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Summary

In this thesis, it is proposed that the products of human rea-
soning are a function of the context in which that reasoning occurs.
Consequently, the effects of two kinds of contexts are addressed, in

two series of experiments.

In the first series, the environmental context, in which condi-
tional reasoning is embedded, was explored. In Experiment 1 subjects
were given conditional arguments, accompanied by contextual informa-
tion consisting of a second conditional. The antecedent in the second
cbnditional was either an alternative condition or an additional con-
dition. It was found that alternative conditions suppress the infer-
ences traditionally considered fallacious, while additional condi-
tions suppress the inférences sanctioned as logically valid. It was
also found that when these alternative or additional conditions are
conjoined or disjoined in the minor premises‘that accompany the con-

ditional arguments, this suppression no longer OCCurs.

In Experiment 2, groups of subjects were again given conditional
arguments that were either accompanied by extra contextual informa-
tion or not. Further groups were given conditional arguments that
were prefaced either by information about the relevance of contextual
information, or by tasks requiring the retrieval of contextual infor-
mation. It was found that neithér recognising the relevance of con-
textual information nor retrieving that information in isolation, is

enough to suppress the inferences. It was found once more, that
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contextual information, which embodies both of these features,
suppresses the inferences, replicating the primary results of Experi-

ment 1.

In Experiment 3, groups of subjects were given conditional
inducements. One group received inducements unaccompanied by any
contextual information. Other groups received them accompanied by
information about the situation in which the utterance was made, or
by information about the duration of the utterance (either that it
was long or short), or accompanied by information about both the
situation and the duration. It was found that information about both
the situation and that it was a long duration suppresses the invalid
inferences, while information about the situation and that it was a
short duration suppresses thevvalid inferences. Neither situational -
information, which was hypothesised to enable the retrieval of
relevant information, nor durational information, which was
hypothesised to enable the recognition of the relevancé of other
information, were singly sufficient to suppress the inferences. A
model of inference-testing, based on the conjoined operation of the
processes of recognising the relevance of other inforhatioq and
retrieving specific instances of the relevant information, is

described.

A second way that the context in which conditional reasoning is
embedded can affect reasoning was investigated. In Experiment 4, the

frequency of inferences made from sequences of conditional premises
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was compared to the frequency of inferences made from those premises
in isolation from each other. Subjects were given conditional prem-
ises of different forms. It was found that fewer inferences are made
on sequences of premises than from those premises in isolation from

each other, for certain forms of premises.

In Experiment 5, two features, identified as potentially respon-
sible for this, were manipulated. Some subjects received the
sequences of conditional premises as before, while others received
the premises in isolation, again as before, both of the form for
which differences were observed in Experiment 4, Other subjects
received arguments constructed to ensure that either the joint
presentation of the premises was preserved, or that the uncertainty
of using an intermediate conclusion as a minor premise from which to
make an inference was preserved, to establish the respective roles of
these factors. It was found that the source of differences in the
frequency of inferences between sequences of premises and those prem-
ises in isolation can be attributed to the joint representation of

the premise information.

Experiment 6 determined the role of some of the features of the
form of argument for which differences were observed. Groups of sub-
jects were presented with two different forms of sequences of prem-
ise, and comparable premises in isolation. One of these new forms
possessed one of the features, that of a negative in the first condi-

tional, while the second sequence possessed two of the features, that



of a negative in the first conditional with that negative located at
the cohsequent of the conditional. Neither possessed the third
feature, of the atransitivity of the argument. It was found that
neither of these sequences of premises differed from comparable prem-
ises in isolation, in the frequency of inferences made. This indi-
cates that all thrée features are responsible for the joint represen-
tation of arguments of certain sequences leading to fewer inferences.
A model is proposed that shows how the representation of sequences of
premises differs from the representation of premises in isolation.
Finally, fhe implications of the effects of context on conditional
reasoning found in these experiments, for the four theories of rea-
soning described in the introductory review, and for cognitive

psychology in general, are explored in the final chapter.
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PROLOGUE: HUMAN REASONING
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Conditional reasoning

Most people can think about hypothetical situations. The abil-
ity to do this, and to consider various possible conseguences of our
actions without having to perform those actions, is a labour-saving
and often, a life-saving attribute. The capacity to think about the
conditions under which an action will occur is equally invaluable,
helping us to plot how to bring an action about, or how to prevent an
action occurring. Planning future events or predicting eventual out-
comes, and understanding the reasons for past events is-made bossible
because of our ability to think about the hypothetical relation
between certain conditions and consequences. This kind of hypotheti-
cal or conditional reasoning lies not only at the heart of all other
kinds of reasoning but also, arguably, at the heart of thinking in
general. As such it is the fundamental underpinning of our ability

to behave in an intelligent and meaningful way.

