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Abstract
Analogical problem solving is the mapping of the conceptual structure of one set of ideas - the source 

knowledge domain - onto another set of ideas - the target knowledge domain. Mapping is composed 

of both the matching of elements - objects and their causal relations - in the source with elements in 

the target, and the transferring of further causal relations from the source to the target. The target 

domain is taken to constitute a problem, and the causal relations transferred a solution plan for that 

target problem. This thesis examines adaptation and analogical problem solving, both how putative 

solutions are verified as being relevant or valid, and how putative solutions which fail to verify as valid 

are adapted to render them valid.

Experiments 1- 5 are concerned with an analytic account of verification and adaptation. They are 

designed to determine Wiat is necessary to both verify Aether a solution plan is valid and to adapt a 

failed solution plan to render it valid. Experiments 6 - 9 are concerned with a behavioural account of 

adaptation. They are designed to determine how an individual actually adapts a failed solution plan to 

render it valid.

The thesis indicates that verification can be characterised as the comparison of the solution plan 

against the constraints in the target problem. A solution plan is verified as vahd if it satisfies the target 

problem’s constraints. It is further argued that the subsequent adaptation of solution plans can be 

exhaustively accounted of as being the result of applying either an operation of deleting elements from 

the solution plan, an operation of adding elements to the solution plan, or a combination of these 

cqKrations. These operations are applied to alter a solution plan so that it satisfies the target problem’s 

constraints. Differences are identified in the ease of applying the operations of deleting and adding 

elements: applying the operation of deleting elements being easier than adding elements to adapt a 

solution plan. This difference results in a tendency to apply the operation of deleting elements rather 

than the operation of adding elements. This tendency, and the difference in the operation’s ease of 

^phcation are explained as the result of an individual’s aim to e?q}end minimal effort when carrying 

out analogical mapping, whereby individuals are disposed to map as few elements as are necessary 

to produce a valid solution. Hence individuals are already disposed to apply the operation of deleting 

elements. The aim to expend minimal effort is identified with a more general pragmatic reasoning 

constraint which results from people’s limited processing capacities.
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Chapter One
Introduction

1.1 Aims of the Research

This thesis examines how analogically derived solutions are produced for specific problems. The 

principal goals of the thesis are to investigate how analogical solution plans to given problems are 

verified as valid, and how solution plans which fail to verify as valid are adapted in order to render 

them valid. That is, to describe the psychological processes involved in the verification and 

adaptation of putative solutions in the context of analogical problem solving. A simple example of 

an analogy is given in Figure 1.

Figure 1 Introduction: Hitler -Saddam Analogy.

TERROR: Hundreds of Kurds died from poison gas

desert
By MARK DOWDNEY

Foreign Editor

No t h in g  dents
th e  to w e r in g  
ego of Saddam 

Hussein. And nothing 
short of assassination 
will loosen his grip on 
n o w e r .

a fox — and trusta no one. Ha There’s more txj him than that, 
never appears In public, unless it People are sometimes very sur-

“pleasure palaces” since the 
Gulf War. In his home town of 
Tikrit. he has created no less 
than 13 palaces, linked to a lake 
created by diverting water from 
the Tigris River.

One palace is four times the 
size of the White House.

But despite his scheming, 
Saddam was severely jolted last 
year by the defection of his two 
sons-in-laws who fled — with 
Saddam’s daughters and grand-
n’h-ll/lror» hn n ô ’îo 'hhnnrl'no'
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Chapter One: Introduction

The analogy drawn in Figure 1 wcxks by establishing a match between the two individuals. This match 

is made firstly in terms of the relations they have with their respective countries both being ruthless 

dictators. Secondly, the relations they have to neighbouring countries - to which they both had 

expansionist designs. Once the match has been estabhshed it is possible to apply the analogy in a 

pioblon solving context Determining how to respond to Saddam’s invasion of Kuwait, for example, 

might involve identifying the sequence of actions which were used to respond to Hitler’s aggression 

and transferring them fi"om the context of World War H to that of the Gulf region 1991. The 

combination of matching and transferring across knowledge domains is termed "analogical mapping’. 

The use of analogy to solve problems occurs in many diverse areas, such as scientific research 

(Oppenheimer, 1956), foreign pohcy decision making (Houghton, 1996), and education (Carey, 1986; 

Lewis, 1989; Reed 1989). A capacity to reason analogically has also been treated as an indicator of 

intelhgoice (Bejar et a l, 1991). While use of analogy has also been linked to creativity (Maier 1970; 

Popper 1987).

Psychological researdi into analogical problem solving has been, hitherto, largely concerned with how 

potential source analogues are accessed (e.g. Gick & Holyoak, 1983) and how analogical mapping is 

effected between source and target domains (Gentner, 1983; Holyoak, 1985; Keane, 1988a; 1988b). 

This research has produced a number of valuable findings and as a result three distinct models of 

analogical mapping have been developed: the Structure-Mapping theory (Gentner, 1989), the Pragmatic 

theory (Holyoak & Thagard, 1989) and the Incremental Analogy theory (Keane, 1990a). Recently it has 

becxxne ̂ parent that analogical mapping, while necessary for successful analogical problem solving, 

is not itself sufficient to account for problem solving performance in many instances (Novick & 

Holyoak, 1991).

In the case of the Hitler - Saddam analogy it may be that the step of first offering appeasement, which 

was taken towards Hitler, could not be apphed to the Gulf in 1991. Perhaps being regarded as 

politically unacceptable. Hence, an analogically derived solution involving such a step would not be 

verified as relevant. Yet by ignoring the act of appeasement the latter stages of the World War n  

solution - a concerted aUied effort to repulse Hitler from the occupied territories - could be applied to 

the Gulf 1991. That is, by adapting the World War II solution a valid solution plan to Saddam’s 

invasion could be generated.

In terms of current psychological research verification has been largely overlooked and adaptation has

14



Chapter One: Introduction

been assumed to be the automatic consequence of successful mapping. Consequently, neither process 

has been subject to any sustained research in their own right (Keane, 1993).

VerificatioQ stands as a precursor to the process of adaptation. It is a failure to verify a putative solution 

procedure as vahd that triggers ad^tation. Verification as a stage in analogical problem solving has 

not gone unrecognised, and has been expHcitly incorporated into at least one model of analogical 

problon solving (Keane, 1990a). HowevCT, the process itself has received little research in its own right 

(Keane, 1993). Consequently, the paucify of research concerning the process of verification alhed to 

the fact that verification is intimately bound up with adaptation, necessitates its investigation.

Adaptation has recently been recognised as a conceptual process distinct from mapping. Novick & 

Holyoak (1991) state ‘we agree that mapping is necessary for transfer but disagree that it is sufficient. 

Even with a successful mapping, difhculty in ad^ting the source solution procedure to work for the 

target problem may impede transfer’.

In sum it is proposed that the adaptation of a solution procedure involves mental operations that do not 

fall under the rubric of analogical mapping. Consequently, without an account of adaptation any model 

of analogical problem solving will stand as incomplete with respect to people’s actual problem solving 

performance (Keane, 1994/1996). It is this fact that provides the rationale for investigating adaptation 

in the present work.

The experiments in this thesis thus attempt to be more explicit about the nature of verification and 

adaptation than has previously been the case. In so doing the research is intended to contribute to a 

more complete understanding of the process of analogical problem solving as a whole.

Howevo", befxe detailing the experimental elements of the thesis the basic notions which are used to 

characterise analogical problem solving will be defined. A definition of a problem and of an analogy 

will be advanced. Following this a broad characterisation of the notion of analogical mapping is given 

along with an indication of the basic issues associated with both verification and adaptation that the 

present work is designed to address.

15



Chapter One: Introduction

1.2 Nature of Problems

In dealing with any issue associated with human problem solving it is first necessary to define wbat 

counts as a problem.

1.2.1 Constitution o f  Problems'.

A problan exists when there exists a "desired" state which is at variance with the present state and it 

is at least theoretically possible to realise the desired state. Otherwise, the putative problem must be 

counted as fictitious (Ayer, 1978). Further, a problem only exists where there is no automatic process 

of percqrtiœ (x recognitiœ via which the desired state be brought about (Glass & Holyoak, 1986). 

That is, there must exist some form of impediment to immediately rendering the desired state an 

actuality; without such what obtains is a non-problem (Gilhooly, 1989).

The above criterim is intended to be uncontentious and have a universal application. It amounts to no 

mcxe than an analytic definitim of those occasions on which a problem exists; as such it features in the 

work of several authors cœcemed with issues relating to problem solving (e.g. Glass & Holyoak, 1986; 

Kahney, 1986; Gilhooly, 1989). Having thus provided a description of those situations in which 

problems can be legitimately considered to occur it is now important to give an account of those 

elements which, when taken together, constitute a problem (Holyoak, 1990).

The identity of elements which make up any given problem can be accounted for in general terms; 

examples will accompany the description of each of the elements. In order for a problem to exist the 

following constituent elements must themselves obtain:

An initial state: this is simply the point at which a desired state - here after ‘goal state' - is 

conceived of and where the problem solving process, if it is to be undertaken at all, is initiated. 

Examples of such initial states are: a situation in which an individual is suffering fi-om hunger, 

or when someone has begun a game of chess.

A goal state: this is the desired state of affairs, the realisation of which would, by necessity, 

entail the resolution of the problem in question. To continue with the examples given above, 

one may have located and eaten some food, or have checkmated ones' chess opponent.

Set of operators: these are the actions that can be taken, or instructions which can be 

followed, in order to transform one state of affairs to another. Ultimately this would have the 

object of transforming the initial state into the goal state, although it may not be possible to

16



Chapter One: Introduction

effect such a transformation in a single stage. Thus, in an attenq)t to solve a problem various 

sub-goals may be identified; a sub-goal stands as de facto goal state, the realization of which 

is designed to advance the individual towards the realization of the final goal state. With 

reference to the examples, in an effort to satisfy hunger one could begin by examining the 

contents of a fiidge; this task then stands as a sub-goal and the actions involved in its 

realization the operators. When engaged in a chess match the set of operators would be more 

cleaify defined, namely the set of legal moves available at any given stage of the match. A sub

goal m ^  then be to castle as swiftly as possible.

Set of constraints: these are the additional conditions concerning which path to the goal state 

is appropriate or legitimate. Obtaining food honestly could be considered a constraint. In chess 

a path constraint is often imposed in the form of a time limit on each player.

The broad anafysis of the notion of a ‘problem’ offered above should apply to all problems regardless 

of their nature. However, it is important to note that there exists a distinction between two problem 

types.

1.2.2 Problem Types

Throughout much of the Uterature concerned with problem solving an important distinction is drawn 

betweoi two problem types, viz. well-defined problems, and ill-defined problems (e.g. Reitman, 1964). 

Essentially well-defined problems are those problems in which the constituent elements - e.g. goal state, 

operators - are precisely specified. The constituent elements of such problems are then, theoretically, 

open to an exhaustive description by the individual before any goal state is realized.

Well-defined problems themselves are most fi*equently found in the formal sciences or in the form of 

deliberately constructed pass-times or games (Gilhooly, 1989; Chamess, 1991). A chess problem is 

a prime exanq)le of a well-defined problem: its operators, the possible moves the pieces can make, the 

initial state and final goal state are all precisely prescribed, and those individuals, or even computers, 

who can play chess must be famihar with these prescriptions.

Ill-defined problems are essentially the converse. That is, at least one of the elements which comprise 

such problems tonains incomplete or unspecified. This ‘incompleteness’ could consist in an epistemic 

limitation on the part of the individual: whereby the individual simply lacks relevant information that 

is otherwise available, about one or more of the constituent elements. Thus, for example, you maybe

17



Chapter One: Introduction

certain your car doesn't start yet have no idea about how directly to rectify this. In this case the 

individual has httle conception of what the relevant operators are, vdiere as a mechanic should. In the 

case of axistraints, hx example, a bomb disposal expert may be attempting to dispose of a time bomb 

but have no idea when it is due to explode, so having no idea of the time period he has to woih in.

Alternatively the ^incompleteness  ̂ could consist of a hmdamental absence or unavailabihty of 

informati(Xi. It would, fOT exan^le, be difficult for anyone, novice or expert, to design a computer that 

could respond like a human in all eventuahties. As the above examples suggest, incompleteness is part 

of real world problems: we caimot always know all that might be relevant.

In summary, all problems consist in an initial state, a goal state, a set of operators, and a set of 

constraints. Problems can be distinguished as being either well defined or ill defined \  depending on 

the degree to which their constituent elements are specified. Having thus defined the term ‘problem", 

the term ‘analogy’ will now be considered.

1.3 Nature of Analogy

This section is concerned with specifying a cogent definition of the term ‘analogy’ - in the sense of 

natural language-based analogy - as this is a key term in the present work and occurs fi*equently 

throughout it. This will begin with an examination of the definition of analogy formulated by Gentner 

(specifically Gentner, 1989).

1.3.1 Centner's Definition of Analogy

Gentner identifies four distinct kinds or types of similarity which can obtain between two separate 

knowledge domains: mere appearance; relational abstraction; literal similarity; and analogy. In each 

case the same basic process takes place: knowledge is matched from one domain - the base domain - 

to another - the target domain. The differences which exist between the types of similarity consist in

1

The terms ‘non insight problems’ and ‘insight problems’(e.g. Ohlsson, 1984a ; 1984b; Metcalfe & 

Wiebe 1987; Keane, 1989; Gidc, 1990; Kaplan & Simon, 1990) may initially appear to be co-extensive 

with ‘well-defined problems’ and ‘ill-defined problems’ respectively. However, the two sets of terms 

refer to distinct problem types: ill-defined problems can be specified formally, while insight problems 

are specified q)erati(xially. Therefore while the terms do often converge they are not synonymous and 

so will not be treated as such in the present work.

18



Chapter One: Introduction

the items that are matched between the two domains. However, it is first necessary to outline briefly 

Centner's representational assumptions. Gentner holds that mental representation consists in the 

configuration of four types of representational constructs: entities which stand for objects and three 

types of predicate: Object attributes are defined as those predicates which take only one argument, e.g. 

"Red (x)'. Object relations are those predicates which take two or more argumoits as their relations, e.g. 

"Louder (a,b)'. Object relations themselves can be fiuther divided between first-order predicates ^diich 

take objects as their arguments, e.g. 'Ignites (x,y)' and second order predicates which take propositions 

as their arguments, e.g. 'Cause [Ignites (x,y) Bums (y,z)]'.

Mere appearances matches: These occur when only the object attributes between two domains can 

be matched. These matches are described by Gentner as ‘in a sense the opposite of analogies' (Gentner, 

1989), and are considered to be of limited utihty, e.g. the cloud looks like a face.

Relational abstraction: In such cases only the relational structure between two domains is matched. 

This is the case when the source or base domain consists only of abstract information, consequently 

there are no concrete properties to match, e.g. heat is a through vector.

Literal similarity: This form of similarity obtains when the relational predicates and the object 

attributes fi’om the two domains are matched, e.g. priests are like Rabbis.

Analogy: This occurs Wien only the relaticmal predicates between two domains are matched no matter

how much more additional information inheres in either domain, e.g. the moon is like a magnet. It is

worth quoting Gentner's definition as it is a remarkably austere one, not to say singular:

an analogy is a way of focusing on relational commonalties independently of the 
objects in which those relations are embedded...Objects are placed in correspondence 
in virtue of their like roles in the common relational structure; there does not need to 
be any resemblance between the target objects and their corresponding base objects. 
(Gentner, 1989).

Gentner also states ‘If the base representation includes concrete objects whose individual attributes 

must be left behind then the comparison is an analogy.'(f6;(/)(Itahcs mine).

The consequence of Gentner's view is that domains, where both the object relations and the object 

attributes are matched, are defined not as analogous domains but as literally similar domains. It is in 

view of this stricture that Gentner's definition of analogy will be critically evaluated, for it appears, 

initially at least, to be at variance with the way the term is actually used in ordinary language. Thus, an
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Chapter One: Introduction

examination of a particular use of an analogy will be made in order to determine whether Gentner's 

definition coheres with the common usage of that term. This is the subject of the following section.

13.2 Critical Evaluation of Centner s Definition

Ordinary language usage of the term ‘analogy’ suggests that an analogy can be described as holding 

betweoi two domains vèen salient instances of both their relational predicates and object attributes are 

matched.

This, as yet aitirely unsubstantiated claim about the common usage of the term ‘analogy’, is itself no 

reason to reject Gentner's definition. Yet Ariiile Gentner’s definition is stipulated there is no 

accompanying justification for its universal adoption. Consequently, there exists no compelling a 

priori reason to accept uncritically Gentner's definition. Yet to reject it requires the identification of 

at least one instance of a similarity drawn between two knowledge domains, which would ordinarily, 

and unequivocally, be described as an instance of an analogy, that does not conform to Gentner's 

definition. Such an instance is considered in the next section.

1 3 3  Speech Acts Analysis of an Analogy

The role of analogy in problem solving is Gentner's principal concern. However, analogies are employed 

fcff a wide variety of purposes, such as: apportioning praise or blame, drawing attention to exemplary 

or reprchaisible bdiaviour, and making compliments or insults. A specific instance of the final category 

will be considered in the remainder of this section, namely making an insult.

Speaking of Margaret Thatcho-'s final year in ofQce Nigel Lawson was quoted as stating ‘She was, very 

much, in her bunker’ (Lawson, 1993). This statement was not literally true of Margaret Thatcher; 

ratho" it served to suggest to the listening public her prevailing attitude to govenunent during her final 

period in office. Nigel Lawson, in uttering the phrase was not (just) reporting something, he was also 

insulting Margaret Thatcher. This, in Austin’s (1986) terminology, is a performative act.

Lawson was intaiding to induce or produce in his audience a belief that, in her final year, Margaret 

Thatcher - in stubbornly pursuing a thoroughly unpopular policy (the Community Charge) - had 

developed a siege mentality and had dehberately distanced herself firom anyone whose opinions 

conflicted with her own.

20



Chapter One: Introduction

This state<of-aSairs does invite coii^)arison with an abstract object located in a defensible area, the 

better to ward off hostile forces. This abstract knowledge domain could be derived from concrete 

knowledge an individual might have about the properties and purposes of bunkers in general.

While efrecting such a comparison certainly casts Margaret Thatcher in an unflattering hght, drawing 

such a comparison is not the intended effect of Lawson's utterance. In fact Lawson's insult consisted 

in the implicit comparism of Margaret Thatcher to a specific individual who actually sou^t refuge in 

a now infamous bunker, namely Adolph Hitler. Here is a knowledge domain whose relational properties 

can be compared with those belonging to the domain concerning Margaret Thatcher. Gentner would 

treat this as an analogy.

However, simply matching the relational properties inherent in the two specified domains would 

constitute no more of an insult than the comparison of Margaret Thatcher's position to that of the 

individual in the abstract domain. In order for Lawson's utterance to achieve its effects - i.e. for the 

listener to appreciate the nature of the insult - it is not enough for the listener to match the 

corresponding relational features between the Thatcher and Hitler domains. In this case objects and 

object attributes must also be matched, e.g. the persons Hitler and Thatcher must be matched, as well 

as personahty traits, such as stubbornness and a dictatorial approach to government.

This form of similarity under Gentner's analysis counts, not as analogy, but as an instance of hteral 

similarity. Yet this is a wholly inappropriate description. It amounts to holding that the relative 

positions of Margaret Thatcher in the closing months of her period in office and Adolph Hitler's final 

months in power were hterally similar, a description which is clearly not the case: Hitler was hterally 

in his bunker, Margaret Thatcher was not.

Nigel Lawson's quotation caimot then be correctly described as conveying an instance of literal 

similarity. Consequently, it is justifiable to hold that the quotation is concerned with drawing an 

analogy, as such a characterisation conforms to the common usage of the term. Consequently, Gentner's 

definition of ‘analogy’ can be rejected, as an exception to it has been identified. In fact rejecting 

Gentner's definiticm of analogy is not unique to this work, it has been done by several other authors as 

well (e.g. Holyoak, 1985; Keane, 1988a). Keane {ibid.) states that ‘Gentner's definition seems too 

narrow...and tied to a particular theoretical stance. A broader definition is therefore needed.’ This 

definition is advanced in the following section.
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13.4 Analogy: A Definition

Keane supplies an alternative definition of analogy wliich is broad enough to capture common

ascriptions of analogy as well as those instances captured by Gentner's definition. ^

An Analogy is the product of certain cognitive processes in which specific coherent 
aspects (Le. causally-mtegrated aspects) of the conceptual structure of one domain are 
matched or transferred into another demain in the transfer of these specific conceptual 
aspects, relations will tend to be iroportant, although attributes may also be important.
(Keane, 1988a.)

This definition of analogy will then be adhered to throughout the present work, unless specifically 

stated otherwise. The definition introduces the notions of matching elements between domains, and the 

transfer of elements between domains These two processes comprise analogical problem solving itself  ̂

which is considered in the following section.

1.4 Analogical Problem Solving

Analogical problem solving can be characterised as being the mapping of the conceptual structure of 

one set of ideas -the source domain- onto another set of ideas -the target domain (Eysenck & Keane, 

1991). This process was introduced informally when considering Figure 1. More specifically, in 

problem solving the target domain is taken to constitute a problem, and information mapped from the 

source domain to the target is constitutive of a solution to the target problem. The process of analogical 

mapping consists of two basic operations, matching and transferring.

Matching: This involves idmtifying similarities between known elements in both the source and target 

domain, and then matching them. That is, holding them in correspondence.

Transferring: This process typically involves relations that obtain between the elements in the source 

domain being transferred to the target domain. This process occurs in the absence of matching, i.e. it 

completes the areas of missing information in the target domain.

It is wcxth recording two additional features of analogical mapping: firstly, that information transferred 

tends to be in the foam of coherent units which constitute an integrated relational structure rather than 

in fiagmentaiy pieces; secondly, sometimes the information transferred is done so because it is treated 

as being pragmatically important, or goal relevant in some way. In Table 1.1.1, the problem is how to 

structure subatomic elements in some coherent way. In the example the items held in correspondence 

are placed opposite each other, while the information generated as a result of transference is italicised.
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Table L l.l , Introduction: Solar System and Atom Analogy (from Eysenck & Keane, 
1991)

The Solar System / Atom Analogy 

Base Domain: Solar System Target Domain: Atom

Sun attracts planets Nucleus attracts electrons

Sun larger than planets Nucleus larger than electrons

Planets revolve around sun Electrons revolve around nucleus

Planets revolve around sun Electrons revolve around the

because of the attraction nucleus because o f the attraction

and weight diff^ence and weight difference

Planet Earth has life on it No transfer

The description of analogical problem solving outlined above is not intended to be contentious or 

specific to a particular theory: such details as are given are equally true for each of the theories, 

specifically the Structure-Mapping theoiy (Gentner, 1989), the Pragmatic theory (Holyoak & Thagard, 

1989) and the Incremental Analogy thecxy (Keane, 1990a), although the manner in which the mapping 

is reputed to be effected does differ according to particular theories. The three theories are considered 

in the next chapter. The immediately following section provides an account of analogical mapping 

within the genial fi^mework of mental models, in wder to give the process a psychological grounding.

1.4.1 Mental Models account of Analogical Problem Solving

The purpose of this section is to place the process of analogical problem solving in the context of a 

specifically psychological theory of information processing, namely mental models. Mental models 

theory, in this context, is associated with Gentner & Gentner (1983) Holyoak (1884a; 1984b) and 

Holland, et al. (1989), although the notion of metal models has a relatively long history.

Craik's (1943) research characterised thinking per se as mental modelling by drawing analogies 

between mental and physical models. More recently Johnson Laird (1983; 1989) has accounted for 

reasoning and comprehension in terms of sophisticated or "high-level' mental models, which are rich 

enough in content to allow logical inferences to be drawn fi*om them. The notion of mental models 

ert^loyed in the present work, while related to those of preceding researchers, is lower level. Mental 

models singly stand as representations of some fiucdon of the environment and can be used to generate 

predictions about it (Holland, et al.,\9%9).
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Maital models in genial will rarely feature sufficient elements to map one-to-one with all elements in 

the environment That is, th ^  will seldom be isomorphic with the environment. Rather, the model will 

stand as a simplified representation of the environment, rich enough in detail to realise specific goals. 

Simplified models are realised by reducing the number of elements in the environment which require 

specific representation.

All elements of the environment sharing given properties can be represented as members of a single 

category, and all members of each category can be treated as indistinguishable. So all elements in the 

environment which share given properties can be treated as belonging to a single category. This 

process of categorisation is effected by the apphcation of mapping functions, conditional rules which 

group elements of the environmait together according to their properties and determine their 

membership of particular categories, for example: 'If an object is large grey and has a trunk then it is 

an elephant’. In Holland et al. ’s (1986) terminology mapping functions are synchronic rules.

Categories can include both enviroiunental states and actions. Thus, a mental model will be able to 

represent the process by which categories of environmental states associated with categories of actions 

lead to subsequent categories of states. Changes occurring in the world are realised by 'transition 

functions’. In terms of mental models a transition hmction is intended to mimic the transition function 

opa*ating in the wœld. The transition function is represented in terms of condition-action rules, which 

take the form 'If <condition> then <action>'. The rules that constitute the transition function are 

termed diachronic - as they describe expected changes in the environment over time. An example of 

such a rule is 'If the flame touches the paper then the paper will bum'.

