.6% 1.OY
Type 3 Error 27.6% 61T 6.1%
Type 4 Error 1. 1% 60.1% | 25.9%4
Type 5 Error 15.3% 73.5% 11.2%

Figure 3.18: Percentage noun order errors by quantilier crror

term in the second premise. For the figures BA ¢B and BA-BC 5% and 8% of the 1o1al
incidence of each figure have this crror at immediate recall. compared with 3.7 and

3.2% for figures AB—BC and AB-CB.
3.4 Interactions Between Recall Variables

Figure 3.18 gives the percentage of each type of noun order error found for quantifier
errors across the first and second premise. Because the interesting interactions seem to
involve differences in noun order error rather than quantifier error. the percentage of
each type of quantifier error has been calculated for each category of order error. The
changes for quantifier error by noun order error uniformly show a drilt towards deeper
levels of error for noun order as recall of the quantifiers deteriorates. This demonstrates
a clear interaction between the two recall variables. Immediate recall is generally good
and when there are no noun order errors (type 1) there tend 1o be few gquantifier errors.

The relationship between quantifier aud noun order recall is also demonstrated by

the number of instances where neither quantifier was recalled correctly but not hecanse
| 2
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Delaved Recall

First Second

Quantifier  Quantifier

All 39.2% LT
Some 30.7% 31.2%
None 43.2% 39.9%

Some..not 38.0% 31.8%

Figure 3.19: Percentage of correctly recalled texts by recalled gnantifiers

they were reversed. This type of error increases with tvpe of nonn order error. with
the exception of type 4 errors. These are unusual in having much higher levels of cases
where the quantifiers were correctly recalled but in reverse order. s this type of error
consists of reversing the roles and therefore the order of the major and minor terins this
implies that reversal of one kind ol information is related to a reversal in another type
of information.

The type of quantifier found in the flirst or second premise might afleer the recall
of the nouns in the premise. Certain quantifiers are preferved in cach premise ar recall
and whether this has any effect on noun order error should he determined. This can
be sub-divided into possible effects of the original quantifiers of the syllogism and the
effect of recalling a particular quantifier. whether this was the same as the original or
not.

As there are similar effects on accuracy of recall of nouns for both the original and
recalled quantifiers, figure 3.19 shows the percentage of the oceurrences ol each type
of quantifier at recall where there were no crrors in the recall of the nouns. There is
an interaction with both the first and second recalled quantifiers individually but not
between quantifier pairs and correctly recalled nouns at delay. There is no interaction
at immediate recall. For both the first and second quantifier ~all™ and “none™ are
chosen in circumstances where memory for other parts of the syllogism is good. “Some™
and “some..not” do not have such high proportions of correctly recalled noun orders,

particularly “some”. The fact that the effects for the first and second premise are ronghly
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similar demonstrates that the preference for ~all™ in the first premise can not simply be
the result of guessing at the first item in the menu when memory is poor. There may
be an element of this, hence the lower percentage of correct noun recalls when “=all™ is
chosen for the first premise than when it is chosen for the second. but it cannot be the
only cause of this trend. Choosing “some™ is alwayvs associated with poorer memory
and to a lesser extent “some.not”. The summarised effect is that choosing universal
quantifiers is related to good memory otherwise. choosing particulars when there is
uncertainty about other parts of the text. The fact that the effect is also found for the
original quantifiers allows one to go further and suggest that particular quantifiers do
not allow as secure a memory for noun order as universal quantifiers. Similar effects are
found both for type 2 and tvpe 3 errors. so cither encountering or recalling a nniversal
quantifier seems to be related to fewer noun reversals within a premise and 1o bhettoer
recall of noun roles. Part of this may be due 1o the logic ol cortain quantifiers only
allowing one order of the nouns in its premise. il its logic is to bhe preserved. The
influence of this will be discussed in a later chapter.

One other effect should be noted. \When choosing a subject for recall of the premises.
subjects have a tendency to prefer B as the subject term in both the lirst and second
premises. This is also associated with a particular type of quantifier chanee. Relerring
back to the classification of the quantifier changes used above, when o quantifier in the
first premise changes from negative to positive. there is o stronger tendeney 1o recall
the first term as having been B at both immeaediate and delaved recall. The other leature
worthy of note is that the preference for B as subject is accentuated by correct recall of
the quantifier of the premise in which it is 10 appear. These elfocts are summarised in

figure 3.20
3.5 Summary

Some main effects have been found in the recall data. The quawtifiers show large
differences in recall success depending on premise and tend 1o reverse their order 1o
suit an underlying preference for positive quantifiers to oceur in the first premise and
particular ones in the second. The recall errors bear out this preference, T'he possibility
that the recall menu could be responsible for this trend is not supported. The recall

of the noun order shows a tendency for By BC 1o be the preferred fignre at immoediate
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Immediate Recall

B Subject | A Subject | ¢ Subject

First Premise 19.3% A7.3% 34U

Second Premise AR.RY 5.5% 5.7
No Quantifier 49.4% AR.2% 2.1

Error 49.7% 1.5% 157U

- to + Change 51.1% 10.0% RO

First Premise

Delaved Recall

B Subject | A Subject | ¢ Subject

First Premise 17.7% 12.7% 9.6

Second Premise 40.3% 16G.6% 13.04
No Quantifier 50.7% L18Y% 1.5

Error 45.3% L1.1% 13.5%

- to + Change 16.1% 38.6% 1544

First Premise

Figure 3.20: Percentage of recalls with each noun as subject by total. recall without

quantifier error and negative to positive changes
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recall and AB--BC at delay. The recall of the noun roles (or noun assignment) varies
according to whether the first premise of the ligure was ol the form B A or A B. errors
being more prevalent in the former case. It is hypothesised that this is the resalt of
subjects tending to assume that the predicate of the first premiseis the repeated one and
therefore mistakenly repeating A in the second premise. recalling this as the repeated
term.

The noun order errors can be subdivided into various types and these related to
recall of the guantifiers. It is found that there secms to be a progression of noun order
error, with reversals of nouns within a premise type 2 errors occurring more frequently
when there are no quantifier errors than tvpe 3 errors. where the major or minor term
is mistakenly recalled as the middle term. The finding that nonn roles are hetter re-
membered on the whole than figure. sugeests that foregetting this information represents
quite a major disruption in memory. It is also fonud that reversal ol quantifier order
tends to occur with reversal of the major and minor terms (1vpe | errors). The tvpes
of quantifier also play a part in the recall of the nouns. This is better (as represented
by type 1 recall) when the recalled or original quantifiers are universal and there are
more type 2 and 3 errors when the guantifier was particular suggesting that universal
quantifiers lead to better consolidation of the rest of the premise they appear in.

The preferences for the quantifier will Tater be explained in terms of the ordering
of negative and positive information. but the interaction between quantibier and nonu
order recall suggests that particular information is found in the second premise hecanse
it is less determinate than universal information and must therefore act as qualification
rather than introductory material. The fact that only ~all™ is hot e positive and nniversal
explains why this quantifier is so often found recalled in the first premise. Characterictic
errors in the recall for the noun order will be explained in terms of the subjects™ attempts

to find a topic or focus for the argument the syllogism is about.



Chapter 4

The Reasoning Data

Experiment Oune allowed subjects to choose any lorm of conclusion they wished with the
restriction that if a conclusion be drawn the two nouns in it he the subject and predicate
terms. The answers given are summarised by svllogism in Appendix A Experiment Two
asked subjects to find valid individuals rather than conclusions, These results are given
in Appendix B. A general discussion of the reasoning results found for cach experiment
is given and factors such as the number ol models required 10 solve the svllogism and
the figural effect are considered. Anomalies and findings peculiar to cach experiment are
also discussed and the implications of these for a formulation of the reasoning strategy

of the subjects summarised.

4.1 General Findings: Experiment One

The percentage of answers that were correct overall was 63.9% . Johnson-Laird and
Steedman (1978) found a correct response rate of H83% for the first 1rial and 65 for
the second. The percentage of syllogisms with no valid conclusion that were correctly
answered was 69.3%. so there seems to be a dillerence between subjects ability 1o give
the response “no valid conclusion™ correctly and to report a correct conclusion.

After Johnson-Laird the svllogisms are divided into those requiring one. two or three
models to be given a correct valid conclusion and two and three models 1o be fonnd to
have no valid conclusion and the percentage correct responses shown in Fignre 1.1,

The claim that the number of models aflects performance is upheld by this data
(F=39.69, p<0.01) although there is clearly not a linear relationship hetween nnmber

of models and percentage correct answers. In fact the difference hetween two and three
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Valid Conclusion | No Valid Conelusion

One Model R7.6%
Two Model 41.6% TH.aY
Three Model 3T 17.5%

Figure 4.1: Percentage correct conclusions by model: Experiment One

model syllogisms with a valid conclusion is not significant (1=0.83 n.s.). Again. per-
formance is improved on the syllogisms without a valid conclusion. Nlthongh Johnson-
Laird claims models are constructed for these svllogisms as for those with a conclusion.
the difference in subjects’ success at correctly answering “no valid conclusion™ and
drawing a correct conclusion tends to suggest that the correspondence bhetween these
two types of syllogisms is not as close as he suggests. Testing shows that two model
syllogisms with a valid conclusion are answered with significantly less acenracy than
two model syllogisms without a valid conclusion (1=7.67. p<0.00001). The same is also
true of three model syllogisms with and withont valid conclusions (1=2.95. p<0.004).
Given that the explanation for differences in error rates lies with the number of models
required to solve the syllogism. in that the greater the number of models the grearer the
likelihood that memory will fail. it is difficult 1o sce how such a hypothesis can account
for these differences. The lower number of errors for syllogisms without a valid con-
clusion suggests that subjects are able to detect the lack of a valid conclusion withom
cyeling through all the models required and are therefore avoiding the major source of

error.
4.1.1 Syllogisms with no valid conclusion

A closer examination of two model svllogisins with no valid conclusion reveals differences
in error rates within the group. Svllogisms with the guantifiers “none™ and “some..not”™
in whichever order are sometimes prone 1o higher error rates (see ligure 1.2,

The type of quantifiers affects the ability of the subjects to correctly solve the syvllo-
gism (t = 5.79. p<0.00001). A similar effect is found for Johuson-Laird and Steedman’s
(197R8) data. For example in the first experimient. subjects achieved the percentage

correct answers shown in Figure 1.3,



Type of Syllogism Y% Caorrect

None/Some..not G1.5%

Other Two-model Syllogisms T9.8%

Figure 4.2: Correct respounses for svllogisins with no valid conclusion

Type of Syllogism Y Correct
None/Some..not 65.0%
Other Two-model Syvllogisms T2.9%

Figure -1.3: Johnson-Laird and Steedman’s data

As all these syllogisms require two models for a correct answer to be given. there
is no explanation for this effect in these terms. as the probability of finding the cor-
rect response should be the same. Another explanation for this effect must then be
found. Examining the syllogisms with the quantifiers “none”™ and “some.not™ it can
be seen that the error rates within this eroup are not unilormly aflecred. Figure 1.1
demonstrates this.

As shown. these asymmetries are reflected in the nmmber of correct responses for
the syllogisms with the guantifiers “none™ and =some™. but in the opposite direction.
This tendency is particularly strong for the two figures AB BC and BA B and the
asymmetry for the “none. some™ pairs is related to the figural elflect. The cases with

high correct responses are those where a figural conclusion exists and those with low

Figure | None/Some..not | Some..not/None | None/Some [ Some/None
AB-BC 19 13 6 |7
BA-CB 13 21 15 5
AB-CB 13 20 10 N
BA-BC 14 10 -] B4,

Figure 4.4: Number of correct responses for None/Some..not svllogisins



rates, where an antifigural conclusion only is correct. In the latter case. high levels of
incorrectly given NVC! reponses are found and this provides the probable answer 10 the
asymmetries in the “none, some..not™ pairs. It has already been mentioned that “some™
and “some..not” are easily confused. Recall data is used above and will be used later
to demonstrate this point. If this is taken to be the case. then these conclusion rates
can be explained. If “some” is substituted for “some..not™ then in the figures AB-HC
and BA-CB there will be a strong temptation to report an erroncous conclusion in cases
where a figural conclusion exists for the “none. some™ pair. In cases where transforming
“some..not” into “some” results in a syllogisin that has an autifigural conclusion. there
will be a tendency to report “no valid conclusion™ as happens for the “none. some™ pair
and there will be an apparently higher correct answer rate. The asvimetries for the
two other figures are harder to explain. In the case of BA-BC the asvinmetry is small
and as would be expected the correct response rates are low for the “none. some.not”™
svllogisms as the responses to the “none/some”™ cases are not aflected by figure. The
asymmetry for AB-CB mayv be related to the very faint asvimmetry found for the “none.
some” pairs in this figure. or perhaps to the rather larger asynunetry in incorrectly
given NV responses for these syllogisms - “some. none™. to which “some.not. none™ is
supposed to be equivalent, has 15 NV responses. while =none. some™, to which “none.
some..not” is supposed to be equivalent has ouly 9. This refllects the asvimmetry of the

equivalent “none. some..not™ pairs. but the explanation for this has vet to be found.

4.2 General Effects: Experiment Two

Rather than perform the standard? task subject were here asked to 1y 1o find o valid
individual for the syllogism. Validity in this case is defined in the same way as for a
valid conclusion: the individual fonnd must describe a state of allairs that necessarily
exists, whatever the interpretation of the syllogism. All three nonns in the syllogism
must be used. but the individual can be asserted to have or not to have any combination
of these properties. There are eight distinet types of individual the subject can choose

from plus six orders in which the nouns can appear. so for example if a subject chose

'Here, as in other parts of the text, the response “no valid conclusion™ is referred 1o by its nitals,
for brevity's sake

2The paradigm where subjects are asked to search for and report valid conclusions livkmg the terms
A and C will be referred to as the standard™ task.



the individual 4A-B4C the nouns could appear in this order. or in the order -B4 v 4-¢
or +C+A-B and so on. The full list of types of individuals is given in figure 1.5 The
subjects also have available the response “no valid individual™ il they are unable 1o
find an individual that meets the criteria for validity, It can be seen. ol course that
individuals with one or two terms negated are the most common. in practice there are
seven syllogisms that have an individual with all positive terms. twenty where the valid
individual has one negative. eight where two negative terms are needed and none where
all three terms can be negative. The latter response is chiosen occasionally. but it is very
rare.

Dividing the svllogisms by model as was doune for the data in Experiment One shows
a rather different pattern from that found above for the standard rask. Syllogisis with
no valid individual cannot be divided into two and three models in quite the same way
as before because the groups do not necessarily contain the same members! and this
would make a comparison meaningless. All no valid individual syllogisms are given as
one group therefore. The syllogisins with valid conclusions all Tave valid individuals
also, so a direct comparision is possible. In figure 1.6 a difference can be weon hetwoeen
svllogisms of only one model and those with 1wo or three models. bhut the progression
of difficulty between two and three model svllogisims is not found. in Fact 1wo model
svllogisms prove to be a little harder than their three model counterparts. Syllogisins
without a valid conclusion also show the advantage found in Experiment One having a
rather higher success rate than two and three model syllogisins. The differences within
the groups as a whole is significant (F=X.7 p<0.001) and resting hetween croups shows
that the one model syllogisms fare significantly better than all other 1vpes of syllogism
and that those with NVI better than two and three model sylogisims that do have a

valid individual.
4.2.1 Individuals where no valid conclusion exists

When Stenning’s modified Euler’s circles notation is adopted. it has been shown that
certain syvllogisms that do not normally have a conclusion do have a valid individual as

mentioned above. revealed by 1" ¢ presence of donble hatehine, The 1 svllogisms alwavs
" | = 3 - :

This will be ocecasionally referred 1o as NV [or <shon
#This is due to the fact that some syllogisms that have no valid conclusion do lave a calid individuoal
and therefore these svllogi=ms have been exeluded Trom this analysis



No Negative One Negative | Two Negatives | All .\'e‘_u;mi\--—|
Terms Term Terms Terms
hline +A4B+cC +A+B-C +A-B-C -A-B-C
+A-B+C -A+HB-C
-A+B+4C “A-B+C

Figure 4.5: Types of individual for Experiment Two

Number of Models | % Correct
One Model 92.1%
Two Model T3.TY
Three Model LI

NVI R1.3%

Figure 4.6: Percentage correct responses by number of models: Experiment Two

have individuals of this tyvpe. so do three of the EO awd three of the O syllogisms.
From these syllogisms. examples of which are shown in figure LT can be drawn the fact
that an individual of the forin 4+B-A-C exists. The data from Experiment Two has been
analysed to sec if subjects are capable of finding these conclusious. N comparison of the
percentage of correct responses is given in fignre L8 for the syllogisms that do vield an
individual and the EO. OFE and QO syvllogisms that do not. From this it can bhe seen
that subjects do find the individnals. but that they are less accurate than for similar
svllogisms that do not have a valid individual. or making the comparison 1o figure 16,
than syllogisms in the standard task that have two or three models. The presence of
these individuals that cannot be expressed in terms of conclusions. does not affecr the
standard task. In fact syllogisms with no valid conclusion that are double hatched are
easier not harder to solve. Therefore the presence of one of these individials does not

confuse the subject into believing that a conclusion also exists.



None of the B are A B A
Some of the B are notC B ~C

None of the A are B “A B
None of the B are C B~C

Figure 4.7: Syllogisms with no valid conclusion but a valid individual

Svllogism Type Y Correct
Individual Fxists 6G3.8%
No Individual Exists 2%

Figure 4.8: Percentage correct responses for svllogisms with no valid conclusion. but

where in some cases an individual does exist



Overall Success Rate | A-¢ Conclusions | ¢ 2 (-;l-('hln"lrllm
AB-BC 63.9% TRV 22'%
BA-CB 62.75% 24.4% 5.6%
AB—CB 61.75% 50.6% 19.1%
BA-BC 64.5% 58.1% [1.9%

Figure 4.9: Choice of conclusion by figure:

Ixperiment Oune

Figure | Overall Success Rate | A first | B first | € first
AB-BC TR 60.5% | 35.9% :i.ii‘/T—l
BA-CB T8 L% | 1.9 | 5304
AB-CB 4.3% 354 | 20,04 | 11SY
BA-BC RR.2% G.0% O1.2% 2.8

Figure 1.10: Percentage of cach noun in first position by figure: Experiment Two
4.3 The Figural Effect

There is no significant difference in the suceess rate for correct conclusions between
figures in Experiment One but a strong figural effect is found in Figure 1.9,

Overall there are slightly more A-¢ type conclusions (52.56%) than ¢ x (AT 1A
possibly reflecting a tendency to choose the lirst premise noun for the subject of the con-
clusion, where other factors such as the figural effect do not operate (1=1531 1L p<0.05).
There is a significant effect of figure on the frequencies of different types ol conclusions
(F=6.75. p<0.01).

A figural effect can also be found for Experiment Two by comparing the mumbers of
times each noun appeared in first position when an individual was reported. Comparing
the percentage of the responses for cach nonn and figure demonstrates a strong ligural
effect that is significant (F=16.85 p<0.00001). The overall success rate is significantly
different for the four figures (F=7.7 p<0.001). with the difference hetween BA B and
the other figures being significant. Thus. subjects find this ligure casier to solve than

the other three,
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Type of % of Incorrect Y ol Total B
Syllogism Conclusions Responses
NV 92.3% not applicable
One Model TROY LA
Two Models 84.1% 19.3%
Three Models SR.6U 36.3%

Figure 4.11: Atmosplere response as a percentage of incorrect responses
4.4 The Atmosphere Effect

Strong evidence has been presented that subjects do use an agglomerative representa-
tion followed by cvcles of testing to solve svllogisms. Discrepancies in the resulis for
svllogisms with no valid conclusion have heen investigated. further discussion of this
follows in a later section. As previously stated however. there are claims that subjects
do not necessarily draw conclusions by the mental models method but are. consistently
or on occasion, using the “atmosphere™ of the syllogism to generate conelusions. Many
correct conclusions are in line with atmosphere anvway. particnlarly those requiring only
one model to he solved. Two and three model syllogisms often hiave conelusions not in
line with atmosphere. syllogisins with no valid conclusion never do. of course. Tustances
where an incorrect conclusion was given. cither because none existed. or hecanse a difl-
ferent conclusion was correct are examined 1o see what proportion are in accordance
with the atmosphere effect. Figure 1.11 gives the results.