Conditional reasoning, as it occurs in our planning and also in
the communication of our plans; in our expectations about the future
and our beliefs about the past; and in our consideration of the con-
nections between things in the world, pervades all of our everyday
experience. How do we accomplish such reasoning ? We are, by and
large, reasonable creatures: granted both the peculiar circumstances
of each situation we find ourselves in and the vagaries in the kinds
of information we focus on. One approach to understanding our reason-

ableness is to ask whether or not it is "logical". The meaning of
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the word "logical" is frequently equated with "reasonable", in both
vernacular and technical usage. However, "logical" has come to be
more precisely defined to mean "reasoning in accordance with the
rules of some particular logical system"”. That is, to be logical is
to agree that the inferences deemed valid in a certain logical system
are indeed valid, and those considered invalid are also indubitabl&
so.

Propositional logic

For conditional reasoning, the standard against which inferen-
tial validity is judged is propositional logic. This is a logical
system that treats sentential connectives such as AND, OR and IF.
The logical analysis of conditional reasoning focuses on its embodi-
ment in IF sentential frames. So for a sentence like "if we go the
cinema then we will have a good time", the propositional calculus
allows one to appraise whether or not it is valid to deduce one com-
ponent of the conditional, for example the consequent: "we will have
a goéd time", from knowing that the antecedent: "we go to the cinema"
occurs. An inference is valid whenever the conclusion, (in this
case, "we will have a good time"), will always be true whenever the
premises, ("if we go to the cinema then we will have a good time" and

"we go to the cinema") are true.

On a logical analysis, the truth of a conditional sentence
depends solely on the truth or falsity of the components that are

connected in it. An IF sentence in the propositional calculus is
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defined as material implication. That is, a conditional as a whole

is true only when it s antecedent is false, or it's consequent is
true. A truth table, tabulating all possible arrangements of truth

values of the components, will illustrate this:

if we go to the cinema then we will have a good time

we go to the cinema we have a good time

true true
true false
false true
false false

An implicative sentence is false oniy in the second situation above,
where the antecedent is true but the consequent is false. From this
truth-functional account of material implication, rules can be
derived that sanction some inferences and outlaw others. These rules
may be phrased in a natural deduction format, as in most introductory
textbooks of propositional logic (e.g., Copi, 1982). The rules are

stated in terms of what conclusion may be made from the premises.

The propositional calculus is entirely formal that is, it is a
syntactic, content-independent system. So the validity of inferences
is judged solely on the basis of the form they take, not on the basis
of their meaning or of their truth. Any content can be put into IF
sentences and no matter how nonsensical or how false the conclusion
of an inference from such a sentence is, the inference will still be
valid, provided that the form in which it is phrased is a valid one.
Of the four symmetrical inferences arising from a conditional sen-

tence, two are deemed valid and two are considered fallacious in the
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propositional calculus. From a premise like "if it is raining then

she will get wet", and the minor premise:

(1) it is raining

a valid modus ponens inference is

therefore she will get wet

and from the minor premise

(2) she will not get wet

the valid modus tollens inference is

therefore it is not raining

From the denial of the antecedent

(38) it is not raining

an invalid conclusion is

therefore she will not get wet

and from the affirmation of the consequent

(4) she will get wet

it is invalid to conclude
therefore it is raining

Logical systems are prescriptive or normative. That is, they

dictate which the inferences people should make. As we will see in

the following chapters, the prescriptions of logics are too context-

independent to hold in the many situations in which people find

i
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themselves. Many logicians (e.g., Haack, 1978; Mates, 1972) maintain
that IF is never used in a material implicative sense in everyday
usage. Capturing the meaning of conditionals by a logical system is a
major concern of contemporary philosophy (e.g., Anderson and Belnap,
1975).

Human reasoning

Propositional logic, however, has been considered to be descrip-
tive of human reasoning by some researchers (e.g., Henle, 1962). This
view has led to the ciaimvthat people are not only "logical" in the
sense of making conclusions that are in accord with the conclusions
sanctioned by a logical system. It is claimed further that people
reach these conclusions through the operation of mental rules of
logic corresponding to the rules for material implication in the pro-

positional calculus (e.g., Braine, 1978).