Q-Morphisms

The accuracy of any prediction derived from a mental model is, in part, determined by the initial 

categorisations made. In ordCT to correct for erroneous predictions resulting from too course an 

encoding models can be supplemented by introducing additional information in order to make finer 

grained distinctions between items. This process effectively introduces sub-categories for elements, 

along with refinements to any relevant transition functions associated with the new sub-category. In 

the case of the categorisation of objects as elephants a further distinction could be added:

'If an object is large g r^  and has a trunk and has big ears then it is an African elephant’ also 

'If an object is large grey and has a trunk and has small ears then it is an Indian elephant’
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The "size of ears’ distinction establishes two refined categories for previously undistinguished "large 

grey objects with trunks’. The refined categories do not, however, have to replace more general 

categwies and transitim functions, ratfaa- they can stand as instances of more specific expectations. The 

predictive power of the model is thus enhanced at each successive level of specificity. Holyoak (1985) 

states 'The overall structure of the model can be defined recursively as a nested set of morphisms, 

termed quasi-mophisms or q-mcxphisms. A q-morphism is equivalent to an extended notion of default 

hierarchy.' Having indicated the manner in which the environment is held to be represented it is 

important to examine how problems are represented.

Mental Models and Representation

Initial representaticm of a problem requires the ccxistmcticxi of a problem model. The following example 

features the radiation problem (see Duncker, 1945 / 1972; Gick & Holyoak, 1980; and Appendix I: 1 

for a copy of the problem itself). The problem is as follows:

There is tumour located in a patient’s stomach, and it is impossible to operate. There is, 

however, a kind of ray that can be used. If set at high intensity it can destroy the tumour but 

will also destroy the healthy tissue that surrounds the tumour. If set at low intensity it wont 

destroy the tissue but wont destroy the tumour either. Consequently the problem is to destroy 

the tumour without harming the patient.

The mental representation of a problem may feature multiple levels of specification but at the highest 

level a problem can be represented in terms of the four central components which comprise problems: 

goals; setting; operators, and constraints (see Section 1.2.1). At this highest level the radiation problem 

would take the following form:

The initial setting specifies the following: the tumour is in the patient's stomach; that the 

doctcf has rays; that high intensity rays can destroy both tumour and healthy tissue; that low 

intensity rays can destroy neitho" tumour nor healthy tissue.

The operator is that the intensity of the rays can be altered.

The constraints are to avoid damaging healthy tissue and that an operation is not possible. 

The goal then is to use rays to destroy tumour.
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This form of mental representation of the radiation problem can be characterised as an instance of a 

problon schema. A schema is a structured cluster of concepts; usually, it involves generic knowledge 

and may be used to represent events, sequences of events, precepts, situations, relations, and even 

objects (Eysenck & Keane, 1991). A problem schema is a pre-stored mental model for a category of 

problans. h ccmtains a variety of information such as a description of the features that can be used to 

identify problem situations of the relevant type and those features of the situation that are critical to 

achieving a sohiticxi and it provides information about specialised solution methods that maybe useful.

The radiation problem itself is ill-defined: while most of the components of the problem are clearly 

specified the operators are not so clear. Consequently it is impossible to solve the problem simply by 

applying the given operators.

Solving the radiatim problem then may only involve encoding it in accord with a pre-existing abstract 

problem schema, a schema fi*om which an appropriate solution can be accessed and apphed to the 

problem Yet in the absence of any such general abstract schema a solution may have to be identified 

from a concrete case or example: that is, from an analogous knowledge domain. This method is 

considered next.

Mental Models Analogy and Problem Solving

Holyoak (1985) specifies four basic steps in analogical problem solving:

• Constructing mental representations of the source and target.

• Selecting the source as a potentially relevant analogue to the target.

• Mapping the components of the source and the target, or identifying components that play

corresponding roles in the two situations.

• Extending the mapping to generate rules that can be applies to the target in order to achieve

a solution.

The radiation problem stands as ill-defined. In the case of ill-defined problems there exists no 

diachronic rules with which to construct a transition function from the initial state to the goal state. 

Analogy, however, serves as a means of circumvaiting this apparent impasse. An analogy offers a way 

to enrich a mental model of an unfamiliar situation with new rules from a source analogue. One 

analogue on which a solution to the radiation problem can be modelled is the General’s story, which 

is as follows:
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A rd)el gmsral wished to cq)tuie a fcvtiess, wfaidi is situated at the centre of converging roads. 

Unfortunate^ each road contained a bridge and each of the bridges were mined, mines which 

would e?q)lode if subjected to too great a weight. Consequently the general was unable to send 

the entire army along any one road safely. Yet if he sent a small force along any one of the 

roads it would prove insufficient to capture the fortress. Consequently the general decided to 

divide his troops into small units and send them down may of the roads to the fortress 

simultaneously. In this way the general was able to concentrate a sufficiently large force on the 

fortress and capture it.

This story can be given the following schematic representation:

The initial setting is that there is a fortress at centre of converging roads. There are bridges on 

the roads which are mined & will explode if subjected to too great a weight. The general has 

an army

The operators are .divide army, move army, attack with army.

The constraints are that the general is unable to send entire army along one road safely. While 

a single small unit is insufficient to culture the fortress.

The goal is to use army to capture fortress.

The solution plan is to send small groups along multiple roads simultaneously.

The outcome is that the fortress is captured by the army.

Solving the radiation problem by analogy would, then, firstly involve identifying some similarities 

between it and die Genoa's stoiy. Frequently diese will be abstract similarities between corresponding 

goals, constraints, or operators common to the two analogues. A partial mapping is then initiated 

between the corresponding goals, constraints and objects featured in both the target and source 

(Holyoak, 1985). Matches, in the example, could be established between the doctor’s goal of using 

rays to destroy a tumour and the general’s goal of using an army to capture a fortress.

Once an initial partial mapping has been established the analogical model of the target can be developed 

by transferring information - typically structural information - from the source to the target. This is 

realised by transferring diachronic relations between elements in the source to their matched 

counterparts in die target, and hence an ^propriate transition function, or as it will be referred to hence 

forth, a solution plan can be completed for the target problem. That is, a step or sequence of steps 

which transform the initial setting into the goal state.
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The individual, in the case of die exanqile, identifies operators - those which were ^plied to the army 

in the source domain - and then apphes them to the rays in the target problem. Specifically, the 

qi^atcxs of divisicm and multiple and simultaneous ccmvergence on a cental point. Hence low intensity 

r ^  can pass through the tissue and leave it unharmed, but converge on the tumour and so produce a 

single point of high intensity.

The final stage in analogical problem solving involves the generation of an abstract problem schema. 

This is devdoped when two or more problems, which exhibit like structures, have been encountered. 

An abstract problem schema could take the following form:

The initial setting is that there is a central target which is inaccessible, and requires the 

apphcadon of force to be overcome. You have access to sufficiently great force.

The operators are: reduce force intensity, move source of force, apply force.

The constraints are that you are unable to apply full force along one path safely 

The goal is to use force to overcome a central target.

The solution plan is to apply weak forces along multiple paths simultaneously.

The outcome is that a central target is overcome by force.

The abstract common structure for the two problems represents the type of problem for which 

convergence solutions are appropriate. Such schema are generated by identifying those elements for 

each model which either played roles in arriving at the solution or were appropriately mapped across 

the analogues.

Having outlined the mental models account of analogical problem solving the issues central to the 

presoit wcxk - voificatim and ad^tatim - will be examined. These issues have, hitherto, been largely 

subsumed into geno-al accounts dealing with analogical mapping, and so have received little attention 

in their own right.
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Verification and Adaptation

In considering research concerning analogical problem solving Keane (1993) makes the following 

statement.

The final and most recent stage that has been added to the set of sub-processes 
involved in analogy is tiiat of adaptation (Novick, 1988; Holyoak & Novick 1992(j /c)) 
or validation (Anderson & Thompson 1989; Keane, 1988, 1990) or verification 
(Falkenhainer, 1987,1990). In early accounts of analogy, the assumption had been 
that when an analogy was drawn between two things, most of the work was carried 
out by mapping alone. This view is inq)hcit in all initial statements in the hterature 
(see Centner, 1983; Gick & Holyoak, 1980; Holyoak, 1985). However, it is clear that 
something more must be done. A close examination of many analogues reveals that 
moping alone is not sufficient to solve the problem by analogy; that the results of the 
m ^ in g  need to be vahdated or verified and if needs be adapted to make them fit the 
target problem.

From this brief description it is possible to make specific points concerned with both adaptation and 

verification, beginning with verification.

U .l  Verification

The above quotation fiom Keane (1993) indicates that while mapping is a necessary condition for 

analogical problem solving - indeed it is the core process - it is not sufficient. To produce a complete 

model of analogical problem solving further processes need to be incorporated, namely verification and 

adaptation. However, hitherto verification and adaptation have received little attention in the 

psychological literature. Yet Keane {ibid) goes on to state that this is not the case in A I research and 

research into Case-based reasoning in particular. While Case-based reasoning is a specific branch of 

AI what renders it germane to the present work is that its founding principle is psychological in origin. 

Consequently, this section will begin with a brief outline of some of the findings from Case-based 

reasoning research. Case-based reasoning is considered in greater depth in Chapter Two, as is its 

relation to analogical reasoning.

Case-based reasoning is essentially reasoning about a current situation or problem by referring to a 

similar previous e?q)erience or case. Riesbeck and Schank (1989) state, ‘Virtually when ever there is 

a prior case available to reason fi'om, people will find it and use it as a model for their future decision 

making...Case-based reasoning is the essence of how human reasoning works. People reason fi’om 

experience.’
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A case-based reascma’ solves new problons by ad^Aing solutions that were used to solve old problems. 

The process of ad^tation consists of two parts: a) detennining what’s different between the input (new 

problem) and the retrieved case; b) modifying the solution stored in the retrieved case to take these 

differences into account.

In the context of the present work the two parts of the adaptation process can be treated as describing 

(a) verifcatim and (b) adaptation. While this is not a distinction made by Riesbeck and Schank (1989) 

it is, never-the-less, legitimate in the context of analogical problem solving. This is because it is at least 

theoretically possible to retrieve a case which does not differ from the current problem and so can be 

apphed directfy, but the absence of any difference must still be established. Estimating whether or not 

this is the case is the essence of verification. The same considerations apply to analogical problem 

solving: any analogously derived solution plan must be verified as being appropriate with respect to the 

requirements of a particular target domain. Verification then determines the adequacy of the solution 

plan, rather than an optimal mapping between possible source and target domains.

The process of verification is posited as an element in an architecture for analogical processing 

developed by Centner (1989). Centner proposes that once analogical inferences have been made 

between two domains -that is a mapping has been estabUshed- the results of this inference are subject 

to evaluatim. Evaluation is initially carried out in terms of the posited analogies’ structural soundness. 

Following this, however, the relevance and vahdify of the inferences in the target domain are evaluated, 

with respect to the goals of the reasoner.

Evaluating the vahdity of a set of inferences simply is verifying whether they are constitutive of a 

solution to the target problem. Yet identifying verification as a necessary ccmiponent of analogical 

problem solving does not itself specify what the process consists in. It is for this reason that 

verification deserves investigation: without a general specification of the constitution of verification 

it is clearly impossible to incorporate it into any model of analogical problem solving, computational 

or otherwise, other than to sinq)ly indicate it is necessary. Consequently, scmie account of what is done 

Wien an analogy is verified, and on what basis such verification is carried out, is required. The initial 

experiments in the present w(xk are directed towards this aim. If Centner is correct in hypothesising 

an evaluatim elonoit to analogical reasoning then one of the consequaices should be that individuals 

are able to identify particular analogies as vahd for specific target domains and reject other, equally 

analogous matches as being invahd.
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PriOT to the present work specific conceptions of verification have been developed but their application 

is limited Keane (1990a), for exan^le, has hypothesised that verification could take place on the basis 

of the individual's background knowledge. Where some set of inferences from a source domain - either 

the matching of elements or the information transferred - conflicts with the individual's background 

knowledge the putative analogy is not vaified as vahd If thoe is no confhct then the analogy is verified 

as vahd While this stands as a perfectly coherent conception of a species of verification, its application 

is essoitially local: in the absence of any relevant and confhcting background knowledge the putative 

analogy would simply be verified as vahd

I contend that verification can be characterised as determining whether the elements matched and 

transfoied will realise the target problem’s goal state without thereby violating the constraints in the 

target problem. Thus, the process of verification is conceived of as being one of ‘constraints 

ccHupariscm’. A putative analogy, and analogous solution plan, fails to verify as vahd when it fails to 

satisfy the constraints in the target problem. This issue is examined in Chapter Three.

Vmfication, however, is not simply worth investigating for its own sake but also because the results 

of verification directly determine whether a putative solution plan becomes a candidate for adaptation 

or not. The issue of adaptation is the subject of the next section.

1.5.2 Adaptation

Ad^tation was previously defined as (a) determining what’s different between a new problem and a 

retrieved case, and then, (b) modifying the solution stored in the retrieved case to take these differences 

into account. While this definition is taken fiom hterature on Case-based reasoning (Riesbeck and 

Schank, 1989) it is sufficiently general to cover instances of psychological adaptation in the context 

of analogical problem solving, where it is the analogically derived solution plan which is subject to 

modification. However, for the purposes of the present work only (b) is treated as referring to 

adaptation, as it is only under (b) that alterations are made to a retrieved case. As Section 1.5.1 

indicated (a) can be treated as the result of the process of verification. The remainder of this section 

identifies the issues related to adaptation that this thesis is concerned with.

Adaptation Operations

Novick and Holyoak (1991) idoitified three operations apphed by the individual to a putative solution 

plan in order to adapt that solution plan, viz: addition, substitution and generahsation. While
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^goao l̂isatioQ’ can be treated as an instance of schema induction (Gick and Holyoak, 1983) and so is 

best considered in the context of learning from successful analogizing, addition and substitution stand 

as two candidate operaticxis. The term "candidate’ is used advisedly for two reasons. Firstly, Novick and 

Holyoak’s investigation was concerned with analogical problem solving in the context of maths 

problons, ratho- than natural language problems which typically feature in analogical problem solving 

research. Second^, these operations were not tested fcs* directly, rather th ^  were identified on the basis 

of a post hoc categorisation of participants’ answers, both correct answers and errors, to the problems.

These cmsiderations do not prevent Novick and Holyoak’s findings from providing a starting point for 

further research into adaptation, but they do not entail that any operations they have identified also 

feature in the context of natural language analogizing.

None-the-less, cm the basis of Novick and Holyoak’s research it is hypothesised that the operations of 

adding and substituting elements are applied in the context of natural language analogues. However, 

literature on Case-based reasoning (Riesbeck and Schank, 1989; Kolodner, 1993) suggests that a 

further operation can be added to those identified by Novick and Holyoak: that of deleting elements. 

By incorporating deletion into a taxonomy operations apphed to adapt a possible solution plan I 

advance the following hypothesis: the operations of deleting and adding elements stand as the basic, 

or primitive, operations, and the operation of substituting elements is the product of a combination 

of these two basic operations.

Whether these operations are actually applied wfren dealing with natural language problems is 

examined in Chapter Four, as are the conditions under which they are apphed. Yet before examining 

any further issues considered in the present work it is important to introduce a conceptual distinction 

between two possible types of adaptation, types which are not distinguished by their constituent 

operations, but by the domain to which they are apphed. This is important because this thesis is only 

concerned with examining one of these types.

Types o f  Adaptation: Procedural and Implementational

The type of ad^taticxi referred to by Novidc and Holyoak (1991) can be termed ‘procedural adaptation’ 

as it is concerned with adapting procedures in a solution plan which has failed to verify as vahd. A 

further type of adaptation can be termed ‘implementational adaptation’ this refers to adaptation that 

is concerned with adapting the target domain, so that a particular solution plan can be implemented.
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Keane (1994) has lecoitfy initiated research into implementational adaptation: This amounts to either 

the addition of elements to the target domain which have hitherto gone unmentioned but which are 

required for a solution plan to be implemented, or to the deletion of elements that are judged irrelevant 

to the inq)Iemaitatioo of a solution plan. It is important to note the use of the term ‘irrelevant’ rather 

than ai^ term suggesting the deletion of constraints which block the ^plication of a solution plan, as 

it is in virtue of just such blocking constraints that procedural adaptation is effected in the first place.

An example of implementational adaptation is as follows: generating the convergence solution to 

Duncker’s radiatim problem involves directing multiple low intensity rays simultaneously at a tumour. 

Givm that it is initially assumed that there is only me available source fi’om which to direct the rays, 

the individual, in solving a problem, must then generate several further sources and add these to their 

representation of the target problem, in order to implement the convergence solution coherently. 

Consequently, I suggested that implementational adaptation constitutes a fiirther type of adaption - 

although reahsed in terms of the same operations as procedural adaptatim - which needs to be 

incorporated into any complete account of ad^tim, and by extension analogical problem solving itself. 

However, while acknowledging the distinction between the two types of adaptation the thesis is 

concerned only with procedural adaptation.

Ease o f Applying Different Adaptation Operations

Apart from estabhshing what adaptation consists in a further issue I cmsider is wfiether there are 

differences between the ease of applying one adaptation operation rather than another. Novick and 

Holyoak (1991) determined that the ̂ hcation of the operation of adding elements as responsible for 

the greatest number of errors, compared with the application of the other adaptation operations. 

Consequently, I hypothesise that f ly in g  the operation of adding elements is relatively more difficult 

than carrying m t analogical mapping requiring no adaptation (here after no adaptation’). This issue 

is examined in Chapter Four. I further hypothesise that applying the operatim of deleting elements 

should be relatively easier to apply than the operation of adding elements. This issue is examined in 

Chapters Four and Five.

1 further cmtend that differences in the ease of applying the operatims of deleting and adding elements 

results in a tendency to apply the operation of deleting rather than adding elements to adapt solution 

plan. This tendency, and the difference in the ease of applying the operations is explained as the result 

of an aim individuals have to expend minimal effort when mapping elements from the source to the
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target demain: specifically to map the least amount of information necessary to realise the goal target 

problem’s goal state. This aim to minimise effort is characterised as a constraint on individuals 

analogical problem solving performance. Furthermore, I argue that, as a result of the aim to expend 

minimal effort, the individual is alreacty disposed to apply the operation of deleting elements, hence 

its relative ease of application. This issue is examined in Chapter Six.

1.6 Nature of the Experimental Work

The present work ccmsists of nine individual experiments: the first two are concerned with verification, 

the remaining seven with adaptation. Experiments 1 and 2 examine how putative solution plans are 

vaified as vahd for a target problon. Experiment 1 examines analogical matching: the result indicates 

those domains idmtified as analogous, fiom a set of competitors, were those which could be classified 

as sharing identical sets of structural relations.

E7q)eriment 2 examines analogical mapping: the result indicates that the source domains identified as 

cmtaining solution plans vahd in the target domain, from a set of competing source analogues^, were 

those that had a solution plan which satisfied the constraints in the target problem.

The results of E^eriment 2 provide a basis on which to proceed with an investigation of adaptation 

itself. Characterising verification as a process of 'constraints comparison' I maintain that adaptation 

is initiated as a result of a failure to verify a solution plan as valid. Further, that any subsequent 

ad^taticm is aimed at ronoving the confhct between the solution plan and the constraints in the target 

problem, specifically by altering any constraint violating elements of the solution plan, so that the 

solution plan satisfies the constraints in the target.

Experiments 3,4 & 5 examine the issue of what adaptation actually is: what is done to a solution plan, 

which fails to satisfy the target problems constraints, in order to render it vahd in the context of a target 

problem.

2

'Cooq)etmg Source Analogues’. This refers to a set of analogues only one of which provides a vahd solution plan 

to a given target problem, the remaining members of the set violate particular constraints stated in the problem. 

However, //'the constraints had been otherwise then the constraint violating analogues could have provided a vahd 

solution plan: the constraint violating analogues thus constitute onfy partial solutions to the target problem.
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Experiments 3 and 4 examine how solution plans which fail to verify as vahd are adapted to render 

them vahd. The findings indicate that adaptation can be explained in terms of applying the operations 

of eitho* adding elonaits to the solutim plan, or deleting elements from the solution plan. The results 

of both Experiments 3 & 4 also indicate that f ly in g  the operation of adding elements is more difficult 

than no adaptaficsi: they do not indicate any ccmsistent evidence that applying the operation of deleting 

elements is more difficult than no adaptation.

E?q)eriment 5 examines a fiirther operation, substituting elements in the solution plan, one for another, 

so that it is rendered vahd. It is argued that for the class of problems under consideration - natural 

language problems - substitution can be explained in terms of a combination of the operations of adding 

and deleting elements.

E^qieriment 6 uses response time measures to examine the relative ease of applying the operations of 

deleting and adding elements to adapt a source analogue. The results indicate that applying the 

operation of adding elements is more difficult than applying the operation of deleting elements. 

Experiment 7 again used response time measures and examines more thoroughly the process of 

adapting a solution plan by applying the operation of deleting elements. The results indicate that the 

relative ease of applying the deletion technique alters as a fimction of the amount of information that 

needs to be dealt with.

Experiment 8 examines whether there is a tendency to apply one adaptation operation rather than 

anoüier, in cœditims v\hoe it is possible to apply either the operation of deleting elements, or adding 

elements to adapt a solution plan. The results indicate that there is a tendency to apply the operation 

of deleting elements rather than adding elements. This tendency is accounted for as a fimction of the 

operations’ relative ease of apphcation.

Experiment 9 addresses the issue of why ^ fy in g  the operation of deleting elements is relatively easier 

than q^plying the operation of adding elements to adapt a solution plan. The results of the experiment 

indicate people map as few elements as possible to satisfy the constraints in the target problem. The 

solution plan involving the least number of elements was rehably mapped. I argue that this result is 

consistent with the claim that individuals aim to expend minimal effort when carrying out analogical 

mapping. Hence, they are already disposed to apply the operation of deleting elements.
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1.7 Summary of Chapter One

In sum the thesis is intended to contribute to the hterature in the following respects. I formulate a 

gmanl characterisation of verification, and indicate how Üiis guides any subsequent adaptation. It also 

identify operations constitutive of adaptation, namely the deletion and addition of elements. 

Furthamcxe I present the case for these being the primitive adaptation techniques, and I introduce a 

conceptual distinction between types of adaptation, viz procedural and implemoitational adaptation.

The thesis also establishes that diexe are différences in the relative ease of apphcation of the operations 

of deleting elonoits and adding elonaits, and that the relative difficulty results in a tendency to apply 

the operation of deleting rather than adding elements. This tendency and the difference between the 

difioences in the relative ease of applying the two operations I explained in terms of an aim to expend 

minimal effmt when mapping information fi’om a source toa target domain. The aim to expend 

minimal effcHt disposes the individual to apply the operatim of deleting elements, hence its relative ease 

of apphcation.

The next chapter is a review of the hterature relevant to this thesis. This includes descriptions of the 

principal models of analogical problem solving, an account of Case-based reasoning, and a 

consideratim of the relevant experimental work so far conducted on adaptation and analogical problem 

solving.
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Chapter Two
Literature Review

2.1 Introduction

The literature review has four cmqx)iients. The first outlines a conceptual framework in which theories 

of analogical problem solving can be placed. The second reviews theories of analogical problem 

solving. The third examines AI research on Case-based reasoning. The fourth examines psychological 

research on adaptation, and its place in broader psychological theory about reasoning.

Keane (1990a) identifies three theories designed to account for analogical problem solving, viz. : the 

Structure Mapping Thecxy (Centner 1983) with its cœ^utaticmal model the Structure Mapping Engine 

(Forbus et al., 1994); the Pragmatic Theory (Holyoak, 1985) its computational model being ACME 

(Holyoak & Thagard, 1980; 1990); and the Incremental Analogy Theory (Keane, 1990a), its 

computational model being the Incremental Analogising Mechanism. Keane (1988b), and Keane et al. 

( 1994) review these models. The theories are examined in the present work. Prior to this, however, an 

account is given of the 'level of explanation" each theory is concerned with.

2.2 Descriptive Status of Theories of Analogical Problem Solving

Palmer (1989) adopts Marr's (1982) distinction between theoretical levels of description, viz. : 

informational; behavioural; and implementational. The implementational level concerns system 

hardware. The behavioural level concerns descriptions of the rules a system employs in order to 

perfmn a particular confutation. The infbrmatimal level concerns descriptions of what the system has 

to do in order to perform a particular instance of processing. Palmer (1989) views any information 

processing thecxy as 'spanning a single ccmtinuum of possible theoretical levels...' {ibid.). The spectrum 

is defined at the 'upper' end by informational (or task) constraints, at the lower end by hardware 

constraints and in between by behavioural constraints. The Structure-Mapping Theory is an 

infcxmational level account alone. Palmer {ibid.) holds the Pragmatic and Incremental Analogy Theory 

both include behavioural constraints. Keane et al. (1994) differ, claiming that only the Incremental 

Analogy Theoiy includes bdiavioural constraints. This debate, however, is not pursued in the present 

work.
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Informational Constraints

The informational ccmstraints constitute what an analogy is, or what needs to be computed to produce 

appropriate outputs given certain inputs. The informational constraints themselves fall into three 

distinct categories:

Structural constraints. These ensure that any mappings made are predominantly one-to-one, and 

feature in all three thecxies of analogical problem solving. Keane et al. {ibid.) identify three techniques 

enq>loyed to conform to the structural constraints.