Clearly, when an incorrect conclusion is drawn. it is overwhelmingly likely that it
will be in accordance with atmosphere. This is particularly the case for syllogismis that
have no valid conclusion and the tendency increases steadily with the number of inodels.
However it is also not true that all conclusions are obtained by this method. otherwise
“no valid conclusion”™ would never bhe reported. Politzer(1989) snggests that in cases
where the capacity of the subjects is outreached. in this case one presnmes memory
capacity, then conclusions will be given according to atmosphere. Oune wonld therefore
expect increasing numbers of atmospheric conclusions as the nmbers of maodels needed

to solve the syllogisms increases. both in terms of the proportion of incorrect conelusions
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given and the proportion of incorrect answers given. As already stared the former is
found, as the number of models increases. so the percentage of incorreer conclusions
that are atmospheric increases. The same is not true however of the proportion of the
total incorrect responses that are atmospheric. This increases hetween syllogisms with
one or two models, but declines sharply for three model syllogisins. The reason for
this, also shown in figure 4.11 is that the number of NV(' responses increases sharply
at this point. This suggests that rather than draw conclusions in line with atimosphere
when their capacity to solve a syllogism rationally is exhausted. subjects will give the
response “no valid conclusion™. The atmosphere effect then appears more to be an
underlying trend. perhaps as the result of a group of subjects lailing to combine and

test the premises and using a representation of the form Politzer sugpoests.
4.4.1 Matching

Gilhooley and Wetherick claim to have found a group of subjects who do not interpret
the syllogism in such a way that conclusions can be rationally drawn.  As already
discussed they identify a group of subjects whose characteristic performance consists ol
finding a conclusion whose quantifier matches that of the original syllogisin.

This group was found by using a set of six svllogisins that are particularly temipting
for subjects who might be using this strateeyv. as both the quantifiers are the same and
the syvllogism actually possesses no valid conclusion. making matching responses easy
to identify. Here, the syllogisms that can be used to identify matching responses have
been extended to cover all the svllogisms where both quantifiors are the same and no
valid conclusion exists. to combat sparsity of data.

To show that matching is a strategy explicitly adopted by cortain subjocts. the
number of correct conclusions can be correlated with the number ol svllogisms from the
subgroup that were given a “matching” conclusion. If some subjects are not treating
the syllogisms as logical problems and are generating solutions for them by choosing
a quantifier from the syvllogism. then their overall success rate will be Tower than it
will be for subjects who approach the syllogisins logicallyv. as matching cannot generate
a correct conclusion in every case. Correlating number of correct condlusions with
number of matches gives r=-0.502 p<0.005. In other words. the higher the nnmber

of correct conclusions. the lower the number of matches on the identifving subgroup.
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Matchers might also be expected 1o use the response “no valid conclusion™ rather less
frequently than those using a logical strategy. as matching cannot generate this response,
A correlation between the number of *no valid conclusion™ respouses, excluding the
diagnostic syllogisms, and the number of matches gives r=-0.169. p<0.01. showing that
the number of matches is inversely related to the number of times a subject responds
that there is no valid conclusion.

It is also the case that the number of matches a subject produces correlates signili-
cantly with the number of A-c conclusions s/he has produced. The higher the nnmber
of matches, the higher the number of A-c couclusions (r=+0.181. p<0.05). There is
a small negative correlation between the number of matches and the number ol ¢ A
conclusions, which is not significant (r=0.12. n.s.). “Matehing” subjects prefer A ¢
conclusions, as do the subjects as a whole, hut the more likely subjects are to choose
non-logical responses. the more likely they are to chose A -C conclusions. The preference
for A—c conclusions appears to be related 1o a non-logical approach to syllogisms.

A sub-group of subjects can thus be identified that are generating conclusions with-
out considering the logic of the svllogisms whatsoever. They are obvionsly regarding
the task as a question of interpreting the likely outcome ol a state ol allairs and are has-
ing their judgements on a commonsense evaluation of the information they have heen
given. In the case of syllogisms where both quantifiers are the same it s manifestly
sensible to assume that the same relationship holds between the two elements ol the
conclusion. It is most helpful to think ol matching as the part of the atmosphere effect
that relates to a particular group ol svllogisnis. [1is to be expected then that the group
of matchers found. will go on 1o use the other principles of the atmospliore effect 10

generate conclusions for syllogisms where the two quantifiers ave different,
4.4.2 The relevance of the atmosphere effect

It might be argued that the existence ol a group of subjects that are not using a rational
approach to solving svllogisims is of little relevance to the mental models paradigm. If
the latter is taken as the normative way subjects who compreliend the Togic of the
syllogism set about finding a correct solntion 1o it. it scems ol minor interest 1o note
that some subjects do not grasp the logical requirements of the task and find other ways

to provide a response. As already argued howevers it is important to establish that such



subjects exist in order to be able to answer the question Do all subjects. irrespective
of strategy use the same representation for the syllogism before seeking o response?”
From Johnson-Laird’s point of view it is important to claim that at some level all
representations are the same and are mental models. because this conception of the
representation is crucial to his explanation of the figural cffect (see helow). Figure 4,12
demonstrates that the figural effect is common to all subjects. even when those subjects
using matching responses are considered separately from those that are not. An Anova
demonstrates that the effect of figure is significant (F=7.18 p<0.0001) and that there
is an effect of being assigned to the group “matching™ or “uon-matching™ (1'=5.12
p<0.02). This relates to the percentage of A-¢ and ¢ A conclusion given by the two
groups. For the non-matchers the proportions of the two response 1vpes are nearly
equal(50.1% for A—c, 49.9% for c¢-a) while for the matchers there is tendeney to draw
more A—C conclusions (57.4% versus 2.6/ ).

The figural effect does not depend therefore on the strategy used 1o rolve the syl-
logism, although it is affected by it. One candidate theory is that all subjects nse a
common strategy or representation that predisposes the choice of cortain conelusions
following certain svllogisms and then deductive or non-deductive stratecies are used.
Johnson-Laird’s tableaux are certainly a candidate for this. The alternative is 1o sup-
pose that the figural effect has two causes: [or subjects not using a deduetive approach
it is the result of. for example. a representation such as the one Politzer proposes. dis-
cussed in chapter 1. For subjects who do grasp the logical requirements of the syllogisni.
tableaux are used. One’s preference is naturally for the former argnment. it stretelies
credulity a little to believe that an effect as strong and consistent as the figural ellect is
in reality the result of two quite different mechanisims. which may change v the course
of one experiment.

The question is to determine if all subjects do in fact use a ropresentation such as
the one that Johnson-Laird proposes and that some just fail 1o use this representation
in any deductive way. One interesting comparison to make is between the performance
of subjects making greater than average matching responses and those making less than
average on syllogisms that require only one model for a correet valid conclusion to be
drawn. In a case such as this. the conclusion requires no testing to bhe validarod. it simply

presents itself as the only possible auswer to the svllogism. Timany cases it also matehoes
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Non-matchoers
Figure A-C =
conclusions | conclusions
AB-BC 81T 18.3%
BA-CB 13.7% 86.3%
AB CB AR.8Y 512%
BA HC SL1% 15.9%
Matehors
Figure A=y A
conclusions | conclusions
AB-BC 76.1% 23.9%
BA-CB 36.-1% 6G3.6%
AB-CR 52.6 AT
BA-RC 15.9% [8.2%

Figure 4.12: The figural eflect by matching and non-matching subjects
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Svyllogism Tvpe Nou-matchers .\[.‘11('|er
No Valid Conclusion 19.7% 12.6%
One Model 5.4% 22.5%
Two Model 49.2% TLTY%
Three Model 48.1% S1.9%

Figure 4.13: Error rate for conclusions by matcher and non-matchers

one of the quantifiers in the syllogism. If all subjects use a tablean representation to
agglomerate the premises ol the svllogisin. one would expect all subjects. no matter
their strategy in other circumstances to be equally able to find the valid conclusion
for one model syllogisms. Figure -1.13 shows that crror rates for one model svllogisims
are different depending on the performance ol the subject on the diagnostic “matching”
svllogisms. This leads to the conclusion that subjects prone to make matching responses
do not have access to an agglomerated representation sucl as a mental model.

The implication of this. is that the ligural effect is not the result of using a particular
kind of representation. but that its mechanism lies in some featnre of the syllogism
commonly accessible to all types of strategy, Recall data will he nsed in the next chapte
to further illustrate this point. With respect only to the recall data. asvimmetries in
conclusion choice can be found for the parallel figures that secm ta be explicable on the

basis of the quantifiers found in the syllogisn.

4.4.3 Conclusion types and quantifier order

The distribution of types of conclusion is not uniform for the two fignres not supposed 1o
show a figural effect. For the figures A8 -¢B and A -BC the frequency of conclusion types
varies for different syllogisms. This is best demonstrated with the one-model syllogisms
where either an A-¢ or ¢—a conclusion is valid. Figure 4.1 shows the frequencies for
each type of svllogism considered.

It is evident from the frequencies that only one of the fonr syvllogisms shown gives
an equal number of A—¢ and ¢-a conclusions. An inspection of the quantifiers of the
svllogisms shows that the a—c preference arises when the svllogisim begins with the

quantifier “all”. This preference does not arise when the syllogisi has another quantifier



Svllogisim Conclusion

All A are B. No A are C (I7)
No (' are B. No (" are A (7)

No A are B. No A are (' (9)
All C are B. No (" are A (13)

Some B are A. | Some A are (" (12)
All B are C. | Some (' are A (12)

All B are A. | Some A are (' (106)

Some B are C'. | Somoe O are (7 (8)

Figure 1. 1-1: Frequencies ol conelusion tyvpe
: | M

in the first premise. A chi-square test finds that the type of conclusion is related 1o the
tyvpe of syllogism in the case of the figure AB B (XN=3.19 p<0.1) but not for ligure A RC
(X=1.14 n.s.). There are two plausible mechanisins by which such an asymmetry could
arise. The first might be to suppose that A ¢ and ¢ A are equally likely to be chosen
for these two figures, but that certain conditions favour the choice of A - conclnsions
or suppress the choice of ¢-a conclusions. much in the same way as the figural effect
operates. The second would be to assume a slight preference for A ¢ conclusions overall.
as already shown, and suppose that a second preference is supplementing the first under
certain conditions and conflicting with it in others. Thus for some syllogisms there
will be a marked increase in the number of A ¢ conclusions and in others. the slight
disadvantage of c-a conclusions will be overcome. producing nearly equal numbers of
conclusion types. The second hypothesis better explains the data.

One of the conditions for the sccond preference seems 1o he the presence of the
quantifier “all™ in the first premise. It has already been shown in the recall data that
“all” is the preferred quantifier when the first premise is being recalled. Subjects tend to
make fewer recall errors when the quantifier in the first premise was =all™ and they also
tend to choose “all™ when making an error in recalling another quantifier for the first
premise. They will also tend to reverse the guantifiers in a syvllogism that has =all™ in

the second premise so that it is recalled as having occurred in the first premise. Subjects
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Response | “all” “all”

Tyvpe first | second
A-C 20.6% | 26.6%

C-A 21.9% | 29.9%
“NVC™ | 11.8% | 10.1%

Figure 4.15: Percentage of responses by quantifier order

appear to have, therefore. a preference for quantifiers to be in a certain order and it
is hypothesised that this may be the result ol a tendeney to state positive information
before negative. When searching for a conclusion to syllogisms that conform 1o this
preference subjects might be inclined to choose A as a topic for the conclusion in line
with the preference. In the case where ~all”™ occurs in the second premise. some subjects
might seck a conclusion that gives subject position to the noun in this premise. in this
case the ¢ term.

By dividing the syllogisms into those that lave =all™ as the first quantifier and those
that have it as the second (but excluding the syllogising where both gquantifiers are =all”™.
the effect of quantifier order on the syllogisms as a whole can be examived. o figure 15
the percentages of each type of conclusion are given for these two gronps of syllogisims.
A test of significance finds a just significant result (F=2.7 p<0.1) demonstrating that a
svllogism with the quantifier ~all”™ in the lirst premise is more likely 1o he given an A ¢
conclusion than ¢—A and that the opposite is true for svllogisins where =all™ appears in

the second premise.

4.4.4 The figural effect - a summary

The figural effect has been shown to operate and an overall preference for v ¢ con-
clusions found. The finding of a group of subjects who make “matching™ responses.
inexplicable in a purely deductive framework that also show a figural effect 1hrows
doubt on explanations for this effect that depend on the existence of an agglomerated
representation from which simple deductive responses can he made. Rather thau pro-
pose a two mechanism model for the figural effect. it is argued that the effect is the

result of processing or strategies that occur independently of deduetive reasoning. One



such strategy has been found to be the order of the quantifiers in the syllogism. with
the end-term associated with a universal quantifier tending to take subject position in
the conclusion of the parallel® figures.

An alternative explanation for the figural effect, one that does not depend on an
agglomerative representation is therefore needed. Oune such. suggested by Gilhooley
and Wetherick and mentioned in C'hapter 1 is that the relevant subject term is taken as
the subject of the conclusion. Thus for the figures AB-BC aud BA ¢B. A and ¢ will be
chosen as the subject terms respectively. The other two figures cannot be explained so
simply, because in these cases no one suitable term possesses subject position. Noticing
that A-c conclusion are preferred overall suggests that subject might simply choose the
first mentioned end-term as the subject for the conclusion where grannmatical roles are
not unambiguous. In the case of BA B¢ where neither caudidate is in the subject. this
strategy should and does appear to influence the overall incidence of A-¢ concliusions.
The factor relating to quantifier order also plays a part. and influences the choice towards
c-A conclusions under certain circumstances. The figure AB CB has two subject terms
that could be chosen. one would expect and flinds that almost equal nunibers ol each
conclusion appear. with the quantifier order hiassing the choice for particular syllogisms.

Thus an alternative explanation for the figural effect can be found. which. while
not unitary. can account for any subjects displaving the offect. whatever their logical

competence,

4.5 Strategies for Syllogisms Without a Conclusion

As was noted above, there are discrepancies between the response sucecess for syllogisms
that require two or three models to be solved. that have or do not have a valid conclusion.
Syllogisms of this type that have no valid conclusion are answered with greater snecess
than syllogisms that do. This effect is not explicable using the mental models paradigm
and it seems clear that subjects have access to another strategy that allows them 1o
make a decision about the presence or absence ol a conclusion withont needing to eyele
through candidate conclusions and run the risk of erroncously accepting a non-valid

conclusion because of a failure of memory capacity. Stenuing(1990) has proposed that

*Figures where the middle term has the same grammatical role in both premises can be deseribed
as “parallel figures (BABC and ABCB). The other two hgures can be termed “diagonal”™ hgnres
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All of the A are B

Some of the A are B

None of the A are B

Some of the A are not B

%@s‘

Figure -1.16: Stenning’s version of Euler’s cirelos

subjects. once they have begun to use an agglomerative representation. notice that
almost all syllogisms with a valid conelusion have something in common. This can best
be illustrated by the use of his adaptation of Enler’s circles. using a hatching notation.
Figure 4.16 shows that hatching the arcas where an individual is definitelv asserted 1o
exist can in some cases lead to one area being double hatched. This indicates. in some
cases that a valid conclusion to the syllogism exists. In only two svllogisins is there a
valid conclusion where the corresponding diagram has no double hatehing (figure L17).
There are some svllogisms that have double hatching but no valid conclusion and a
greater number that have no double hatching and no valid conclusion. Double hatching
is closely related to the phenomenen of cancellation. which allows the B term 1o he
removed from the syllogism because it is cither positive or negative in both premises.
Some subjects therefore could have access to this strategy without needing to formn an
agglomerated representation of the syvllogism. To investigate the existence of snch a

strategv, data from both the experiments will be considerad.
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All of the A are B A B
Some of the C are notB C~B

Some of the A are notB A-B
Allofthe Care B C B

N\

Figure 4.17: Svllogisms with a valid couclusion but no double harcling

.

4.5.1 The individuals experiment

[t has been shown in an earlier section that lor this experiment svllogisios without a
valid individual are not answered more accnrately overall than those that do have a
valid individual. in contrast to the findings for the standard task. The next question
to be considered is whether the presence or absence of double hatehing or cancellation
will affect the subjects ability to correctly answer the svllogisim. Syllogisms that did not
cancel were answered with greater accuracy than those that did cancel (sec ligure 1.18)
A break down of accuracy of response by whether the svllogisim cancelled and whether
a valid individual existed or not is shown in figure 4.19. Here it can be seen that the
presence or absence of cancellation strongly allects the ability ol the subjects 1o find
that no valid individual exists. It is also the case that syvllogisims that do not cancel
but have a valid individual are answered with much less accuracy than those that do
cancel and have a valid individual. If a svllogisin does cancel then finding a valid
individual or concluding that no individual exisis is done with nearly equal accnracy. so
the strategy for solving syvllogisms with cancellation does not favour one tvpe of response,
The differences between these groups are all significant (Fcancellation)=x.26 p<0.00 1.
F(individual)=25.4 p<0.00001. F(interaction)=28.71 p<0.00001). Clearly cancellation
is acting as a cue to subjects about the presence or absence of an individual. lack of

cancellation facilitates the response “no valid individual™ and makes it more difficult 1o
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Cancels | Does Not Cancel

18.8% 21.8%

Figure 4.18: Percentage of incorrect responses by cancellation

Individual Cancels | Does Not Cancel
No Individual | 22.6% 13.6%
Individual 21.4% 52.6%

Figure 4.19: Percentage of incorrect responses by cancellation and presence of a valid

individual
find a valid individual where one exists.

4.5.2 The standard task

Addressing the same issues for the standard task is taken in two parts. First one
must ask the question whether the two syllogisims that do not cancel but have a valid
conclusion are answered with greater or lesser accuracy than those that do cancel.
The question must also be asked as to whether syllogisims with no valid conclusion are
answered more or less readily when they cancel or are double hatched than those that
are neither. The first question is addressed by figure 1.20. Here AO and O\" syllogisins
of figure AB-cB (which are not double hatched but which have a valid conclusion) ave
compared with AO and OA figure BA-B¢ (which are double hatched and have a valid
conclusion). Both types of svllogism require two models to be solved correetly.

The difference between the numbers of correct answers for these two types of syllo-
gism is significant at the p<0.1 level (t=1.15) and the number of “no valid conclusion”™
responses given significant at p<0.001 (1=2.96). Therefore the presence or absence of
double hatching appears to have a small effect on the ability of the subjecis to find the

correct valid conclusion and a much larger offect on their tendency 1o report (incorrectly)

“The four quantifiers can be referred to by means of lour letters, derived from the latin words alfirmo
and nego. Using the first two vowels in each word. "all” becomes A", “somce™ becomes =17, “none”
becomes “E” and “some..not” becomes ~O". At points throughout the text this convention will be used
to refer to quantifier pairs thus ~all. some..not™ becomes “AO™ and “some.not. all” becomes “OAT,
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Not Double-Hatched | Double-1latehed
Valid C'onclusion Valid C'onclusion
Percentage
correct 36% ARY
responses
Percentage
NVC 12% 1GA
responses

Figure 4.20: Frequencies of response types for selected syllogisins

Not Double-latched | Double-Hatched

32.1% 28.0%

Figure 1.21: Percentage incorrect responses by double hatelhing for svllogisms with no

valid conclusion

that there is no valid conclusion.