Other theorists, as we will see, have argued that people do not
possess mental rules of logic (e.g., Griggs, 1983; Johnson-Laird,
1983). People frequently sanction inferences that are deemed falla-
cious in propositional logic. Their conclusions are iﬁfluénced by a
variety of factor§, not merely by the syntactic form nor even just by
the truth of each component. Consequently, some researchers have
concluded that people do not possess logical rules, and further that
they are not capable of deliberately making conclusions that are log-
ical (e.g., Pollard, 1982). We will see that a growing body of

research indicates that it is no longer feasible to hold that people
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have rules of logic in their head s, which they apply when they
encounter a situation that requires a reasoned conclusion (e.g.,
Griggs and Cox, 1982). However, we also see that it has been argued
that it is nonetheless possible to conceive of people being capable
of logical reasoning. That is, people are capable of making infer-
ences that are deemed valid by propositional logic, without relyiné
on the operation of mental rules of logic (e.g., Johnson-Laird, 1982;

1983).

In order to assess the relative merits of these opposing views
of human reasoning it is necessary to describe the primary theories
developed from these views, and to survey the empirical data for

which they attempt to account.

There are four main theoretical approaches to reasoning. The
oldest and once dominant tradition is that of the "mental logic"
approach. Challenging this are accounts of reasoning which emphasize
it's reliance on thé retrieval of memories of past experience from
long-term memory on the one hand, and it's dependence on non-logical
response biases on the other. A third approach compromises between
mental logic and memory retrieval, proposing instead that reasoning
is achieved through rules that are intermediate in generality between
abstract syntactic rules and specific memories. Finally, the fourth
theory, superseding a memory-based account, proposes that reasoning
consists of manipulating the representations or models that people

construct of the information about which they are reasoning. These
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fFour theoretical approaches will be outlined in turn. Their princi-
pal tenets will be described, i{llustrated by 2a resume of the main
models arising from them. The empirical evidence that each theory
accounts for will be recounted and evaluations of the strength of
this evidence in supporting the theory will be made. criticisms of

each theory will then be entertained.

A number of considerations will hold in making these criticisms,
arising from criteria which any theory of human reasoning must meet
(Johnson—Laird, 1983; Rips, 1983a). One such criterion is that the
mechanisms considered responsible for reasoning must be able to apply
in all the situations in which people reason. They must be capable of
applying to new situations, where a person does not simply have a
stored response to the problem. Another criterion 1is that these
mechanisms must be able to account for the effect that the situation,
the context and the content of the problem, has on reasoning. These
dual criteria of generality and specificity mutually constrain the
success of mechanisms proposed at different levels of abstraction. A
third criterion is that d theory of reasoning must be able to charac-
terize the relation of reasoning to other abilities, such as
problem—solving, comprehension, memory retrieval, and working memory
constructions. A fourth criterion is that the mechanisms of reason-
ing must be parsimonious, as 1t seems 1ikely that human cognition
does not include a vast repetition of structures. These are four of
the most important criteria that will be applied to evaluating the

theories of reasoning that are reviewed in the next chapter. 1t will
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be assumed throughout this thesis that a general theory of human rea-
soning is possible, that is, that individual differences
(e.g.,Johnson-Laird, 1983; Rips and Conrad, 1983; Sternberg, 1985)

are not so pervasive as to render a theory of reasoning obsolete.



Human reasoning

CHAPTER 1:

THEORIES OF HUMAN REASONING

10
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Mental logic

The mental logic view of reasoning attributes correct reasoning
to the operation of formal logical rules, derived from the rules of
propositional logic. These rules are formal in the sense of being
abstract, content-independent rules. Propositional logic is assumed
to describe the process of reasoning entirely, by some researchers
(e.g., Henle, 1962; Piaget and Inhelder, 1973). Others consider that
some of the inferences sanctioned by the propositional calculus, such
as modus tollens, are so demonstrably difficult that they cannot be
aCcomplished simply by the operation of a single elementary rule.
These latter theorists have attempted to develop logical systems
descriptive of a 'mental logic' which consist solely of simple ele-
mentary rules. (Braine, 1978; Braine, Reiser and Rumain, 1984; Osh-

erson, 1875, 1976; Rips, 1983b).