Favour type-type matches between entities: Thus, objects are matched with objects; attribute 

predicates with attribute-predicates; and relational predicates with relational-predicates.

Maintain structural consistency. In cases where propositions are matched then their predicates should 

be matched along with an appropriate matching for the objects / arguments.

Favour systematic sets o f matches: Where two or more possible sets of mappings obtain that set with 

the most higher order cormectivity between its elements should be chosen.

Sinularity constraints : There are two versions of this constraint. Centner (1989) holds only identical 

concepts are matched between domains <m the basis of their similarity. Holyoak (1985) favours a more 

liberal interpretation of this constraint whereby concepts with a semantically similar content are 

favoured as candidates for matching between domains.

Pragmatic constraints: These featured in Centner's (1989) and occupy a central role in Holyoak’s 

Pragmatic Theory. Pragmatic constraints are those that favour matches between elements that are 

perceived as being goal relevant.
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Behavioural Constraints

Empirically founded, this level is concerned with specific aspects of the individual's problem solving 

behaviour. It involves a description of the following; what is involved in rendering one analogical 

problem more difihcult than another, the differing processing times associated with different problems; 

and the kind of errors individuals are Uable to produce. Consequently, any cognitive theory of 

analogical reasoning which fails to include such behavioural constraints is incomplete as it will not 

capture, and therefore caimot explain, certain characteristics of human analogical problem solving 

performance. Keane (1991a) identifies two specific behavioural constraints:

• Limitations of the working memory.

• Influence of background knowledge.

Background knowledge can significantly influence analogical mapping it at least two ways. Firstly, 

prior knowledge about the domains may influence the rate at which problems are solved. Secondly, 

possible mappings which are at variance with the individual’s background knowledge may not be 

mapped even when they are appropriate in the target domain.

The limitations of the working memory can influence analogising in at least two respects: information 

loss - which could lead to errors in analogising; and the possibility of information overload of the 

working memory. To avoid overload Keane hypothesises individuals will select small subsets of 

possible matches fi’om a given problem, rather than attempt to consider all possible matches. This 

process of sub-division is not a necessary feature of analogical problem solving, rather it is a likely 

feature of problem solving practice, in that it occurs on those occasions when information overloads 

the available working memory.

To conclude: The Structure-Mapping Thecriÿ ii an informational level accoilfit of analogical problem 

solving. The Incremental Analogy Theory captures both informational and behavioural constraints. 

The Pragmatic Theory’s also includes both informational and behavioural constraints, by treating 

pragmatic factors as being psychologically realistic. An account of the theories of analogical problem 

solving follows, beginning with Centner's Structure-Mapping Theoiy.
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23 Structure-Mapping Theory
23.1 Introduction

Centner’s somewhat narrow detinition of 'analogy* was presented in Section 1.3. This is the definition 

of analogy adhered to through out the present section, which examines Centner's Structure-Mapping 

Theory (e.g. Centner, 1983; Centner, & Toupin, 1986; Centner, 1988; Centner, 1989; Clement & 

Centner, 1991).

23.2 The Structure-Mapping Theory

The Structure-M^ing Theoiy can be stated with reference to two structural constraints, two selection 

constraints, and the influence of an individual's plans and goals.

The individual’s plans and goals determine the working monoiy representation of the current situation. 

Once a potential source analogue has been retrieved analogical mapping continues without any further 

influoice fixxn pragmatic factors. Analogical mapping itself is determined by structural and selection 

constraints. The first of the structural constraints determines that any mapping will be one-to-one. The 

individual seeks to maximise the consistency between the two domains by maintaining one-to-one 

mq)pings. Each object in the source is assigned to one object at most in the target (Gentner, 1983). The 

second structural constraint is directed at further maintaining consistency. Objects are placed in 

correspondence on the basis of their surrounding relational structures; relations, though, are only 

matched in cases where they are identical.

The systematicity principle is the first of Centner's selection constraints. An analogy, Gentner {ibid.) 

maintains, conveys a system of related knowledge not an assortment of independent facts. Hence, 

people prefer to match systems of relations rather than isolated relations. Object correspondences 

determine the set of relatims which stand as candidates for transfer. Lower-order (one place predicate) 

relations that are candidates for transfer tend to be those that form systems of interconnected relations; 

that is, those vshich are constrained by higher-order (two place predicate) relations. Furthermore, first- 

order predicates, that is object attributes, tend not to be carried over. This stands as the second of 

Gartner's two selection constraints - that only relational commonalities count. The individual is thus 

looking for a system of interconnected predicates which can legitimately apply in both the source and 

target domain. The candidate inferences are then subject to a further form of structural evaluation; 

Gentner holds 'if the depth and size of the system of matching predicates is too low then the analogy

40



Chapter Two: Literature Review

will be rejected on structural grounds ' {ibid.). Following this any adequate analogy is also evaluated 

on pragmatic grounds, whereby the analogy is assessed as to whether it is appropriate to the goals of 

the individual.

Justifying this subordinate role for the influence of goals and plans Gentner {ibid.) states 'we need to 

c^ture the fact that the analogy can be influenced by the goals of the individual while at the same time 

capturing what is specific about analogy'. Gentner goes on to argue that factors such as the goals an 

individual has cannot be a necessary constituent of analogical problem solving because analogies can 

occur outside a goal driven context. Having outlined the Structure Mapping Theory the relevant 

empirical evidence which supports it will be considered.

23.3 Empirical Evidence for the Structure-Mapping Theory

The central thesis of the Structure-Mapping Theory is that people reason analogically by transferring 

relations and omitting attributes. Gentner and Block (Keane, 1988a) found that people mention more 

relations in their interpretations of straight forward analogies (e.g. 'an atom is like the solar system') 

than attributes. Gentner and Clement (1988) conducted research concerned with comparisons between 

people’s object description (e.g. the description of a cigarette) and their interpretation of comparisons 

(e.g. 'a cigarette is Like a time bomb'). They found that although object descriptions included relational 

and attribution information interpretation of comparisons tended to include relations and omit object 

attributes.

Evidence for the systematicity principal was identified by Clemant and Gentner (1991) who presented 

people with the task of selecting one of two equally suitable lower-order matches fi'om a source. The 

results indicated people had a preference for which ever item was part of a greater matching causal 

system, and were disinclined to select isolated facts. This is taken as evidence of the psychological 

realism of the systematicity principle. Additionally, Gentner (1988a) identified evidence indicating a 

developmental shift in analogical reasoning. Adults tended to produce relational interpretations of 

analogies, nine year olds produce a combination of both attributional and relational interpretations, and 

five year olds produce essentially attributional interpretations.
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23.4 Critical Evaluation of the Structure-Mapping Theory

Thoe are several criticisms levelled at Gartner's theory although it ought to be stated that none of them 

question the fact that systematic sets of propositions are important to analogical problem solving, 

rather thty focus on the narrow nature of Centner's theory rather than seek to replace it whole sale.

Holyoak (1985) claims that the systematicity principle would determine that for any given source 

analogue the same set of predicates would be selected for mqrping what ever the context of the enquiry. 

This is because the predicates mapped are identified purely on the basis of their inclusion in more 

gaieral systems, their ccxitoit being irrelevant This ccmsequence is, Holyoak claims, manifestly at odds 

with exanq)les of analogical reasoning, where the same source domain can provide difiering mappings 

depending cm the nature of the target domain. This criticism, Gentner (1989) holds, is based on a mis

reading of the Structure-Mapping Theory. The predicates treated as candidates for transfer are not 

idoitified onfy on the basis of a syntactic anafysis of the source analogue alone, but rather on a detailed 

match between both source and target domain: that is, 'the maximally systematic and consistent match 

of relational structure.' (Gentner, 1989). Hence differing target domains will result in differing 

structures being mapped from the same source analogue. Clement and Gentna (1991) conclude 'a 

preference fw cohooit ̂ sterns of common information appears to be a psychologically real constraint 

on analogical mapping.'

One of the central points of the present work is to test the adequacy of the systematicity principle in 

accounting for people’s actual analogical problem solving performance. That is, the degree to which 

it actually stands as a bdiavioural constraint This is undertaken in Experiment 9 which effectively pits 

the systematicity principle against the claim that the amount of elements transferred fi'om the source 

to the target are constrained by an aim individuals have to expend minimal effort when mapping. This 

is possible because the predictions derived from each of the two claims are inconsistent. The 

systonaticity principle predicts an individual, attempting to solve a problem analogically, would map 

as extensive a set of integrated relations as possible to generate a valid solution plan for the target 

problon. In the case of the aim to expend minimal effort, howeva, the individual would be expected 

to map as few relations as are necessary to generate a valid solution plan.

This point relates to Holyoak’s (1985) second criticism. Holyoak claims that the systematicity principle 

is insufficient to account for the process of selecting appropriate items for analogical mapping, this
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point is also echoed by Keane (1988a). Und^ Centner's (1983) analysis the only constraint detennining 

which relations are mqjped horn the source domain to the target domain is the systematicity principle: 

only those lower-order relational predicates which are constrained by hi^er-order relations (e.g. 

'causes') will tmd to be transferred to the target domain during analogising. Were this the only criterion 

oa which relations are selected for transfer it would leave the selection of apposite relations seriously 

under-determined.

In the case of the solar system-atom analogy, for example, it is both appropriate and legitimate for 

Gentner to claim that predicates such as 'Revolve around (planet, sun)' will be transferred - because 

they are constrained Ity higher order predicates. However, according to the systematicity principle alone 

there is no basis on which to claim further predicates such as 'Hotter than (sun, planet)' will not be 

mapped when these too are constrained by higher-order predicates, even where such predicates are 

completely irrelevant to the problem at hand. Clearly, such problems of selection would not beset a 

pragmatically orientated theory, as only those relations vdiich appear relevant to the problem at hand, 

in this case structural relations, would be identified as candidates for transfer in the first place.

The incorporation of the goal relevance constraint into the Structure-Mapping Theory (Gentner, 1989) 

would appear to effectively overcome the problem of selection. The initial representation of a target 

domain would tend to include only relational predicates identified as goal relevant, hence only such 

predicates would ever be candidates for mapping. Any irrelevant predicates that were transferred would 

presumably be discarded when the complete analogy was evaluated in terms of its goal relevance.

This though does not deal with the claim that the systematicity principle, and the predictions derived 

from the Structure Mapping Theory, are inconsistent with those derived for the claim that individuals 

aim to minimise effort when mapping from the source to the target. The two claims can be tested in 

instances where it is possible to map either a complex set of relations or a more economic set from the 

same source analogue. In this instance both sets stand as valid solution plans for the given target 

problem. This is undertaken in Experiment 9, where predictions about human problem solving 

performance derived from the Structure Mapping Theoiy are tested against those derived from the 

hypothesised aim to minimise effort.

The final criticism is Holyoak’s (1985) claim that the Structure-Mapping Theory fails as a theory of
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analogical problem solving. In Chapter One, Section 1.3.1 Centner's definition of ‘analogy’ was 

outlined: this definition, I argued, is at variance with common usage of the term 'analogy'.

It is perfectly possible to stipulate a definition of a term in the context of a given theoiy, yet, as was 

argued in Chapter One, Centner's definition excludes features commonly associated with notions of 

analogy, specifically object attributes. Further, in Chapter One an analogy was identified - involving 

Hitler and Margaret Thatcher - which cannot be reasonably accommodated under any of Centner's 

categories of similarity.

Consequently, there ought to be some compelling reason for accepting Centner's definition, and so 

discounting instances of object attribute mapping as analogical, yet no such reason is advanced. 

Centner is alive to this problem but seeks to dismiss it as a question only of terminology (Centner, 

1989). Yet in the absence of any reason to reject or replace the common usage of'analogy' there is no 

justificatif for adhering to Centna^s definition. As Holyoak (1985) states. Centner's definition is quite 

arbitrary. That is. Centner's (1989) claim that structure-mapping captures what is specific about 

analogy is only true if'analogy' is defined as being solely constituted by mappings between relations 

in two domains, and no compelling reason for accepting this definition has been advanced.

The Structure-Mapping Thecxy fails to account few what are commonly regarded as analogies, and there 

is no good reason for accepting this restrictive state-of-affairs. Holyoak's Pragmatic Theory 

accommodates both instances of relational mapping and object attribution and therefore conforms to 

the standard notions of what cfstitutes an 'analogy'. This theory is examined in the following section.

2.4 Pragmatic Theory

2.4.1 Introduction

Holyoak's Pragmatic Theoiy (Holyoak 1985; Holyoak & Thagard, 1989; Holyoak, 1991; Hummel & 

Holyoak, 1992) shares points of contact with Centner's Structure-Mapping Theory, but it departs fi'om 

that theory in several important respects. The Pragmatic Theory is predicated on the notion that 

analogical mapping is not determined by the structure of elanoits in the domains, but rather is 'heavily 

influenced' by the perceived importance of those elements as they relate to the goals of the individual 

(Holyoak, 1985).
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1A2  Pragmatic Theory and Constraints Satisfaction

Before any process of analogical m ^ in g  can take place the retrieval of a putatively appropriate source 

analogue is necessitated. Such a retrieval may be the result of an identification of semantic similarities 

between elements in the source and target domains (Holyoak & Koh, 1987), or structural similarities 

(Wharton etal., 1994)

The initial locus of mapping is at an abstract or high level: matches are made between the goals and 

resources identified in both analogues. It is fixnn such matches that a solution plan for the target 

problon is identified. Holyoak hypothesises that analogical mapping between elements is a matter of 

constraint satisfaction. The constraints are: structural correspondence; semantic similarity; and 

pragmatic centrahty, each of these will be considered in turn, beginning with structural correspondence.

Structural correspondence: In any instance of analogical mapping the initial task faced by the 

individual is to determine the most appropriate matches between the elements in the two domains. 

Holyoak (Holyoak & Thagard, 1989) maintains this decomposes into the sub-problems of finding the 

best mapping for each of the individual elements which comprise a given domain. However, Holyoak 

{ibid.) maintains that the successfiil solution of these sub-problems cannot be achieved in isolation. 

Rather, the individual matches must be carried out in parallel, and in such a manner as to satisfy the 

constraint of (xxisistent structural correspondence. In fact this 'structural correspondence* constraint is 

conqx)sed of two related elements: the demand for structural consistency, and the requirement for one- 

to-one mappings.

Structural consistency : This demands any putative match between elements of the two domains form 

a mutually consistent set. That is, proposition P  in the target corresponds with proposition P ' in the 

source if and only if the predicate and arguments of P are mapped onto P ' by a function that leads to 

a structurally consistent analogy. It is, however, not possible to decide vriiethcr P  and P ' are in 

correspondence without considering the entire set of correspondences between all the propositions in 

the source and target. This requirement would, as Holyoak and Thagard (1989) point out, require a 

vahd isomcHphism between the two domains: a state-of-aOairs which virtually never occurs in the cases 

of analogies of psychological interest. Before considering the consequences of this situation for 

Holyoak's theoiy it is first necessary to outline the one-to-one mapping constraint. The demand for 

structural cmsistmcy is attenuated by the remaining constraints which serve to determine or guide the
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selection of elements for match or transfer.

One-to-one mapping : This consists in the requirement that if an element from one domain maps onto 

an element on another domain then it probably does not map into a further element in that same 

domain. Holyoak {ibid.) hypothesises that this constraint is, to a certain degree, open to violation. It 

does not function as an absolute requirement, but operates as a pressure which can be satisfied to some 

imperfect degree. Though the exact degree of imperfection tolerable is left unspecified by Holyoak. 

Essentially, though, it determines that P is not matched with Q’ and R’, but only with ? ’.

Semantic similarity: This constraint is somewhat weaker than that of structural correspondence. 

Essentially Holyoak holds that appaimt similarity between the objects and relations of one domain and 

another will positively influence the individual’s abihty to perform analogical mapping i.e. render the 

task easier. There is also evidence that semantic similarity between items in the two domains facihtates 

analogical retrieval (Holyoak & Koh, 1987). This constraint does not have to be satisfied in order for 

analogical mapping to take place. It is simply the case that semantically similar analogues tend to be 

favoured as they offer a clearer indication of the most appropriate mappings available. Consequently, 

sanantic similarity between domains cannot be rehed on to guide the individual to the most appropriate 

mappings, simply because in certain cases there will exist no semantic similarity between the two 

domains, qv the solar system / atom analogy. The final hypothesised constraint is that of pragmatic 

centrality.

Pragmatic Centrality. This favours ccxrespaidences that are pragmatically important to the individual, 

either because a particular cwrespondence is presumed to hold, or because an element in either domain 

is adjudged to be sufficiently central for some mapping to be identified for it.

Clearly, for this constraint to be realised at all requires that the individual has a degree of background

knowledge, e.g. of the relevant causal relations. Holyoak and Thagard (1989) hypothesis that the

process of analogical mapping is underpiimed by goal-directed influences. That is, an individual will

favour m^pings Wiich allow infonnaticHi absent in the target problem to be transferred from the source

analogue: Holyoak and Thagard {ibid.) state;

That the subject is concerned with specific questions associated with the missing information 
will lead to the generation of goal relevant candidate inferences directly rather than to the 
generation of a mass of general information.

46



Chapter Two: Literature Review

The subject, in attempting to identify information in one domain relevant to another, is lead to judge 

certain elements in both domains as pragmatically important.

To conclude, Holyoak holds that the process of analogical mapping is guided by the constraints 

outlined above, each operating as a pressure. Given these constraints it is important to state how the 

process of mapping itself is effected.

Analogical Mapping: Once a putative source analogue has been identified then an initial matching 

between elements from each domain is made. This 'tentative' mapping may be made on the basis of 

some semantic features the elements share (Keane, 1988a). This initial mapping is extended to the 

extent that correspondences are identified between the goals and resources in both analogues. The 

source domain, in cases of analogical problem solving, typically contains information absent from the 

target. This information, taken as a whole, constitutes the solution plan for the target problem. The 

missing information is treated as a set of consequents for antecedents in the source, which have been 

matched with appropriate antecedents in the target. Providing the missing information is determined 

as being relevant, via the constraints specified above, then the set of consequents can be transferred to 

complete the appropriate antecedents in the target, the set standing as a solution plan for the target 

problem.

2.4.3 Empirical Support for the Pragmatic Theory

The pragmatic constraint -that the goals an individual has influence the process of mapping- receives 

support from Holyoak's observation that the same source analogue can be used by individuals with 

different goals and produce different outcomes.

The semantic similarity constraint receives support from work carried out by Holyoak and Koh (1987). 

Here the source analogue for a given target problem was rendered either semantically sumlar or 

dissimilar to die target problem. This manipulation resulted in a difference between the two conditions, 

with ahigfrer prcpcxtion of participants producing the appropriate solution in the semantically sumlar 

condition, and a lower proportion producing an appropriate solution in the semantically dissimilar 

condition.
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Clearly, were only the structural relations inherent in the analogues relevant to analogising, as is 

Gmtner's hypothesis, then altering the sonantic similarity of the analogues alone ought not to influence 

the production of the appropriate solution, given that participants have direct access to the analogues 

in the fîrst place. As this is not the case the semantic similarity of a possible source analogue does 

operate as a constraint on the process of analogical mapping, influencing the ease of mapping. 

Furthermore, the fact that participants in the dissimilar condition did advance appropriate solutions 

at all indicates that the semantic constraint is not an absolute but rather operates, as Holyoak 

hypothesises, as a pressure.

Further experimental investigation, involving progressively dissimilar analogues across conditions 

could provide evidence supporting the claim that the semantic constraint operates in the manner of a 

pressure. It ought to be noted, however, that participants' performance in the dissimilar condition was 

significantly enhanced when they were provided with a hint suggesting the source analogue could be 

of use in solving the target problem.

Holyoak and Koh {ibid.) also investigated the effects of structurally similar and dissimilar analogues. 

In the structurally similar condition 69% of participants recorded an appropriate solution, as opposed 

to 33% in the structurally dissimilar condition. This indicates, firstly, the importance of structural 

similarity as an influence on the ease of analogising, which concurs with Centner's hypothesis. 

Secondly, it indicates that the structural constraint operates as a pressure, i.e. isomorphism between 

domains is not essential for analogical mapping to take place.

2.4.4 Critical Evaluation of the Pragmatic Theory

The criticisms outlined in this section mainly derive from those articulated by Gentner (1989) and 

Keane (1988a). Centner's are the more general, while Keane's are more fine grained, focusing on 

specific elements of the Pragmatic Theory.

Centner's (1989) criticisms are designed to stress the mistake of attempting to replace structure, as the 

detamining factor in analogising, with relevance, i.e. pragmatic goal driven factors. Centner holds in 

analogising structural matches, under Holyoak's analysis, are defined only by their relevance to a set 

of goals - thus the pragmatic account requires a context that specifies what is relevant before it can 

operate. Therefore it cannot deal with analogy in isolation or even an analogy whose point is irrelevant
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to the current context. Consequently, Gentner states, if the Pragmatic Theory were correct then the 

following analogy (owed to Francis Bacon) would be incomprehensible in the present context, 'All 

rising to a great place is by a winding stair.', and Gentner doubts whether this is the case.

It is, however, the case, as Gentner acknowledges, that Holyoak's theory is designed to specifically 

account for the process of analogical problem solving. Yet this itself means that, unlike Gentner's 

model, separate analogy processors must be postulated for analogy in context and analogy in isolation. 

This does not constitute a criticism of the model per se but might well indicate that it is of only limited 

utility, if indeed it is the case that both forms of analogy are dealt with via the same process.

Furthermore, Gentner claims, the fact that the Pragmatic Theory is goal orientated means it caimot 

account for, nor does it allow, unexpected outcomes in an analogical match which could be the result 

of purely structural matches. Hence the Pragmatic Theory cannot account for 'creative' uses of analogy, 

such as scientific discovery.

Finally Gentner notes a pragmatic model cannot distinguish between instances in which an analogy 

fails because it is irrelevant and those instances in which it fails because it is structurally unsound. It 

is perhaps important to note that these comments not withstanding Gentner has incorporated a 

pragmatic, goal orientated element into the Structure-Mapping Theory. Clearly, the fact that the 

Structure-Mapping Theory now contains a pragmatic element is testament to its importance and 

relevance.

My principal consideration of the Pragmatic Theoiy, and specifically the pragmatic constraint, 

concerns my hypothesis that the individual aims to expend minimal effort when analogising. One of 

the concerns of the present work, addressed in Experiment 9, is to demonstrate such an aim actually 

exists. If it does then it would be reasonable to classify it as a pragmatic constraint. Yet this would 

seem to add httle to present understanding of analogical problem solving, as Holyoak has already 

incorpcxated a pragmatic constraint in the Pragmatic Theory. However, Holyoak's pragmatic constraint 

is specificatty goal related. It does not determine which set of relations, or specific procedures which 

conpise a soluticm plan, will be selected fi'om a single source analogue, if two competing but equally 

vahd solution plans, or sets of procedures can be derived fi’om it. The posited aim to expend minimal 

efifcxt can explain how such a discriinmation is possible, and it has not featured in any previous account
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of analogical problon solving. If it is shown to exist, it would stand as a further pragmatic constraint, 

one which guides the selection of goal relevant relations, and which needs to be incorporated into any 

psydiologically realistic account of analogical problem solving. Keane’s theory of analogical problem 

solving is designed to incorporate such behavioural constraints, and is examined next.

2.5 Incremental Analogy Theory
2.5.1 Introduction

The Incremaital Analogy Theory (Keane, 1988a; Keane, 1990a) is, in many respects, a refinement or 

developmoit of the Pragmatic Theory ( Holyoak, 1985; Holyoak & Thagard, 1989) and it shares several 

features with that earher theory, in terms both of its structure and content. The Incremental Analogy 

Thecxy, th o u ^  inccoporates e7q>lanatoiy elements specifically designed to account for the behavioural 

regularities manifest by individuals when performing analogical problem solving.

2.5.2 Process of Incremental Analogising

The greater proportion of the Incremental Analogy Theory is stated in terms of constraints. These will 

be examined first, and the process of mapping following this. There are six principal constraints 

associated with the Incremental Analogy Theory. These are the Working Memory Constraint; Control 

Constraint; Verification Constraint; Similarity Constraint; Pragmatic Constraint; and the Structural 

Constraint. Those unique to Keane’s theory will now be examined.

Working Memory Constraint. This constraint is peculiar to the Incremental Analogy Theory and is 

derived fixxn the general psychological observation that the working memory has only a finite capacity 

(e.g. Baddeley, 1986). In alternative theories no upper limit is placed upon the amount of information 

which can be handled when analogising. This, holds Keane, is because such theories have concentrated 

on the basic issue of analogical competence - what needs to be done in order effect an analogical 

soluticm to a problem -rather than performance - what is actually done when analogising. Competence 

orientated theories will be sufficient to provide an account of how individuals produce successful 

mappings but will be unable to account for mapping failures. It is likely, argues Keane, that a 

significant proportion of mapping failures are due to limitations of the working memory.

A general consequence of a limited working memory ought to be that either analogical reasoning is 

impossible - when information in a domain exceeds the capacity of the working memory or that
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analogical reasoning itself is carried out in an incremental maimer. Keane favours the second of these 

possible consequences and maintains it is reahsed via the 'control constraint* Wiich will be considered 

immediately below.

Control Constraint, Keane et al, (1994) hold that the processes central to analogical problem solving - 

matching and the transfer of elements from one domain to another - occur in a step-by-step fashion. 