For the syllogisms that have no valid conelusion. cancellation and donble hatching
are not equivalent as thev are for the NOQ and OA syllogisms studied above. It is
not relevant to study double hateling for the individuals task as the presence of this
always denotes the existence ol an individual. However. for the standard task. donbile
hatching may or may not imply the existence ol a valid conclusion and it mnst he
studied separately from cancellation therefore. Figure 121 shows that syllogisms with
no double hatching and no valid conclusion are more prone to error than those with
double hatching. This is significant (t=1.67 p<0.09). Therefore for the standard task
lack of double hatching is not used as a cue that no valid conclusion exists. but instead
makes answering these syllogisms more difficult. Examining only those svilogisins that
cancel exaggerates the effect: non-cancelling syvllogisms are even more prone to error
with respect to cancelling syvllogisins than is the case with non-double hatehed versus
double hatched (t=2.1 p<0.03).

Thus althongh the two tasks are similar in finding that svllogisms with no donble
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hatching or cancellation are more difficult 1o solve correctly if they possess o valid
conclusion, they differ in responses to syllogisins without a valid conclusion, The nse of
cancellation to give a quick solution to syllogisms with no valid conclusion seems to be
specific to the individuals task. In the standard task. this feature and that of having
no double hatching makes the svllogism harder to solve. That these syllogisms require
nmore processing is backed up by analysis of the reading time data. Figure 1.22 shows
that there are longer reading times for the second premise of cases that either have no
double-hatching or that do not cancel. The overall dilliculty in processing the gronp
of syllogisms that do not have cancellation or double-hatching explains why they tend
not to be used to discriminate response types aud also suggests something abour the
way the syllogisms are represented as this factor seems to play quite a large part in
determining the ease with which the svllogisim can be undersiood.

This makes sense when viewed in terms ol the requirements of the task. When
isolating an individual. the subject has to nse all three terms ol the svllogism. .\ non-
cancelling B term will immediately alert hor/hing to the fact that no consistent individual
can exist. The standard task requires a search for a relation between the A and ¢ terms.,
For this to be achieved B must be removed from the representation and presumably this
will not be facilitated il this noun is negative in one premise and positive o the other,
Thus the syllogism that does not cancel is harder 1o process and will be prone to maore
errors.

The greater accuracy for syllogisms with no valid conclusion responses for the stan-
dard task must still be explained however. The simplest hypothesis for the offect st
be that subjects notice. after a little experience that certain pairs ol quantifiers will
never vield a valid conclusion. Thev might formulate some rules of logic. resembling
Aristotle’s maxims, perhaps. These might include the observation that syllogisins where
both quantifiers are the same (and not ~all™) will never liave a valid conclusion and that
pairs of quantifiers that are hoth negative or hoth particular also never liave a valid con-
clusion. Once these observations have heen made. the subject will be able 1o conclude,
without requiring a representation. that no valid conelusion exists.

While double-hatching and cancellation have not provided a solution 1o the =no
valid conclusion™ question. the results have indicated that svllogisms that do not have

double-hatching or do not cancel are more difficult to solve (henee the observed disparity
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('ancellation | Double-Hatching

Present 22131 2391.6

Not Present 2621.3 2537.0

Figure 4.22: Reading times of the second premise by tvpe of syllogism

between the AO and OA syllogisis observed above). That these syllogisms might be
more difficult to process is supported by analvsis of the reading times for the second

premise. a rough indicator of the time taken to process the syllogisim as a whole.

4.6 Summary

It has been found that both in the standard and the individuals task. thie number of
models needed to solve the syllogism correctly has an effect. il the svllogisin possesses
a valid conclusion. The fact that no signilicant differences exist hotween syllogisms
with two and three models for either task (and in fact is in the direction opposite 1o
that predicted for the individuals task) snegesis the relationship herween nmnmbers ol
models and processing capacity is not strictly linear as has been suggested. Uhese results
point much more to a mechanism that can agglomerate premises without a great deal
of difficulty and read off a conclusion. but that is immediately compromised by any
amount of manipulation and that greater amounts of manipulation do not significantly
add to the burden on memory. It mayv also be the case that the division mito two and
three model svllogisms is artificial and that subjects use wavs to solve the svllogism
that only ever demand one cycle of testing,.

For both experiments it was also found that syvlogisims that do not possess o valid
conclusion, or in the case of Experiment Two a valid individual. are more easily solved
than their counterparts with valid conclusions or individuals. In the case of Experiment
Two this is found to be dependent on whether the syllogism in question cancelled or
not. suggesting that when performing this task subjects will use cancellation 1o gnide
their initial decision about whether an individual exists or not. The sitnation with
the standard task is different. Here there is also a strong advantaee for svllogisms

that have no valid conclusion. which sugeests that subject have found some wayv of
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solving these syllogisms that does not require the use of cyeles of testing. However,
the presence or absence of cancellation does not aflect accuracy of responsein the way
it does for the individuals task. in fact the opposite effect is found: non-cancelling
svllogisms are harder to solve. The same is true for double-hatehed syllogisms that
do possess an individual but not a valid conclusion. Rather than be confused by this.
subjects find these syllogisms easier to respond to. It is proposed thercfore that the two
tasks invite subjects to use different strategies. In the case where all three nouns are
to be linked in the syllogism. the subject can see from a non-cancelling syllogism that
no relationship exists. in other words. they learn to assume that B must cancel for a
relationship between the nouns to be possible. The two exceptions to this amongst the
AO and OA syllogisms are rather difficult 1o solve therefore and the conclusion missed
because some of the syllogisms do not cancel. When looking for conclusions however the
same factors operate but this time subjects secem not to spot the shortent cancellation
offers. Non-cancelling svllogisis seem to be more diflicult to solve, possibly becanse if
viewed from the point of view of someone attempting to link & and ¢ they constitnte an
indeterminate problem. The costs of attempting to interpret such a problem are high
and it is therefore not surprising that subjects are often led into error. However, 10
explain their good performance on other syllogisms with no valid conclusion. one must
assume that subjects are able to use their experience with syllogisms 1o derive logical
principles which can be used to determine the presence or absence of a conclusion and
thereby obviate the need for eveles of testing,

The figural effect is also found for both experiments and it is also found for a group
of subjects who appear. according to the criteria laid down by Gilhooley and Wetherick
to be drawing conclusions to the svllogism by a process of “matching™. These subjects
have a high ervor rate. as might be expected. but this extends to one model syllogisins
as well as other types. If these subjects are not able to draw conclusions that can be
derived from the representation without testing. one must raise the possibility that they
are not using an agglomerated representation at all. If this is the case. then the fact
that they display a figural effect brings into question whether this effect isin fact the
result of forming the representation as Jolinsou-Laivd claims. as this is exactly what
this group of subjects appears not to be able 1o do.

It was also found that incorrect conclusions tend to he drawn o line with the ar-



mosphere effect, leading to the possibility that Politzer’s elaim that subjects will use
atmosphere to draw conclusions when their capacity to solve the syllogism by other
means has been exceeded. However, the proportion of atmospheric conclusions does not
increase with increasing difficulty of the syllogism. but the number of NV(' responses
does, suggesting that the latter will be the subject’s answer when the process of vali-
dating a conclusion fails and that atmospheric (and incorrect) responses are given by a
subgroup of subjects who do not use an agglomerative approach at all. This explana-
tion would make most sense. because it avoids the need to argue that subjects have an
agglomerated representation. but resort to one of the form Politzer suggests when the
svllogism is too difficult. It is easier to envisage that some subjects do not grasp the
logic of the syllogisms immediately and use other means to draw conclusions until they
learn to agglomerate the premises. It may be that the group who produce atmospheric
responses are the same as the group who match. but this has not heen empirically

tested.
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Chapter 5

Testing Hypotheses

An important use of the data gathered in these experiments is to examine varions
theories about syvllogisms in the light of this new information. AWith respeet 1o the
recall data, certain theories make very specilic claims about the operation of memory
in syllogistic reasoning. As already discussed. Johmson-Laird nses the idea ol working
memory to explain two effects: the differences in difficulty between syvllogisms and the
figural effect. These are two obvious first candidates for investigation. Other processes
that might be expected to leave traces in the recall profiles are the misinterpretation of

quantifiers, including the effeet of Gricean implicatures and conversions,

5.1 General Recall Effects

There are many well documented effects relating to the interaction between memory and
language. Primary amongst these is the depth of processing effect. first documented
by Craik and Lockhart (1972) and which forms the theorectical basis for theories of
language processing such as Kintsch and van Dijk’s work. The difliculty of a task
subjects are required to perform alter reading a piece of text has an inverse relation 1o
errors - the harder the task the fewer the errors'. but this is alfected by 1he relevance
of the task and a ceiling effect is often observed. even a worsening of memory with
very demanding tasks. Depth of processing has a clear relation to questions snch as
the role of non-logical processing of the svllogisms and also to the nmmber ol models
needed to solve the svllogism. Difliculty also encompasses the Latter however and il
differences in crror rates for memory are observed between gronps divided on the hasis

of models. it will be difficult 1o assign the chauges unequivocally 1o one or the other.

Tsee Einstein and McDaniel{ 1990) for a review.
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Immediate Recall | Delayed Recall

First Premise 1-1.9% 11.6%
Second Premise 20.6% 51.2%

Figure 5.1: Percentage error by first and second premise

One would in any event expect syllogisms with two or three models 1o have increased
depth of processing when answered correctly and to constitute a more diflicult task and
therefore be better recalled than one model syllogisins.

One way to measure depth of processing is by the time taken 1o read the premises.
The first premise is read for a much shorter time than the second hur the error rates
between the two premises do not reflect the division of labour. Tn figure 5.1 it can be
seen that the second premise has many more instances of an crror occurring than the
first premise and that this effect is accentuated by delay. The extra time spent reading
the second premise does not improve its chances of being recalled correctly therefore.
However the results found do sngeest that primacy vather than receney is o main lactor
in improving recall.  This would he expected ar delay. ivis interesting 1o find that
drawing a conclusion has such a strong effect on receney at tmmediate recall. as it conld
be argued that the process of reasoning constitutes a form ol rehearsal.

The effect of models on recall will be studied solely with regard 10 correctly answered
svllogisms. because it would be futile to expeet depth of processing or difliculty 1o be
represented by model number when subjects might not have treated the svllogism in
question as a reasoning problem at all. Figure 5.2 also excludes syllogisms with no
valid conclusion as the differences in correct respouse rates for these svllogisms fonnd in
chapter 4 suggests that their processing mayv not relate to maodel iy any siimple way, M\
immediate recall number of models and recall are not linearly related. alvhiough three
model syllogisms have more errors than one or two model syllogisms. but at delayed
recall the number of models seems to increase the svllogisim in gquestion s propensity
to error. This is exactly the opposite effect 1o that predicted: that an inercase in
the number of models required to correctly solve the syllogism increases hoth depth

of processing and difficulty of task. thus leading one to suppose improved recall with
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increasing number of models. One explanation might be that eveles of testing improve
only information directly relevant to the task in hand. that is using rational means to
solve the syllogism. Information such as the subject and predicate status of the nouns in
the syllogism might be lost as the syllogisin becomes more integrated and the material
less relevant. The logical properties of the quantifiers however. would be much less
readily lost as this determines the logical status of the syllogisim and one would expeet
their order to be retained except in circumstances where it is irrelevant 1o logic. The
role each noun plays in the syllogism is also important to the logic.

Svllogisms of the form AE or EA have, in four out of eight cases one model solutions
and in the other four cases three model solutions. Studving these svllogisiis separately.
by number of models will show whether three model cases. correctly answered retain
more logical information than one model examples. Figure 5.3 demonstrates thar the
information regarding the identity of the quantificrs is no hetter retained for the three
model group and in fact at delayved recall is more readily forgotten. Nonn assignment
is better remembered however. again especially at delaved recall and recall of the order
of the nouns in each premise is unallected by nnmbers of models. This can only snggest
that logical information in the form of the quantiliors is not hetter consolidated by eveles
of testing. but it is interesting to note that noun assignment is better retained. 11 <ecms
then that forming more than one model is detrimental to most tvpes of inlormation in
the svllogism. whether important 1o logic or not. This may bhe due o the worsening
of memory noted when the task following a text hecomes too diflicult. One additional
factor affecting the quantifier recall is the identity of the conclusion itsell. Tn all one
model syllogisms and all but one 1two model syllogisms (where valid concliusions exist)
the conclusion contains a quantifier also found in the original syllogism. T all three
model syllogisms. the conclusion quantifier is different from hoth the quantifiers i the
original. It is possible that arriving at a situation where this new relation i- represented
and presented as the correct answer causes conlusion as to the identity ol the original
quantifiers when the representation is used lor the purposes of recall. 1 this is so. and
it has not been tested. then the observation by Lea ot al (1990) that inferences made
from a text are not confused in memory with the text itsell. does not apply 1o these
svllogisms.

The results shown here give very little reason to suppose that previonslv observed
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Number of Models | Immediate Recall | Delaved Recall
One Model 28.2% 67.1%
Two Models 20.0% T2.0%

Three Models 32.7% 82.2%

Figure 5.2: Percentage of recall errors by models for correctly answered syllogisims

Type of Error One Model | Three Models

Quantifiers [1.9% 15.2%

Immediate Recall

Quantifiers 391 3%

Delayed Recall

Noun Assignment 16U 4.3%

Immediate Recall

Noun Assignment 11.5% ST

Delaved Recall

Figure 5.3: Percentage of recall errors by madels for correctly answered syllogisms of

AE and EA type
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effect such as depth of processing or difliculty of task have any relevance 1o syllogisms.
Studying answers by type and including incorrect responses does show that answers
of the form “no valid conclusion™ are more often followed by error-free recall than
syllogisms given a conclusion (18.5% errors versus 37.8% at immediate recall). This
only applies at immediate recall and is 1o be expected. given the subjects have the
opportunity when giving this response to go straight to recall without passing through
a menu. However at delayed recall. the advantage is all but lost (61.2% versus 65.1/4). It
may be that here is to be found a depth of processing effect. The shorter reading time of
the second premise for syllogisms given "no valid conclusion™ responses has already been
noted and the superior performance on svllogisis without a valid conclusion attributed
to responses being given without the need for cveles of testing. The reduced processing
presumably devoted to these syllogisms may well be the reason for their performance

at delay. where they do not have the same advantage as at immediate recall.

5.2 The Figural Effect

A valid conclusion for a syllogism must relate the “end terms™ of the syllogism?. Once a
quantifier has been chosen for the conclusion. these two nouns must be used to complete
it. The nouns can be arranged in the order A ¢ or ¢-A amd in some cases. syllogisims
with a valid conclusion can have cither order and the conclusion will still be correct,
In a number of cases. the conclusion must have a particular order of nouns to be right.
The figural effect has already bheen described. to recap it consists ol the observation that
the figure aB-BC tends to be followed by conclusions of the form A ¢ and the ligure

BA—CB by conclusions of the form ¢-a
5.2.1 The Mental Models explanation of the figural effect.

To explain this effect, Johnson-Laird (1983)" appeals to the properties of working mem-
ory and the mental representation of the svllogisim. When processing the ignre A8 -He.
subjects are able to form a model of the first premise. A8 and then immaediately sub-
stitute ¢ into that model using its relationship to 8. Thus the noun A enters working

memory before ¢. When the figure BA-CH is cucountered. the information regarding ©

2 . .
As has been the case so far, the end terms are referred to as A and C for the noun o the fiest and
second premise respectively. The middle term in the svllogism is relerred 1o as 13
“see also Johnson-Laird and Bara (1052).
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cannot be immediately substituted into a model of B-a. I the premises of the svllogism
are interpreted in reverse order as ¢B-BA then substitution is possible. In this case ¢
enters working memory before A. Assuming that working memory operates on a “first
in-first out™ principle then when constructing the conclusion for an aB-B¢ syllogism
A-C conclusions will be preferred and for Ba-cs syllogisins ¢-a couclusions. For the
other two figures AB-cB and BA-BC. Johnson-Laird hypothesises that reversals within
a premise, either to create the figure AB-BC or BA--CH. are used and then the figures are
processed in the order described above. In igure 5.1 the processes required to represent
each of the four figures are laid out.

There are two possible interpretations of Johnson-Laivd’s theory. however. It is
clear that Johnson-Laird believes in the case of the fignres BA BC and A8 CB that a
different kind of representation is constructed for cach ol the two tvpes of conclusion.,
Which conclusion is chosen will depend on 1he way in which the subjoct manipulated
the premises to obtain a transitive arrangement of the nouns in the representation. For
figures AB-BC and BA-CB it is not obvious whether Johnson-Laird is clanning that a
different representation underlies the non-preferred conclusion. or whether only one Kind
of representation is ever constructed for these figures and the non-preferred conclusion
arises by chance. or as a result of especially careful checking by cortain subjects. Botl
possible interpretations of the hypothesis need to be considered when using the recall
data to assess its plausibility.

One interpretation will he that different conclusions require different tvpe ol rep-
resentation for all the figures and this will be called vorsion | ol the mental models
explanation. The other interpretation is that dillerent representations nnderlie only the
conclusions for the parallel figures and that the diagonal figures only ever give rise to
one type of representation [rom which the preferred conclusion generally arises. This
will be called version 2 of the mental models explanation. In Figure 5.1 1he operations
needed for version 1 of the theory are shown for the non-preferred conclusions for ligures

AB-BC and BA-CB: version 2 differs in that these operations would not oceur,

5.2.2 Predictions for recall

A number of general predictions can be cousidered regarding Jolhnson-Lard’s ~ligural

theory™. concerning the relative numbers and types of crrors for cortain fignres.  \s
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Figure AB HC HA CH
Conclusion A C-A A C-A
First premise processed \-B C-B A H C-H
Second premise processed B—( B-A H-( B-A
first premise reverse | reverse
second premise reverse | reverse
both premises FeVerse reverse
Figure AB CH BA - BC
Conclusion AC C-A A "
First premise processed A-B C-B \ B C B
Second premise processed B ( B- A H B-A
first premise reverse | reverse
second premise reverse FOVOrse
both premises reverse FOverse

Figure 5.4: Mental models processing for the fignral effect
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Figure 5.5: Percentage of noun errors by ligure

well as evaluating these predictions. more detailed analysis of possible errors by conelu-
sion types and figure will allow a comparison of the mental models approach witl the
grammatical roles theory ol the figural elfoct. doseribed below,

In general, if the figural effect is to have an impact on recall. one would expeet this to
be mainly on memory of the nouns of the syllogism as it is these around whiclh the figural
effect operates. Quantifier errors would not he expected to vary with the predictions of

the figural effect. The following predictions can he made.

I. When the figure AB-BC is encountered of the mental models hivpothiesis. the snb-
sequent recall of the nouns should contain lfewer errors than recall following the
other figures as the former requires no reordering belore the premises can be com-

bined. All the other figures by contrast need some kind of reordering hefore any

101



Figure | Percentage chosen
AB-BC 30.8%
BA-CB 2R.5%
AB-CB 22.7%
BA-BC INAY

Figure 5.6: Percentage of each figure type chosen when an error in the figure was made

at delayed recall

kind of conclusion can be drawn and this should be reflected in greator numbers
of recall errors for the nouns of the svllogisim. Figure 5.5 shows this to be the case

for delayved recall. but not immediate recall.

In addition, at delayved recall also, the lignre AB-BC is found to be more likely 10
0 L] P

be the figure chosen if one of the other ligures is remoembered incorreetly, This sne-

gests that a transitive arrangement ol the nouus recallod alter a delay is preferred.

if the actual figure has been loreotten (=ee Figure 5.6).