Natural deduction models, as mental logics are sometimes called,
specify a repertoire of elementary deductive steps that take a rea-
soner from one inferential step to another.. All of the elementary
rules are intended to be intuitively obvious prinéiples. They -are
expected to be both logically and psychologically wvalid. These
depart from propositional logic in that some rules in the proposi-
tional calculus will not be in the mental logic system, because of
.this criterion of elementariness in mental logic systems. So while
all the rules of the mental logics are ones that are sanctioned by

propositional logic, the mental logic rules are not exhaustive of the
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propositional calculus ones.

Mental logic systems share the 'natural deduction” format
adopted in modern accounts of propositional logic. That 1s, the
rules of the mental logic are phrased in terms of propositions which
allow some components to be deduced rather than other components.
This is preferred over other formats: it is never proposed that men-
tal logic is represented in terms of truth tables, or in terms of
axioms or primitives from which people must generate rules. It is
assumed that the logical rules are embodied in people's heads along
with instructions for their use. The rules operate in a uniform way
on standard translations. For example, in present implementations of
mental logic (e.g., Braine, 1978; Rips, 1983b), the rules apply only

to the term "if" and to abstract tokens such as p's and gq's.

Reasoning errors are defined relative to the inferences that are
sanctioned by the propositional calculus. Because all of the mental
logic rules are ones which are valid in propositional logic, there is
no such thing as a rule which embodies a logically incorrect princi-
ple. But it is possible for a sentence to be mapped to an inappropri-
ate rule. That is, a person may initially misunderstand a sentence
and so apply a rule to it which is not the rule that should be
applied to that sentence.. In this way, errors are attributed to com-

ponents other than the operation of the formal rules.

The theory maintains a strict division between the representa-

tion of information, that is, understanding what is to be reasoned

i
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aBout, and the operations that process it, that is, "pure reasoning".
On the mental logic account, the representation of information is
achieved by a comprehension component, which translates meaningful
information into abstract syntactic code (Falmagne, 1975). While the
inferential mechanisms of mental logic are isomorphic to a normative
theory, the encoding or comprehension component clearly is not. The
competence model specified by the natural deduction rules must be

incorporated within a performance model (Kahn and Rips, 1983).

The burden for this approach is to identify the factors respon-
sible for errors in the comprehension component and how they affect
specific inferences (Rumain, Connell and Braine, 1983; Staudenmayer,
1975) . Errors are attributed to a variety of sources within this
interpretative component, such as the incorrect iﬁput of the
material, (e.g.,misreading the premises); or the incorrect transla-
tion of the material, (such as mapping a sentence to an inappropriate
piece of abstract code). The interpretative process is more induc-
tive than deductive. There is an intrusion of habits that are
characteristic of everyday practical reasoning (Braine, 1978) and
ordinary comprehension (Braine and Rumain, 1983) into formal reason-
ing. Practical reasoning refers to the decisions that people make in
everyday situations, which may concern actions rather than verbal
utterances or text. Formal reasoning, it is claimed, requires com-
partmentalising information and disbovering the minimum commitments

of utterances. This is said to be alien to practical reasoning.
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Let us turn now to two of the main instantiations or models
derived according to these theoretical principles.

Mental logic models

The first model to be outlined is a recent one proposed by Rips
(1983a, 1983b, Rips and Conrad, 1983). The basic assumption made is
that people reason through the construction of mental proofs or
derivations of conclusions, which are constructed step by elementary
step. Rips has provided an implementation of a natural deduction sys-
tem (ANDS), that is specialised for propositional connectives. - The
core of the natural deduction system is the inference rules. These
are embodied in a set of computational "routines", which are produc-
tions systems, or abstract schemas. An example of such a structure
is:

Conditions:
(1) Assertion tree contains proposition X = If p, g
(2) X has not been used by the modus ponens schemas
(3) Assertion tree contains proposition p

Action:
(1) Add g to assertion tree

The schemas dictate which deductions are possible, add the
deduced propositions to the memory trees and keep the procedure mov-

ing towards a solution.

The mental logic rules take the form of abstract schemas and
produce hierarchical memory structures. They amount to specific ways

to manipulate propositions in memory. There are two types of infer-
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ence schemas which operate in conjunction with two interconnected
memory trees. "Forward"” moving inference rules insert propositions
into an "assertion" tree. This tree holds the premises, and any
immediately derivable propositions, such as simplifications of the
premises. It also holds suppositions, but these are kept in separate
nodes ffomA assertions, to indicate their suppositional status.
Everything that is deduced from a supposition is inserted into the
supposition node. This is a useful>way of exploring the consequences
of propositions whose truth value is unknown. "Backward" moving
inference rules insert propositions into these supposition nodes and
also into a "subgoal" tree. The subgoal tree ensures that cognisance
is taken of the conclusion. from the start, to avoid drawing
irrelevant subconclusions. As subgoal chaining is possible, multiple
attempts at an argument can be made. Each routine or schema is

checked for its applicatability to an argument in a fixed order.