The process of analogical problem solving is held to occur incremental. This is determined by the 

control constraint. The Incremental Analogy Theory differs significantly from the Pragmatic Theory 

which holds analogising is a process which occurs in parallel. Although Keane does state that "the size 

of the elements which are prcxessed incrementally may change but the essential prcx̂ ess is arrived at 

in a step-by-step fashion." {ibid.).

Keane suggests that the fact that the size of the elements may vary is, possibly due to the maimer in 

which they are structured in long term memory. Indeed, Keane goes so far as to state that individuals 

could match a whole solution plan as one unit. However, this fact not withstanding, the control 

constraint renders analogical mapping an essentially incremental prcxess.

Verification Constraint: This constraint applies specifically to the prcxxss of transferring knowledge 

between domains. Keane holds it essential that a verification constraint obtains in order for sense to be 

made of the elements transferred, given that th ^  cxxiur incrementally. It is necessary to determine if new 

elements are appropriate in the target domain given the elements that have already been transferred. 

Although Keane states there are several means by which the verification constraint could be effected 

it is the role of background knowledge that is of particular concern (Keane,. 1990a).

While there maybe cases in which background knowledge is uniform across individuals, it maybe that 

individual differences in terms of degree of background knowledge influence the production of 

particular solutions. Keane cites the solar system / atom analogy example (see Table 1.1.1). Here the 

individual, having transferred the 'revolves around' relation for the planets and sun, has to determine 

whether it is cogent to hold that such a relation could hold between the nucleus and electrons. An 

atomic physicist may reject the solar system / atom analogy on the basis that electrons don't revolve 

around the nucleus, rather they move in quantum jumps. A lay person, however, may regard the 

revolves around relation as entirely appropriate. However, the verification constraint does not simply
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prevent putatively unsuccessful mappings from being made but can also result in the abandonment of 

mapping that could result in anomalous inferences. The remaining constraints featured in Keane’s 

theory are derived from the Structure Moping and Pragmatic Theory and have been examined 

previously, namely: Similarity Constraints; Pragmatic Constraints; and Structural Constraints.

Process o f Analogical Mapping

Having outlined the constraints influencing the process of analogical mapping it is important to state 

precisely how the process of mapping itself is effected. However, Keane offers no completely clear 

statement concerning this issue in purely psychological terms. Consequently, it is necessary to make 

reference to some aspects of the computational rules Keane employs to model the theory, in order to 

fiiUy elucidate the mapping process.

Keane (1990a) treats the process of matching and transfer as related but distinct: that is, the process 

of matching elements between domains can be carried out independently of the process of transfer, 

should the task at hand only involve comparison.

Wilensky's (1981) specifically computational theory plarming, on which Keane’s theory is partly 

founded, draws a distinction between knowledge about the world and knowledge about the plarming 

process itself. The latter type of knowledge can be characterised further as being composed of meta

plans and meta-goals, because such knowledge is, for example, concerned with plans about plans.

The meta-knowledge is specifically concerned with instances where conflicts between goals obtain. In 

such cases a Resolve-Goal-Confhct meta-goal is instantiated, which has, associated with it, meta-plans 

for resolving such conflicts. In the case of the Radiation Problem there are two conflicting goals:

1) destroy the tumour.

2) avoid destroying the healthy tissue.

This is a goal conflict situation. Each of the goals identified has a specific plan which can be used to 

realise it, viz. : use high intensity rays to destroy tumour; use low intensity rays to avoid damage to 

healthy tissue. These plans are, however, mutually exclusive.

This state of conflict is resolved, Keane suggests, by the apphcation of meta-heuristics. In the case of 

the Radiation Problem the meta-heuristic takes the form:
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IF the goal x is more important than goal y,

THEN adopt goal x as the constraint and find some way of satisfying goal y.

Importance is determined by evaluating the consequences of violating one goal and comparing this 

evaluation with the consequences of violating the other goal. In terms of the Radiation Problem the 

‘destroy tumour' is the more important as failure results in the death of the patient. The original goal 

conflict in the Radiation Problem is resolved in the following manner:

constraint, use high-intensity rays to destroy the tumour 

goal: avoid destrc^ing healthy tissue while using rays

The two goal problem, Keane predicts, is re-represented as a single goal problem with a single 

constraint. The mechanism by which a target problem is actually solved can be treated as being the 

same as that specified under the Pragmatic Theory, with the following exception. Each consequent is 

transferred to the target as an element of the solution plan in a serial manner. When a particular 

ccmsequent has been added to the target the domains can then be re-matched, and the same process is 

re-iterated. The Incremental Theory is thus able to account for the process of extended chains or 

systems of relations being transferred. There is then, in theory, no set of relations too great to match 

or transfer.

2.53 Empirical Support for the Incremental Theory

The most important claim which requires support is that the process of analogical problem solving is 

indeed incremental. Keane (1990a) states: When we stu(fy people analogising in certain contexts we 

find that they appear to generate the analogy in a step-by-step fashion; in short, analogising is done in 

increments.' (Itahcs mine). Keane then goes on to cite an example: novice programmers given the task 

of constructing analogous recursive programs produce protocols which show a clear step-by-step series 

of mappings between the target problem and the base domain (Anderson et a l, 1988; Conway and 

Kahney, 1986; Kahney and Eisenstadt, 1982). This is apparently all the empirical evidence cited in 

support of the claim that analogical mapping is an inherently serial process, and therefore of both the 

working memory constraint and the control constraint.

However, it is worth noting that Keane's (1990a) commitment to an inherently serial process is subject
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to qualification. 'The amount of infonnation mapped in an increment can vary. In some cases, the 

portions of a domain used in an increment can be quite large...for example participants may match a 

whole soluticm plan in me unit (Gick and Holyoak, 1980).' This equivocation on Keane's part is clearly 

i îposite givm the evidence that analogical moping can take place in terms of single unit solution plans 

-re Gick and Hofyoak, (1980).

The evidence for the background knowledge / verification constraint involved examining participants 

solutions to the Radiation Problem, where solutions, derived from the General Story, feature objects 

analogous to 'paths', indeed individuals often used the term itself to describe the routes for the multiple 

rays. The fact that no such objects are referred to in the target problem indicates, Keane claims, that 

individuals had to generate such parallel objects to fill the same function as was the case in the source 

domain. This is the result of background knowledge being used to verify a relation v\frich has been 

transferred (e.g. 'divide'), and to infer appropriate objects in the target domain with which to realise, or 

instantiate, the transferred relation (e.g. 'paths').

2.5.4 Critical Evaluation of the Incremental Analogy Theory

Those constraints novel to the Incremental Analogy Theory are: the working memory constraint, the 

control constraint, and the verification constraint. These cmstraints will be considered in turn, 

beginning with the working memory constraint. (The verification constraint, while a feature of the 

Structure-Mapping Theory will also be considered).

In cmsidering Keane's (1990a) claim that the process of analogical problem solving is inherently serial 

there is a point to be made about the data on which this claim is founded. The data Keane cites are 

protocols produced while participants were engaged in problem solving. There are arguments (Ericsson, 

& Simon, 1984) for treating protocols produced under such circumstances with caution: the case being 

that the very demands exacted on the subject in having to talk aloud while problem solving can alter 

the opoaticms the participant is performing. This, though, is less a criticism of the idea that analogising 

is inherently serial, more a qualm about the cited evidence.

Keane, however, adds further support to the claim that analogising is an incremental process because 

human working memory is limited capacity processor (Baddeley, 1986). Consequently there exists a 

limit to the amount of information that can be maintained or processed in the working memory, at any
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one time, during the process of analogical mapping. The inclusion of such a constraint is itself 

en^irically justified: that is, there is evidence whidi supports the hypothesis that there exists a working 

memory and that it is subject to limitations (ibid ).

The fact that the working memory is limited means that it will be able to accommodate some set of 

’items', e.g. n number of propositions of particular sizes, but not others, e.g. «+1 propositions, or n 

prqx)sitions of too great a size. Exceeding available working memory is not necessarily a feature of 

every single instance of analogical problem solving. However, in practice it m ^  turn out to that every 

analogy is subject to the working memory constraint simply because all instances of analogical 

reasoning outstrip the available capacity of the working memory.

The Incremental Analogy Theory does not include a definite delineation concerning the capacity or 

limitations of the working memory in general, nor a means of translating such a general fact into the 

specific consequences this would have for analogical reasoning. Consequently, there is no way to 

detomine how significant a factor, or severe a constraint, a limited working memory is for the process 

of analc^cal problem solving. That is, there is no way of determining when, or if, any given analogy, 

or part of it, will be subject to the working memory constraint.

Although Keane makes the following statement: "In other theories no upper limit is placed on the 

amount of infonnaticii that can be processed." (ibid.) he fails to identify such an upper limit in his own 

theory.

There is httle objection in principle to the notion of a verification constraint. It would be odd for any 

problem solving process not to feature some form of verification via which to determine the cogency 

of eitho" elements (e.g. elements held to be systematically related) of a solution, or complete solutions 

themselves. Yet vdiat is required is an account of the verification constraint, and in the case of the 

present w(xk how it infiuoices any subsequent adaptatim. Ckmsequoitly, the first experimental section 

of the preset work is devoted to an examination of verification, in order to develop an account of how 

this constraint or process could be realised.

The three principal theories say httle about verification, and adaptation. To gain some understanding 

of then it is necessary to turn elsewhere, to AI research concerning Case-based reasoning.
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2.6 Case-based Reasoning

The relative paucity of information concerning adaptation in psychological terms contrasts with the 

research undertake in Al, specifically that m  Case-based reasoning. While it is not assumed that Case- 

based reasoning programs should be interpreted as psychologically accurate they may provide a 

reasonable basis on which certain hypotheses m ^  be founded, especially if they cohere with ideas 

current in psychological research. Consequoitly, the following sections will be concerned with an 

account of Case-based Reasoning.

2.6.1 Introduction

The essential character of Case-based reasoning can be stated quite simply; 'a Case-based reasoner 

solves new problems by adapting solutions that were used to solve old problems.' (Riesbeck & Schank 

1989). The notion of Case-based reasoning has been developed fi*om earlier ideas concerning scripts 

(Sdiank& Ableson 1977), and contrasts sharply with rule-based accounts of thought (e.g. Newell & 

Simon 1972).

Rule Based Reasoning

Rule-based accounts of thought maintain that a set of specific mechanisms or rules underpins human 

intelligence. An AI goal is to render a machine which operates fî om first principles and is able to 

solve any problem by reasoning firom these principles (Chamiak & McDermott, 1985).

The cmtrast between rule based and Case-based accounts of reasoning turns on the issue of whether 

reasoning or understanding a given situation or event is a matter of applying general rules and 

perfoiming pofaaps ccxnplex chains of inferoice cf identifying and adapting cases similar to the present 

instance. It is Reisbeck and Schank's (1989) contention that it is the latter form of cognition that people 

actually perform when constructing an explanation.

Examples of Case-based reasoning, in a naturalistic setting, are cited in the case of a radio interview 

conducted amongst American citizens concerning recent foreign pohcy issues, namely increased 

American involvement in El Salvador {ibid.) to construct plans concerning the relative merits of 

increased involvement, individuals cite previous examples of American involvement in foreign 

countries e.g.
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What happened in Vietnam should have taught the American people a lesson.

I'm fearful that it might lead to a situation similar to what we faced in Vietnam 15 years ago, and 
therefore I would examine carefully anything we did before we got ourselves stuck in a situation 
we can't get ourselves out of.

Reisbeck and Schank go on to state Virtually when ever there is a prior case available to reason from, 

people will find it and use it for their future decision making.' Although a case is simply defined as 

e?q3erience. HowevŒ, it may be necessary to adapt a case before it can be applied to a current situation.

2.6.2 Case-based Reasoning and Adaptation

The importance of adaptation in AI research on Case-based reasoning has long been recognised (e.g. 

Reisbede & Sdiank 1989). The Case-based reasoning hterature (ibid.) has identified several different 

types of ad^tation. The most straight forward form of adaptation identified is that of'null adaptation': 

taking the solution to a previous problem and applying it directly to the present problem. This is what 

occurred with reference to the Vietnam / £1 Salvador example cited above. Instances of null adaptation 

are most fiequently found in cases where voy simple answers are required, e.g. 'should the US become 

involved in El Salvador: Yes / No ?'.

Reisbeck and Schank (ibid.), however, go on to state that a categorical answer alone (e.g. 'Yes' / 

'No'), is of little use in the real world, what is required is the chain of reasoning that lead to the answer, 

i.e. how that answer was arrived at in the first place, and why that previous chain of reasoning is 

applicable to the current problem.

Reisbeck and Schank (ibid.) advance two types of adaptation technique: structural adaptation and 

derivational adaptation. These, however are types of adaptation wfrich take place within the same 

semantic or conceptual domain, e.g. adapting a meat recipe so it suits a vegetarian, or applying a 

technique used to solve one international dispute to solve another. Typically, however, analogical 

problem solving has investigated the process of applying analogues to solve problems in semantically 

distinct domains.

Kolodner (1993) identifies a further technique termed 'transformation' which provides some 

indication of how the process of inter-domain adaptation could be effected. Kolodner introduces the 

concept of transformation with the following remarks :
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Transformation is the process of transforming an old solution to fit the new situation 
by making deletions or insertions, or transforming some element of the old solution by 
deleting some part of it, inserting some new element, adjusting the amount of something, or 

making a substitution. (Kolodner, 1993, itahcs mine).

Transformation is then the process of identifying the constraints inherent in a new problem and 

transforming the old case in order that it should conform to or satisfy such constraints. This process 

is, in the present wodc, characterised as ‘verification’; whereby possible analogically derived solution 

plans are compared against the constraints in the target problem. Solution plans which satisfy the 

cmstraints are verified as valid Where th ^  do not satisfy the constraints the solution plans are treated 

as instances of failed solution plans, which then stand as candidates for adaptation. Verification 

characterised in this way is tested for in Experiments 1 and 2 of the present work.

The items itahcised in the above quote fi*om Kolodner indicate possible ways adaptation could be 

realised: by applying operations of deleting elements of the solution plan firom an old situation and 

adding elements to the solution plan to transform it into a vahd solution plan for a present problem. 

These possible adaptation operations are tested for in human participants in Experiments 3,4 and 5. 

More detailed comparison between these operations, in terms of their relative ease of application, 

occupy Experiments 6 and 7.

There is no claim that the Case-based reasoning programs capture psychological facts about people’s 

actual problem solving practices, apart for the general claim that people reason with cases. 

Consequently, the psychological research concerning adaptation and analogical problem solving will 

now be examined.

2.7 Psychological Research and Adaptation

This section examines the principal psychological research concerned with adaptation, specifically that 

conducted by Novick & Holyoak (1991) and Keane (1994/1996). Novick and Holyoak (1991) 

examined adaptation and mathematical problem solving by analogy. They tested whether adaptation 

was simply a consequence of successful mapping. They did this by providing source analogues that 

only provided partial solutions to the target problems. The participants had to adapt the source 

analogue’s solution plans to generate an answer to the target problems. The target problems could not 

then be solved directly by mapping. Additionally, hints about the appropriate mappings between
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elements in the source and target problems were also provided. The results indicated that, even in those 

cases where die appropriate mapping hints were most exphcit the frequency of optimal solutions was 

well below ceiling. T h^ conclude that moping and ad^tation are separate though related processes. 

If adaptation were an automatic consequence of successful mapping then individuals who knew the 

appropriate m^pings should simply be able to 'do the same thing' in the target domain as was done in 

the source domain. Novick and Holyoak’s findings argue against this. Individuals required to perform 

mapping and adaptation recorded success rates well below ceiling. Individuals, in addition to 

identifying appropriate mappings, may also have to perform a "potentially labourions process' of 

adaptation. This point informs the design of Experiment 3-5.  These experiments test for operations 

which could constitute 'adaptation^ They are also designed to determine whether adaptation is 

identifiable as a process distinct from mapping, or whether it is simply an automatic consequence of 

successful mapping, when participants are reasoning with natural language problems.

Novick and Holyoak also identify possible operations \\frich could constitute adaptation. They did this 

by analysing both the requirements of the target problems with respect to the information in the 

sources, and the errors participants made. They were thus able to both identify operations necessary 

for the successful ad^tation of the information in the source, and to determine the ease of applying the 

identified operations. Novick and Holyoak identified three types of adaptation operation viz. 

‘substitution’; ‘postulation of new elements’; and ‘generalisation’. These will be considered 

immediately below.

Substitution-. This can be characterised as substituting known, or directly accessible values appropriate 

to a new situation for values in the old situation.

Postulation o f new elements-. Unlike substitution the 'new elements' do not feature in the test problem 

and so carmot be mapped to the source problem. Most of the errors identified fell into this category. 

Once the new elements have been generated they can be mapped onto the source problem. Although 

Novick and Holyoak do not suggest this, it is possible that those individuals successfully generating 

new test-problem elements were those with appropriate mathematical background knowledge.

Generalisation-, this refers to the process whereby the source solution procedure is generalised in such 

a manner that the essential structure of the procedure is preserved. This form of adaptation only
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accounted for 11% of all recorded orors. While it may well feature in a comprehensive taxonomy of 

ad^tation operations it does not figure in the e?q)erimental section of this work, because it is difficult 

to descry the difference between this form of adaptation and the basic process of generalised schema 

induction.

Novick and Holyoak’s findings have however been subject to some criticism, not in terms of their 

reliabihty but rather in terms of their generalisabihty. Keane (1994/1996) states that Novick and 

Holyoak’s goal was to demonstrate the separation between the mapping and adaptation stage in 

analogical problem solving. They do not state a theory of adaptation, nor do they make any claim about 

adq}tation playing a role in analogical moping. Furthermore, Keane claims, it is not clear how Novick 

and Holyoak’s operational definition of adaptabUity in the mathematics domain apphes to the non- 

mathematical domains used in standard analogy paradigms.

In view of this the present thesis attempts to examine adaptation specifically using materials drawn 

from standard analogy paradigms, i.e. natural language problems. Yet whatever the limitations of 

Novidc and Holyoak’s research it offers a useful starting point. Both substitution and postulation can 

be treated as candidates for operations partially conq)rising adaptation. That is, operations which are 

required of an individual if particular solution plans are to be adapted appropriately so that they satisfy 

the constraints of a given target problem.

Novick and Holyoak’s work can be contrasted with that of Keane’s (1994/1996). Keane does not 

attempt to identify constituent operations of adaptation. Rather Keane examines adaptation in terms 

of its role as a selection constraint. Furthermœe Keane concoitrates on how the target domain will have 

to be adapted, in order to implement a particular solution plan, rather than how the procedures in a 

solution plan will have to be adapted to render it valid for a given target problem.

The selection of information to be mapped fi'om a source analogue during the course of analogical 

problem solving has typically been accounted for in terms of Centner’s systematicity principle. Keane 

controlled fiy the effects of ar^ systmiaticify ccmstraint m  selection by ensuring all analogues specified 

the same number of actions as any of the others. Hence he was able to examine the influence of 

adq)tation in isolation.
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The experimental work involved Maier’s (1931) Two String Problem and an analogous story about

a fire. The Two String problem takes the following form (fi'om Keane 1994).

Imagine you are in a room in which two strings are hanging from the ceiling. Your 
task is to tie the ends of the two strings together. However, when you take hold of one 
string and try to get the other string you find the it is too far away to touch.

This problem is open to a number of possible solutions: the stick solution, whereby the string that is 

furthest away is brou^t within reach by effectively "hooking’ it with the stick; the swing solution, 

where the further string is swung so that it comes within reach while holding the other string. Finally 

the lasso sohiti(Xi, wkaie the string is lassoed and again effectively brought within reach. Keane (ibid) 

couches these solution plans in a set of stories concerning a fire, where people were rescued fi’om a 

burning building. They effect their rescue by enq)loying one of the three different solution plans. The 

stories are summarised in Table 2.1.1.

Table 2» L I  Experiment 8: Summary o f Stories Used in 

Keane (1994)

Setting

People are stuck in a towering inferno and are trying to 

evacuate the building.__________________________

Plan I :

A helicopter is positioned and a winch is thrown to the 

people, th ^  grab hold of it and tie onto the winch, then 

swing form one building to the next._______________

Plan 2:

A hehcopter is positioned and a winch is lowered to 

people, they reach for the winch, with a stick, tie on 

and are carried to the ground.__________________

Plan 3:

Hehcopter is positioned and a winch is lowered to 

people, they lasso the winch with a rope, tie on and are

Keane holds the relative ease of adaptation influences the selection of alternative mapping-
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inteiprctaticHis. Keane (ibid) states ‘If one analogous plan is evaluated as being more easily adapted to 

the problem than another, then it will be selected as the optimal mapping. In the Fire story, the stick 

plan is less adaptable than the swing plan.’

Both the stick plan and swing plan involve carrying out specific actions: reaching & grabbing and 

swinging & grabbing respectively. The reason the stick plan is harder to adapt than the swing plan is 

because, in addition to the two actions, it also involves using an object to reach one of the strings, yet 

no equivalent object is present in the Two-String Problem. In Keane’s estimation this in itself renders 

the swing solution easier to adapt than the stick solution. It may also be the case, hypothesises Keane, 

that die swing solution is easier to adapt because it does not violate imphcit constraints in the problem 

situation; in this case the imphcit constraint is that the problem is to be solved with the objects given.

Adaptability was tested for by varying the relative adaptability of the stick plan. The swing plan was 

treated as being the easiest to adapt, the lasso plan being the hardest to adapt. By pairing the stick 

solution with the swing plan it was rendered low-adaptable relative to the swing plan, but rendered 

high-adaptable when paired with the lasso plan. The prediction was that if adaptation is a selection 

constraint then participants should prefer the stick plan in those cases in which it was the high- 

adaptable plan relative to its paired-plan than in those cases where it was the low-adaptable relative to 

its paired-plan. The results of the experiment supported the prediction.

Keane’s research is important for two reasons. Firstly, it indicates a distinction between two possible 

types of ad^tation. That ̂ phed to the source analogue’s solution plan, termed procedural adaptation, 

and that applied to the target problem, termed implementational adaptation (See Chapter One Section 

1.7). Novick and Holyoak’s research has dealt with the former, Keane’s with the latter. Hitherto no 

distinction between types of adaptation has been made in the analogical problem solving hterature. 

Secondly, it provides a methodological tedmique for presorting competing source analogues. Matching 

concreting solution plans allows tendencies in selection to be tested for. In fact Keane’s design forms 

the basis Experiment 8, although the present work is entirely concerned with examining procedural 

adaptation.
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2.8 Analogical Problem Solving and Bounded Rationality.

The final issue I examine in the present chapter is the place of adaptation and analogical problem 

solving in the context of broader psychological theory. I hypothesis that people’s analogical problem 

solving performance is constrained by an aim to expend minimal effort. That is, to map the least 

amount of information possible to generate a valid solution plan to the target problem. Further, that 

their tendoicies to apply particular operations to adapt solution plans are also influenced by the aim 

to expend minimal effort. I examine these ideas in Chapter Six. The hypothesised aim to expend 

minimal effort relates to broader psychological theory and can be considered as a result of the fact that 

people’s reasoning or rationality is bounded.

Simon (1981, 1990) originated the idea of bounded rationality. It is founded on the recognition that 

peq)le are limited c^adty processors; for example, in terms of the amount of information that can be 

held in working memory at any one time. Consequentially, people’s performance in decision making 

tasks, for example, may deviate from a given normative standard because their processing capacity is 

outstripped by the amount of information that needs to be considered, rather than because they adhere 

to non-rational principles (Gigcrenzer, 1996).

Simon suggests satisficing as a decision making technique which offers a practical solution to the 

problems posed by a limited processing capacity. A satisficer determines a criterion for what would be 

a satisfactory, rather than optimal decision, and the first alternative that meets the criterion is taken. 

Satisficing reduces the number of alternatives that need to be considered and so the amount of 

information that needs to be processed. The notion of bounded rationality has also been incorporated 

into the work of other researchers specifically concerned with reasoning.

Johnson-Laird’s project is to provide an account of human reasoning, specifically in terms 

of semantically content full mental models. These tend to be richer than the type of mental models so 

far considered (e.g. Stevens & Centner, 1983; Centner &Centner, 1983; Holland et a l, 1989 ) to the 

extent that they allow the individual to make logical inferences from them.

Johnson-Laird claims that in making valid deductions humans display a capacity for discriminating 

between useful conclusions - typically those that are not explicitly stated in the premises and trivial 

conclusions - such as a conjunction of a premise with itself. Yet this capacity to discriminate is not
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founded solely m  the use of logic alcme. This is because both useful and trivial conclusions are equally 

valid. Individuals, claims Johnson-Laird, draw useful conclusions and in doing so abide by ‘sensible 

constraints’, specifically they are parsimonious. They never, for example, draw a conclusion, that 

singly conjoins all the premises. People tend to claim that no valid conclusion can be drawn from a set 

of premises if the only vahd conclusions that can be drawn are trivially true, a conclusion which could 

not be sanctioned by logic alone. ‘The human deductive mechanism is rapid and seems to put as 

minhnal a load as possible on the processing capacity of working memory’ (Johnson-Laird & Byrne, 

1993).