2. The processing times for the figures should vary as a function of the transfor-
mations needed to create a representation. The ouly measure of processing time
available is represented by the reading time for the second premise and although
this may not correspond exactly to the time taken 1o solve the svllogism it seems
reasonable to suppose that the transformations needed to ereate the transitive rep-
resentation will take place before the second premise is removed from the sereen.
The mental models account of the figural effect would prediet that the ligure
AB-BC would have the shortest reading time for the second premise. the two lig-
ures AB-CB and BA-BC would have similar reading times as they require similar
amounts of processing and that the figure Ba-cn will have a longer processing
time than AB-BC. Figure 5.7 shows that at least one of the predicted differences
does occur. as BA-CB has a longer processing time than ag-Be. However, the
shortest time is found for BA-BC. which caunot be explained by the mental mod-
els approach. A test of the differences in reading time for fignre (1'=2.96. n.s.)

leads to the conclusion that there is no significant diflerence jn processing time
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Figure | Readiug time /ms
AB-BC 2115
BA-CB 2615
AB-CB 2477
BA-BC 2260

Figure 5.7: Processing time by figure
x L] A 5

AB-BC | BA-CB

Immediate recall | 2.6% 4.0%

Delayed recall 9.7% 6G.9%

Figure 5.8: Percentage premise reversals

for the four figures.

3. A high number of cases with the nonus within a premise vecalled in reverse order

might be expected with figures AB-CB and BA BC which are supposed 1o have one
premise reordered to form AB BC or BA CB. However this type of error is found
no more frequently for these figures. than it is for the other two fligures. which do

not require this type of reordering according to Johunsou-Laird {see Figure 5.9).

. Itis the central point of this theory that the premises for the B CB areinterpreted
in reverse order as CB-BA and those for A\B-BC in order of presentation. 11 this
is the case, then many more instances ol recall profiles where the premises have
been reversed would be expected for the figure BA-CB than A8 Be. Tu fignre H.X
the percentage of recall profiles where a premise reversal occurred are given for
A-C conclusions following AB-BC and ¢ A conclusions following BA-¢B. There
are slightly more premise reversals for BA B at immediate recall. but at delayed
recall AB-BC has more. Either processing the premises in reverse order does not
plav a part in the figural effect or the results of this processing are not reflected

in memory.
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Figure 5.8 also shows that the proportion of this type of erroris very low. In
addition. although the percentage of reversed premises is higher for By ¢B at
immediate recall. at delayed recall it is higher for AB-BC. If premise reversal is
a feature of processing these figures then at both immediate and delayed recall.
BA—CB would have many more instances of this type of error than As-8c. Taken
as a whole the recall data shows that there is really no difference between the two

figures for this type of error.

The predictions from Johnson-Laird’s theory are not supported by the data here
and in some cases are contradicted by it. Fither one must assume that memory has no
relationship to the processing of the syllogism. even though the features of memory play
a crucial part in this explanation for this effcct, or this explanation must he rejected

and another found.
5.2.3 Other explanations for the figural effect.

As already argued. some researchers. such as Gillhooley and Wetherick (1989) propose
that the figural effect is simply the result of the subject maintaining the erammatical
roles of the noun in the syllogism when constructing a conclusion. This is taken to he
a consequence of the subject viewing the svllogism as an argumment about something,.
Many studies in linguistics have noted that language compreliension is chiaracterised by
the recipient of language attempting to identilv the object or person that a communica-
tion is about. Kieras (1980.1981) has found that there are a number ol facrors aflecting
the choice of focus. The subject of the discourse is one such. but the first-mentioned
item and the most frequently mentioned item are also taken to be topic. When A is the
only candidate for the conclusion in subject position. the syllogism solver will take this
as the subject of the conclusion. When ¢ is the only candidate. it will be chosen.

The parallel figures have no unequivocal choice for the conclusion. thius other fac-
tors will come into play. In chapter -1, some of the asvmmetries resulting from this are
discussed. However, some indirect support is found for the view that it is the granimat-
ical role of the nouns in the syllogism that influences the form of the conclusion (sce
Figure 5.10) by considering the parallel figures and their recall profiles alone. For each
tvpe of conclusion the number of times A or ¢ appeared in subject term in the recall (in

either premise) is given as a percentage of the number of thimes that conclusion ocenrred.
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to remove bias due to differences in numbers of conclusions.

It is found that at immediate recall the conclusion A ¢ is more likely 1o be followed by
recall profiles where A is the subject than where cis the subject of the recalled premises.
Similarly. the conclusion ¢-a is more likely 1o be lollowed by recall profiles where ¢ is
the subject than a. There is a significant interaction between the conclusion type and
the noun recalled at immediate recall (F = 9.7 p<0.01) and there is a siguificant effect
of noun type (F = 10.6 p<0.01). so A is recalled in subject position more frequently
than c. At delayed recall, there are no significant differences. This data might indicate
two things: that the conclusion interferes with the recall of the syllogism so that some
nouns are recalled with the erammatical role they had in the conclnsion rather than
that in the original syllogism. or that when unable to recall the role of the nonn in the
svllogism. the subject uses the grammatical role of the nouns in the conclusion as a enide
or substitute. The actual mechanism for this effect is probably a combination of the two.
Both proposals show that the grammatical roles of the nouns in the conclusion exert an
effect on the form of the recall. In fact it could bhe arcued that the subjecis expect the
nouns of the syllogism to have the same grannnatical role as those of the conelusion.
as this is the main basis lor choosing the topic for the conclusion and are therefore
influenced by this to change the recalled svllogism to resemble the conclusion. Given
that memory for order of the nouns. that is grammatical role.is Tost relatively quickly.
the explanation that subjects will use the concelusion to reconstroet the syllogisn seenms
the most likely one. This only serves to emphasize that the subjects” expectations about
the syllogism depend upon the form of the conclusion. which v turn strongly snegests
that the form of the conclusion is derived rom the same features of the syllogisim.

Thus it can be argued that if the grammatical roles of the nouns in the conclusions
affect the recall of the syllogism. then grammatical role has some salicnce for the subject
at least regarding memory. If this is so. then it is possible to extend the argument 1o
the choice of the subject and the predicate of the conclusion. I grammatical role is
important for recall. in that subjects make errors that reflect the grammatical role of the
conclusion, then it may also be important for the construction of the conelsion from the
original syllogism. As Johuson-Laird’s explanation of the figural effect is nnsupported
by this data. then more weight can be given 1o any evidence., even il indirect. that

supports the grammatical roles theoryv. the only other good explanation for this eflect,
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A—C C-A A—C C-4A
A subject | 24.39% | 22.86% | 20.54% | 20.28%
¢ subject | 14.37% | 22.96% | 20.08% | 25.98%

Figure 5.10: Percentage recall by conclusion type
2 A ¥i

5.2.4 Comparing the mental models and grammatical roles explana-
tions

Some indirect evidence has been gathered to support the grammatical roles explanation

of the figural effect, the mental models explanation has not been supported by other

data. However, these findings are not conclusive for a nnmber of reasons.

1. The processes described by Johnson-Laird might not cause errors that directly cor-
respond to the operations required. To reverse the order of the nouns in a premise
when constructing a representation might not necessarily canse the premise to he
recalled with reversed nouns. The quantifier in the premise aflects the possibility

of this occurring. as does the serial position eflfect.

2. The tvpe of conclusion affects the tvpe and complexity of the processing. Specific
Al AN | A 2. 0|
predictions for certain conclusions must be evalnated to exclude the possibility of

trends being obscured in too general a picture.

3. The evidence for the grammatical roles theory is indirect and the possibility that

these findings are a result of mental models is not excluded.

By examining trends by conclusion and figure. the predictions ol version | of the
mental models theory ( different represenations are used to create different conelusions).
version 2 of this theory (diagonal figures always have the same representation. whatever
the conclusion given) and the grammatical roles theory can he compared to the obtained
pattern of errors. The numbers of instances where an unspecified error occnrred will
be considered. to avoid the problem raised in | above. that the error types might not
correspond to types of process.

Figure 5.11 gives the relative error rates. again this would be for recall of the nouns

of the syllogisin, predicted by the three theories. No two theories give exactly the same
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gramnatical roles

Figure [ mental models version I | mental models version .
AB-BC A—C | low errors low errors low errors
c-A | low errors very high errors high errors
BA-CB A—C [ medium errors medinm-high errors high errors
Cc-A | medium errors medium errors low errors
AB-CB A—C | low-medium errors low-medium errors medivm errors
Cc-A | high errors high errors mediunm errors
BA-BC A—C | low-medium errors low-medium errors medium errors
c-A | high errors high crrors

medivnm-high errors

Figure 5.11: Predictions for mental models and grammatical roles aceonnts

pattern of errors. so they can be distinguished. Figure 5.12 gives the obtained error

rates, expressed as a percentage of the number of conclusions of this type fonnd for each

figure. Thus the effect of numbers of conclusions is eliminated.

At immediate recall. the pattern of crrors most resembles the predictions ol the

grammatical roles theory. with version 2 of the mental models theory heing ruled ot

by the high numbers of errors for the nou-preferred conclusions for fignres AB Ko and

Ba—CB. Version | of the mental models theory wounld predict a diflerence in errors tor the

other two figures. with conclusion ¢-A creating more errors than A .

I'he oranmmatical

roles theory would not predict a dillerence for conclusion types here and this is the

result found.

5.2.5 Other strategies affecting the choice of conclusion.

The analvsis of the recall data in chapter 3 sugecests that there are nou-logical principles

that affect the subjects choice of quantificrs and how accurately they can recall the

different types of quantifier. It was argued in chapter Loon the basis of the conclnsions

drawn by the subjects. that there may he other strategios used when secking a topic

or focus for the argument in the syllogisim. One such strategy seemed 1o be 1o choose

the end term in the first premise. This preference might he derived from a general

principle. established by Kieras and mentioned above that topics of argmments tend 1o

be introduced early on in discourse. Another lactor that appeared 1o aflect the type
; K !
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Immediate rocall

A-C C=A

AB-BC | 23.3% | 61.0%
BA-CB | 54.3% | 31.2%
AB—CB | 45.9% | 10.0%
BA-BC | 33.1% | 35.4%

Delaved recall

A—C C-A

AB-BC | 33.5% | 68.3%
BA-CB | 73.9% | 56.8%
AB-CB | 61.0% | 67.5%

BA-BC | 61.6Y | 76.3%

Figure 5.12: Percentage recall errors for the nouns ol the syllogisim by conclusion type

and figure

of conclusion was the order of the quantifiers in the syllogism. There is a preference.
revealed in the recall data. to argue from the positive to negative. that is to introduce
the argument with the quantifier “all™ or “some™ and qualify the situation described
with the quantifiers “some..not™. This expresses itsell when the conclusion is drawn
as a preference for nouns associated with the positive quantifiers 1o be the subject of
the conclusion. This preference might cause error in the recall of other parts ol the
svllogism, such as the order of the nouns. For example. when a syllogism which has a
positive quantifier in the second premise and some other quantifier in the first premise
is recalled. there is a strong tendency to recall the quantifiers in reverse order. so that
the positive appears first. When this occurs. there might be a related tendencey to recall
the nouns from the second premise in the first. This might not simply resalt in reversed
premises. but also in the appearance of the ¢ term in the first premise.

The following predictions regarding recall ol the svllogism can he tested,
2 2 ; 2

1. If the A term is generally preferred for the subject of the conclusion then it should

be preferred as the subject of the premises at recall. Figure 5.13 shows that A



A subjeet | osubject

Immediate recall 33.12 30.72

Delaved recall 32.9 31.2

Figure 5.13: Mean choice of role for nonns

is the subject of one or other of the premises most [requently at immediate and
delayed recall. This finding supports the hypothesis that in a general sense a
takes priority as a subject for the syllogism at the stage when the svllogism is
being solved.

There is a significant interaction between delay and the number of cach noun re-
called in subject position (Fint=13.5 p<0.01) but no eflect of cither delay or noun
alone (Fdelay=0.18 n.s.. 'noun=0.2 n.s.). A t-test shows that the difference he-
tween the nouns for immediate recall is significant — that there are more instances

of the A noun being recalled in subject position at fnnediare recall than .

Svllogisms that conform to the preference for the form ol the argument should show
fewer errors in the recall of the nouns than syllogisims that do not. In particular
syllogisis that do not conform should have a higher nuwmber ol instances where
¢ is recalled as having occurred in the first premise than syllogisms that conform.
This would be because in the cases where a positive quantifier ocenrs i the second
premise (non-conforming syllogisms) there is a tendency 1o recall this quantifier
as having occurred in the first premise. The ¢ term will also tend 1o he recalled
in the first premise therefore. This is supported by analyvsis of the recall errors for
the figure and noun assignment of the syllogisis. When the syllogism conformed.
there were fewer errors at bhoth immediate and delaved recall for hoth variables

then when the syvllogism did not conform.

Inferential analvsis of these errors demonstrates that the diflerences shown in
Figill‘e 5.14 do not simply imply that conforming svllogisms are less likely 1o
attract recall errors in general. The errors for figure are not siguificantly higher
for non-conforming svllogisms (Fdelay=51.93 p<0.01. Fsyll=1.81 n.~.. Fint=0.61

n.s.), but for noun assignment there is a sienificant chanee (Fdelav=061.63 p< 0,01,
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Lnmediate recall

Svllogism tvpe | Noun assg. | Figure

conforming T 22%

non-conforming 11% 28

Delaved recall

Syllogism type | Noun assg. | Figure

conforming 30.3% 50.3%
non-conforming 387U 52.3%

Figure 5.14: Mean errors for conforming and non-conforming svllosisims

Fsyll=4.73 p<0.01, Fint=0.21 n.s.). This suggests that the effect of having a
nonpreferred order for the quantifiers in the syllogisms is to specifically disrupt
the memory of the roles the nouns plaved in the syllogism. This is snpported by
the finding that there are significantlyv more instances of ¢ being recallod in the first
premise for svllogisms that do not conform (Fdelay=10.5 p<0.01. Feterm =9.52
p<0.01. Fint=0.22 n.s.). Thus the form of the memory disruption is 1o lead
subjects to recall the minor term as having occurred in the lirst premise. that is

to give it the role of major or middle term.

5.3 Misinterpretation of the Quantifiers

Work was cited in the first chapter that investigates the role o an incorrect nndoer-
standing of the quantifiers as leading to incorrect reasoning. One effect has already
been found in the previous chapter that secins 1o be the result ol a confusion hetween
“some” and “some..not”. but closer examination of subjects” understanding of what the
quantifiers imply logically can be carried out by use of their errors when recalling the

quantifiers themselves and the premises they appear in.
5.3.1 Conversions

A common mistake when recalling the nouns of the syllogism is to reverse their arder.

The tendency to reverse the order of nonns within a premise when it is not logically

1



Immediate | Delaved

All 1-1.08% 31.49%
Some 22.63% 13.51%
None 16.71% 33.39%

Some..not 20.11% 3828

Figure 5.15: Percentage of type 2 errors for each quantifier

possible to do so has been used as an explanation for reasoning crrors hy Chapman
and Chapman (1957) and Revlis (1975) who have called the phenomemon “conversion™.
Figure 5.15 demonstrates that the type of quantifier does have an effect on the ninnber
of instances where the nouns are recalled in reverse order!.

A two-way Anova shows that delay has a signiflicant effeet on the number of conver-
sions (Fdelay=71.94 p<0.01) as does the type of quantilier (Fquant= .81 p<0.05) but
that there is no interaction between the variables (Fint=0.32 n.s.). Mithough the tyvpe
of quantifier makes a diflference to the number of times a subject will recall the nouns
of the premise in reverse order. clearly this does not follow exactly from the logic of the
quantifiers. While “all™ has significantly fewer conversions than the other quantifiers
“some...not” does not and logically. "some..not™ will not allow a conversion and logic
to be preserved unlike “some™ and “noune™ which do fmply their converse. This may be
because “some..nol”™ is often misinterpreted as heing equivalent 1o “some™ . so making
this error will also allow the error of assuming that “some.nolt”™ logicallv implies ifs
converse. The relationship between these recall results and the question of whether
subjects do make errors in reasoning throngh illict conversions is hard to determine,
What these results do indicate is that in cases where the subject perccives that the
order of the nouns in the premise is relevant to meaning. the order will 1end 1o he
preserved. Thus in cases where the order of the nouns in the premise is unimportant to
meaning it will be lost. This does not imply that the errors found in recalling the order
of the nouns for the quantifier ~all™ are an indication that in these cases conversion at
the reasoning level has occurred. rather that in general the logic of =all™ is appreciated

and that conversions are rather likely not to he a source of error. at Teast as far as this

*a type 2 error after chapter 3



Immediate recall

Logicians | Non-logicians
All 5.59% 23.26%
Some 14.79% 31.12%
None 11.98% 21.81%
Some..not | 16.00% 2.1.63%

Delayed recall

Logicians | Non-logicians
All 23.58Y% 10074
Some 37.705Y 19.76%
None 29.82% 37.26%
Some..not | 32.67Y% 136

Figure 5.16: Percentage conversions for cach quantifier

quantifier is concerned. What is indicated and pursued further below. is that subjects
do not appreciate the logic of the quantifier “some.not™ hut rather tend 1o assmne it
means the samie as “some”. The lower number of type 2 errors for "none”™ is also inter-
esting. because the logic of this quantifier does not demand that the order of the nouns
in its premise be retained. This taken with the lower type 2 errors for all™ suggests
that universal quantifiers allow the grammatical structure of the premise they are in to
be better retained. It has already heen shown in chapter 3 that particular premises are
associated with higher levels of a number of noun order errors and this mav he another
example of this phenomemon.

As the incidence of conversions appears to be related 1o the logic of the quantifiers.
the extent to which each of these two groups of subjects understand the logic of the
quantifiers can be measured by studying the numbers of conversions for cach quantifier
tvpe for each group in Figure 5.16

Logicians make fewer of this type of error than non-logicians. The pattern ol errors
for logicians indicates that they grasp the full meaning of the quantifier =all™ hut not of

“some..not”. snggesting that they are prone to the misinterpretation ol “some.not™ as
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being equivalent to “some™ and thus the order of the nouns following it heing irrelevant
to meaning. Non-logicians made most conversions following the gquantifier “some™. bt
did not make fewest for “all™. thus implving that they do not have a full grasp of its

meaning.
5.3.2 Other types of misinterpretation

It has been shown, in other studies® that some subjects do not grasp the full logical
implications of the quantifiers used in syvllogisms. butinterpret them according to heuris-
tics used in general language processing. Gricean implicatures. for example. state that
people will not interpret “some™ as meaning “some and possibly all™ but s meaning
“some but not all™ and similarly “some.not™ is interpreted as meaning “some.not but
not none” rather than “some..not and possibly none™. I this is true. similar findings
may be revealed by the recall data. on the principle that if subjects make an error at

the level of reasoning that error is likely to reveal itself at recall.

I. If subjects interpet “some™ as meaning “some but not all™ then recalling “some”

as “all” should be rare.

2. If subjects interpret “some..not™ as meaning “somecnot bt not noae” then re-

calling “some..not™ as “none”™ should also be rare.

3. If subjects misinterpret “some..not™ as implyving “some™ then these two gquantifiers

should he commonly confused.