It is claimed that this system can be extended easily to apply
- to causality. Its innovations compared with other natural deduction
systems (e.g., Braine, 1978; Osherson, 1975) rest in its use of back-
ward rules, which allow the creation of subgoals, and the use of con-

clusions in constructing a proof.

One of the primary problems for ANDS is that the verbal input to
the system must match the logical constants, such as IF, exactly.
That is, ANDS accepts only formal notation (e.g., If p, q) as input.

A theory of human reasoning needs some provision for handling natural
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language sentences. Rips (1983b) suggests that this can be achieved
either by adapting the deductive rules so that they apply directly to
natural language, or by parsing natural language into the more formal
system in which the rules are currently specified. This, as we will

see however, is the proverbial can of worms.

The second natural deduction system we will examine is that pro-
posed by Braine (1978; Braine, Reiser and Rumain, 1984). On this
account, a complete theory of reasoning requires several components.
Firstly, a comprehension mechanism, to understand natural language in
terms of the abstract schemas that embody the inferential rgles, is
required. A second necessary component is a heuristic reasoning
"program" containing the strategies that will put together a chain of
inferences and that will select the schemas that are to be applied at
each point in an argument's derivation. A third necessary provision
is a "fallback" component, in case the system cannot produce a con-
clusion by the reasoning program. The fourth, and core, compOéent,
(and also the only component speoifigd in ?ny detail by natural
deduction theorists) is a logical systenm, which specifles the reper-
toire of inferential steps available, in terms of the abstract sche-
mas. There is also a need for some definition of the amount of work-

ing memory available (Braine, 1978).

i i line
The schemas are structures phrased with premises above a
r double
and conclusions below this line. For example, the schema fo

negation is:
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False (negative P)

P
Braine's inference-line theory (1978) maintains that the logical
function of IF is to state inference rules. IF effectively gives a
warranty to conclude the consequent of a sentence given its
antecedent (even thoﬁgh a sentence itself provides no justification
for that warranty). Hence, there is no need for a modus ponens rule
in the 1978 version as this inference is embodied in the function of
IF. However, in the 1984 version of the model this inference is dis-
tinctly specified. Modus tollens requires both a mental logic rule
and some further computations (because of its backward directional-
ity). As inference rules have no application when their antecedent

is false, there is no reason to assign them in such cases.

The rules outlined in Braine's system are claimed to constitute
a valid, elementary, complete and universal set. The reasoning pro-
gram that Braine outlines involves these "direct" reasoning schemas
and also some "indirect"” reasoﬁing schemas. The reasoning program
attempts to find the shortest route to a conclusion, and so direct
reasoning schemas will be applied prior to indirect ones, in a fixed
order. The indirect reasoning program amounts to several strategies
such as reductio ad absurdum (assuming that what one wants to prove
true is false , and showing that on this assumption one reaches a con-
tradiction), and lemnma produotioﬁ (creating suppositions and making

‘deductions from these suppositions).
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The first step of the reasoning process is, as in all natural
deduction models, to decode the information into the abstract schema
of the system. The process of this translation is as vet unspecified.
Errors of reasoning are attributed to the misconstrual of the premise
information, and also to processing difficulties, such as lapses of
attention, or memory limitations.

Experimental evidence

The empirical findings cited as evidence for the psychological
reality of mental logic can be categorised into those that bear on
the existence of the logical rules and those that bear on the
existence of the ancillary comprehension component. The former
includes evidence that relates to the various schemas and processing
components proposed, while the latter involves investigations into

the effects of content and more recently, context.

Inference schemas

Braine's evidence for schemas is two-fold. Their elementariness
is testified to by the infrequency with which people make errors on
them. Their use in mental derivations is testified to by the tech-
nique (Osherson, 1975) of predicting the difficulty of an argument by
the sum of the difficulties of its component inferential steps. Of
the three measures of problem difficulty that Braine describes, in
practise only the first, that of subjective ratings, is used. The
other measures prove to be too problematic to be useful: reaction

times are too long and confounded by reading differences, and