I examine whether the ‘sensible constraint’ of parsimony, or an aim to expend minimal effort, is 

evident in people’s adaptation and analogical problem solving performance. Identifying an aim to 

expend minimal effort would necessitate the inclusion of a minimal effort constraint in any 

psychologically realistic account or model of analogical problem solving. It would also integrate 

analogical problem solving with other areas of cognition, by placing analogical problem solving in the 

context of a broader psychological theory. These concerns have, hitherto, only been incidental to 

research in the area.

I also claim an aim to expend minimal effort is a rational approach to analogical reasoning. This claim 

is founded on a distinction drawn by Evans (1993) between rationality I - rationality of purpose, 

proceeding in the best way so as to realise goals within the constraints of their cognitive capacity, and 

rationality 2 - rationality of process, adhering to normative standards of rational inference. Formal 

deductive reasoning Œ judgmental / statistical reasoning are subject to normative cannons of inference. 

Yet analogical reasoning in general and problem solving in particular has been treated as an instance 

of inductive reasoning (Peirce from Hookway, 1992; Holland et al., 1989) which is not form of 

reasoning which can ever be logically valid (Evans 1993). This is because such reasoning takes the 

form of inforing general statements, rather than probability judgements, from a finite set of particular 

instances. In view of this the constituent process which constrains or guides analogical processing is 

not cpen to evaluation as to whether th ^  accord with normative principles of inference. Hence the aim 

to e?q)aid minimal effcxt, fcx example, m ^  not be accountable as rational in terms of rationahty 2. Yet 

as a way of dealing with limitations on processing capacity it would seem to be firmly in accord with 

rationality I - proceeding in the best way so as to reahse goals within the constraints of their cognitive 

capacity. The absence of an aim to expend minimal effort could result in mappings of such detailed
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complexity that this itself could result in many more failed attempts at analogical mapping, where 

available cognitive resources - e.g. working memory - are outstripped. Hence aiming to expend 

minimal effort could reduce the frequency with which this occurs.

The claims of Johnson-Laird and Evans and the pioneering work of Simon all indicate that what can 

be termed an aim to expend minimal effort influences other areas of people's cognitive performance 

and at least lends credibihty to the expectation that it should feature in people's analogical problem 

solving.

The remainder of the work is experimental investigation, and begins by examining verification, the 

subject of the following chapter.
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Chapter Three: Verification
Experiment 1

3.1.1 Introduction

The first experiment aims to determine how two distinct domains are verified as analogous. More 

specifically Experiment 1 examines how the process of verifying an analogy is realised Wien the 

individual is faced with not one but several potential source analogues - all of which share structural 

correspondence with each other and the target domain in terms of their initial state. However, for a 

given target domain one source analogue is designed to be analogous - due to the identity of its 

solution plan with that of the target - while the remainder stand as only partly analogous, as they differ 

in terms of their respective solution plans.

Previous research ccmceming analogical moping has not offered the opportunity to examine this issue. 

This is because such research typically has involved only one source and one target domain, these being 

domains deUberately ccxistructed so as to raider them analogical (e.g. Gick and Holyoak, 1980). In such 

cases the individual either notices the analogical correspondence between the two domains or fails to 

do so. That the two analogues are analogous has been engineered by the experimenter.

None the less research has indicated that domains are treated as analogous on the basis of structural 

correspondence - those domains that stand as analogous have maximum structural correspondence 

(Centner, 1988b).

The present experiment uses a single target problem which could be matched with one of three 

competing source analogues, on the basis of objects and relations featured in their initial states. Yet 

only one of the source analogues has a solution plan that is identical to that featured in the target 

problem. Introducing competing source analogues for the target problems allows the claim that 

verification amounts to identifying identical solution plans in the source and target to be tested.

The target problems in Experiment 1 all feature different solutions to the same basic problem. The 

problem itself consists in trying to locate a large lawn mower inside a football stadium: the problem 

being that the mower is too large to be moved onto the pitch via the only available entrance - the 

players' timnel. Furthermore, the stadium grass needs to be cut by the following afternoon in order for 

the scheduled game to go ahead. E?q>eriment 1 features six variations of this basic problem scenario:
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three target problons - the matching target problems - have solution plans which are procedures which 

are analogous to those featured in the three source analogues, while three other target problems - the 

No Matdiing source analogues feature sohitim plans whidi are not identical with any of those featured 

in the three source analogues. The basic statement of the problem ccnmnon to all the target problems 

has the following form:

A football match was to be held at a large stadium. The only way onto the pitch is through the 

players' tunnel. Everything was prepared for a match the next day, except that the grass was 

far too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the d ^  before the match was 

to be played it was far too large to fit through the turmel. The groundsman had an idea...

The groundsman’s idea is the problem’s solution plan, and these differs over all six of the target 

problems. The three matching target problems have the following solution plans. In the case of the 

Dismantle Problem the solution is to dismantle the mower, move it in pieces, then rebuild it. The 

solution in the Airlift Problem is to lift the mower up by helicopter and deposit it inside the stadium. 

The Tunnel Problem has a solution whereby an alternative turmel is constructed and the mower pulled 

through it.

The three source analogues which are designed to match with three problems all have the same identical 

setting which is as follows:

In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut off all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture one 

of these guns in order to make copy its design. To do this a party of commandoes were sent 

out of the city to capture cxie of the guns. In this they succeeded. However, the gun was far to 

big to bring back through the enemies lines undetected. The leader of the commandoes knew 

just what to do...

What the leader did constitutes the solution plan. The Dismantle source analogue, designed to match 

with the Dismantle Problem, involves the lead^ having the gun taken to pieces and each man bringing 

back a small part of it. When they are all safely back inside the city the gun is reassembled. The Airlift 

source analogue’s solution plan has the gun being airlifted back into Paris via balloon. The Turmel
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source analogue has the gan being returned to the city via a secret tunnel.

The three no matching target problems all feature solution plans disanalogous to those of the source 

analogues. The Relocate Problem has the match relocated to another stadium. The Match Cancelled 

Problem has the match cancelled, and the Multiple Mowers Problem has the grass cut with several 

smaller mowers

To match a source with a target the individual need to estabhsh some basic matches between the two 

dcxnains. The following matdies can be made between the sources and all of the targets: Ground’s man 

= Captain; Arena = Paris; Mower = Machine Gun. These could be made on the basis of the 

surrounding structural communalities in the problem setting, e.g. move into (X, Y) where X stands for 

the gun or mower, and Y the city or arena. Once the initial mapping between the elements in the 

sources and targets have been established the individual is able to map the source analogues solution 

plans to the target domain; the competing solution plans can thus be compared against that in the 

target This ccxnparison can focus on the key relation which transforms the initial states into the goal 

states

In the case of the Dismantle Problon the mower plays a corresponding role to the machine gun in the 

Dismantle analogue - specifically in terms of their roles in the respective solution plans. The key 

relation is clearly that of dis-mantling the gun and moving it in pieces. This can be identified with the 

target problem’s solution plan of dismantalling the mower and moving it in pieces. The individual 

is able - via the mapping function - to group these two solution plans into a single category, and hence 

treat than as idaitical. The solution plans in the Airlift and Tunnel problems would be excluded from 

that category. It is in this maimer that the verification of an analogy between two domains as against 

competing analogues can be effected.

In the case of the No Match Condition the opportunity to categorise two solution plans as identical 

doesn’t exist The solution plans featured in the target are designed to be sufficiently dissimilar from 

the those featured in the competing source analogues for individual to fail to find any compelling 

analogical correspondence. Here the individual should determine that none of the putative source 

analogues feature elements which play corresponding roles to those featured in the various No Match 

Problems.
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My research hypothesis is that individuals will discriminate between analogous and non-analogous 

domains on the basis of identical solution plans. In the absence of any such shared identity no 

analogical correspondence will be identified.

My first alternative hypothesis is that there will be a greater firequency of appropriate options selected 

than inappropriate options in the Match Condition. My first derivative hypothesis is that that there 

will be a greater fi-equency of appropriate options selected than inappropriate options for each of the 

matching target problems presented. That is, the Dismantle, Airlift and Tunnel problems.

My second alternative hypothesis is that there will be a greater fi-equency of appropriate options 

selected than inappropriate options in the No Match Condition. My second derivative hypothesis is 

that there will be a greater fiequency of apprqjriate optims selected than inappropriate options for each 

of the no matching target problems presented. That is, for the Relocate Match Problem, the Match 

Cancelled Problem, the Multiple Mowers Problem.

3.1.2 Method

Design

The experiment has a repeated measures design, with two conditions. The first condition - the Match 

Condition - featured target problems with corresponding source analogues. The Dismantle problem 

corresponded with the Dismantle analogue; the Airlift problem corresponded with the Airlift analogue. 

The Tunnel Problem corresponded with the Tunnel analogue.

The second condition the No Match Ccmdition featured target problems with no corresponding source 

analogues. The target problems were; the Match Relocated Problem; the Match Cancelled Problem and 

the Multiple Mowers Problem.

The participants, in both conditions, were presented with target problems had to decide if any of the 

three source analogues they were also presented with, randomly identified with the letters A, B or C, 

corresponded with the target problems. The same three source analogues were presented with each 

target problem, in both conditions, although the order in which the source analogues were presented 

was randomised across the participants. The source analogues and a ‘no match’ option stood as 

competitors. The order in which the target problems were presented was randomised across 

participants . They were to indicate their response by circling an appropriate letter: either A, B, C or
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D which indicated that no analogue matdied the presented target problem. Once participants had made 

their selection they then had to state why th ^  had made that particular selection.

However, no single participant received all the target problems. Each participant received only two of 

the three taig^ problons in the Matdi Cmdition, and two of the three in the No Match Condition. This 

was done in order to prevent any participant matching a source analogue with a target problem by a 

simple process of elimination. That is, had they been presented with three matching target problems 

and the three source analogues then once they had matched two of them correctly the final pairing 

would have been inevitable. The design thus ensures that every participant always has to decide 

between at least two competing source analogues.

In the Match Condition a total of 28 participants received the Dismantle Problem, and of these half 

(14) also received the Airlift problem, and half received the Turmel Problem. The remaining 12 

participants received both the Airhft and Turmel Problems. In the No Match Condition 28 

participants received the multiple mowers target problem and of these half (14) received the Match 

Relocation Problem and half received the Match Cancelled Problem. The remaining 12 participants 

received both the Match Relocated and Match Cancelled Problem. The numbers are not identical per 

combination of target problem pairings by condition because the experiment was designed for 40 

participants and this was the closest it was possible to get to an even three way division.

The pairs of matching and non-matching target problems were themselves paired together randomly. 

Furthamore, the ader in whidi each target problem and its accompanying three source analogues was 

presented was randomised across participants .

The dependent variable was the participants’ selection, either of a source analogue or the no match 

option. Participants were also requested to state why they had made the selection they had.

Participants
There were 40 participants in the experiment. All participants were UCL undergraduates (aged 

between 19 and 26). There were 23 males and 17 females. There were 40 participants per condition.
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Materials

The matmals consisted of six possible target problems: the Dismantle Problem (see Appendix A: 1); 

the Airlift problem (see Appendix A: 2); the Tunnel Problem (see Appendix A: 3) ; the Match 

Relocated problem (see Appendix A: 4); the Match Cancelled Problem (see Appendix A: 5); and the 

Multiple Mowers Problem.(see Appendix A: 6). Which ever target problem was presented it was always 

accompanied by the following three source analogues: the Dismantle analogue (Appendix A: 7); the 

Aiiiift analogue (see Appendix A: 8); and the Tunnel analogue (see Appendix A: 9). Each analogue 

was identified by a letter: either A, B or C. The instructions were identical in all conditions and read 

as follows:

Your task is to read the target problem immediately below then to read each of the 
three stones A, B, & C. Once you have read them you must decide which if any of the 
stories fits the problem presented. Indicate this by circling one of the letters below.
You should only make one choice, then, in a couple of sentences, say why you have 
made that particular choice and why you rejected the others.

Procedure
Participants were run in small groups over two days. Each subject was handed a booklet containing the 

materials and asked to complete the four tasks in the order they were presented. Participants took 

approximately 20 minutes to complete the four tasks. They were then debriefed , thanked and 

dismissed.
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3.1.3 Results

This result section begins with a consideration of the data from the Match Condition, this is followed 

by a consideration of the data from the No Match Condition. The data for all the participants * 

responses are presented in Appendix A: 10. Table 3.1.1 indicates the appropriate and inappropriate 

options selected in the Match Condition (collapsing across materials).

Table 3,1.1 Ejqperiment 1: Appropriate and Inappropriate Options Selected in the Match 
Condition,

Matching Target Problem Presented
= = = = =

Total

Responses

(out of 40)
First Matching Target 

Problem Presented

Second Matching Target 

Problem Presented

Appropriate / 

Inappropriate 

Sdections per 

Matching Target 

Problem Pairing

Appropriate Appropriate 34

Appropriate Inappropriate 4

Inappropriate Inappropriate 2

The data indicates that 85% of participants identified the appropriate source analogues for both the 

presented target problems. While 10% selected a single inappropriate option and 5% selected 

inappropriate options for both of the presented target problems.

first alternative hypothesis is that there is a greater frequency of appropriate options selected than 

inappropriate options in the Matching Condition. To test this the frequency of those selecting 

q)propriate optims (85% of participants) was compared with the frequency of those selecting at least 

one inappropriate option (15% of participants ): the result indicated a significant difference in the 

predicted direction: p < 0.05 (one tailed, using Binomial test).

My first derivative hypothesis is that there is a greater frequency of appropriate options selected than 

in^propriate options for each of the matching target problems presented. The data in Appendix A: 

10 indicates that 93% of participants (26 from a possible total of 28) selected the appropriate 

Dismantle source analogue for the Dismantle Problem, a difference which is statistically significant, 

p < 0.05 (me-tailed, uâug Binomial test). 92% of participants (24 from a possible total of 26) selected
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the CŒiGspmdmg Airlift source analogue for the Airlift Problem, a difference which was which proved 

statistically significant, p < 0.05 (one-tailed, using Binomial test). 81% of participants (21 fi’om a 

possible total of 26) selected the appropriate Turmel source analogue for the Turmel Problem, a 

difference which proved statistically significant, p < 0.05 (one-tailed, using Binomial test). These 

results indicate that for each of the matching target problems the participants were able to select 

corresponding source analogue.

Table 3.1.2 indicates appropriate / inappropriate options selected in the No Match Condition.

Table 3,1.2 Experiment 1: Appropriate /  Inappropriate Options Selected in the No Match 
Condition.

— ....
Target Problem Presented Total 1 

Responses 1 
(Out of 40) IIFirst Target problem Second Target problem

Appropriate / 
Inappropriate 
Responses per 

Target Problem

Appropriate Appropriate 26 1

Appropriate Inappropriate 11 1
Inappropriate Inappropriate

Table 3.1.2 indicates that (collapsing across materials) 65% of participants identified the appropriate 

no match option for both the presented target problems. A fiuther 27.5% selected a single 

inappropriate option and 7.5% made inappropriate options for both of the presented target problems.

My secmd alternative hypothesis is that there is a greater fi-equency of appropriate options selected 

than inappropriate options in the No Match Condition. To test this the firequency of those selecting 

appropriate options (65% of participants ) was compared against the frequency of those selecting at 

least one in^ropriate cation (35% of participants ): the result indicate a significant difference between 

the two groups in the predicted direction: p < 0.05 (one-tailed, using Binomial test). This finding 

supports my second alternative hypothesis.

My second derivative hypothesis is that there is a greater fi-equency of appropriate options selected 

than inappropriate optims for each of the no matching target problems presented. The data presented 

in Appendix A: 10 indicates that 69% of participants (18 fi'om a possible total of 26) selected the 

appropriate no match option for the relocate match target, a statistically significant difference.
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p < 0.05 (one-tailed, using Binomial test). 92% of participants (24 from a possible total of 26) 

selected the appropriate no match option for the match cancelled target, a difference which proved 

statistically significant, p < 0.05 (one-tailed, using Binomial test). 75% of participants (21 from a 

possible total of 28) selected the appropriate no match option for the multiple mowers target, a 

difference which proved statistically significant, p < 0.05 (one-tailed, using Binomial test). These 

results support my second derivative hypothesis.

Written Comments

A few of the written comments participants were requested to supply along with their selection will 

now be considered, and their imphcations assessed.

In the case of the Match Relocated target participant 11, who selected the tunnel source analogue, 

commented that ‘They take the same journey by another passage just as they play the same game on 

a different field". Participant 5 who selected the Airlift source for the same target stated ‘The relocation 

of the goods is the key objective’. Participant 13 did the same and stated ‘As the groundsman found 

a new stadium, the General found a new and alternative route’. From these comments, and the fact that 

no single participant selected the dismantle analogue, it would appear that the participants mapped the 

machine gun to the football match itself and constructed a somewhat convoluted analogy whereby 

relocating the match became analogous to relocating the whole machine gun, despite the fact that the 

gun was relocated inside the city while the football match was relocated to an alternative arena.

In the case of the multiple mowers target participants 8, 15, 28, 36 , 26 and 33 all selected the 

Dismantle source analogue: participant 8 stated: ‘[it] fits the problem as it involves the breaking down 

of something large into many small things (although in this case the lawn mower is not physically 

broken up) where as the other stories involve the movement of the piece of machinery in its original 

state’. Participant 28 stated: ‘In the target problem division of labour is used to solve the problem. This 

is what the commandos did to smuggle the gun inside the city’. Participant 36: ‘They have the gun 

taken to bits and transported in smaller pieces. The [target] problem involves use of smaller mowers’. 

Participant 26 ‘In both the situations the goal is to somehow use smaller machines or to dismantle the 

machine, i.e. to reduce the machinery somehow’.

In this case it is possible to infer that participants identified the multiple smaller mowers with the pieces 

of the machine gun, indeed it may even be the case that the large mower was originally identified with
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the whole machine gun and then this mapping was ‘subverted’ or replaced with the multiple smaller 

mowers. This would appear to be what participant 8 is indicating. The implications of these comments 

will be considered in the following section.

3.1.4 Discussion

The results of the e?q)eriment support my first alternative hypothesis which was that there would be 

a greater ficqueucy of appropriate options selected than inappropriate options in the Match Condition. 

The first derivative hypothesis was also supported: there was a greater fi*equency of appropriate 

options selected for each of the target problems than inappropriate options, in the Match Condition.

The results also support my second alternative hypothesis which was that there would be a greater 

fi êquency of ̂ prqpriate options selected than inappropriate options in the No Match Condition. The 

results also support my second derivative hypothesis, as there was a greater fi-equency of appropriate 

options selected for each of the target problems than inappropriate options in the No Match Condition.

The findings of the experiment therefore support my research hypothesis: individuals discriminated 

between analogous and non-analogous dcxnains on the basis of identical solution plans. In the absence 

of any such shared identity no analogical correspondence was identified.

The findings in the Match Condition can therefore be accounted for in terms of the presence of identical 

solution plans in both the target and its appropriate matching source analogue. The presence of 

idoitical soluticm plans provides a compelling basis on which an analogy can be constructed. In general 

terms the ‘same thing’ was being done to the objects in various targets as was done to the objects in 

their matching source analogues.

The results for the No Match Condition are also consistent with the above theory. Participants failed 

to verify that any analogy held between the target problem and any of the putative source analogues 

where no identity between solution plans was apparent.

The present e?q)eriment indicates that participants are able to match consistently a target problem with 

a particular source analogue fi'om amongst competitors on the basis of shared solution plans. That is, 

to verify that an analogy holds between two domains when they share like structures and causal 

relations. In the absence of such an identity the participants selected the no match option.

75



Chapter Three: Experiment 1

Verificatioa can thus be accounted fat as identifying identical relations in the solution plans of both 

a source and target domain. Putative source analogous which fail to verify as analogous have not been 

idmtihed as having identical relations to those in the target problem This claim has little implication 

for full blooded analogical problem solving, if simply because in such instances the individual does not 

have access to a solution plan in the target on which to match anything. Yet in the case of analogical 

reasoning it can supplement previous views about the process of verification.

Keane (1990a) states that one possible form verification of analogical cogency is background 

knowledge based verification. This is effected by comparing an analogically derived solution plan 

against background knowledge stored in long term memory. Such a characterisation of verification 

would account fix the way different peq)le, or particular pc^mlation samples, make different analogical 

inferences fiem the same set of materials. That is, systematically differing inferences about the source 

domain are e?q)licable as a function of difioent degrees of background knowledge of the target domain.

In the case of the solar system - atom analogy (see Table 1.1.1) the lay person might regard the two 

domains as analogous while an atonic physicist would regard than as dis-analogous, given their greater 

knowledge of concerning the manner in which electrons move around the nucleus of an atom: which 

occurs in quantum jumps rather than continuous rotations.

A further example might also be drawn fi-cm Spellman and Holyoak’s (1991) World War II - Gulf War 

analogy. In this case participants were asked to match people and places involved in the Gulf War with 

those involved with the Second World War wbere an initial match was made for them between Saddam 

Hussain and Adolf Hitler - the reason for this being that both were militaristic dictators who invaded 

a smaller nation: Kuwait and Poland respectively. While the match was treated as analogous by sample 

population of American college students it may well be regarded as dis-analogous by Iraqis loyal to 

Saddam Hussain, possibly because they would reason Saddam's invasion was justified vdiile Hitler's 

was not. Again, such a difference in the inferences made fi'om a source to target domain could be 

explicable in terms of differences in background knowledge. Although in this case the term "knowledge' 

would need to capture the 'perspective' or bias people may have towards the materials.

Given that the two examples of background knowledge based verification are entirely conjectural, they 

could never-the-less be accounted for in terms of the notion of verification advanced in the present 

experiment. Simply, an atomic physicist would be in a position to determine that the solution plans
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^paraît in the solar system and atom exan^)les were non-identical, hence the two domains would be 

treated as dis-analogous and any putative analogy between them fail to verify. This conclusion would 

be made possible in virtue of the physicist’s greater degree of background knowledge concerning the 

two domains, but the conclusion could be arrived at because of the lack of identify between the 

"revolves around’ and "jun^ around’ solution plans embedded in the physicist’s mental models of the 

two domains. Anyone assuming that electrons revolve around the nucleus of an atom would be expected 

to verify that the two domains are analogous - in virtue of their apparently sharing identical relations 

between objects. The comments recorded do indicate that, for at least some inappropriate selections, 

participants woe assuming the two dcxnains were analogical, rather than just making random pairings.

hi the cases of the participants who made erroneous selections quoted above, it is possible that some 

kind of verification founded on the closest fit of the three competing solution plans with the target was 

effected. The possible dis-analogies involved in their selections stem fi’om non-standard matchings 

between elements in the two domains; specifically, in the case of the Match Relocated target, the 

machine gun was matched with an event - the football match. While, for the Multiple Mowers Problem, 

in the No Match Condition the smaller constituent pieces of the gun were matched with the smaller 

mowers - possibly after an initial identifying the machine gun with the original mower.

The fact that there is evidence that, in both the Match and No Match Conditions, participants focus 

their attention on the causal relations apparent in the source and target domains - rather than with any 

superficial semantic similarity between objects - accords with Centner’s (1983, 1989) systematicify 

account of analogising. However, examining participants’ inappropriate selections in the No Match 

condition, there is also evidence to suggest that participants are able to match elements between two 

domains in non-standard w ^  - such as "parts of the machine gun = multiple smaller mowers’ -and still 

produce relatively cpgmt analogies, indicating that the structural constraint is not ridged but is subject 

to some flexibilify as Holyoak and Thagard (1989) suggest.

Verification of an analogy holding between two domains, in the context of the present stucfy, can be 

summarised as taking place on the basis of identifying, and treating as identical, the solution plan in 

both a source and target domain, while treating any other solution as being non-identical. The 

immediately above is intended to show how this claim can contribute to previous accounts of 

verification. The following experiment is intended to extend this uunderstanding as it examines 

verificatim, not in the context of analogical matching, but in the context of analogical problem solving.
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Experiment 2
3.2.1 Introduction

The aim of the present experiment is to determine whether verification, in the context of analogical 

problem solving, can be accounted for in terms of a comparison of the putative solution plan against 

the constraints in the target problem That is, by estabhshing whether a putative solution plan satisfies 

the constraints in the target problem: whether it realises the target problem’s goal state without 

violating any of the constraints.

Constraints, typically, have been considered in terms of their role in determining optimal mappings 

from within a single source analogue, i.e. intra-domain m^pings (e.g. Holyoak and Thagard, 1989). 

Their role has not been investigated with respect to the verification of inter-domain mappings; that is, 

in discriminating between valid and non-valid solution plans expressed in separate source domains.

Experiment 2 involves presenting pec^le with a task that requires ‘extending the mapping’ in the target 

domain. That is, transferring elements from the source domain to generate a vahd solution plan for the 

given target problem. There has, as yet, been httle research concerning how the vaUdity of a putative 

solution plan is determined.

This area, th o u ^  is assuming an increasing level of importance in the psychological hterature. Keane 

(1990a) claims a verification constraint is essential to any complete picture of analogizing. Such a 

constraint amounts to determining whether any putative transfer of elements from a given source 

domain can be appropriately applied in the target domain. Centner (1989) also hypothesises a 

verification or evaluation constraint. In CentnŒ S model once candidate inferences have been evaluated 

on structural grounds they are then subject to a further evaluation to determine if they are appropriate 

to the goals of the individual.