The direction of the results shown in Figure 5,017 confirm the predictions and a
two-way Anova shows that both delay and the interaction between delay and 1vpe ol
confusions are significant ('=210.7 p<0.0l. F= 1.7 p<0.01). Type of conlnsion alone is
also significant (F=13.2, p<0.01). The elfect of Gricean implicatures have most ellect in
preventing “some..not” from being recalled as “none™. The smaller dilferences between
“some” being recalled as “all™ and “all™ being recalled as “some™ are probably due
to the preference for ~all™ in the first premise. which will increase the incidence of all
quantifiers changing to ~all”™. There is a slightly greater tendeney to recall “some™ when
the actual quantifier was “some.not™ than vice versa. Subjects often reported dilliculty

in understanding the quantifier “some..not™ and this may acconnt for the preference for

“see especially Newstead and Griggs( 19583) and Newstead (1988,
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Immediate recall | Delaved recall
“all” — “some” 3.3% 15.8%
“some”— “all” 2.6% [4.8%
“none” — “some..not” 3.6% 19.5U
“some..not” — “none” 0.7% T.2%
“some” — “some..not” 5.3% 21.7%
“some..not” — “some” RA% 25.3%

Figure 5.17: Percentage of conlusions lor quantifiors
- =

“some”. It is certainly the case that these quantifiers are much more likely to he confused
with each other than with their universal counterparts. This is further evidence for the
existence of Gricean implicatures in interpreting the quantifiers. This also suggests that
the quantifiers “some™ and “some..not™ share a uniform representation. as they are so
easily confused.

As in the previous section. the extent 1o which using a dednetive reasoning strat-
egy implies a full understanding of the quantificrs is investigated. The effect of Gricean
implicatures might only be found for subjects treating the syllogism as a picce of commu-
nication and nothing more: subjects approaching the syllogisms as reasonimg, problems
might be immune to textual effexts such as these. This is not the case. The same effects
that have been found for the group as a whole are present in each ol these subgroups
showing that the type of confusion hetween quantifiers has a signilicant effect for both

logicians (F=1.6. p<0.01) and non-logicians (F=6.0. p<0.01).

5.4 Recall and Features of the Representation

It was found in the previous chapter that there was evidence that cancellation and
double-hatching played a part in reasoning strategies for the individuals task. the same
findings were not found for the standard task. but there was evidence that cancellation
and double-hatching were playing a part in the reasoning process. by making syllogisims
that did not cancel or have double-hatching more diflicult 10 solve. The recall data

will now be usod to investigate the proposition that this inereased diffienlty is relared 1o



Cancels | Doesn’t ('ant‘vr
Error in Recall 27.10% 30.3%
(Immediate)
Error in Recall 6G2.3% 63. 4%
(Delaved)
Reading Time(ms) | 23.13.8 2829.7

Figure 5.18: Recall errors and reading times for the secoud premise by the presence or

absence of cancellation

Double-1latched | Not Double-1Tatehed

Error in Recall 275U 282U

(Immediate)

Error in Recall 62,1 (:3.3%
(Delayed)
Reading Time(ms) 23016 2537.0

Figure 5.19: Recall errors and reading times for the second premise by the preseuce or

absence of double-hatching

indeterminacy in the text. It was demonstrated by Steuning (198G) that deseriptive texis
take longer to read and are more poorly recalled il indeterminate than determinate ones.
The reading time and memory data will be used to see if these two variables relate to
the presence or absence of cancellation and double-hatching in such a way as to suggest
that the absence of these factors constitutes indeterminacy,

Figures 5.13 and 5.19 give the overall percentage of texts that had any kind ol error
at immediate and delaved recall for texts with and without cancellation or double-
hatching and the reading times for the second premise for the same groups. The differ-
ences between recall errors at immediate recall for cancelling and non-cancelling texts
is significant (1=2.05. p<0.04) as is the difference in reading times (1=3.92. p<0.0001).
The numbers of errors for delaved recall is not significantly different bhetween toxts.

nor are any of the differences for the double-hatched versus non-donble-hatched texts.
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Cancelling texts therefore are found to have a lower error rate for innnediate recall and
less time is taken to read their second premise. As the second premise reading time
constitutes some measure of the time it takes for the subject to feel confident of a rep-
resentation, if not to have decided on a response. it scems sale to say that cancelling
texts are easier to understand and possibly casicr to represent. The presence or absence
of double-hatching does not appear to make a difference.

It will be shown later that the type of conclusion drawn [or the syllogism has an effect
on the ability of the subject to recall the syllogism. Bearing this in mind. the analysis
above is repeated. but only for svllogisms that do not possess a valid conclusion. These
svllogisms can be divided into three groups: those that cancel and have double-hatehing.
those that cancel and have no double-hatehing and those that do nor caneel and have no
double-hatching. Figure 5.20 gives an example for cach category. There are no example
of svllogisms that do not cancel and vet have double-liatching. There are significant
differences between these three groups for all variables but delaved recall ervors (F(imm
rec)=3.41. p<0.03: F(del rec)=1.05. n.s: Flresp)=6.58. p<0.001 F(rt)=2.61. p<0.07)
and the percentages given in ligure 5.21 indicare that syllogisims that cancel and have
no double-hatching are recalled with fowest crrors. followed by those that cancel and
do have double-hatching and those that neither cancel or have donble-hatehing having
the poorest recall. This is true at both stages of recall (hut only signiticant at im-
mediate recall). also of the accuracy of the reasoning responses given and the reading
time for the sccond premise. Testing bhetween groups finds that only the difference in
recall errors between syllogisms with no double-latching but which cancel or do not
cancel are significant (t=-2.83. p<0.00-1). The reading time for syllogisins that caneel
and have no double-hatching is significantly shorter than the reading times for can-
celling syllogisms with double-hatching and non-cancelling syllogisms withont (1=3.81.
p<0.0002 for doesn’t cancel. no double-hatching versus cauncels. no double harching,.
t=2.47, p<0.01 for cancels. double-liatching versus cancels. no double-harehing). The
accuracy of the responses is siegnificantly lower for syllogisms which do not caneel and do
not have double-hatching than the accuracy for the other two groups (1=2.3. p< 0.02.
t=2.36. p<0.01) but the presence or abscuce ol double-latching for the two groups
which cancel does not make a difference in the subjects™ ability 1o correctly solve the

svllogism.
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The main effect appears to be that syllogisins whose middle terms cancel are read
more quickly. recalled more accurately and liave more correct reasoning responses than
those that do not cancel. when the analvsis is conlined to those svllogisms that do
not have a valid conclusion. Rather than cancellation being used as a tool to detect
svllogisms without a valid conclusion. its absence appears to make syllogisms harder to
process and to solve, when a conclusion is scarchied for. It has already been suggested
that the reason for this may lie in subject’s attempts to relate the end-terms and heing
prevented from doing so by the fact that the middle termn caunot he removed from the
“equation” simply. Figure 5.22 shows why this might be so. Double-hatching does not
seem to make syllogisms with no valid conclusion harder to answer. bt its presence
does increase the processing time for the second premise and the nnmber of recall errors

at immediate recall.
5.5 Summary

In this chapter the recall data hias heen used 1o address various issues relating 1o theories
about syllogistic reasoning. It has heen found that the mental models explanation of the
figural effect is not supported by an analysis of the data. cither for predictions generated
by that model alone orin terms of a comparison of predictod levels of recall orror for this
explanation and the grammatical roles explanation. The latrer hypotliesis is supported
though. from indirect evidence showing that the grammatical roles (or locus) of the
conclusion is preserved in the recall. suggesting that the factors that lead 1o its heing
preserved are the same that led to its being chosen as the topic of the conclusion in
the first place. The predictions of the grammatical roles theory are also borne ont by
the relative levels of nonn recall error for various combinations of lienre and conclusion
tvpe.

Recall errors are also found that reveal misinterpretations of the logic of the quan-
tifiers. There appears to be an appreciation ol the logic of “all” as the nonns in the
premise containing this quantifier are recalled in reverse order riather less froquently
than the other nouns. however. the fact that “none™ also has reversed nonns less of-
ten in the premises it heads at recall tends to suggest aloug with findings made carlier
that universally quantified premises are less prone to all tvpes of error. The frequency

with which certain quantifiers are changed 1o athers reveals the operation of Gricean
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None of the Aare B ~A B Double-hatched

None of the Bare C B ~C Cancels

§ ]

N %
Some of the B are A B A Not Double-hatched
Some of the Care B CB Cencels

Some of the A are B AB Not Double-hatched
Some of the CarenotB C~B Does Not Cancel
Figure 5.20: Examples of syllogisms with no valid conclusion with combinations of

cancelling and double-hatching



Cancels Cancels Does Not Cancel
Not Double-Hatched | Double-Hatched | Not Double-Hatched
Error in Recall 288 35.1% 40.0%
(Immediate)

Error in Recall 78.6% 80.3% 81.0%
(Delayed)

Incorrect 27T 28.0% 36.7%
Responses

Reading Time(ms) 2163.1 25389 2797.0

Figure 5.21: Recall errors. Incorrect responses and reading times for the second premise
by the presence or absence of double-hatching and cancellation for svllogisms with no

valid conclusion

All the X are B
Some of the (" are not B
hecomes
ADB
" ~B
from which the B term cannot be removed hecause it is positive in one premise and

negative in the other

Figure 5.22: An example of a non-cancelling svllogism



implicatures. Changes from universal to particular are more common in general than
vice versa. which is in line with the observation that subjects are less prone to ohserve
the full logical meaning of particulars. which implies the universal statement also to
be possibly true. The most common types of quantifier error however involve changes
between the particular quantifiers. suggesting that the interpretation of these two may
not be distinct in many cases.

Finally, recall data is used to examine the proposition that cancelling svllogisms are
more determinate than non-cancelling ones. This is upheld. particularly with reference
to the group of syllogisms that have no valid conclusion. Double-hatching. which does
not seem to play much part in processing overall. is also found to influence recall and
processing, but in such a way as to worsen or lengthen these factors: the opposite of
cancellation. In the previous chapter it was found that the absence of double hatching
made syllogisms with valid conclusions more difficult to answer and while the presence
of this feature does not affect correct response rates. its impact on the recall suggests

that double-hatching may be used by subjects as a cue to the presence of a concliusion.
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Chapter 6

Implications for Syllogistic
Reasoning

In the previous chapters basic recall effects have been demonstrated and this data along
with the reasoning data from both experiments has been used 1o look eritically at various
theories pertaining to syllogistic reasoning and memory phenomena in general. It now
seems appropriate to use the information gained fron these experiments to formulate an
impression of the priorities and strategies used by subjects when solving these problems.
Of particular interest is information pertaining to the type of representation actually
used by subjects when reasoning. Must this be based on individuals as Johnson- Laird
claims, or is there evidence that set-based representations might also be used? Does
the evidence snggest that this is a useful distinction to make. or are these theories only
distinguishing between learncd strategios. themselves arising from homogenons processes

at another level?
6.1 Reasoning and Recall

It has been established that there exists a group of subjects who in the standard rask.
at least initially, do not appreciate the logic of svllogisms and who generare conclusions
from them on the basis of judgements abont the plausibility of cortain relations existing
on the basis of the situation described.  There also exists a rather larger gronp ol
subjects who appear to be using rational mcans 10 solve the syllogisi. of 1the general
form: combine the premises and use eveles of testing to identify the presence of o valid
conclusion. The relationship that these diflerent processes hear to rocall Las already

been examined in rather specific wavs in the preceding chapter, hut a hroaderlook at this



Type of Conclusion | Immediate Recall | Delaved Recall

Correct NV( 21.2% 63,4
Correct V(' 25.2%, 374U
Incorrect NV(C 15.9% 59.9%
Incorrect VC 1.0% 662

(should be NV(')

Incorrect V(' SN 6G7.6'
(should be V()

Figure 6.1: Percentage error by types of response

connection is required. The responses to the svllogisims in Experiment 1 can he grouped
into five categories: those that were correct and a valid conclnsion drawn. those that were
correct and no valid conclusion drawn. those that were incorrect becanse a conclusion
was given where none exists. those that were incorrect hecause no conclusion was given
and one does exist and those that were incorrect hecause the wrong concliusion was given
although a valid conclusion does exist. It has already heen recognised that answering
“no valid conclusion™ will, at immediate recall cause less disruption of memory than
drawing a conclusion. However it has also been shown that this advantage disappears at
delayed recall, presumably because of poorer consolidation of syllogisms where no valid
conclusion is given. It is of interest to see whether this effect is consistent over all tyvpes
of response, for example, giving “no valid conclusion™ to a syvllogism with a conclusion
may arise from exitting cveles of testing prematurely. whereas in other cases giving this
response may be accompanicd by a superlicial representation of the syllogism becanse
logical principles have been used to solve it rather than an agglomerated representation.
When conclusions are drawn distinguishing between those that are correct and those
that are not is important because some will be the result of matching and therefore are
thought to be the result of a rather different reasoning strategy.

Figure 6.1 shows that these distinctions are well motivated. There is a very much
higher percentage of errors for syvllogisms where the response was one of the incorrectly

drawn conclusions at immediate recall and a rather less dramatic diflerence at delay.
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Incorrectly stated “no valid conclusion™ responses liave the lowest percentage ol recall
errors at immediate recall and the second lowest at delav. Correctly given valid coneli-
sions also have low percentage error rates at hoth immediate and delayed recall, correctly
given “no valid conclusion™ is well remembered at immediate recall. as generally found.
but does less well at delay.

These findings can be explained in the following way. The evidence gathered so
far suggests that subjects acting non-logically tend to draw more. not fewer valid con-
clusions. The response “no valid conclusion™ is rather underused by these subjects
suggesting that it is not the respouse used as a lall-back or guess. When it appears in-
correctly one must assume that it is the result of eveles of testing finishing prematnrely
or. in the case of the figural effect. a valid conclusion bheing missed hecanse it is antifig-
ural. In this case then subjects may well have combined the premises and performed
some testing, but do not go through the process of drawing a conclusion and interfering
with the recall immediately after reading the syllogism in this wayv., Valid conclusions
will be arrived at after a similar process. hut on average. more testing. | his does not
confer an advantage on memory. as shown in the previous chapter however, and the act
of drawing the conclusion secms 1o affeet memory adversely at innmediane recall. Cor-
rectly given “"no valid conclusion™ will also often result from testing and therelore the
recall of this and incorrect “no valid conclusion™ should be similar. A= noted in cliaprer
4 however, some of these couclusions do not result from testing. but from the nse of
heuristics or logical principles. The lesser amount of consolidation will alfect recall at

delay as is found. Incorrect “no valid conclusion™ should suffer less at delay hecanse
they are more likely to have been integrated and tested. Correct valid conclusions will
be better retained at delay. as they result from o well-integrated structure. Conelusions
given where none exists will alwavs have poor recall. thiey result from matehing in a
high number of cases and will be based on a superficial understanding ol the syllogism
and suffer from the effect of drawing a conclusion. Incorrectly drawn conclusions where
one does exist might be assumed to be the result of the same process and these also are
found to have poor recall.

Thus. recall in a general sense appears 10 he allected by the strategy nnderlyving
the interpretation of the svllogism. il not the amount of processing. Combining the

premises seems to be a major determining lfactor. although this does not relate 1o
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depth of processing in any simple way as shown by the analysis of nimbers of models
and recall in chapter 5. The strong “evening ont™ effect at delayed recall snggests
that the information that improves immediate recall for valid conclusions for example
is not robust enough to withstand thirty-two texts delay in a large number of cases.
Given the assumption that subjects drawing incorrect conclusion are doing so because
of a more superficial representation, can evidence be gathered about the natnre of
this representation from investigation of tvpes of recall errors and types of response?
Analysis shows not. There are no interesting variations in the types of errors found for
svllogisms with different types of response. rather there is a global effect of response
tvpe. which increases the tendeney for some part of the syllogism to be forgotten wit hou

affecting one type of information more than any other.

6.2 Ordering of Information in the Syllogism

The hypothesis that the preference for B as subject term is related 1o 1he subject’s
attribution of topic to the middle term of the syllogisim conflicts with the requirement
of the standard task that one of the end-terims he taken as the subject of the conelusion
(and thus act as the focus or topic of the argmment). Howevers in the case of the
second experiment. the subjects is nnder no such restraint: choosing an individual gives
him/her freedom to choose any of the three nouns in the syllogism as primary. It is
of interest therefore to examine the orders preferred by the subjecrs in this experiment
and relate these preferences to recall choices [rom the standard task.

Subjects were asked to decide il a valid individual followed Tron the prowises of the
svllogism. If they concluded that one did they were asked 1o write down the properties.
no order was suggested. and make a note of whether the individual did or did not
possess the property in question.  Studving the results of this leads to a nmber of
interesting observations. The first position nonn is much more likely 1o be B than
or ¢ (see figure 6.2). The relative frequencies of A and ¢ reflect rather closely those
of A—c and ¢ A conclusions for the standard task. This suggests that B does indeed
take topic position when circumstances allow it 1o do so. .\ ligural effecr Tas alroady
been demonstrated for Experiment 2 in chapter 1o the effect of the fonr fignres on the
frequency of B in first position has not been studied. The ligural effect can again be

observed. but in addition one can see that 8 collects a sizeable proportion of the choices
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Noun in First | Percentage |
Position Occurence
A 25.0%
B 53.2%
¢ 21.8%

Figure 6.2: First position noun for the individuals task

Noun in First | AB-BC | BA CB | AB CH | BA HC
Position
A 62.3% | LA | TISY | 7. |%—'
B 35.9% | 1L | 5% | 9124
C |.RY 5.0 20.0% .1

Figure 6.3: First position noun by figure for the individuals tack

for these two figures. particularly for BA -¢B. This nonn is a great deal less popular for
AB-CB and is overwhelmingly the favourite for BA BC.

It is difficult to imagine that the factors creating these preferences are not the same
ones responsible for the figural effect. The 1vpe of task the subjects are asked 1o per-
form is certainly different in some important respeets, but it is also similar in others,
particularly in that to correctly solve the individuals problem the subjects must” ag-
glomerate the premises in the same way as for the standard task. even if the wav they
manipulate them to search for an individual is different from eveles ol testing., I the
figural effect results from the process of agelomeration. one would expect the choice of
first noun for the individuals task to follow in the same wav, It should be obvions that
any explanation of this effect based on transitivity of a mental model will have difficulry
accounting for these results. According to this hyvpothesis. B must always enter working
memory between the end terms. because only in this way can a colicrent model be built.
Because A and ¢ are never found in the same premise. the subjeet has ar the time of
combining the premises no information that would allow these two nouns 1o he linked.

which would have to be the case if B were to enter the model first. Becanse ol this,
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the occasions where individuals beginning with B are chosen cannot he explained and
as these constitute more than chance occurences. it must he assumed that some other
mechanism is responsible for the effect.

In chapters 4 and 5. an alternative account of the figural effect was examined and
found to fit the recall and conclusion data rather better than Jolmson-Laird’s expla-
nation. This consists of the observation that the end term which is subject is taken
to be the subject of the conclusion and in the case where there are two candidates or
no candidates for the subject. factors such as which noun was first mentioned play a
greater or lesser part. In the individuals task. there is always a choice of two subjects
for the conclusion. In only one figure are they both the same nonn - BA BCL thus the
preference for individuals with B as the first noun. In one case Hois never in subject
term. for AB-CB and the incidence of B-first choices is thorelore small. For the lignral
cases the end-term in subject position is most often chosen. but in the ciase of By CH
the middle term is also a popular choice. Taking into account the other proposed factor
- that the noun in the first premise is also preferred for the subject position. one can
see that in the case of BA-CB there will he a conflict between B and ¢ in lirst position.
leading to nearly equal choices while for aB 8o A lias both Tactors connting for iv and
therefore obtains a larger share of the choices. This also explains the disparity between
A and ¢ choices for AB=CB - A is chosen for first position more often hecanse it is in the
first premise.