However, such suggestions provide httle information concerning the basis on which such a verification 

of candidate inferences is carried out Keane (1990a) suggests that background knowledge in long term 

memory could provide the basis for one form of verification; specifically in determining whether 

candidate mappings could later lead to anomalous inferences. Keane {ibid) also states ‘we need to 

consider verification in order to characterise how people make different analogical inferences as a 

function of their different background knowledge of the target domain’. However, background 

knowledge is only relevant as a basis for verification in cases where it can be reasonably applied. That 

is, in cases where information in addition to that provided in the source analogue could be relevant to
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the target problem’s solution. Yet in cases where background knowledge is, if not irrelevant, at least 

supafluous the issue remains open as to how one set of candidate inference is preferred over another.

Experiment 2 is designed to estabhsh whether ‘constraint comparison’ can account for verification. 

Expmmmt 2 has three additions eadi featuring a particular target problem. The three target problems 

are individuated only in terms of their featured constraints. The same three source analogues are 

presented in all the conditions. The source analogues are designed to stand as competitors, the 

participants having to determine Wiether one of them contains a solution plan which, if transferred, 

would satisfy the constraints of a given target problem.

All the source analogues have the same degree of analogical correspondence with the target problem 

in toms of their initial states -as all share identical initial states. The structural coherence of the source 

(kxnains with the target is thus maintained at the same level over all conditions (Centner, 1983; 1989). 

The source analogues, though, differ in terms of their respective solution plans. By varying only the 

constraints expressed in the target problems the experiment is designed to determine whether 

individuals are sensitive to the target problems’ constraints when evaluating the validity or 

appropriateness of each of the source analogues. The present experiment features three target 

problems: the Dismantle Problem; the Airhft Problem; and the No Match Problem. The three target 

problems differ only in terms of their constraints. Their initial states are identical and are as follows:

A football match was to be held at a large stadium. The only way onto the pitch is through the 

players' tuimel. Everything was prepared for a match the next day, except that the grass was 

far too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was far too large to fit through the tunnel. How then could the mower be located 

in the stadium in order to get the grass cut in time?

The constraints specific to each target problem are as follows. Constraints in the Dismantle Problem: 

Cannot airlift the mower as this is too expensive. Do not have time to construct another tunnel.

Constraints in the Airlift Problem: Cannot dismantle the mower as this is too complicated. Do not 

have time to construct another tunnel.
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Constraints in the No Match Problem: Cannot airlift the mower as this is too expensive. Cannot 

dismantle the mower as this is too complicated. Do not have time to construct another tunnel.

In each case the constraints are designed to prevent or block the implementation of the solution plans 

from two of the three source analogues, except in the case of the No Match Problem which has 

constraints blocking the implementation of all three source analogues.

The source analogues diemselves all had the same initial states, but differing solution plans. The initial 

state is as follows:

In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut off all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture one 

of these guns in order to make copy its design. To do this a party of commandoes were sent 

out of the city to cq^ture one of the guns. In this they succeeded. However, the gun was far to 

big to bring back through the enemies lines undetected. The leader of the commandoes knew 

just what to do. ..

What the commander did was the solution plan and was different for each source analogue. The 

Dismantle source analogue had a solution plan in which the gun was dismantled and smuggled back 

in pieces. The Airlift source analogue had a solution plan in which the gun was airlifted back into Paris 

ova* the surrounding army all in one piece. The Tuimel source analogue had a solution plan in which 

the gun was taken back to Paris via a secret tuimel all in one piece.

All three of the target problems contain constraints blocking the tunnel solution plan. This is done in 

order to detomine whether participants are selecting source analogues at random -that is ignoring the 

constraints in the target problem - and to control for the possibihty of participants being able to select 

any of the appropriate source analogues via a process of elimination.

My research hypothesis is that the identification of an appropriate source analogue is determined by 

whether it satisfies the constraints in the target problem. Therefore, by varying the stated constraints 

over conditions individuals will select as vahd or appropriate that source analogue which satisfies the 

constraints stated in the target problem.
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alternative hypothesis is thoi that collapsing across conditions participants will make q)propriate 

selections for all three target problems.

My derivative hypothesis is that for the Dismantle Problem participants will select the Dismantle 

analogue; for the Airlift Problem participants will select the Airhft analogue; and for the No Match 

Problem they will select the No Match option.

3.2.2 Method

Design

The 0 q)aiment had a repeated measures design, with three conditions. The independent variable was 

the type of target problem presented.

The first condition - the Dismantle Condition - featured the Dismantle Problem - its corresponding 

source analogue being the Dismantle analogue. The second condition - the Airlift Condition - featured 

the Airlift problem, its corresponding analogue being the Airlift analogue. The Third Condition - the 

No Match Condition featured the No Match Problem to ̂ ^hich there was no matching source analogue. 

A third potential source analogue was also presented - the Tunnel analogue; this, however, did not 

constitute an appropriate source analogue for any of the three target problems.

The three source analogues and the no match option stood as competing options: participants having 

to determine whether one of the three source analogues could be used to generate a solution for each 

of the target problems. The source analogues and the no match option were identified by a letter. A, 

B C or D. The allocation of the identifying letters A B & C to particular source analogues was

randomised. However D was always the No Match option.

The dependent variable was the participant s selection of one of the four competing options. 

Participants were also requested to state why they had made the selection they had. In each condition 

all three source analogues wane presented along with the given target problem. The order in \^ c h  the 

source analogues woe presented was randomised. Furthermore, the order in which each target problem 

was presented was counterbalanced across participants.
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Participants

There were 40 participants in total, there were all UCL undergraduates (aged between 19 and 32 years 

old). There were 25 males and 15 females. There were 40 participants per condition.

Materials

The materials used were as follows; the Dismantle Problem -see Appendix B: 1; the Airlift Problem 

-see Appendix B: 2; the No Match Problem -see Appendix B: 3. In each condition participants were 

presented with three source analogues -the Dismantle analogue; the Airlift analogue; and the Tunnel 

analogue -see Appmdix B: 4. These remained invariant across all three conditions, although their order 

of presentation was randomised In each condition the instructions were identical and read as follows:

Your task is to read the target problem immediately below then to read each of the 
three stones A, B & C. Once you have read them you must decide if any of the stories 
could be used to generate a solution to the target problem presented: indicate this by 
circling one of the letters hsted overleaf. You should only make one choice, then, in 
couple of sentence, say why you made that particular decision.

Procedure

The participants were run in small groups. Each participant was presented with a booklet containing 

the three target problems and the source analogues. Participants then had to read the target problem 

and the three competing analogues, following this they had to decide which, if any, of the analogues 

could be used to generate a solution to the target problem and indicate their selection by circling one 

of four letters A B C or D. Letters corresponding to the three source analogues and the no match 

option. They then had to state why they had made the selection that they had. Following this 

participants were thanked, debriefed and dismissed.
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3.2.3 Results

Table 3.2.1 indicates the numbers of participants selected the appropriate source analogues in 

each of the three conditions.

Table 3.Z1, Experiment 2: Total Numbers of Participants Advancing Appropriate /  Inappropriate 

Responses per Condition,

Condition Total 

Responses 

(N = 40)
Dismantle Airlift No match

Appropriate / 

Inappropriate 

Responses by 

Condition

Appropriate Appropriate Appropriate 28

Appropriate Appropriate Inappropriate 3

Appropriate Inappropriate Inappropriate 1
Inappropriate Inappropriate Appropriate 2

Inappropriate Inappropriate Inappropriate 6

Table 3.2.1 indicates that 70% of participants (28 from a possible total of 40) selected the appropriate 

option across all three conditions. A further 15% (6 participants ) failed to select a single appropriate 

q)ti(m in any of the three conditions. Of the remaining 15% of participants 3 participants selected an 

inappropriate option in the No Match Condition; 2 selected inappropriate options in both the 

Dismantle Condition the Airlift Conditions and the remaining one selected an inappropriate option in 

both the Airlift Condition and the No Match Condition.

My alternative hypothesis is that the participants would select the appropriate source analogue for 

all target problems, collapsing across condition. To test this the frequency of all those who selected 

appropriate selection across all three conditions (total 28) was compared against the frequency of all 

those who selected at least one inappropriate option (total 12) in any of the three conditions. The result 

indicated a significant difference between the two groups: (d.f. 1) = 6.40, p < 0.05. The results of

the experiment supports my alternative hypothesis.

My derivative hypothesis is that for the Dismantle Problem participants will select the Dismantle 

analogue; for the Airlift Problem participants will select the Airlift analogue; and for the No Match 

Problem they will select the No Match option. To test this the frequencies of appropriate and
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inapprc^riate source analogue selections were compared against each other for each condition. Those, 

in the Dismantle Condition, who selected the appropriate option (total 32) were tested against those 

who did not (total 8): a difference which proved significant and in the predicted direction: p < 0.05 

(using Binomial test). Those, in the Airlift Condition, who selected the appropriate option (total 31) 

were tested against those who did not (total 9): a difference which proved significant and in the 

predicted direction: p < 0.05 (using Binomial test). Those, in the No Match Condition, who selected 

the ̂ propriate option (total 30) were tested against those who did not (total 10): a difference which 

proved significant, and in the predicted direction: p < 0.05 (using Binomial test). These findings 

support my derivative hypothesis.

Error Type Analysis

The errors made by the 12 participants who advanced at least one incorrect response across the three 

conditions are recorded in Table 3.2.2.

Table 3,2,2, Experiment 2: Error Type and Total Number of Errors Per Participant for All 

Conditions: Appropriate responses are indicated by \  Inappropriate responses are specified 

in terms of the actual option selected.

Participant Condition Total Number of 

ErrorsDismantle Airlift No match

29 + + Tunnel 1

30 + + Tunnel 1

31 + + Dismantle 1

32 + Tunnel Tunnel 2

33 No match No match + 2

34 No match No match + 2

35 Airlift Tunnel Dismantle 3

36 Airhft No match Dismantle 3

37 Tunnel Tunnel Airlift 3

38 Airlift Tunnel Tunnel 3

39 Tunnel Tunnel Dismantle 3

40 Tunnel No match Tunnel 3
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Table 3.2.2 indicates that participants 29,30 made single errors of the same type, specifically failing 

to identify that the Tunnel source analogue violated a constraint in the No Match Problem. While 

participant 31 failed to notice the Dismantle analogue was constraint violating in this condition.

Participant 32 recorded 2 errors, specifically failing to identify the constraint blocking the Tunnel 

analogue’s solution plan in both the No Match and Airlift Problem.

Participants 33 and 34 both recorded two errors by choosing the no match option across all three 

ccmditims; it is thaefixe possible that the single appropriate answer they both advanced - the no match 

option in the No Match Condition - was by default rather than design. Participants 35 - 40 recorded 

3 errors, by opting for constraint violating analogues in all three conditions.

Written Comments

The written comments participants were requested to give have been sampled at random. In the case 

of those making appropriate selections in the Dismantle Condition the reasons given were all of a 

similar form. Typically they stated that identifying the appropriate source analogue was done on the 

basis that it did not contain procedures that conflict with any of the constraints while the other source 

analogues did.

For example participant 9 stated ^because the other two solutions -airlifting and constructing another 

tunnel, were ruled out in the target problem'. While participant 12 stated ^Because the target problem 

doesn Y mention that they won Y be able to assemble the mower once inside the stadium'

The (xxnments in the Airlift Condition were again of a similar form. Participant 6 stated ^The mower 

could be dropped into the pitch by airship. But couldn Y be taken to pieces because they didn Y know 

the design. The mower couldn Y be brought through a second tunnel because their isn Y one.' 

Participant 25 stated ^Initial story doesn Y restrain airlifting'.

The reasons advanced in the No Match Condition typically indicated that th^e were no available 

solution plans which did not violate some of the stated constraints in the target problem: Participant 

2 *All o f  the solutions had already been ruled out in telling the target problem. *

Participant 34 *All possibilities discounted in question. ’
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In terms of inappropriate options selected for the Dismantle and Airlift Conditions the reasons given 

all broadly indicated that the participants had simply either ignored a constraint or confused them with 

ccxistiaints articulated in target problems presorted in otho cmditions. participant 33 in the Dismantle 

Condition selected the no match option, the reason given indicates that they possibly concatenated 

constraints across the three target problems and assumed all the possible constraints apphed equally 

to all three target problems: ''because all the options are ruled out by the problem'

Participant 35 in the Dismantle Condition justified the selection of the Airlift analogue because 'air 

lifting the lawn-mower is pretty much analogous to loading the gun onto the air-ship', this was 

despite the presence of the airlift blocking constraint.

However, the reasons given for inappropriate selections in the No Match Condition indicate that the 

participants w^e not entirely confused about the presence of the constraints:

Participant 31 stated: ’[the Dismantle source analogue] seems the most logical solution as all the men 

participated cooperatively together so therefore the job could be completed in time.'

Participant 35: 'You can get an engineer -expert hired to rebuild the lawnmower once it is in.' 

Participant 39 'Ifyou can dismantle the device, you can put it back together properly and efficiently.'

These three quotes are interesting but comments on their implication will be made in the Discussion. 

3.2.4 Discussion

The results of the experiment support my alternative hypothesis Wiich is that for the Dismantle 

ProblOTi participants would select the Dismantle analogue; for the Airlift Problem participants would 

select the Airlift analogue; and for the No Match Problem they would select the No Match option. 

Furthermore, the results also support my derivative hypothesis: for each target problem significantly 

more appropriate options were selected than inappropriate options.

The results therefcxe support my research hypothesis: that the identification of an appropriate source 

analogue is determined by whether it satisfies the constraints in the target problem. Hence, I conclude 

that alteration of the constraints across the three problems determined the participants’ responses. 

Participants were able to judge the vahdity of the same source analogues over successive conditions 

where the target problems differed only in terms of their constituent constraints. The results can thus
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be interpreted as evidence for the claim that verification is carried out on the basis of a ‘constraints 

comparison’ in cases where the competing source domains all share the same degree of analogical 

similarity with the target

Structural consistency with the target problem was maintained at the same level for all three source 

analogues in virtue of the fact that they had identical initial states. This rules out the possibihty of 

participants’ selections being the result of any tendency to select a source analogue which had a 

perceptibly greater degree of structural consistency with the target than any of its competitors. Were 

it argued that one source domain did have a greater degree of structural consistency with the target 

problan, the results of the present experiment would still indicate that selections were not being made 

on this basis. This is because the participants’ selections of particular source analogues varied over 

conditions.

Constraints comparison then offers a clearly defined way accounting for the process of verification. 

Exactly how the process of constraint comparison is effected is still open to question. The remainder 

of this section is largely devoted to a discussion of the possible ways in which constraints comparison 

could be realised.

Keane (1994/1996) suggests competing solution plans could be evaluated by simulating the outcome 

of applying them to the target problem. Keane leaves the term ‘simulation’ undefined, but it is possible 

to examine Keane’s idea and develop it in the context of verification.

Kahneman and Tversky (1983) identify a ‘simulation heuristic’ as a key feature of counterfactual 

reasoning. That is, assessments of what would be the case, given a set of logically possible 

circumstances (see Nozidc, 1981 fcx* a discussion of the modal status of the term ‘would’). In the case 

of analogical problem solving individuals are simply required to determine what would be the case if 

any given solution plan were applied to the target problem. That is, whether its ^pUcation would or 

would not satisfy the constraints. Hence, they would be able to determine both valid and non-valid 

solution plans.

Simulation can also be extended to account for the individual determining nan-relevant and partial 

solution plans, fi’om amongst the set of solution plans that failed to verify as valid. Kahneman and 

Tversky (1983) found that individuals typically effected simulation by deleting elements of a story.
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Less frequently they added elements to a story.

Simulating the apphcation of non-vahd solution plans would involve the individual determining 

whether such solution plans would have reaUsed the target problem’s goal state in altered 

circumstances. This could be reahsed by simulating the removal of one or more of the blocking 

constraints in the target problem. Then simulating the apphcation of the solution plan to the altered 

target problem to determine ‘if there was no blocking constraint X then would the application of 

solution plan Y reahse the goal state for the given target problem’.

Simulation in this form would allow the individual to determine if a solution plan had failed to verify 

as valid because it was non relevant, that is, would not reahse the target problem’s goal state in 

altered circumstances. It would also allow the individual to determine if the solution plan was 

partially valid, that is would have reahsed the goal state in the altered circumstances. Identifying 

partial solution plans is inportant, for these can be treated as candidates for adaptation, and simulating 

their ̂ plication to the target problem ahows the individual to identify those elements of the solution 

plan which do not satisfy the constraints, and hence which require adaptation if the solution plan is to 

be rendered vahd.

Recall the reasons given for inappropriate selections in the No Match Condition, which are quoted 

again below. These indicate that the participants were altering the status of the constraints in the target 

problem.

Participant 31 stated: ’[the Dismantle source analogue] seems the most logical solution as all the men 

participated cooperatively together so therefore the job could be completed in timej 

Participant 35: ‘Tow can get an engineer -expert hired to rebuild the lawnmower once it is in j 

Participant 39 ‘̂ Ifyou can dismantle the device, you can put it back together properly and efficiently. ’

Participants appear to be, if not removing the constraints, then attenuating them so that a particular 

solution plan could be apphed to the target problem to reahse the goal state. While such alterations 

are not treated as legitimate in the present experiment, this sort of simulation would allow the 

individual to identify those elements of a givm solution plan which need to be adapted if it is to satisfy 

the actual constraints in the target problem. In the case of participant 35 this amounted to augmenting 

the solution plan with an expert who could effect the dismantle / re-build operation. The idea of
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simulating an outcome is returned to in the following chapter, where it is treated as element in the 

initial stages of adaptation. Adaptation itself being the topic of the next chapter.

3.3 Summary of Chapter Three

The findings of Chaptsx 3 indicate, in the case of Experiment 1, that verification in cases of analogical 

reasoning, namely identifying appropriate analogical matches, can be accounted for in terms of 

identifying identical causal structures in the two relevant domains. While not surprising such 

verificatim was realised via the sequential conq)arison of the target problon against competing solution 

plans. This finding provided a working hypothesis for Experiment 2, that verification in the context 

of analogical problem solving could be effected by a ‘constraints comparison" between the source 

analogues and the target problem. Experiment 2 determined that verification in such a context could 

be accounted for in terms of constraints comparison, where the individual verifies if it satisfies the 

target problem’s constraints. It was further argued that this notion of constraints comparison could 

account for background knowledge based verification.

Constraints comparison itself was accounted for in terms of the individual simulating the application 

of the putative solutiœ plan to the target domain. The notion of simulation, it was then argued, could 

provided the basis on which an individual could attempt to discriminate between non-relevant and 

partial solution plans, where both types had failed to verify as valid.
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Experiment 3

4.1.1 Introduction

The aim this experiment is to determine what "adaptation’ consists in. That is, what kind of operations 

are required in order to successhilly alter a solution plan which fails to satisfy all the constraints in the 

target problem In this sense "ad^tatim’ is defined as ‘altering elements of a solution plan which has 

been, or is being, analogically mapped fi'om a source domain, in order to generate a valid solution for 

a target problem’. This form of adaptation was defined in Chapter One: Introduction and was termed 

‘procedural adaptation’.

In terms of Palmer’s (1989) distinction Chapter Four deals with a high level informational or 

c(mq)etence account of adaptation. Analytic in nature, it is designed to identify the operations necessary 

to reahse successful adq)tation. That is, \diat operations an individual needs to apply in order to render 

a partial soluticm vahd in the target domain, rather than a detailed investigation into how an individual 

actuaUy apphes particular operations. This latter type of investigation is undertaken in Chapter Five.

The notion of ‘adaptation’ has, until recently, received httle attention in the area of analogical problem 

solving (Keane, 1993) but a great deal of attention in AI research - specifically that concerned with 

Case-based reasoning Chuter Two: Literature Review presented a review of claims about adaptation 

in both the psychological and AI hterature.

The (̂ Derations identified in the psychological hterature so far are the ‘postulation of novel elements’ 

and ‘substitution’ (Novick and Holyoak, 1991). The ‘postulation of novel elements’ was identified with 

the q)erati(») of adding elements to a possible solution plan, an operation featured in the hterature on 

Case-based reasoning (Kolodner, 1993). Substitution too was an operation featured in Case-based 

reasoning (zh/d). (Consideration of substitution will, though, be deferred until Experiment 5. However, 

both substitution and addition occupy positions in an initial taxonon^ of possible adaptation operations 

employed by individuals. Kolodner {ibid) also identified the operation of deleting elements to render 

a possible solution plan vahd. This operation, though not identified by Novick and Holyoak (1991), 

will also be treated as occupying a position in an initial taxonomy of possible adaptation operations 

employed by individuals.
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Novick and Holyoak {ibid), in addition to identifying adaptation operations, also claim that adaptation 

is a ‘conceptually distinct process’ fixxn mapping, Wiich is ‘potentially labourious’. That is, adaptation 

is not an automatic consequence of successful mapping. Novick and Holyoak, however, used 

mathematical problems: one of the concerns of the present experiment is to determine whether their 

findings can be replicated with natural language problems.

The present experiment examines the two possible operations of deletion and addition respectively. 

This is done in order to determine firstly whether they exist in an individual’s problem solving 

repertoire. Secondly, whedier applying either or both of the adaptation operations is more difficult than 

just carrying out mapping (no adaptation). The materials featured in the experiment are so constructed 

as to necessitate the application of one or the other fype of operation if a valid solution plan is to be 

generated. The target problems featured in this experiment are themselves adapted versions of 

Duncker’s Radiation Problem (Duncker, 1972).

The first problem the Radiation Problem (convergence and rotation solution) takes the following form: 

Suppose you are a doctor faced with a patient who has a malignant tumour in his stomach. It 

is impossible to operate on the patient, but unless the tumour is destroyed the patient will die. 

There is a kind of ray that can be used to destroy the tumour. If the rays are directed at the 

tumour at high intensity the tumour will be destroyed. Unfortunately, if the rays pass through 

the healthy tissue at the high intensity thty will immediately destroy it. At lower intensities the 

rays will not affect the tumour, but even at lower intensities the rays will destroy the healthy 

tissue i f  they pass through the same section for too long. What type of procedure might be 

used to destroy the tumour with the rays and at the same time avoid destroying the healthy 

tissue?

The constraints in this problem are that it is impossible to operate on the patient, therefore a kind of 

ray needs to used. The tumour can only be destroyed with high intensity rays, but these will destroy 

the healthy tissue as well. Low intensity rays will not destroy the tumour but will destroy the healthy 

tissue if they pass through the same section for too long. The optimal solution to the problem is first 

to fire multiple low intensify rays at the tumour, in the manner of the typical convergence solution, so 

their cumulative effect is that of a high intensify ray. Secondly, to ensure they are rotated when fired, 

so they don’t pass through the same section of healthy tissue for too long. In this Experiment’s first
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condition, the No Adaptation Condition, a source analogue - the General’s Story (convergence and 

rotation solution) - is presented from which this solution plan can be m^ped directly. This source 

analogue has the following form;

A small country was ruled from a strong fortress by a king. The fortress was situated in the 

middle of the country surrounded by farms and villages. Many roads radiated from the fortress, 

like spokes on a wheel. Each of these roads contained a bridge. A rebel general vowed to 

c^rture the fortress. He gathered his men at the head of one of the roads. In order to capture 

the fort the general first had to bombard it. He had a few small carmons and a few larger 

carmons. In order to get close enou^ to damage the fort the carmons had to be located on one 

of the many bridges; unfortunately the bridges would only support the weight of one of the 

smaller carmons. Furthermore, if the carmons remained on any given bridge for too long the 

enemy would be able to identify their exact position and return fire, thus endangering the men 

who fired the carmons. The general knew just what to do. He divided is artillery and assigned 

each of his few smaller carmons to one of the many bridges: in this way he was able to 

bombard the fort from many different angles simultaneously, but he also ensured that the 

cannons were moved after being fired and relocated on a different bridge, thus rotating the 

carmons around the fort and keeping his men safe from return fire. He continued this 

bombardment until the fort was sufficiently weakened for his troops to over-run

Initially the individual can match the tumour with the fort and the rays’ laser with the carmons: high 

intensity r^ s  with the large cannons and low intensity with the smaller carmons. The convergence and 

rotation operations can tiien be m^rped to tire target domain, generating a solution plan which satisfies 

the target problem’s constrains. The third condition in the experiment - the Addition Condition - 

features the same problem and a source analogue - the General Story (convergence solution only) which 

does not cmtain any moition of the rotaticm operation. Consequently, this element of the solution plan 

has to be added to the convergence operation to generate a solution plan which satisfies the target 

problem’s constraints

The second condition - the Deletion Condition - features a similar problem except there was no 

requirement to rotate the rays the Radiation Problem (convergence only solution). There was no 

suggestim that the low intensity r^ s  would have harmful effects on the healthy tissue. This constraint
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was replaced by a constraint stating any source of the rays must remain stationary at all times. The 

source analogue presented in the Deletion Condition was the same as that in the No Adaptation 

Condition; it contained a solution plan with both the convergence and rotation operation. To generate 

an optimal solution plan, one which satisfies the target problems constraints, the individual needs to 

delete the rotation operation from their representation of the source analogue's solution plan.

All three conditions also required participants to rate the perceived usefulness of the presented source 

analogue. It is reasoned that from these ratings comparisons between conditions can be made to 

determine if having to adapt a solution plan as well as having to map results in ratings which are 

significantly different from those ratings in the No Adaptation Condition.

My research hypotheses is that there will be appropriate apphcation of both the operations of deleting 

elements and of adding elemoits to genoate optimal solution plans to the target problem; further, that 

adapting is more difficult than carrying out mq^ping requiring no adaptation (hereafter ‘no adaptation’) 

to generate a vahd solution plan.

My first alternative hypothesis is that there will be a greater number of optimal solution plans 

advance in the No Adaptation Coiditicxi than in the Deletion Condition. My first derivative hypothesis 

is that the usefulness ratings associated with the optimal answers in the No Adaptation Condition will 

be greater than those in the Deletion Condition.

My second alternative hypothesis is that there will be a greater number of optimal solution plans 

advance in the No Adaptation Condition than in the Addition Condition. My second derivative 

hypothesis is that the usefulness ratings associated with the optimal answers in the No Adaptation 

Condition will be greater than those in the Addition Condition.
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4.1.2 Method

Design

The e^qxaiment had an independent n^asuies design, with three conditions. The independent variables 

were the type of source analogue presented and the type of target problem presented. There were two 

difference source analogues; the General Story (convergence and rotation solution) and the General 

Story (rotatim solution). There woe two diGoent target problems: the Radiation Problem (convergence 

and rotation solution) and the Radiation Problem (convergence only solution).

The first condition, the No Ad^tation Condition, featured the General Story (convergence and rotation 

solution), and the Radiation Problem (convergence and rotation solution). Participants in this condition 

simply had to map the convergence and rotation solution plan fi'om the source analogue to the target 

problem to generate an optimal solution.

The second condition, the Deletion Condition, featured the General Story (convergence and rotation 

solution), and the Radiation Problem (convergence only solution). Participants in this condition had 

to m ^  the convergence operation of the solution plan fi’om the source analogue to the target problem, 

and delete the rotation element to generate an optimal solution.

The third condition, the Addition Condition featured the General Story (convergence solution), and the 

Radiatirm Problem (convergence and rotation solution). Participants in this condition had to map the 

cmvergmce element of the solution plan fî om the source analogue to the target problem, and add the 

rotation element to that solution plan to generate an optimal solution.

The dependent variables were the participants’ answers to the target problems and their usefulness 

rating for the presented source analogue. The usefulness ratings were measured on a scale of 1 to 5, 

with 1 being the lowest score possible ‘the analogue was completely irrelevant in solving the problem’ 

and 5 being the highest - ‘the analogue provided a complete solution’.

Participants

Sixty UCL first year psychology students (aged between 19 to 45 years old), with 43 females and 13 

males. There were twenty participants per condition.
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Materials

The materials were as follows; An instruction sheet, identical in all conditions, see below. The General

Story (convergence and rotation solution) see Appendix C: 1. The General Story (convergence

solution only) see Appendix C: 2. The Radiation Problem (convergence and rotation solution) see

Appendix C: 3. The Radiation Problem (convergence solution only) see Appendix C: 4. The

usefulness rating scale was identical in all conditions is presented in Appendix C: 5. The instructions

all participants were presented with were as follows:

You will be presented with a sheet of text -’The General Story’- and a problem. Your task is 
to read the sheet of text and then to provide a solution to the problem -the Radiation Problem. 
You may find information apparent in the "General Story’ useful. Don’t be afraid to suggest 
an answer because you think it’s "too obvious’. You should write your answer below the 
Radiation Problem. Once you have written your solution you should turn over and complete 
the rating scale. Thank you.

Procedure

All participants were run at the same time. T h^ were presented with a booklet: the first page contained 

the instructions; the second the source analogue; the third a statement of the Radiation Problem; and 

the fourth the Rating Scale. Participants were requested not to turn over any sheets until instructed to 

do so. They were also instructed to indicate on the first sheet if they had seen anything resembling the 

Radiation Problem before. The participants were then asked to read the instructions and, following this 

to read the next two pages and only to turn to the final page (the usefulness rating scale) once they had 

written their answer to the Radiation Problem. The eTq̂ eriment took 15 minutes to run. Once completed 

the participants were thanked, de-briefed and dismissed.

Account of the Coding Scheme

The answers advanced by participants in Experiment 3 were coded according to the categories presented 

in Table 4.1.1. The column "Analogical Status’ indicates the degree of analogical match a solution plan 

could have widi the source analogue. The column "Solution Plans Status’ indicates whether a particular 

sohiticm plan is the optimal answer for each condition. Designating a solution plan as optimal is made 

on the basis of it being such that its application satisfies all constraints apparent in the target problem.
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Table 4.1.1 Experiment 3: Status of Solution Plans for the No Adaptationy Deletion and Addition 

Conditions.

Condition
Solution No Adaptation Deletion 1 Addition

Plan Analogical

Status

Solution

Plan

Status

Analogical

Status

Solution

Plan

Status

Analogical

Status

Solution

Plan

Status

Convergence 

and Rotation

Directfy

analogous

Optimal Partfy

analogous

- Partly

analogous

Optimal

Convergence Partly

analogous

- Directly

analogous

Optimal Directly

analogous

-

Rotation Partly

analogous

- Partly

analogous

- Partly

analogous

-

OÜier Disanalogous - Disanalogous - Disanalogous -

Two indqpendent judges categorised the answers for each target problem. The possible categories the 

answers could be assigned to are indicated on Table 4.1.1. The judges were in complete agreement 

about the categories each answer belonged to in the No Adaptation Condition. Hence any further 

analysis is redundant. However, they disagreed about the categories for 2 answers in the Deletion 

Cmditiœi: this produced a Kappa statistic of 0.90 They disagreed about the categories for 3 answers 

in the Addition Condition: this produced a Kappa statistic of 0.85. The answers were eventually 

allocated to categories through mutual agreement.
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4.1.3 Results

Table 4.1.2 shows the frequency of solution plans advanced in the No Adaptation, Deletion and 

Addition Conditions, and the means for their associated usefulness ratings.

Table 4,L2 Ejqjeriment 3: Frequency of Solution Plans Advanced in the No Adaptation, Deletion 

and Addition Conditions and the Means for their Associated Usefulness Ratings.

Solution

Plan

Condition (n = 20)
No Adaptation Ddetion Addition

Frequency Mean

Usefulness

Rating

Frequency Mean

Usefulness

Rating

Frequency Mean

Usefulness

Rating

Convergence 

and Rotation

14 4.42 (0.51) 0 - 5 4.2 (0.44)

Convergence 3 3.66(1.52) 9 4(1.32) 9 4.11(0.60)

Rotation 2 3.5 (0.71) 4 3(1.15) 1 3

Other 1 2 7 2.95 (0.75) 5 1.40 (0.54)
Table 4.1.2 indicates that in the No Adaptation Condition 70% of participants advanced an optimal 

and analogous solution plan (convergence and rotation solution plan); 15% advanced a non-optimal 

and partially analogous solution plan (convergence solution plan); 10% advanced a non-optimal and 

partial solution plan (rotation solution plan) ; and 5% a non-optimal and Disanalogous solution plan.

In the Deletion Condition 45% of participants advanced an optimal but partially analogous, therefore 

adapted solution plan (convergence solution plan); 20% advanced a non-optimal but partially 

analogous, therefore adapted solution plan (rotation solution plan); and 35% a non-optimal and 

Disanalogous solution plan.

In the Addition Condition 25% of participants advanced an optimal but partially analogous, therefore 

adapted solution plan (convergence and rotation solution plan); 45% advanced a non-optimal but 

analogous solution plan (convergence solution plan); but partially analogous, therefore adapted 

solution plan (cmvergence and rotaticm solution plan); 5% advanced a non-optimal partially analogous, 

therefore adapted solution plan (rotation solution plan); and 25% a non-optimal & disanalogous 

solution plan.
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My first alternative hypothesis is that there are a greater number of optimal solution plans advance 

in the No Adaptation Condition than in the Deletion Condition. To test this the frequency of optimal 

answers for the No Adaptation Condition (total 14) was compared with the total for the Deletion 

Condition (total 9) but no difference was observed: (d.f 1) = 1.09, p > 0.05.

My first derivative hypothesis is that the usefulness ratings associated with the optimal answers in the 

No Adaptation Condition ( mean rank 12.50) are greater than those in the Deletion Condition (mean 

rank 11,22). However, there was no significant difference between the usefulness ratings associated 

only with the q>timal solution plans for the two conditions: U (23) = 56, p > 0.05 (corrected for ties). 

This result fails to support the first derivative hypothesis.

My second alternative hypothesis is that there are a greater number of optimal solution plans advance 

in the No Adaptation Condition than in the Addition Condition. To test this the frequency of optimal 

answers for the No Adaptation Condition (total 14) was compared with the total for the Addition 

Ckxiditicxi (total 5), and a significant difference was observed in the predicted direction: (d.f. 1) =

4.26, p < 0.05.

My second derivative hypothesis is that the usefulness ratings associated with the optimal answers in 

the No Adaptation Condition (mean rank 10.75) are greater than those in the Addition Condition (mean 

rank 8.40). Howevo*, there was no significant difference between the usefulness ratings associated only 

with the c^tknal solution plans for the two conditions: [/(19) = 27, p > 0.05 (corrected for ties). This 

result fails to support the second derivative hypothesis. These results will now be considered in the 

Discussion.

4.1.4 Discussion

The results of the experiment failed to support my first alternative hypothesis, which was that there 

would be a greater number of optimal solution plans advance in the No Adaptation Condition than in 

the Deletion Condition. No difference between the frequency of optimal answers in the two conditions 

was identified. The results also failed to support my first derivative hypothesis, \\hich was that the 

usefulness ratings associated with the optimal answers in the No Adaptation Condition would be 

greater than those in the Deletion Condition. No difference between the two condition's mean 

usefulness ratings was observed..
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Nfy seccHid alternative hypothesis was that there would be a greater number of optimal solution plans 

advance in the No Ad^tatioo Condition than in the Addition Condition. The results of the experiment 

suppcxted this hypothesis. Nfy secœd derivative hypothesis was that the usefulness ratings associated 

with the optimal answers in the No Adaptation Condition would be greater than those in the Addition 

Condition, but the results did not support this hypothesis.

My research hypotheses was that there will be appropriate apphcation of both the operations of 

deleting elements and of adding elements to generate adapted and optimal solution plans to the target 

problem; further, that ad^Jting is more difQcult than carrying out mapping requiring no adaptation to 

generate a vahd solution plan. Results then support the first of these claims, but not the second. The 

voy fact that q)timal answas were advanced in both the Deletion and Addition Conditions is evidence 

supporting this claim. There was, though, only a single instance where a difference between the No 

Ad^Ttation Condition and an adaptation condition was observed: between the fiequencies of optimal 

answers advanced in the No Adaptation and Addition Condition. Hence the research hypothesis is only 

partially supported.

The results of the experiment do at least allow the construction of an initial taxonomy of adaptation 

operations. This simply comprises of the operations of deleting and adding elements although these 

were the only operations actually tested for. The difference between the numbers of optimal solution 

plans advanced in the No Adaptation Condition and the Addition Condition indicate that the task of 

applying the operation of adding elements relevant to the target problem was more difficult than no 

adaptation. Consequently, a difference, in terms of ease of apphcation, between no adaptation and 

applying the operation of adding elements can be predicted in future studies.

The usefulness ratings did not indicate any differences between the No Adaptation Condition and the 

adaptation conditions. This may indicate the usefulness rating scale fails as a methodological 

technique. Yet it is also possible that even in the No Adaptation Condition the mapping task was 

sufficiently complex to suppress high useAilness ratings for the source analogue, given the optimal 

solution required the simultaneous apphcation of two operations converge and rotate. Consequently 

the rating scales will be retained in future experimental work where appropriate.

The remainder of this section provides an account of how partial solution plans could be re-represented 

in order to aUow for their effective adaptation.
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The process of detennining vèether or not a solution plan is a candidate for adaptation was considered 

in Expmment 2 Section 3.2.4, where it was discussed in terms of "simulating possible outcomes’ and 

identifying partial solution plans on the basis of vdiether they would have reahsed the goal state of a 

particular problem in altered conditions. Those that would are treated as partial solution plans. The 

remainder are treated as non-relevant solution plans.

On the basis that a partial solution plan has been identified the individual would then proceed in the 

following manner, which is articulated in terms of the task featured in the Addition Condition of the 

present task. This featured the Radiation Problem (convergence and rotation solution) and the General’s 

story (convergence only solution).

The individual would first identify that element of the solution plan which already satisfies some of the 

constraints in the target problem and treat the remaining constraints as the goal. This is reahsed in the 

following way: both the goals inherent in the problem are explicitly identified.

Goal A : destroy tumour using high intensity rays.

Goal B: Avoid destroying healthy tissue.

These goals are mutually exclusive, but only the first can be reahsed with the solution plan expressed 

in the General’s story (convergence only solution), by projecting multiple low intensity rays at the 

tumour simultaneously, so they sum to a high intensify at the point they meet.

Consequently, the first goal can be treated as having been realised and the constraints in the problem 

partially satisfied. The individual then re-represents the problem in terms of a single goal, the goal 

which remains unrealised, and an additional constraint; the additional constraint being that element 

of the source analogue’s solution plan which reahses the goal (goal A in this case). Therefore:

Constraint, use multiple low intensify rays at the tumour simultaneously, so they sum 

to a high intensify at the point they meet.

Goal. Avoid destroying healthy tissue.

This re-representation effectively identifies elements of the solution plan which require adaptation. 

It also guarantees that it is the analogically derived solution that is being adapted, rather than the 

individual starting fi'om scratch. The individual can then attempt to adapt the solution plan by 

simulating various alterations, then determining whether they would satisfy the constraints in the
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target problem. In this case it would involve adding elements to the solution plan, and determining 

whether these reahse the goal state. A successful individual would apply the of operation rotating the 

multiple source of the r ^  so the rays dcxi’t pass through the same section of healthy tissue for too long. 

However, simply re-representing a problem does not indicate how the problem will eventually be 

solved.

Successful adaptation of a partial solution plan is largely dependent on the individual. Experiment 3 

indicated that when participants were required to generate an optimal solution plan in the Addition 

Condition mly 25% of than were able to do so. Successful adapting a possible solution plan, in part, 

requires access to relevant background knowledge.

The role of background knowledge is important in cases where novel elements need to be introduced, 

simply because the reasoner must have prior knowledge of some item with the requisite properties 

which would satisfy the constraints of the target problem and thereby feature as part of vahd solution 

plan. This is the role accorded to background knowledge by Keane (Keane 1993; Keane et al. 1994).

Yet before investigating adaptation in terms of lower level constraints it is important to determine 

whether the successful apphcation of the operations of deleting elements and adding elements to 

generate an optimal solution plan is evident in the case of further problems. Failing to do this could 

leave open the possibihty that the findings of the present e?q)eriment apply only in the case of the 

present problem.
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Experiment 4
4.2.1 Introduction

The aim of the present experiment is to test for the same operations of deleting and adding elements 

to ad^t a solution plan, as were tested for in Experiment 3, but with new problems. The experiment 

is then largely replicatoiy.

This rephcation is undertaken in order to determine whether the deletion and addition operations are 

general features of the individual's problem solving repertoire. It is at least possible that th ^  are 

simply operations which are only apparent because of the demands placed on the individual when 

adapting the source analogues for the target problems featured in E?q)eriment 3.

The present e^qxriment involves three different problems, each is designed to test for the apphcation 

of the operations of deleting elements and adding elements to adapt a solution plan. The problems are 

the Arena Problem, the Engineering Problem and the Bacterium Problem. As the problems are new 

what has previously been referred to as the ‘optimal solution’, will, in this case, be referred to as the 

constraint satisfying and analogous to the source solution plan’ or ‘...modelled on the source 

analogue’. Although, of course, in the adaptation conditions the solution plans need to include the 

appropriate adaptations to be constraint satisfying.

Each problem has three separate source analogues. All share the same initial setting, but differ in 

terms of the number of procedures which constitute their solution plans. The No Adaptation source 

analogue, for each target problem, has a constraint satisfying solution plan vdiich can be mapped 

directly to the target problem. The Deletion source analogue, for each target problem, has a solution 

plan which requires elements, specifically a procedure, to be deleted, to satisfy the constraints in the 

target problem. The Addition source analogue, for each target problem, has a solution plan which 

requires elements, specifically a procedure, to be added to satisfy the target problem’s constraints.

Experiment 4 therefore has three conditions: the No Adaptation Condition, the Deletion Condition and 

the Addition Condition. Each target problem is identical over the three conditions

The fact that the problems and their source analogues are novel raises certain problems. There are no 

data fiom previous esqperiments to take into account, so it becomes difticult, if not impossible, to predict 

the likely fiequency of ccxistraint satisfying and non-constraint satisfying solution plans. Furthermore,
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the evidence from Experiment 3 did not indicate that the frequency of constraint satisfying solution 

plans, at least in the Deletion Condition, was likely to be significantly less than the frequency of such 

solution plans in the No Adaptation Condition. Consequently the focus of the experiment is on the 

usefulness’ ratings participants make for their source analogue. I reason that having to adapt a solution 

plan ougfit to involve nxxe effort than simply mapping the solution plan (Novick & Holyoak 1991, and 

see Chuter Two Section 2.7). Hence, participants ought to rate the No Adaptation source analogues 

as more useful than eitho* of the adaptation source analogues, and the Deletion source analogue as more 

useful than the Addition source analogue.

Each of the target problems is also presented to a Control Condition, vshere participants receive the 

target problem but no source analogue. This was included in order to determine whether the addition 

of the source analogue resulted in a significantly greater number of constraint satisfying solutions 

being advanced in the No Adaptation Condition than in the Control Condition. If such is the case then 

it can be concluded that participants are reasoning analogically (Gick And Holyoak, 1980). The three 

problems will be examined in turn, beginning with the Arena Problem.

Arena Problem

This is derived from the Arena Problem featured in Experiments 1 and 2. It involves locating a large 

mower inside a stadium in (xder to cut the grass on time. However, in this case the mower can only be 

air lifted into the stadium, and it can only be airlifted if it is dismantled and taken in in pieces. 

Furthenncxe, there is only a single heUcopter available. All other routes into the stadium are blocked. 

The No Adaptation Condition source analogue is as follows:

In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut off all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture one 

of these guns in order to make copy its design. To do this a parfy of commandoes were sent 

out of the city to capture one of the guns. In this they succeeded. However, the gun was far 

too big to bring back through the enemies’ lines undetected. The leader of the commandoes 

knew just what to do:

1 ) He had the gun taken to pieces.

2) The pieces were then loaded onto several different airships and floated back over the enemy 

lines into Paris. When the pieces had all arrived back inside the city the gun was reassembled 

and its design was successAiUy copied
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To solve Üie problan the individual can match the stadium with Paris and the mower with the machine 

gun. The items are analogous because the problem in both domains is to locate one inside the other 

They share the same relational structure in toms of their initial settings. The source analogue's solution 

plan - dismantle and fly - can thus be mapped directly to the target problem, as it satisfies all the 

constraints. Hence in the No Adaptation Condition the individual is able to solve the target problem 

by mapping the solution plan directly fi"om the source to the target.

The Deletion Condition source analogue has an additional step included in its solution plan. This 

involves loading the dismantled pieces of the machine gun onto separate air ships and have them 

carried into the city m this manner. However, in the target problon there is a blocking constraint which 

should prevent this operation being mapped, as it indicated that there is only one heUcopter available. 

Hence, the participants need to delete this multiple flight procedure fi’om their representation of the 

source analogue in order to generate a constraint satisfying solution plan.

The Additicm Qmdition source analogue’s solution plan makes no mention of the 'dismantle' operation 

at all -the machine gun is flown back into the city in one piece. However, the target problem indicates 

that moving the mower in one piece is not a viable option as it is considered dangerous. Therefore, 

participants have to add to the their representation of the solution plan the operation of dismantling the 

mowo* and flying it in pieces in order to generate a solution plan which satisfies the safety constraint.

The Engineering Problem

The Engineering Problem is novel and involves extracting oil fi’om an oil field as efficiently as 

possible given the constraints imposed on this task by the equipment at hand. The problem is as 

follows:

An engineer was contracted to extract oil from a large oil reserve discovered under a tract of 

land in Texas. Whœ the engineer arrived on the site he examined the equipment provided for 

the job. It included a single large drill and several smaller drills - both types could be used to 

sink an oil well. However, on closer inspection the engineer discovered that none of the caps 

provided was large enou^ to block the flow of oil which would result from a well created by 

the large drill. The fact that he could no longer extract all the oil he needed firom a single well 

meant he no longer had enough piping to cany the oil directly ft̂ om the field to the refinery 

over 20 miles away. Consequently he had to transport all the oil via a container truck. How, 

then, could the engineer efficiently extract the oil?
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The sohiticxi is to axmect piping to each well and direct the oil from each well to a single central point, 

equidistant from all the wells. The oil is pumped into the container truck which then heads o£T to the 

refineiy. This sohiticm can be mapped fiom the No Adaptation source analogue, which is as follows:

A group of 20 soldiers had to defend a valley surrounded by 4 hills for as long as possible. If they 

became in danger of being over run they could escape in a helicopter, Wiich was located at the bottom 

of the valley. However, the captain had to defend the vall^ for as long as possible and keep his men 

as safe as possible. This is what he decided to do:

1) Stretch guy-ropes from the top of each hill into the centre of the valley.

2)When one hill was in danger of being over come all the men from each of the hill tops would abseil 

down the ropes and converge in the centre

3) All the men would then leave via the hehcq)ter in one go. In this way the captain hoped to maximise 

the safety of his men and defend the valley for as long as possible.

The hill tq>s can be matched with the oil wells, the soldiers with the oil, the helicopter with the truck, 

and the guy ropes with the piping. The items are analogous because the problem in both domains is to 

remove resources in a single vehicle as efficiently as possible. Once the matches have been made the 

individual is able to map the solution plan, converge resource to a central collection point and remove 

it from there, from the No Adaptation source analogue to the target problem.

An additicxial step is included in the Deletion Condition's source analogue's solution plan; this involves 

soldiers on individual hills abseiling to the centre when that particular hill is in danger of being over 

run by enemy forces and being flown to safety. This process is repeated for the soldiers on each 

individual hill. However, in the target problem mapping this procedure would result in a less efficient 

method of oil extraction - i.e. collecting from each small well in turn - rather than collecting oil from 

all of the wells simultaneously. Hence, this serial collection procedure needs to be deleted from the 

representation of the source analogue when constructing an analogous solution plan in order to avoid 

generating a non-optimal solution to the target problem, which would involve staggering the flow of 

oil over time needs to be deleted.

The Addition Condition's source analogue makes no mention of the 'abseiling' operation at all - the 

soldiers are collected fix>m each hill top by the helicopter in a serial manner. Mapping this operation to 

the target would result in a solution whereby the container truck collected oil from each well and then
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took it to the oil to the retmeiy in turn. This method does not satisfy the constraints in the target 

problem because it is less efficient than collecting oil from a single central point. Hence, to generate 

a constraint satisfying solution plan individuals have to add the procedure of piping oil from all the 

wells to a central point simultaneously and collecting it from there.

The Bacterium Problem

The Bacterium problem is again novel and involves destroying two forms of potmtially lethal 

bacteria as efficiently as possible given the limitations of the resources at hand. The problem is as 

follows:

Imagine you are a research scientist. Your research concerns lethal bacteria. Previously two 

types of bacterium have been bred: bacterium A, which is universally fatal, and bacterium B 

which is only fatal to humans. As the risks of keeping either one of them ahve are considered 

too great you must now destroy them both. There is a chemical which will guarantee the 

destruction of both types. However, the manufacture of this chemical is an expensive and 

lengthy process, and at present you only have enough to destroy one type of bacterium or one 

half of each type. It is possible to refrigerate the bacteria which will render them inert but will 

not destroy them How would you go about ensuring both forms of the bacteria were 

completely destroyed as quickly as possible?

The constraint satisfying solution to this problem is to add bacterium A - ^^ch  is universally lethal - 

to bacterium B: bacterium A will then destroy B and the chemical can be used to destroy bacterium A. 

There's no need to place any bacterium in cold storage. The solution plan thus satisfies the time 

constraint, as it can be effected immediately. This solution plan can be mapped directly from the No 

Adaptation source analogue, which is as follows:

A hunter in Afiica had spent the day bagging game, and had fired all his ammunition with the 

exception of a single bullet. Suddenly he was simultaneously approached by a Uon and a cheetah. He 

faced a dilemma: vriiich ever of the animals he shot he was sure to be attacked by the other.

1) Instead of attacking the hunter the lion first sprang on the cheetah

2) The hon killed the cheetah.

3) On seeing this the hunter quickly levelled his gun at the Uon and shot it. The hunter was thus able 

to return home unhurt.
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To generate an analogous solution plan for the Bacterium Problem the Uon and the cheetah can be 

matched with bacterium A and B respectively, and the hunter's bullet with the chemical. The items are 

analogous because the problem in both domains is to remove the threat from two Ufe endangering 

entities as quickly as possible, when there are apparently only resources to deal with one. The solution 

plan can thœ be mapped to the target. It is ccxistraint satisfying as it deals with the problem as quickly 

as possible.

The Deletion Condition's source analogue includes an additional step which involves the hunter not 

(xily shooting the Uon but, as a precaution, using his rifle as a club and beating the moribund cheetah 

to death. However, in the target problem moping this procedure would introduce a constraint violating 

step into the solution plan - that of destroying the fatal-to-human bacterium the before it has been 

conq}letely destroyed by the universaUy fatal bacterium. This is constraint violating because the only 

way to destroy the bacterium is via the chemical, and available chemical has been used on the 

universally fatal bacterium. Hence in order to construct a constraint satisfying solution plan this 

procedure needs to be deleted from the representation of the source analogue.