The grammatical roles account of the figural effect can be applied to the results
of this new task and can explain findings which the mental models formulation can
not. It has already been shown that choosing an individual predisposes the snbjects
to different strategies. suggesting that to an extent the representation nsed by the
subject is determined by the task they are requested 1o perform. The standard rask.
for example requires the subject 1o remove [rom the equation one ol the nouns - the
middle term - which is exactly the noun that appears to assume referential importance
for the individuals task. It may be that the elimination of B for the standard task takes
place at a stage after the consolidation of the premises. The consolidated representation
may then reflect the preferences for noun order found in the individuals task. while the
reasoning component of the process will be dependent on the type of task involved. thus

the differential effects of cancellation and double hatching.
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One must therefore look for evidence that underlying the recall for rthe standard
task are structures that reflect the preferences found for the individnals task. Certain
syllogisms lend themselves well to an analysis of the ways in which these structures
might affect recall. Figure 6.4 shows the most popular noun orders for the EA. AE.
EI and IE syllogisms from the individuals task. In no case was any other individual
more popular, in all but one case the displaved choice acconnted for 50% or more of the
total and in that one case the most popular choice was “no valid individual™. The AL
and IE pairs tend to be given in an order that conforms to the order of the nouns of
the syllogism, that is ABC for figures AB-BC and AB-CB and BAC for figures BA-CH and
BA-BC. The EA and EI pairs tend to have A as the final term of the individual and
often ¢ as the first term. The elfect this might have on memory is diflicult to predic
exactly as there are many wavs that subjects might nse a representation such as this
to inform recall about the position of the nouns in the svllogism. assuming than this
in fact happens at all. One simple mechanism that might be operated however, is for
the subject to retain the individual. choose one ol the first two nonns as the middle
term and repeat that middle term somewhere in the individual retained. to end up with
four nouns which then represent the nonn order of the svllogism. Fignre 6.5 shows that
so long as the correct middle term is picked. the individuals commonly drawn for the
AE and Al pairs will often lead 1o a correct recall and always 1o one where the noun
roles of the syllogism are preserved and that for the EX/ELD pairs. even il the correct
middle term is picked correct recall never follows and in particnlar in all cases will he
placed in the second premise. In hall the cases included. ¢ will appear in the first
premise. In addition one would expect the first mentioned noun in the individual he
the first mentioned term in the recalled noun order. These abservations indicate some

predictions to be examined:

e The EA and EI pairs will tend to have greater innmbers of cases where v is recalled

as having occurred in the second premise than the N and 11 pairs.

e The EA and EI pairs will tend to have greater numbers of cases where ¢ is recalled

as having occurred in the first premise than the A and TE pairs.

e The first mentioned term in the individuals drawn from AL and 11 svllogisims is

also the first mentioned term in the original svllogism. o little of interest can be
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Type of | AB-BC | BA-CB | AB-CH | BA BC
Syllogism
AE/IE ABC BAC ABC BAC
EA/EI BCA CBA CBA BCA

Figure 6.4: Most popular types of individuals for AE/IE and EA/EL syllogisms by fignre

Tvpe of Possible Noun Orders

Individual | (with B as middle term)

ABC ABHBC BABC AHCH
BAC BABC BACH
BCA BCAB BCBA
CHBA HCHA CHAB

Figure 6.5: Possible noun orders by individuals

predicted for these cases in terms of which noun will be recalled in first position.
However. in two of the EA and IE cases the first position noun would he predicted
to be B when in only one case is this the actual first noun and in the other two

cases, ¢ would be the first noun.

These predictions are compared to the recall in figure 6.6, figure 6.7 and figure 6.8,
The predictions for the recall of A and ¢ are borne out. There are significaut differences
between all the comparisons across the two groups with the FEA/EL pairs always having
a greater percentage of error (t1=1.16 p<0.1. 1=2.01 p<0.05. for A in the second premise
at immediate and delaved recall respectively, (1=2.11 p<0.03. 1=1.51 p<0.0% for ¢ in
the first premise at immediate and delayed recall). Looking within the EA and El pairs
does show that instances where B was chiosen as the first property in the individual are
also instances where B was recalled as the first noun. This difference is significant at
immediate recall (t=1.85 p<0.06). but not at delay (1=1.15 n.s.).

By isolating this particular group of syllogisms and comparing the individuals found

to the recall profiles obtained in the first experiment it can be seen that there appears to



Type of | Immediate | Delayed

Syllogism Recall Recall
AE/IE A% 27.0%
EA/FEI 10.5% 32.5%

Figure 6.6: Percentage of recalls with A in the second premise

Type of | Immediate | Delayed

Syllogism Recall Recall

AE/IE 0% 13.1%

EA/EI 17.0% 10.4%

Figure 6.7: Percentage of recalls with ¢ in the first premise

Figure Immediate | Delayed
Recall Recall

AB-BC and BA-BC 19.0% AR
BA-CB and AB-CB 15.0% 17.0%
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be recall phenomena that reflect the existence of individuals of this tvpe. he gquestion
of why these particular individuals should be chosen in the first place has not ye
been addressed and in the next section it will be shown that some. if not all of these

phenomena can be traced to a common cause.

6.3 Positive and Negative Information

At points thronghout this work it has been noted that information in the syllogism must
be ordered in a particular way according to whetlier it is positive or negative. Rescarch
has already established that negative information is more difficult to process and tends to
be understood as a conversion to allirmative statements (Wason (1959196 1.1963.1965).
Donaldson (1959)). Wason makes the observation that positive statements are usnally
used to introduce information and negative ones to qualily those statements. There
is found an intuitive observation that this experiment has shown empirically 10 be
the case. The stroug ordering effects of the quantifiers give dramatic evidence of this
process at work and also shows a tendeney to prefor universallyv quantified statements

to be followed by particular ones,
6.3.1 Negative information and the recall data

Interactions between this and the recall of the nouns have already heen observed. It
can also be shown that these effects exist independently of the process of solving the
svllogism. Two groups of syllogisms can be isolated. the [ and E syllogisms and the
Al and AE syllogisms of figures aB-8BC and By B, These two groups are not logically
equivalent within themselves but ecach member of a group has a logically equivalent
member in the other group. The 1A and EN svllogisins liave the non-preferred order of
quantifiers, however and the Al and AE group the preferred order. The only factor that
can affect the recall of these two groups is the order of the quantifiers. as logical Tactors
have been controlled for. When the percentage of texts that had any Kind of error at
all is observed. it can be seen (figure 6.9) that a very large difference exists hotween the
percentage of errors for the former group as opposed 1o the latter, Examining every
category of recall error produces the same result. with the exception of 1vpe 2 nonn
order errors (reversal of noun within a premise) which are equally common for both

groups (1=0.43 n.s.. t=0.08 n.s. at immediate and delaved recall respectively ). The
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Type of Error

Preferred Order

Non-preferred Order

Signilicance

Any Error

Immediate Recall 25.0% 38.0% 1=2.32 p<0.01
Delayed Recall 61.0% S1L0% 1=2.75 p<0.008
First Quantifier

Immediate Recall 5.0% 16.0% 1=2.57 p<0.01
Delayed Recall 21.0% 50.0% 1=1.17 p<0.00001
Second Quantifier
Immediate Recall 3.0% 17.0%4 =338 |;rml!__

Delayed Recall 36.0% G1.0%

1=3.17 p<0.002

Reversal ol Nouns

Immediate Recall

Delayed Recall

1-1.0%
23.0%

13.0%
22.0%

1=0.13 n.s.

1=0.0% n.s.

Ain Sec

ond Premise

Immediate Recall

Delayed Recall

5.0%
18.0%

16G.0A
36.0%

1=2.57 p<0.01

1=2.91 p<0.001

¢ in First Premise

Immediate Recall 3.0% 13.0% 1=2.61 p<0.01
Delayed Recall 13.0% 270U 1=2.5 p<0.01
Figure 6.9: Errors in recall by preferred and non-preferred quantifier order

quantifiers are particularly affected as would he expected as are the nnmbers of recall

errors where A or ¢ appear in the inappropriate premise.

6.3.2 Negative information and choosing individuals

[t was found in chapter 4 that this order preference for positive and negative information
causes asymmetries in the type of conclusion chosen. hoth for particular svllogisms not
generally thought to show these types of order elfects and over the entire ser. Preference
for order of nouns in individuals is also allected by negative and positive information.
Subjects in Experiment 2 were asked to find individuals which must exist under every

circumstance, but who could either have (positive information) or not have (negative
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information) the attributes in the svllogisi. There are. as already stared. cight possible
individuals, if the order the nouns are given in the response is ignored. One ol these
tvpes of individuals should never occur, others are found rarvely. Figure 6.10 lists the
individuals and the percentage of each noun order that were found for each one. One
individual is excluded - -A-B-C - because it is very rarely given (only five cases appear
overall) and can never be correct. The percentage of each noun order is given for
the responses as a whole. The type ol individual given and the noun order do not
interact randomly. Inspection reveals that very rarely is a noun that conveys negative
information in the individual found in first position. When only one noun is positive.
then there is a strong tendency for it to be found in first position. when two nonns are
positive then B tends to be the first choice. [ollowed by a and finally ¢, The percentage
of noun order for the total responses reflects this preference and also shows that noun
orders where B is given last in the order are rather rare. This is due to the fact that
noun orders where B is negative are very rarely given. These findings are snmmarised
in figure 6.11. From this we can sce that when a given noun is negative. it will take
first pOSiliOll in ()|l|_\' around 3% ol cases. with one ol the other two nouns {ll:-il];l”}' H)
in first position. Looking at the nouns in Last position it cin be scen that negative A
and ¢ take last position in 8T.1% and 79.2% of cases respectively. The exception is K.
Even when this noun is negative. it is not to he found in last position. v is the preferred

choice for this.
6.3.3 The overall effect of negative information

The previous two sections have demonstrated that. irrespective of the 1vpe ol task
subjects are asked to perform. the order of the information conveved by the quantifiers
has a profound effect on the tvpes of responses subjects give and the mnnber and type
of recall errors they make. Subjects prefer 1o take in negative information after positive
information. to reiterate Wason's comments: allirmative statoments are generally nsed
to introduce information and negative ones to qualily that which has bheen introduced.
Subjects will find syllogisms that contain information in the opposite order difficnlt 1o
process. it seems likely [rom the data that they reverse the order of the premises in
memory, thus tending to recall both the quantifiers and the nouns in reverse order and

also tend to structure conclusions in the standard task aronwd the reversed. not the
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Order of Nouns

Type of ABC | ACB | BaC BCA CAH CBA
Individual
+A+4B4C | 3LA% | 2.4% | 28.0% | IS.0% | 2.4% | 18.0%
-A4B+c | 3.7% 0.0 | 92% | 12.9% 0.0 | 11.2%
+a-B+C | T3.0% | 0.0 | 25.04 | 0.0 0.0 0.0
-A-B4+c | 429 | 00 0.0 0.0 | 20.8% | 75.0%
+A+B-C | 167X | 0.0 | 16.1% | 5.9% 0.0 1.3%

-A4B-C 28U | 1.O% | 37.0% | 33.6% | 0.9% | 3.7%
4 A-B-C RI29 | 0.0 0.0 0.0 5% | 10.5%
Total 12.6% 1 0.6% | 1609 | 11.9% | 0.9% | 10.64

Figure 6.10: Percentage of tvpe of noun order for each individual

First Position Noun

Negative Term A H «
A 37U | 520% | LLIY
B FL2YC | B.6% | S2.1%
¢ 33.0% | 6294 | 3.9%

Last Position Noun

A H (&
A NTAY 0.0 12.9%
B GLIY | 17.9% | 17.9%
< 101 | 1L.RY% | 79.2%

]

Figure 6.11: Position of nonns by negative terms
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original order.

This explains at least in part the interactions found hetween the tyvpes of individuals
drawn in Experiment 2 for certain syllogisms and recall errors for those same syllogisins
in Experiment 1. The reason that certain termns are alwayvs found as the last noun of
the individual is because thev are negatively quantified. These same syllogisms when
recalled will have the negative information appearing first. It has already been noted
that this tends to cause a reversal of both quantifiers and nouns to achieve a preferred
order. The kinds of recall errors found reflect this kind of reversal. One need not suppose
however that these two phenomena result from two separate processes. The reordering
noticed in the memory for these svllogisms mayv result in a representation from which
an individual of the tyvpe and order found can be drawn. The fact thar within this
group preferences for order within the individual also affect 1o a lesser degree the recall
results suggest that the relationship between two tasks operates at the lovel ol a conmon

representation.

6.4 Processing the Information in the Syllogism

Alsoin the data for Exeriment 2 hias been found a preference for B as the lirst termin the
individual. B is very rarely given a negative value and when itisit tends not to be placed
at the end of the syllogism as are A and . The figure B He has an overwhelmingly
high number of cases where 8 is the first term. an effeet reminiscent ol the ligural effeet
and an explanation for this and other observations based on the cranmmatical roles
theory has been given above. Relating this to the recall data produces some interesting
hiypotheses about the strategies subjects apply 1o understanding the svllogism. It s
noted in chapter 3 that of the four figures. By Be is the quickest to be processed during
the standard rask and tends to be the preferred choice when recalling the svllogism
immediately alter reasoning and attracts [ewest errors overall. particularly tvpe 2 errors
(reversal of the nouns within a premise). At delayved recall By BC enjovs no inmmnuity
from error and is no longer the most popular choice of figure. hut it remains more
popular than its counterpart parallel! figure As 8 which fares badlyv in this respect

at both immediate and delaved recall. To this can be added the observation that B s

lH(.'l'(' as in other parts of the text, the higures will be referred 1o as ||l-ir|g "pm.:“riu ar “l[iil;_‘ull?i]".
This groups the ligures into those that have the middle term o with the sione gramuatical role and those
in which it has different grammatical roles in cach prenise
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the preferred subject term for the first premise overall and that it is associated with
negative to positive changes in the first quantifier when it does take this position.

It seems that the arrangement of the nouns in syllogisms of the figure BA-BC has
some property that makes them easy to process and preferred for recall. Returning
once more to Kieras® work on the factors that subjects use to identify the topic of a
set of sentences, he found that the first mentioned tern. the subject term and the most
frequently mentioned term were all more likely to be taken as the topic around which
the discourse was organised. Recognising that these factors do not always coincide.
he went on to discover that poorly structured texts. where topic is ambiguous, can be
resolved but the processing times are higher and the choice ol topic more heterogenons
between subjects. The implications of some of these points have already been discussed
in relation to the figural effect. the second experiment now shows how these Tactors
might be influencing the processing of syllogisms in a broader sense. The four fignres all
possess nouns that on the basis of these factors ideuntified by Kieras are candidates for
the topic of the svllogism. However. what diflers between fligures is the extent 1o which
these factors coincide in indicating the same topic. On the basis of subject position.
A. B or ¢ could be topic. depending on the lignre. The first mentioned noun could be
either A or B and the most frequently mentioned item is B for all figures. How these
factors interact is shown in figure 6.13 from which it is clear that BA BC possesses the
structure that most unambiguously identifies a topic - B. the two diagonal ligures are
split between v and B in the case of AB-BC and ¢ and 8 in the case ol BA OB, VB (R
has the most conflicting arrangement. any noun could be the topic. A perliaps enjoving
a slight advantage because of it being both a subject and the first mentioned iten.
In terms of processing then. BA-B¢ should he the casiest to process. then AB-Be and
Ba-CB and finally AB-CB.

These observations provide a good fit to the noun order frequencies by fignre col-
lected from Experiment 2 as already noted and for the reading time and recall acenracy
and preferences observed at immediate recall (sce figure 6.12 for reading times). The
change in recall pattern at delayved recall remains to be explained. however, Firstly it
is pertinent to note that many of the effects relating to noun order recall errors disap-
pear at delay. Waiting for thirty-two texts hefore recalling the text again imcreases the

frequency of all types of error and tends to reduce rather thau increase the differences

1234



Figure | Reading time /s
AB-BC 2145
BA-CB 2615
AB-CB 2177
BA-BC 226()

Figure 6.12: Processing time by figure

in recall success between a number of groups. The disappearance of BA-Bc’'s advantage
is probably part of that tendency. Other preferences for these particular variables do
appear however. The diagonal figures are more often chosen at delayved recall than the
parallel ones. the opposite being true at immediate recall. One needs to consider the
whole process of deriving a conclusion to see why this might be so.

It has been proposed that BA-BC is the ecasiest figure to process because it unambigu-
ously indicates a topic for the argument. However. the topic it indicates happens 1o he
the one noun that cannot play a part in the conclusion. should one exist. This implies
that once the syvllogism has heeu interpreted and the premises combined. in the case of
BA-BC the subject must choose another topic for the syllogism which directly conflicts
with all the information contained in the text itsell. In the cases ol the diagonal fignres,
the topic is ambiguous anyway and the choice the subjeet makes has a 50% chance of
being one of the end terms. although the choice of topic will depend on the weighting
given to the three factors. In a significant proportion of cases. the choice of topic for the
conclusion will be the same as that chosen for the text as a whole and no interference
will result. For AB-cB the choice of topic for the text will hardly ever interfere with the
choice of conclusion topic as the indicators are that the former will rarely hoe g It might
be expected that this interference will only really make itsell felt at delaved recall. when
the subjects will have to rely on the least superficial aspects of the svllogism 1o inform
their memory and as has already been noticed. the internal gramnar of the premises.
upon which the choice of topic is largely dependent. is fragile information. What the
subject will retain at delay is instructions about the topic of the syllogism which will

conflict to a greater or lesser extent. To demonstrate that this is so. in figure 6.11 the
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Factors Affecting Choice ol Topic

Figure | First-mentioned Term | Subject of Premise | Most Frequently Mentioned
AB-BC A A/B H
BA-CB B C/B B
AB—CB A Ao B
BA-BC B B/B B

Figure 6.13: Choice of topic for each figure according to the factors identified by Keiras

percentage of errors in the noun order at immediate and delaved recall for cach ligure.
divided by whether a conclusion was drawn or not are considered. The final distinetion
is important because although giving the response “no valid conclusion™ wmnst in some
cases involve the searching out of a topic for putative (but finally rejected ) conclusions,
in a large number of cases. as already established. no such process is attempted when
this type of answer is given. .\ conclusion. valid or not. must alwavs have a topic and
will always invoke the interference under discussion.

The data shows that the differences are as predicted: at innmediate rocall the varia-
tion in percentage of correct noun recalls is increased for BA BC. Responding “no valid
conclusion™ seems to create particularly little interference for the parallel figures. \i
delaved recall. the stage of real interest.it can be seen that By Be has similar propor-
tions of errors for cases where no conclusion was drawn as other ligures, It is only in
the cases where a conclusion is given that the percentage of correct nonn recalls drops
sharply. exactly as predicted. It is interesting to note that drawing a conclusion scems
to improve the recall of aB-CH. the other parallel figure. One might suppose that this
is because, as pointed out above that drawing a conclusion will not interfere with the
topic chosen and this gives it a relative advantage compared 1o the other fignres which

are all likely to suffer a degree of interference.
6.4.1 Recall of the Figures and Types of Conclusion

These processing factors can also be of nse in explaining another recall plhienomenon.
also related to figure and to the type of conclusion drawn. It has been found that

at immediate recall there is a tendency to recall parallel rather than diaconal figures
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Immediate Recall

Figure | C'onclusion | No Conclusion

Given Given
AB-BC 69.3% 75.9%
BA—CB 6G3.8% L%
AB-CB 37.2% R3.8%
BA-BC 66.5% N3.5%

Delayed Recall

Figure | Conclusion | No C'onclusion

Given Given
AB-BC 12.9% 39.5%
BA-CB 10.7% 35.8%
AB-CB 37.9% 35.5%
BA-BC 31.3% 38T

Figure 6.14: Percentage of correctly recalled noun orders by figure and conclusion given



Immediate Recall

Type of No Conclusion | Conclusion | Percentage of
Figure Chosen Given Given Total

Parallel 54.8% 17.9% 51.3%

Diagonal 15.2% 532.1% ANTU

Delayed Recall

Type of No Conclusion | Conclusion | Percentage of
Figure Chosen Given Given Total

Parallel 16.4% % 13.9%

Diagonal 53.6% SR.6 56.1%

Figure 6.15: Percentage of tvpe of figure chosen by response given to =vllogisin
j'\ P ™~ . I !ﬂ . =

(figre 6.15). A breakdown by type of conclusion shows that this tendeney is coufined to
cases where no conclusion was given. Syllogisims that were given a conclusion. correctly
or incorrectly. tend to be recalled as having a diagonal ligure. At delaved recall on the
other hand, it can be seen that the overall tendeney is for diagonal fignres 1o he chosen
and this is especially true of svllogisms for which a conclusion was given. Sylogisms
where no conclusion was given also tend to he recalled as diagonal. but this trend is less
strong.

It has already been shown that for one figure at least. svllogisims given no conclusion
are less likelyv to suffer interference as a result of conflict hetween topies. This is becanse.
it is argued. in many cases no topic for possible conclusions has heen derived and
therefore there is no conflict. In these cases. the likely chioice for the recall of the
figure will be that which is easiest to process - BA-BC. as there is no other coding of
the syllogism other than the initial interpretation. This preference is strong enough
to create a preference for parallel figures overall. Svllogisims for whom a conclusion
has been drawn will have two codings 1o choose from: the initial one and the one
for the conclusion. In some cases there will he uo confliet. in others the choices of

topic will be different. but the most recent coding will he that Tor the conclusion. The

preference will be then. to choose a figure that preserves the subject-predicate structure
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of the conclusion - a diagonal figure. At delaved recall. this tendeney is exageoratod
and in addition the syllogisms for whom there was given no valid conclusion are also
mostly recalled as diagonal. The cases from this group where coding was given for the
conclusion are now also using this information at recall. because. as has already been
shown, surface information in the svllogisni is fragile and often superceded hy the coding

used for the conclusion?.

6.5 The Nature of the Representation

[n this section the implications of these finding for the representation underlving svllogis-
tic reasoning will be discussed. OF particular interest hiere is the form of representation
used by logically experienced subjects - the nature of the agglomerated representation.
The issue of interest is the status of such a representation - is it task specilic. oris there
any evidence that all subjects tend to prefer one type ol notation over another?

The evidence studied in chapters 4 and 5 tended to show that subjeets were ns-
ing a strategy that would reveal the presence of individuals. not normally evident in
the standard task. There was also evidence 1thar the presence or absence ol cancella-
tion helped this group of subjects to make decisions about the presence or absence of
valid individuals. In the standard task facilitation of this Kind was Tound. bur can-
cellation could not have been responsible Tor it It was decided therefore that subject
had abstracted logical principles and used those 1o deteet the likely absenee of o valid
conclusion. Double-hatching was also not found 1o hinder subjects in making this tvpe
of decision. That is not to sav. however that cancellation and double-latehing were
entirelv without effect - in fact these factors woere found 1o have the opposite effect 1o
that predicted for syllogisins withont valid conclusions and worsen response accuracy,
It was then suggested that in the standard task. where a relationship between a and ©
is the object of interest. a syllogism that cither fails to allow the B term to be elimi-
nated or that does not vield a representation where a relationship between v and ¢ can
provide a starting point for testing will he hard to interpret at all. muel in the same
way that indeterminate texts are hard to interpret, To back this hypothesis. the recall

data. grouped according to cancellation and donble-hateling shows that non-cancelling

2 Another example of this can be found in chapter 3. where subjoect/predicate rolos at rocall an
changed to resemble those of the conclusion



and non-double-hatched texts are more diflicult 1o recall.

The safest position to take might be ta state that exact forms ol representation
are task- and individual-specific. There is good evidence that subjects attempting the
individuals task use a representation that includes cancellation and double-hatching. the
absence of such results for the reasoning data of the first experiment could simply he
because the task did not invite such a notation. It has also been one of the major points
of this work to demonstrate that subjects do not bring to this type of reasoning problem
a ready-made type of strategy. Depending on their previous experience and general
ability for problems of this kind. subjects learn through the course of the task to find a
means of representing the syllogism that will allow them to draw and assess conelusions.
What all subjects do appear to bring to the task. is not anvthing like a mental model.
but a series of preferences based on language comprehension. that underhie the figural
effect and that reveal themselves in various recall phenomena. These langnage effects
have not been shown to significantly affect subjects™ ability to reason snecessfully. apart
from influencing subjects away from considering cortain starting points for conelusions.
as has been shown to be the case with the figural effect. These Tactors are not lost onee
the syllogism lias been processed. however. or they would not appear at recall, Tn some
way. they must form part ol the representation. therefore.

To say, however. that subjects do include information about cancellation and donble-
hatching. as the data seem to suggest. may not be the same as making a strong claim
about the nature of their representation. Just as Stenning lias shown that mental models
and Euler’s circles can be made to be equivalent by the addition of notation. so the
additional phenomena observed in these angmented representations can he expressed
in a mental models terminology.  Double-lztehing might be expressible in ters of
“straight-through links™ and cancellation. it st bhe obvions. is not observable from
the representation. but from a simple. unagelomerated formulation of the two premises.
Although at some level the two representations are indistinguishable it should be noted
that there are two respects in which an Fuler’s circles hased notation can he shown 1o

have an advantage over mental models.

L. It has been shown at points throughout this work that the quantifiers “some™ and

“some..not” are often confused. There is evidenee hoth from the reasoning data of



* Some of the A are B
N

\

A-B Some of the A are B
A-B
(A) (B)
A Some of the A are not B
A-(B)
(B)

Figure 6.16: A comparison of Luler's cireles and mental models representations for the

quantifiers “some™ and “some..not”

Experiment One and the recall data [romn the same experiment that supports this
proposal and there is evidence from carlier studies that gives the same result, As
has been already argued this tvpe of confusion follows naturally from a conception
of the representation as being FEuler’s circles based. Figure G.16 compares this and
the mental models formulation to demonstrate that all that is required to confuse
the two quantifiers in the former notation is misplaced shading. or asserting an
individual to exist where this is not certain. The mental models inrerpretations
however. are hard to confuse. The impression has been gained that this has been
considered one of mental model’s strengthis. however the data sugeoests it is. in

fact, a weakness.

2. The evidence collected and examined fails to support the mental models expla-
nation of the figural effect. but rather sugeests a mechanisim based on linguistic

features aimed at choosing topic. The position can be taken that mental models
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offers simply a description ol the fignral effect and that Enler’s circles. suitably
amended could offer the same. rendering the two notations equal. However, the
finding that B is the favoured choice of topic for the figure BA-BC is damaging to
the position of mental models, because this noun cannot be represented as having
primary position in this formulation in the way used so far (making the primary
noun the left-most in the model). without asserting links between nouns that do
not exist. Euler’s circles suffer no such problems. The only way to save mental
models from this problem is to also use additional notation to indicate topic status

leading to two contradictory notations within the same representation.

6.6 Summary

[t has been shown that while the numbers of maodels required 1o solve o syllogism do not
affect recall in the way depth of processing accounts would snggesto the nature of the
response given to the syllogism in Experiment Oune does allect recall, These differences
do seem to relate to the probable amount of processing the syllogisin received before the
response was given. but this cannot be related to different types ol recall errors ocenrring
for different tvpes of processing - it seems to he a global effect on the tendencey to commit
an error at recall.

The ordering of the information in the svllogisin. in the form of figure is Tonnd 1o
relate to strong preferences for certain orders of nouns to bhe chosen v the individoals
task (Experiment 2). This in turn is found 1o bhe explicable by reference to linguistic
factors affecting the attribution of topicin the text. In the recall data this can be seen as
causing preferences for certain patterns of recall immediately alter giving 1he reasoning
response. which decay by delaved recall hecause at this stage what is used for recall
are features of the agglomerated representation which conflicts with the choice ol topic
made at the intial stages of interpretation.

It is also found that certain syllogisms in Experiment Two tended 1o attract cortain
orders of nouns for the individuals determined 1o exist [or these cases. The recall data
from the first experiment tends also to show evidence of these orderings. These two
phenomena can be traced to the already found preference for positive information to
be followed by negative information (where negative information has 1o he used at

all). This tends to force a certain order of vouns on hotl the choice of individual and
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the recall, and as shown in an earlior chapter affects the tvpe of conclusion chosen in
the standard task. The effect of this preference for the ordering ol information has
profound effects on recall, in that it increases recall errors of every kind. not simply of
the quantifiers. Grouping the syllogisms to create cadres that are logically symmetrical
but that differ in that one group has the preferred order of information and the other
group the non-preferred order shows that this effect operates independently of the logic
of the syllogisin.

Discussion of the status of the candidate representations for agglomerated premises
leads to the conclusion that at some level they are indistinguishable empirically and in
any event are the result of learnt strategies. rather than making claim to a universal
code for cognitive operations. There are. however, one or two findings that sngeest that
the Euler’s circles approach may be more descriptively adeguate. There may he ways
in which this claim could be cemented by Turther experimentation. but this is without

the scope of this work.



Chapter 7

Conclusions

7.1 Reasoning effects

In chapter 1. a number of explanations are given for subjects” characteristic performance
for syllogistic reasoning. Some of these claims have been investigated by using the
reasoning data collected from two experiments and the recall data from experiment |,
The evidence from this suggests that explaining subject’s choices will not he possible
by choosing to support any one of these theories alone,

While it is certainly true that subject’s observed rationality must he explained. it
is also the case that effects of quantificr misinterpretation and evidence of matching
and atmospheric strategies have been found. These effects do not seem to appear for
all subjects in circumstances where the svllogisin has become too diffienlt for them
to solve. but appear to be produced by a certain sub-group of subjects. Therefore
some subjects are not using rationality to solve syllogisims aud it should he noted that
misinterpreting the quantifiers does not appear 1o bhe restricted 1o this particular group
of subjects, so imperfect understanding ol the logical information represented by the
svllogism appear to be a fairly widespread trait. It is also the case that subjects do not
adopt a uniform strategy for all syllogisms. They appear to recognise at some point
during both the standard and the individuals rask that cortain svllogisins will never have
a valid conclusion. How they make this decision scems to depend on the task they are
being asked to perform. for the standard task they appear to have internalised logical
maxims for example of the form “a syllogisin with two particular quantifiors never has
a valid conclusion™. In this way they are able 1o answer cortain svllogisims correctly

without recourse to cvcles of testing. thus improving their performance on this croup.
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For the individuals task they seem to use the presence or absence of cancellation in the
original svllogism to decide whether there is a conclusion or not.

One wants a theory of syllogistic reasoning that will allow all these elfects 1o take
place. It is important that subjects should be able to represent the syllogism in such
a way that they will fail to be able to draw correct valid conclusions even to those
svllogisms that require no testing. Their representation of the syllogisims must contain
the information that influences them to produce conclusions in accordance with the
figural effect. Other subjects are belhaving rationally and it seems to he the case that
they do this very much in the way that Jolinsou-Laird describes: by agglomerating the
premises and using cyeles of testing to isolate correct conclusions. They muast also he
able to abstract from these with experience cortain logical principles that will enable
them to answer syvllogisms correctly without eoing through this process and they too
will show a figural effect.

[t seems reasonable to suppose that all subjects possess a granumatical analvsis of
the svllogism which will conform to a greater or lesser extent with their expectations
about the topic or focus ol the syllogism. This will influence the case with which they
will process certain figures and it will create a preference for the terms of the syllogism

to appear in a certain order. both in the individuals task and the standard 1ask.

7.2 The Figural Effect

[t has already been mentioned that subjects mnst possess o representation that will
influence then to choose conclusions in accordance with the lignral offecr oven in si-
uations where theyv can be shown not to have created an agelomerated representation.,
There is further evidence. already suwmmarised that points 1o the fact that the ligural
effect cannot bhe due to a mental models 1vpe representation combined with working
memory effects. but is much more likely 10 be the result ol a codine of the svllogism in

terms of topic. The two main points of evidence are:

1. The recall data from the first experiment does not show many ol the effeers that
would be expected if the manipulations of the nouns in the syllogisim. necessary
to create a transitive mental model acrually take place. X comparison ol the

predictions of this theorv. in two versions and a erammatical roles theory relative
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to error rates for recall of the noun order find that the grammatical roles theory

is supported.

2. The results from the individuals task show that subjects often prefer orders hegin-
ning with the noun B. Making the (not unwarranted) assumption that this effect
springs from the same source as the figural eflect. one finds that the mental models
explanation cannot account for this eflect. as it could only be produced by a non-
transitive model. which is inadmissable for this notation. Given that the transitive
nature of the mental model only provides a deseription of the figural effect and
that it is the operation ol memory on this model that creates the preference. the

lack of recall data supporting this explanation is particalarly damaging,.

The grammatical roles explanation is accepted as the cause of the figural effect.
This implies that the early stages of interpretation of a syvllogism are characterised by
the search for the topic or focus of the argnment. This process is heavily influenced by
linguistic factors such as which terms arein subjoct and predicate position (henee the nse
of the name “grammatical roles™ for the explination) and also which term s mentioned
first and which most frequently mentioned. These Tactors combine in some cases to lead
the subject to choose B as the topic for the argnment. which canses no problems for
the individuals task, but of course will create difficulties for the standard task where
the topic of the conclusion must he A or . This conlliet leads 1o increased errors for
certain figures at delayed recall and the overall profiles suggest that the information
about topic derived from the conclusion has o strong effect on what is chosen for recall
at delay. This information must form an integral and indistingnishable part of the
representation of the syllogisim and demonstrates that in this case subjects are not able
to differentiate between information created as part of the process of inference and
information actually occurring in the syvllogism. \Whether they can distinguish inferred
material from the original in terms of the nature of the conclusion is more difficult 10
determine. Adequate analyvsis of this point has not been carried ont. one reason for this
being that attempts to find instances where the conclusion quantilier differs adeqguately
from the originals and isolate particular Lacrors quickly results ina data set that is too
small. The effect of drawing negative conclusions to positive premises and viee versa is

ruled out because of this and the same is true for particular and vniversal conclusions.
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7.3 The move to positive information followed by nega-
tive information

The finding that people prefer to assert positive information before making a negative
statement is not a new one. A similar effect is found in this data in the form of a very
strong preference for quantifier order between the premises. This can be summarised
as recall errors resulting in a shift from negative features to positive ones in the first
premise and the opposite for the second premise. There is also a shift from universal
statements to particular ones in the second premise. This in turn aflects the recall of
the nouns in the syllogism. some cases of which have already been noted above. The
preference for 8 in subject position when the first quantificr clianges from heing negative
to positive may simply indicate that this change disrupts other parts ol the memory less
than other quantifier errors. as in this case there are fewer instances of the nonn ¢ being
wrongly recalled as having occurred in the first premise. When the second quantifier
changes from positive to negative. there is a higher number of errors where A is recalled
as having been in the second premise. when it can ouly over actually be found in the
first premise. There are fower reversals of nouns within a premise when this type ol
quantifier error happens. so its ellect is not just to cause greater amonnts ol superlicial
disruption of memory. The possibility that A is heing carried into the secoud premise by
some kind of feature swopping of the quantificrs is vet to be investigatod, Tris certainly
that case that when two quantifiers are reversed in order the premises are often recalled
in reverse order also. so there is a tendeney 1o keep the information in premises together.
In many cases where A is found in the second premise it will have replaced B as the
repeated term: quantifier change may specilically disrupt information abour which nonn
was repeated. This may also be coupled with the fact that first premises of the form
BA are more prone to this tvpe of error. presumably because the subject assumes that
the second-mentioned noun in the first sentence is going to be the repeated term. (the
second premise is not available at the point the firstis read) and then repeats the error
at recall. The change in quantifier may accentuate this trend.

A similar effect of negative information is fouud Tor the individuals experiment. Here.
negative terms are very often found last in the individual and if there is ouly ane positive

term. it is usually found first.
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The representation of the syvllogism must therefore cither lose the order information
pertaining to all the quantifiers. which scems nnlikely as subjects arve wsnally rather
unlikely to reverse the order of the quantifiers. or it must reorder information that does

not conform to the subject’s preference.

7.4 The Nature of the Representation

The process of understanding a syllogisin begins with an initial linguistic analysis which
assigns a value to the topic of the syllogism. At this stage also. possibly. the subject
must resolve indeterminacy created by non-cancellation. or will use information abomt
cancellation to decide on the presence of aniudividual. if thisis the task heing performed.
Il the standard task is being attempted. expericnced subjocts may perceive from the
quantifiers alone that there is no conclusion and never attempt an agelomeration of the
premises. In some cases. subjects will fail 1o realise that agglomeration is necessary and
will draw a conclusion on the basis of the linguistic analysis alone. The information
in the quantifiers will be reordered at this stage so that negative information lollows
positive and particular information universal, This will usually marteh the quantifiers in
the svllogism or be drawn on the basis ol atmosphere. Subjects who agglomerare will
do so and then search for a conclusion with the topic term as its subject. i cases where
B has been chosen a new topic will be needed. Onee a conclusion has heen derived. it is
often tested. In cases where testing fails the response “no valid conclusion™ tends 10 be
given (because the original has been invalidated ). Subjects who go on 1o test another
possibility and find the correct solution rememboer these syllogisms no betrer, possibly
because the conclusion differs from the orviginal and they are no loneer able to 1ol the
two types of information apart. This and other recall findinegs sugeest that the inferred
material is incorporated into the syllogism and that it is often used ar delay as a cuide
to recall. Grammatical information in the original syllogism is often lost as the subjeet
is influenced by other considerations such as case of processing or the inferred material
at the recall stage.

Reasoning with a svllogism is not simply a question of using rational processes there-
fore. It is part of langnage processing and tends to bhe treated as such, The representa-
tions that subjects use when they grasp the logic of the syllogisim are at some level all

equivalent - theyv are all agelomerative, all can he nsed 1o test candidate conclusions. It

153



seems unlikely that any one of these can lay claim to capturing the true nature of the
coding in which reasoning is carried out. What is more likely is that all those represen-
tations are learned means for subjects to make explicit a process that remains hidden

from view.

7.5 Implications for Future Research

The findings of this research allow a number of predictions to be made which could be

the subject of future research.
7.5.1 The Figural Effect

The major claim hereis that the figural effect is not the result of “flivst-in first-ont™ mem-
ory structures which are themselves dependent on a particular form ol representation.
but rather the consequence of the strategies adopted for successful language processing,.
based on awareness of simple grammatical roles. As a result one might expect this 1o
be a phenomenen that emerges with language development and it should be possible
to link the phenomenen with the appearance of certain types of lingnistic competence
or performance. The difliculty here would he 1o ercate svllogistic paradigms within the
capabilities of children of the right age. but there liave already been many suecosshul
attempts to key into children’s reasoning performance and demounstrate the parallel key
linguistic factors that are related to (or indeed underpin) the emergence of types of
logical performance.

A similar set of possibilities exists for linking the operation of the ligural effect with
the linguistic competence of adult subjects. Oune would not expeet. for exaomple 1o find
the effect varving very much with variations in literacy to the level of average or just
below average functioning as the effect secms 10 be the result ol a tyvpe of language
comprehension strategy basic to evervday successful functioning. 1t shonld he noted
however that one of the reasons for selecting subjects for this experiment in the way
that was done was in order to collect data that was not distorted by relative inexperience
with these types of problems and in particular the concept of validity versus truth. Tt is
possible that using groups ol subjects with diflering levels of literacy will demonstrate
different types of reasoning performance. but il any effect is noted for the lignral effect

this would have to be shown 1o bhe the result of a demonstrable difference in lingnistic
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strategy at the level that has been described.

Those who are language impaired may well exhibit a different plienomena and again
this would be worthy of rescarcli. should it be possible 10 find a suitable reasoning
task in which the figural effect could be demonstrated to operate.  Establishing the
constancy of the figural effect under conditions where subjects are encouraged to use
representations other than mental models or demonstrating that explicitly teaching the
mental models technique does not exaggerate the effect is evidence that ar least at the

top level. representation is not a factor in the causation ol the effect.
7.5.2 Positive and Negative Information

The strong effect of positive and negative information both on memory and reasoning
results is worthy of further exploration. Ngain hiere is a linguistic strateay “invading”
or rather determining a coguitive task and the same predictions about it appearance
during the course of language development. its robustness in adults who use and nunder-
stand language without impairment and its likely disppearance or distortion in those
who do not have a normal language function are all relovant here.

There are also a number of specifie assumptions made about the way o which the
information in the quantifiers interacts with the nouns in the two sentences and it would
be of value to examine more closely exactly hiow the mechanism operates. For example
the hvpothesis that moving a quantifier from one sentence to another in memory also
causes one of the nouns to he moved in memory should be establishiod experimentally. i
would also be useful to investigate whether subjects do make assumptions about whicly
noun is to be the repeated term and hence the topic of the syllogism. The set of
criteria established by Chafe as interacting to determine “subjecthood™ could he nsed 1o
generate statistical predictions about the likeliliood of errors ocenring. hotl in reasoning
and recall and used to model crror rates. Oue might also like to ook v more detail
at the question of how inferred material becomes incorporated into the memory for the
svllogism and presumably the representation so that it cannot be distinguished from
the information originally given. Some thought would have to he given 10 wavs of
creating an experimental desien where the orviginal waterial differed signiticantly from
the inferred material so that the cmergence of the latter in a memory task conld be

isolated.

1535



7.5.3 Matchers Versus Non-matchers

Finally, it should be possible to further explore the question of the use of non-logical
strategies to answer syllogisms. lHere finding a group of subjects that are relatively
inexperienced in questions of logic would be desirable in order to look at reasoning
results where the likelihood of matching is much greater and also to then examine recall
data in comparison with a more experienced group to see if the linkage between the
type of answer given to a syvllogism and its correctness still persists and is linked with

similar qualitative memory phenomena.
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Appendix A

Experiment One

Correct responses are given in bold type, incorrect in light type. The number

of subjects giving each response is noted in brackets.

1652



All Some None Some..not
All A are C(18) Some A are C(21) | Some C not A(4) NVC(9)
All Same C are A(J NVC(8) Some A not C(7)
No A are C(7) Some A are C(5)
NVC(3) No C are A(3) Some C not A(3)
Some A are C(4) All A axe C(1) Some C are (1) Some C are A(1)
Some A are C(2)
NVC(14) NVC(18) Same C not A(6) NVC(18)
Some Some A are C(4)
Some A are C(5) Some C are A(1) NVC(11) Some A not C(4)
Some C ave A(4) Some C not A (1) Some A not C(6) Some A are C(2)
Some C not A(2) Some A not C(1) No A are C(2) Some C not A(1)
No A are C(19) Some A not C(17) NVC(23) NVC(1Y)
None No C are A(D
NVC(1)
All A axe C(1) NVC(7) Some A not C(11)
All C axe A(1) Some C not A(1) No A are C(2) Some C not A(1)
NVC(15) NVC(16) NVC(19) NVC(21)
Some
Some A not C(8) Some A not C(7) Some C not A(4)
not Some C not A(1) Some C are A(1) Some A not C(1) Some A not C(3)

Some A are C(1)

All Care A(1)

Some A are C(1)

Some A are C(1)

Figure A.1: Responses for the figure aB-BC: Experiment One
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All

Some

None

Some..not

All

All C are A(17)

All A axe C(6)
NVC(1)
Some A are C(1)

NVC(15)
Some C are A(S)
Some A are C(3)

All C are A(1)
Some C not A(1)

Neo C are A(18)
No A are C(6)

NVC(9)
Some C not A(12)
Some C are A(2)
Some A not C(1)
Some A are C(1)

Same

Some C are A(21)
Some A are C(1)

Some C not A(2)
NVC(1)

NVC(2)

Some C are A(2)
Some C not A(1)

Some C not A(15)

NVC(6)
Some C are A(3)
No A are C(1)

NVC(18)

Some C not A(4)
Some A not C(2)
Some C are A(1)

None

Same A not C(3)

NVC(15)
No A are C(4)
No C are A(3)

Some A not C(5)
NVC(12)
Some C not A(S)
Some A are C(2)
No C are A(1)

NVC(2Y)

Some A are C(1)
No C are A(1)

NVC(21)

Some C not A(2)
Some A not C(2)

Some

not

NVC(4)
Some C not A(10)
Some C are A(8)

Some A not C(2)
Some A are C(1)

NVC(20)

Some C are A(3)
Some A not C(2)

NVC(1d)
Some C not A(6)
Some C are A(3)
Some A not C(2)
Some A are C(1)

NVC(21)

Some C not A(3)
Some A not C(1)

Figure A.2: Responses for the ligure Ba-cr: Experiment Oune
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All Some None Some..not
NVC(16) NVC(13) No Care A(12) | Some A not C(11)
No A are C(9)
All Some A are C(6)
All A are C(5) Some C are A(4) NVC(10)
All C axe A(3) Some C not A(1) Some A are C(3)
Some C are A(1) Some A not C(1) NVC(4) Some C not A(1)
NVC(19) NVC(19) Same C not A(10) NVC(19)
Some | gome C ave A(S) Some A are C(3)
Some A not C(2) Some C are A(1) NVC(9) Some C not A(S)
Some A are C(2) Some A not C(1) Some A not C(3) Some A not C(1)
SOme Cnot A(1) Some C not A(1) No A are C(3)
No A are C(16) Same A not C(8) NVC(20) NVC(20)
Niiia No C are A(7)
NVC(15) No A are C(2) Some C not A(2)
No C are A(1) No C are A(2) Some A not C(2)
NVC(2) Some A are C(1) Some C are A(1) No C are A(1)
Same C not A(7) NVC(20) NVC(13) NVC(23)
Some Some C not A(9)
not NVC(11) Some C not A(4) Some A not C(1)

Some C are A(3)
SOme A not C(3)

Some C are A(1)

Some C are A(1)
Some A are C(1)

Some C are A(1)
Some A not C(1)

Figure A.3: Responses for the lignre aB-¢B: Experiment One
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All

Some

None

Some..not

All

Some A are C(8)
Some C are A(5)

All A axe C(6)
All C are A(4)

NVC(2)

Same C are A(12)
Some A are C(12)

Some A not C(1)

Some C not A(8)

No A are C(7)
No C are A(6)

NVC(4)

Same C not A(9)

Some A are C(6)
NVC(4)
Sorne C are A(4)
Some A not C(2)

Some

Same A are C(16)
Same C are A(8)

Some C not A(1)

NVC(20)

Some A not C(2)
Some A are C(2)
Some C are A(1)

Some C not A(14)

NVC(8)
Some C not A(1)

Some A not C(1)
No C are A(1)

NVC(21

Some C not A(3)
Some A not C(1)

None

Same A not C(9)

No A are C(8)
NVC(6)
No C are A(2)

Some A not C(12)

NVC(12)
No A are C(1)

NVC(22)

No A are C(1)

No C are A(1)
Some A not C(1)

NVC(10)

Some A not C(12)
Some C not A(3)

Some

not

Some A not C(19)

NVC(4)
Some A are C(2)
Some C are A(2)
Some C not A(2)

NVC(21)

Some C not A(2)
Some A not C(2)

NVC(14)

Some C not A(?)
Some A not C(4)

NVC(24)

Some A not C(1)

Figure A.4: Responses for the figure A Be: Experiment One
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Appendix B

Experiment Two

Correct responses are given in bold type, incorrect in light type. The number
of subjects giving each response is noted in brackets. Not all responses are
given as for many cases these are widely dispersed, but in cases where the
error rate was greater than 4 out of 22 responses, the next one or two most

frequent answers are given.
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All Some None Some..not
+A+B+C(22) +A+B+C(21) -A+B+C(16) NVC(12)
All
NVC(3) -A+B+C(3)
NVC(9) NVC(18) -A+B+C(17) NVC(18)
Some
+A+B+C(13) NVC(3)
+A+B-C(21) +A+B-C(17) -A+B-C(11) NVC(16)
None
+A-B+C(2)
NVC(3) NVC(6) +A+B-C(2)
NvVC(11) NVC(16) -A+B-C(13) NVC(20)
Some
not
+A+B-C(10) +A+B-C(4) NVC(7)
Figure B.l: Responses for the ligure AB-BC: Experiment Twao
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All Same None Some..not
+A+B+C(20) NVC(11 -A+B+C(18) NVC(9)
All
+A+B+C(11) -A+B+C(11)
+A+B+C(20) NVC(18) -A+B+C(15) NVC(16)
Some
NVC(2) -A+B+C(5)
+A+B-C(14) +A+B-C(13) -A+B-C(8) -A+B-C(13)
None
NVC(S)
-A-B+C(3) NVC(8) NVC(10) NVC(8)
NVC(15) NVC(19) NVC(17) NVC(19)
Some
not
+A+B-C(5) -A+B-C(3)

Figure B.2: Respounses for the figure BA-CRB: FExpoeriment Two
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All Some None Some..not
NVC(1D NVC(15) -A+B+C(16) +A-B-C(7)
All
NVC(7)
+A+B+C(9) +A+B+C(6) +A-B-C(3) -A+B+C(4)
NVC(16) NVC(18) -A+B+C(19) NVC(19)
Some
+A+B+C(6) NVC(3)
+A+B-C(13) +A+B-C(7?) -A+B-C(10) NVC(16)
None
-A-B+C(6) not counted(11) NVC(?) +A-B-C(3)
-A-B+C(11) NVC(19) NVC(19) NVC(19)
Some
not
NVC(8)
Figure B.3: Responses for the ligure ag-cn: Experiment Two
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All Some None Some..not
+A+B+C(21) +A+B+C(21) -A+B+C(20) -A+B+C(19)
All
+A+B+C(20) NVC(16) -A+B+C(15) NVC(18)
Some
+A+B+C(6) NVC(2)
+A-B-C(2)
+A+B-C(20) +A+B-C(19) -A+B-C(14) -A+B-C(16)
None
NVC(4) NVC(3)
+A+B-C(18) NVC(18) -A+B-C(14) NVC(20)
Some
not
NVC(4)

Figure B.1: Responses for the figure Ba-Be: Experiment Twao




Appendix C

Conclusions, Cancellation and
Double-Hatching

For each syllogism an indication is given as to whether the syllogism pos-
sesses a valid conclusion (VC or NVC), cancels (C or NC) or has double-

hatching (DH or NDH).



Figure as—8c | All | Some | None Some..no:
All VC VC vC NVC b
DH DH DH NDH
C C C NC
Some NVC | NVC | VC NVC
NDH | NDH | DH NDH
C & C NC
None vC VC | NVC NVC
DH DH DH NDH
C C C NC
Some NVC | NVC | NVC NVC
..not DH DH DH NDH
G C & NC
Figure C.1: Features of svllogisms with lignre A8 He
Figure BA—cB | All | Some | None | Some..not
All VC | NvC | VC NVC K
DH | NDH | DH DH
C C C (8
Some VC NVC | VC NVC
DH | NDH DH DH
& C C C
None vC vC NVC NVC
DH DH DH DH
C C C C
Some NVC | NVC | NVC NVC
..not NDH | NDH | NDH NDH
NC NC NC NC

Figure (".2: Features of svllogisims with figure BA ¢B
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Figure aB—CB All | Some | None | Some..not
All NVC | NVC | VC vC
NDH | NDH | DH NDH
C C C NC
Some NVC | NVC | VC NVC
NDH | NDH | DH NDH
C C C NC
None vC VC | NVC NVC
DH DH DH NDH
C C C NC
Some VC | NVC | NVC NVC
..not NDH | NDH | NDH NDH
NC NC NC C

Figure (.3: Features of syllogisms with figure vB ¢H

Figure Ba—BC | All | Some | None Some..not._
All vC | VC vVC vC i
DH | DH DH DH
C C C C
Some VC | NVC | VC NVC
DH | NDH | DH DH
C C C C
None VC | VC | NVC NVC
DH | DH DH DH
C C C C
Some VC | NVC | NVC NVC
..not DH | DH DH NDH
C C C C

Figure C'.1: Features of syllogisms with figure Ba He
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Appendix D

Instructions to Subjects -
Experiment One

The following instructions were given in written form to subjects undertak-
ing Experiment One.

INSTRUCTIONS FOR THE SYLLOGISMS EXPERIMENT

To begin you must log-on to the practice session. To do this type *I AM
CATH.SY99. The computer will chain the program, tell you to wait while
it reads in the material and then will instruct you to press the [SPACE]
bar when you are ready. This is the large bar at the very bottom of the
keyboard. Do this and you will be presented with the first sentence of the
syllogism - ” All the Welsh are busdrivers”. Once you have read this, press
the [SPACE] bar once more for the second sentence - ”All the busdrivers
are moslems”. Once you have finished reading this, press the [SPACE] bar
again.

Now you will be asked if you can draw a conclusion from the syllogism
you have just read. Think about the syllogism that you have encountered,
can you find a relationship between the Welsh and the moslems that must
always be true according to what you have read?

In this case you can; if all the Welsh are busdrivers and all th busdrivers
are moslems, then it must be the case tht all the Welsh are moslems. But
notice that it is not necessarily the case that all the moslems are Welsh -
there may be moslems that are not busdrivers and are therefore not Welsh

without violating the terms of the syllogism.



Having decided that there is a conclusion, press the [Y] key for Yes. You
will then be presented with a menu and asked to draw that conclusion. The
top item in the menu - "all” - is highlighted, if you press the [SPACE] bar
you will see it is written up at the top of the screen. Press the [DELETE] key
(at the bottom on the right hand side) and the ”all” will disappear. Choose
”all” as this is the beginning of the conclusion. Now press the [X] key and
the highlighted item will move down one place. Press it again, until you
reach the item ”"Welsh” and select this item. If the item ”moslems” is above
”Welsh” then use the [Z] key to move the highlighted item up, if below, use

the [X] key again. Choose the item ”"moslems”. You now see your conclusion

all
Welsh

moslems

written up at the top of the screen. This stands for the sentence "all the
Welsh are moslems”. To tell the computer that you have finished press the
[RETURN] key (large button on the right). It will ask younif you are sure
of your response - if you answer no (by pressing [N]) it will give you the
chance to alter your response by using the [DELETE] key to remove your
responses and choosing new oncs as before. If you answer [Y] it will write
your data and present you with the second menu.

This second menu is for you to reproduce as exactly as possible the syl-
logism that you have just read. The menu works exactly as before, but this
time you will have to wirte up six items. The answer you produce should

look like this:-

all
Welsh
busdrivers
all

busdrivers



moslems

This stands for " All the Welsh are busdrivers”,” All the busdrivers are
moslems”. It is important that you get the words in each sentence in the
same order that they were in the original test, as has been shown above,
so try and remember this too, but you can recall the two sentences of the
syllogism in any order you like. If there are things you can’t remember,
then make a guess. The computer will make you choose six items and of
course two of them will be from the first four items in the list, all; some;
none; some..not, in first and fourth position in your answer and the other
four will be from the last three items in the list, making up the rest of your
answer.

Again, once you have finished, press [RETURN]. As before vou will be
given a chance to correct your answer, if you think you have got as close as
you can, press [Y].

Now you are ready for the next syllogism. The procedure is as before,
but let’s look at the conclusions to the next three syllogisms in detail.

Read the next syllogism and stop when you are asked if you can draw
a conclusion or not. In the situation described it might equally be the
case that none of the vegetarians are Algerians, but equally they might
all be, without any of them being teachers. The same goes for all or no
Algerians being vegetarians and also for the cases where some are or where
some are not. In other words the syllogism places no real restriction on
the relationship between the vegetarians and the Algerians. so there is no
conclusion that can be drawn as there is no relationship that must always
be the case. Therefore you should press the [N] key. The computer will
write No Valid Conclusion and then will give you the menu for recalling the
syllogism.

WARNING - ONCE YOU HAVE PRESSED THE [Y] OR [N] KEY
FOR THE QUESTION "CAN YOU DRAW A VALID CONCLUSION”
THERE IS NO GOING BACK, SO THINK CAREFULLY BEFORE YOU
ANSWER.
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Complete the menu as before and then you are ready for the next text.

Read syllogism number three. Does this one have a valid conclusion?
If none of the rugbyplayers are Ethiopians and some of the farmers are
rugbyplayers then the farmers that are rugby players cannot be Ethiopians.
You can therefore draw the conclusion that some of the farmers are not
Ethiopians. This is a valid conclusion because it is always true - there is no
situation in which all of the farmers could be Ethiopians and the relationships
described by the syllogism also be true.

Carry on until you have finished the third syllogism and are ready to
answer the fourth and final one. In this situation we are told that some of
the French are teetotallers and that all of the butchers are French. Can there
be a valid conclusion for this syllogism. One possible conclusion might be
that some of the butchers are teetotallers. However, it could be the case that
the butchers happen to be those French people that are not teetotallers, as
”some” implies that there may be French people who not teetotallers as well
as some that are. In that case could we say that some of the butchers are
not teetotallers? Again it might be the case that all of the butchers happen
to be those French people that are teetotallers. Similar arguiments apply for
conclusions using 7all” or "none” for this syllogism. So there is no conclusion
that must always be true, as there is always another possible situation that
means that the conclusion does not Lold, although the situation described
by the syllogism is still captured. Therefore we must say that there is no
valid conclusion for this syllogism.

Continue as before until you have finished recalling the syllogism you have
just read. There are no more syllogisms to read but there is one more thing
you have to do and that is to try to remember all the syllogisins you have
read in the order you read them. The computer will ask you to remember
syllogism number one and will give you a menu to choose from. as before.
Use the menu just as you did before and then you will be given the menu
for the second syllogism and so on until you have recalled all four. Then the
computer will say that it is writing your data and after a short pause will

come back with the prompt.
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Now it is time for you to start the experiment proper. You log-on as
before wirh *I AM CATH.SY? where ? is your subject number, which will
have been given to you. There are two sessions each has 32 syllogisms. Once
you have finished the first session you can get the second one by logging-
on as before. Don’t worry if you find it hard to remember the syllogisms,
especially at the final recall stage - you can remember more than you think

you can.

GOOD LUCK AND THANK YOU!



Appendix E

Instructions to Subjects -
Experiment Two

The following instructions were given orally to subjects undertaking Exper-
iment Two.

“This is an experiment about solving problems. I am going to ask you to
try to solve some problems called syllogisms. Written here on this piece of
paper is an example syllogism. You could imagine the situation described by
these two sentences as being about people that have or don’t have certain
characteristics. To solve the syllogism you have to decide if there must
exist a particular kind of person that either has or doesn't have certain
characteristics. For example you might find that there is a person that must
be German, a butcher and a football player. You might find for another
syllogism that there is a person who is not German, but is still a football
player and a butcher. For a lot of syllogisms it isn’t possible to find a person
that must always exist. This is because when you think about the kinds of
person that could exist according to the syllogism, you can always imagine
another situation where that person doesn’t exist, but where the situation
descrobed by the syllogisim is still true.

Try the first syllogism and write down your answer below it.”

(The subject tries the first syllogism and writes an answer).

If the subject is right: “Good, well done. You can now do the rest of the
syllogisms. I'm afraid I can’t help you, so just carry on and do your best

until you’ve finished.”
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If the subject is wrong: “Can you explain why you think that is the
answer? The right answer is actually X and that is because...(an explanation
is given, only orally, couched in the same terms as the explanation above).
Do you understand now? I can let you try one more syllogism if you like.”
(If desired the procedure can be repeated exactly as before, one more time
only).

“Now carry on and try the rest of the syllogisms. I'm afraid 1 can’t help
you, so just carry on and do your best until you’ve finished.”

“Have you finished? Thank you very much, this has been a great help.”
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