The Addition Condition's source analogue has no mention of the 'shooting the lion' procedure, the 

hunter makes his escape as the two animals fight. Mapping just the sequence of events which allowed 

the hunter to make his escape would not result in a cmstraint satisfying solution plan as the universally 

fatal bacterium would be left untouched after it had destroyed the fatal-to-humans bacterium. Hence, 

in order to generate a constraint satisfying solution plan the notion of adding the chemical to the 

remaining form of bacterium to the analogically derived solution plan needs to be added. Having 

identified the steps necessary to generate a constraint satisfying solution in each condition and for each 

target problem the hypotheses to be tested wül be stated.

My first research hypothesis is simply that the presence of an analogue determines the type of answer 

participants advance, as the source analogue provides a structure on which to model a constraint 

satisfying solution plan. My first alternative hypothesis this then that there will be significantly more 

a ccmstraint satisfying solutim plans - analogous to the source domain - advanced in the No Adaptation 

Conditions for all three target problems, than in the Control Conditions

My second research hypothesis is that participants will successfully apply both the operations of 

deleting elements and adding elements to generate adapted but constraint satisfying solution plans for
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eadi of the target problems. second alternative hypothesis is that there will be constraint satisfying 

solution plans, modelled on the source analogue, advanced in all conditions.

My third research hypothesis is derived from the findings of Experiment 3 and is that adapting the 

source analogue is more difficult than no adaptation, and that ̂ plying the operation of adding elements 

is more difficult than applying the operation of deleting elements. My third alternative hypothesis is 

that there will be a trend in terms of usefulness’ ratings associated with the constraint satisfying and 

analogous to the source analogue solution plans. Specifically, die usefulness’ ratings for such solution 

plans in the Additiœ Conditicm will be lowo' or equal to those in the Deletion Condition, which in turn 

will be lower or equal to those than those for those in the No Adaptation Condition.

My derivative hypothesis associated with this prediction is that there will be a difference in the 

magnitude of the usefulness’ ratings associated with the constraint satisfying and analogous to the 

source analogue solution plans for all three conditions. Specifically, those for the Addition Condition 

will be lower than those for the Deletion Condition, which in turn will be lower than those for the No 

Adaptation Condition.

These hypotheses are tested against the data for all Conditions combined, and all problems combined. 

The third alternative hypothesis is also tested for against the data for each individual problem.

4.2.2 Method

Design

The experiment had a repeated measures design, with three conditions. The independent variable was 

the type of source analogue presented, of which there were three. The participants had to attempt to 

generate a solution to the presented target problem, using the source analogue.

The first condition - the No Adaptation Condition - featured a directly analogous source analogue. 

The second condition -the Deletion Condition - featured an analogue with a solution plan containing 

procedural steps Wiidi were blocked by the constraints in the target problem. The third condition -the 

Addition Condition - featured a source analogue with a solution plan containing too few procedural 

steps to satisfy the constraints in the target problem

The three separate problems were counterbalanced across the three conditions. Therefore, no single
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participant received more than one version of the same problem. The order in which the conditions 

were presented was counterbalanced over participants. The dependent variables are the solutions 

advanced for the target problem and their associated usefulness’ ratings.

Participants
There were eightŷ  participants in total, all UCL undergraduates (aged between 18 and 28). There 

were 48 males and 32 females. There were sixty per experimental condition. There were a further 

twenty in the Control Condition.

Materials.

The materials per condition consisted of a single sheet containing both a single source analogue and 

the targ^ problem There was space at the bottom of the sheet for participants to write on. A following 

sheet contained the usefulness’ rating scale. The materials featured are all specified per problem

The Arena Problem

TheNo Ad^tation Arena source analogue is presented in Appendix D: 1, the Deletion Arena source 

analogue in appendix D: 2, and the Addition Arena source analogue in appendix D; 3. The Arena target 

problem is presented in appendix D: 4.

The Engineering Problem

The No Adaptation Engineering source analogue is presented in Appendix D: 5, the Deletion 

Engineering source analogue in Appendix D: 6, and the Addition Engineering source analogue in 

Appendix D: 7. The Engineering target problem is presented in Appendix D: 8.

The Bacterium Problem

The No Adaptation Bactaium source analogue is presented in Appendix D: 9, the Deletion Bacterium 

source analogue in Appendix D: 10, and the Addition Bacterium source analogue in Appendix D: 11. 

The Bacterium target problem is presented in Appendix D: 12.

The usefulness’ rating scale is presented in Appendix C: 5. The instructions were the same for each 

condition and read as follows:

Your task is to read the target problem below then to read the story immediately following it. Once you 
have read them both write your solution to the target problem in die space provided. You should try to 
base your answer on die story. You should then complete the rating scale on the following page.
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Procedure

Each participant was presented a booklet containing the materials for each of the three conditions. They 

then worked through the booklet in the order the items were presented. The experiment took 15 

minutes to run. Participants were then thanked, debriefed, and dismissed.

Answer Categorisation

Two independent judges categorised the answers for each target problem. The possible categories the 

answers could be assigned to, for the Arena and Bacterium Problems, are indicated on Tables 4.2.5 and 

4.2.7 respective^. The judges, fc»* these two problon, woe in complete agreement about the categories 

to which each answer belonged. Hence any further analysis is redundant. However, they disagreed 

about categcaies of six answers for the Engineering problem: this produced a Kappa statistic of 0. 825. 

The final six answers were eventually allocated to categories through mutual agreement. The possible 

categories the answers could be assigned to are indicated on Table 4.2.6.

4.2.3 Results

Table 4.2.1 indicates the fi*equencies of constraint satisfying and analogous to the source domain 

solution plans for the control condition and the No Adaptation Conditions for each target problem.

Table 4,2,1 y Experiment 4: Frequency of Constraint Satisfying and Analogous to the Source 

Domain Solution Plans for the Control and No Adaptation Conditions for All Target Problems,

Target Problem

Condition

Control Condition: Frequency of 

Constraint Satisfying / Analogous 

Solutions Out of Twenty per 

problem

No Adaptation Condition: Frequency 

of Constraint Satisfying / Analogous 

Solutions Out of Twenty per 

problem

Arena Problem 4 18

Engineering Problem 2 12

Bacterium Problem 3 16

The data in Table 4.2.1 is analysed to determine if presence of a source analogue determines 

frequencies of solution plan type.
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Arena Problem: 20% of participants in the Control Condition advanced constraint satisfying and 

analogous-to-the-source-domain solution plans as opposed to 90% in the No Adaptation Condition. 

This difference is significant: (df. 1) = 8.99, p < 0.05.

Engineering Problem: 10% of participants in the Control Condition advanced constraint satisfying 

and analogous-to-die-source-domain solution plans as opposed to 63% in the No Adaptation Condition. 

This difference is significant: (d.f. 1) = 7.14, p < 0.05.

Bacterium Problem: 15% of participants in the Control Condition advanced constraint satisfying and 

analogous-to-the-source-domain solution plans as opposed to 80% in the No Adaptation Condition. 

This difference is significant: X̂  (df. 1) = 8.89, p < 0.05.

These results support my first alternative hypothesis: there will be significantly more constraint 

satisfying and analogous solution plans in the No Adaptation Conditions than in the Control 

Conditions for all three target problems.

My second alternative hypothesis is that participants will successfully apply both the operations of 

deleting elements and adding elements to generate adapted but constraint satisfying solution plans for 

each of the target problems. To test this the rating values for each problem type by Condition are 

examined However, prior to this the usehilness" ratings for each problem, collapsing across Condition, 

will be considered. These are indicated in Table 4.2.2.

Table 4,2,2, Experiment 4: Means for All Constraint Satisfying and Analogous 

to the Source Domain Solution Plans Advanced by Target Problem,

Problem Mean Rating Value Over All Conditions

Arena 4.29 (1.26)

Engineering 3.13(1.48)

Bacterium 4.47 (0.92)
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A Kruskall-Wallis was applied to the data presented in Table 4.2.2 to determine if there is a difference 

between the usefulness’ ratings associated with each problem, collapsing across Condition. The result 

indicates a significant difference between at least two problem types: (d.f. 2) = 19.6, p < 0.05

(corrected for ties). Multiple con^arisons indicates the difference is between the Arena Problem (mean 

rank 65.99) and the Engineaing Problem (mean rank 37.17) 28.82, p < 0.01 with a critical value of 

19.41. There was also a difference between the Bacterium Problem (mean rank 66.4) and the 

Engineering Problem (29.23), p < 0.01 with a critical value of 19.41.

These findings indicate differences between usefulness’ ratings as a function of problem type. To 

determine if these differences generalise across all Cœditions the data for usefulness’ ratings associated 

with each problem type by Condition is examined. These data are presented in Table 4.2.3.

Table 4,23  ̂Experiment 4: Frequency of Constraint Satisfying and Analogous to the 

Source Domain Solution Plans Advanced For Each Condition for Each Problem Type.

Condition Problem Frequency of constraint satisfying 

and analogous solution plans

Mean Rating 

Value

No Adaptation

Arena 18 4.94 (0.24)

Engineering 12 3.33(1.16)

Bacterium 16 4.93 (0.25)

Deletion

Arena 18 4.51(1.61)

Engineering 11 3.09(1.3)

Bacterium 13 4.69 (0.48)

Addition

Arena 8 2.12(1.24)

Engineering 5 2.4(1.51)

Bacterium 15 4.33 (0.61)
No Adaptation Condition: The data in Table 4.2.3 indicates that constraint satisfying solution plans 

analogous to the source domain were advanced for each problem type. A Kruskall-Wallis was apphed 

to their associated usefulness’ ratings, it indicated a significant difference between at least two problem 

types: (d.f. 2) = 20.61, p < 0.05 (corrected for ties). Multiple comparisons indicates a difference

between the Arena Problem (mean rank 27.89) and the Engineering Problem (mean rank 12.92), p < 

0.01 with a critical value of 11.73. There is also a difference between the Bacterium Problem (mean 

rank 27.69) and the Engineering Problem, p < 0.01, with a critical value of 11.33.
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Deletion Condition: The data in Table 4.2.3 indicates that constraint satisfying solution plans 

analogous to the source domain but appropriately adapted were advanced for each problem type. A 

Kruskall-Wallis was applied to their usefulness’ ratings. The result indicates a significant difference 

between at least two problem types: (d.f. 2) = 11.00, p < 0.05 (corrected for ties). Multiple

comparisons indicates the only difference is between the Arena Problem (mean rank 27.36) and the 

Engineering Problem (mean rank 13.5), p < 0.01, with a critical value of 10.35.

Addition Condition: The data in Table 4.2.3 indicates constraint satisfying solution plans analogous 

to the source domain but appropriately adapted were advanced for each problem type. A Kruskall- 

WaUis was apphed to their associated usefulness’ ratings. The result indicates a significant difference 

between at least two problem types: (d.f. 2) = 13.97, p < 0.05 (corrected for ties). Multiple

comparisons indicates the only difference is between the Arena Problem (mean rank 6.38) and the 

Engineering Problem (mean rank 18.67), p < 0.01, with a critical value of 8.06.

The findings support my second alternative hypothesis, as participants have advanced appropriately 

adapted constraint satisfying solution plans, analogous to the source domain, in both the Deletion and 

Addition Conditions. Yet as there are differences as a function of problem type, independent of 

Condition, the data for each problem will be considered individually. Prior to this an analysis by 

subject over Condition will be carried out to test my third alternative hypothesis.

My third alternative hypothesis is that there will be the following trend across conditions: the 

usefulness’ ratings for constraint satisfying and analogous to the source domain solution plans in the 

Addition Condition will be lower or equal to those in the Deletion Condition , which in turn will be 

lower or equal to those in tiie No Ad^tation Condition. 19 participants advanced such solution plans 

in all three conditions. These data are shown in Table 4.2.4.

Table 4,2.4, Experiment 4: Mean Usefulness  ̂Ratings for the 19 Participants who Advanced 

Constraint Satisfying and Analogous to the Source Domain Solution Plans in All Confions

Condition M ean Usefulness’ R ating

No Adaptation 4.73 (1.58)

Deletion 4.21(1.13)

Addition 3.21 (0.73)
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A Pager’s trend test was applied to the data presented in Table 4.2.4. The result indicates that a trend 

in rating values for Condition in the predicted direction: L = 273. 8, p < 0.05 with a critical value of 

239. This result supports my third alternative hypothesis. There is, however, no statistical test for 

confuting multiple comparisons for Page’s Trend Test. Consequently, I infer that there is a significant 

differences in the absolute magnitude of the rating values between the values associated with the 

Addition Condition and those with die No Adaptation Condition, with those in the No Adaptation being 

great»*. This finding suppcxts my third ahemative hypothesis. The data for each problem type will now 

be considered individually and used to test my third alternative hypothesis for each problem type.

The Arena Problem

Table 4.2.5 indicates the fi*equency of solution plans advanced in the No Adaptation, Deletion and 

Addition conditions and the means for their associated usefulness’ ratings.

Table 4,2,5, Experiment 4, Arena Problem: Frequency of Solution Plans Advanced in the No 

Adaptation, Deletion and Addition Conditions and the Means for their Associated Usefulness* 

Ratings,

Solution Plan

Condition (n = 20)

No Adaptation Deletion Addition

Frequency Mean

Usefulness

Rating

Frequency Mean

Usefulness

Rating

Frequency Mean

Usefulness

Rating

Dismantle 

and Fly*

18 4.94

(0.24)

18 4.51

(0.77)

8 2.12

(1.24)

Fly in one 

Piece

2 4.5

(0.71)

2 3

(1.41)

5 4

(1.72)

Dismantle 0 0 _ 0

Multiple

Mowers

0 - 0 - 2 1

Disanalogous 0 - 0 - 5 1
NB * = the constraint satisfying solution plan.
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Table 4.2.5 indicates that 90% of participants in the No Adaptation Condition advanced the constraint 

satisfying and analogous to source solution plan, the remainder all advanced a solution plan which 

6iled to include the dismantle operation. 90% of participants in the Deletion Condition advanced the 

adapted but constraint satisfying solution plan for target problem: that is the fly operation was mapped 

appnc^riatefy fixxn the source to the target but the use of ‘multiple craft transporting one item apiece’ 

operation had been deleted from the solution plan. Only 10% of participants advanced a partly 

analogous and non-constraint satisfying solution plan, having failed to map the 'fly' operation. 40% 

of participants in the Addition Condition advanced the adapted but constraint satisfying solution plan 

for die target problem: that is the fly operation was mapped appropriately from the source to the target 

but the solution plan also included the ‘dismantle’ operation which was not featured in the source 

analogue. 25% of participants specified only ‘fly mower in one piece’, so failed to add the dismantle 

operation. 10% of particqiants advanced the multiple mowers' solution. A further 25% of participants 

advanced non-analogous solution plans.

My third alternative hypothesis is that there is a trend in terms of usefulness’ ratings associated with 

the constraint satisfying and analogous to the source analogue solution plans. Specifically, the 

usefulness’ ratings for such solution plans in the Addition Condition will be lower or equal to those for 

the Deletion Condition, which in turn will be lower or equal to those than those for the No Adaptation 

Condition. To detomine if this was the case a Jonckhea*e test was applied to the data which indicated 

that the a priori predicted trend obtained with the following z score: z = 3.05, p < 0.05 (corrected for 

ties). This result supports my third alternative hypothesis.

My derivative hypothesis associated with this prediction is that there will be a difference in the 

magnitude of the usefulness’ ratings associated with the constraint satisfying and analogous to the 

source analogue solutim plans fx  all three conditions. Specifically, those for the Addition Condition 

will be lower than those for the Deletion Condition, which in turn will be lower than those for the No 

Adaptation Condition. Multiple comparisons indicated that the mean ranked usefulness’ ratings 

associated with answŒs advanced in the No Ad^tation Condition (mean rank 28.47) were significantly 

greata" than those advanced in the Addition Condition (mean rank 5.56), p < 0.05 with a critical value 

of 13.06. Further, those in the Deletion Condition (mean rank 24.06) were significantly greater than 

those in the Addition Condition, p < 0.05 with a critical value of 13.06. The results of the multiple 

comparisons only partially support my derivative hypothesis, as there was no absolute difference in 

magnitude between the usefulness’ ratings for the No Adaptation and Deletion Conditions.
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Engineering Problem

Table 4.2.6 indicates the frequency of solution plans advanced in the No Adaptation, Deletion and 

Addition Conditions and the means for their associated usefulness’ ratings.

Table 4,2,6, Experiment 4, Engineering Problem: Frequency of Solution Plans Advanced in the 

No Adaptaûon,Ddetion and Addition Conditions and the Means for their Associated Usefulness* 

ratings.

Solution Plan

Condition (n = 20)

No Adaptation Ddetion Addition

Frequency Mean

Usefulness

Rating

Frequency Mean

Usefulness

Rating

Frequency Mean

Usefulness

Rating

Multiple

WeUs

Paralld

Collection*

12 3.33

(1.61)

11 3.09

(1.30)

5 2.4

(1.51)

Multiple 

Wdls Serial 

Collection

4 1.25

(0.50)

7 4.0

(1.73)

8 3.5

(1.41)

Single Wdl

Serial

Collection

0 0 6 3.5

(1.37)

Disanalogous 4 1.33(0.5) 2 1 1 1
NB * = constraint satisfying solution plan.

Table 4.2.6 indicates that 63% of participants in the No Adaptation Condition advanced the constraint 

satisfying and analogous to source solution plan, the remainder either failed to include the "collect in 

parallel’ operation, or advanced a disanalogous solution plan. 55% of participants in the Deletion 

Condition advanced the constraint satisfying but adapted solution plan for target problem The 

remainder either failed to delete the collect from multiple sources operation and hence did not arrive 

at a solution plan which contained the "collect in parallel’ operation, or advanced a disanalogous 

solution plan. 25% of participants in the Addition Condition advanced the constraint satisfying but 

ad^jted sohiticm plan for the target problem The remainder either failed to add the "collect in parallel’ 

operation, or failed even to include a "collect from more than one well’ operation.
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Nfy third alternative hypothesis is that there is a trend in terms of usefulness’ ratings associated with 

the constraint satisfying and analogous to the source analogue solution plans. Specifically, the 

usefulness’ ratings fw such sohiticm plans in the Addition Condition will be lower or equal to those for 

the Deletion Condition, which in turn will be lower or equal to those than those for the No Adaptaticm 

Condition.

A Jonckheere test was ^phed to the data but failed to indicated a significant trend for the usefulness’ 

ratings by Ccmditicm. This result fails to supports my third alternative hypothesis, and therefore my 

derivative hypothesis. The implications of this are addressed in the discussion.

Bacterium Problem

Table 4.2.7 indicates the fi-equency of solution plans advanced in the No Adaptation, Deleticm and 

Additicm ccmditions and the means for their asscmiated usefulness’ ratings.

Table 4,2.7 Experiment 4y Bacterium Problem: Frequency of Solution Plans Advanced in the No 

Adaptation, Deletion and Addition Conditions and the Means for their Associated Usrfulness* 

ratings.

Solution

Plan

Condition (n = 20)

No A daptation Deletion Addition

Frequency Mean

Usefulness

Ratings

Frequency Mean

Usefulness

Rating

Frequency Mean

Usefulness

Rating

Bacteriiun+ 

Bacterium+ 

Chemical *

16 4.93

(0.25)

13 4.69

(0.48)

15 4.33

(0.61)

Bacterium + 

Bacterium

2 4.5 

(0 .70)

0 - 2 5

Refiigeration

(Disanalogous)
2 2 7 1.42(1.4) 3 3 ( 1.72)

NB * = constraint satisfying solution plan.
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Table 4.2.7 indicates that 80% of participants in the No Adaptation Condition advanced the constraint 

satisfying and analogous to source solution plan, the remainder either failed to map the 'add chemical" 

operation, or advanced a disanalogous solution plan. 65% of participants in the Deletion Condition 

advanced the adapted but constraint satisfying solution plan for target problem, by deleting the 'add 

additional chemical" operation. The remainder advanced a disanalogous solution plan. 15% of 

participants in the Addition Condition advanced the adapted but constraint satisfying solution plan 

for the target problem, by adding the 'add chemical" operation. The remainder either failed to add the 

add chemical" operation, or advanced a disanalogous solution plan.

My third alternative hypothesis is that there is a trend in terms of usefulness" ratings associated with 

the constraint satisfying and analogous to the source analogue solution plans. Specifically, the 

usefiilness" ratings for sudi solution plans in the Addition Condition will be lower or equal to those in 

the Deletion Condition, which in turn will be lower or equal to those than those for those in the No 

Adaptation Condition.

A J(Hickheere test was applied to the data and indicated a significant trend for the usefulness" ratings 

by condition; z = 2.721, p < 0.05 (corrected for ties). Multiple comparisons indicated that the 

difiference 1^ betweai the usefiilness" ratings associated with the No Adaptation condition (mean rank 

28.16) and the Addition Condition (mean rank 16.13), p < 0.05, with a critical value of 11.05. The 

mean ranked usefulness" ratings were then significantly greater in the No Adaptation Condition than 

in the Addition Condition.

This offers partial support to my derivative hypothesis which is that there is a difference in the 

magnitude of the usefulness" ratings associated with the constraint satisfying and analogous to the 

source analogue solution plans for aU three conditions. Specifically, those for the Addition Condition 

will be lower than those for the Deletion Condition, which in turn will be lower than those for the No 

Adaptation Condition.

4.2.4 Discussion

This discussion will first consider the results generally, and then for each problem. The results 

supported my firet alternative hypothesis as there were more constraint satisfying solution plans - 

analogous to the source domain - advanced in the No Adaptation Conditions for each of the three target 

problems, than in the Control Conditions. Consequently my first research hypothesis is supported:
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the piesœce of an analogue determines the type of answer participants will advance. This is because 

the source analogue provides a structure on which to model a constraint satisfying solution plan.

My seccmd alternative hypothesis was also supported as there were constraint satisfying solution plans, 

modelled on the source analogue, advanced in all conditions. Consequently ny  second research 

hypothesis is siq)ported: participants successfully apphed both the operations of deleting elements and 

adding elements to generate adapted but constraint satisfying solution plans for each of the target 

problems. The results also indicated differences as a function of problem type, independent of 

Condition: the source analogue for the Engineering Problem was less useful than the source analogue 

for the other two target problems. This fact is discussed below.

My third alternative hypothesis was also supported: there was a trend in terms of usefulness’ ratings 

associated with the constraint satisfying and analogous to the source analogue solution plans by 

Condition (collapsing across problem fype). Specifically, the usefulness’ ratings for such solution 

plans in the Addition Condition were lower or equal to those in the Deletion Condition, which in turn 

were lower or equal to those in the No Adaptation Condition. Inspection of the mean usefulness; ratings 

by Condition indicated a difference between the No Adaptation and Addition Condition.

My third research hypothesis, for all problem types, is then only partially supported: adapting the 

source analogue was identified as being more difficult than carrying out no adaptation, but there was 

no evidence colhq)sing across problem types that applying the operation of adding elements was more 

difBcult than applying the operation of deleting elements. Nor was there any evidence that applying 

the operation of deleting elements was more difficult than carrying out no adaptation.

The results for the three target problems examined individually indicated that my third alternative 

hypothesis was siqrported in the case of both the Arena and Bacterium problem. It was not supported 

in the case of the Engineering problem. My derivative hypothesis only ever received partial support. 

The Arma and Bacterium problems both indicated absolute differences between the usefulness’ rating 

values for the No Adaptation and Addition Conditions, but failed to indicate any difference between 

the usefulness’ rating values for the No Adaptation and Deletion Condition.

The most important finding is that the operations of deletion and addition of elements have been 

idmtified as constitumts of individuals’ problem solving repertoire for further problems. This finding
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suppcHts Ac claim that they are general operations, operations which are employed generally to adapt 

solution plans so th ^  satisfy the constraints of the target problem.

The second inqxatant finding is that ad^tation opo-ations are more difficult to apply than just carrying 

out no adaptaticm. In this case the findings clearfy indicate that successfully applying the operation of 

adding elements requires a perceptibly greater effort on the part of the individual than carrying out no 

ad^tatioTL I conclude that qjplying the operation of adding elements influences the ease of adaptation, 

requiring more effort than carrying out straight mapping and, at least in the cases of the Arena and 

Bacterium problems, the operation of deleting elements.

The findings for the Engineering problem did not conform with the those for the Arena and Bacterium 

problems. It was identified as having a less useful source analogue than the other two problems, over 

all conditions, and there was no trend associated with its usefulness ratings over Condition. The 

conclusion I draw fi*om this is simply that it was an insufficiently precise problem, and perhaps its 

source analogue was also insufficiently precise: although it was not entirely irrelevant - the usefulness 

ratings at least indicated that it was used to help generate solutions to the target problem.

The principle constraint featured in the target problem - that of specifying "the most efficient means 

of extracting oil’ is in this case too vague to determine a particular solution plan as being optimal. To 

achieve this the constraints in a target problem need to effectively block certain courses of action. This 

was the case in the Bacterium Problem, where the constraint specifying both bacteria should be 

disposed of as quiddy as possible clearly indicates that the bacterium + bacterium + chemical solution 

plan is preferable to the refiigeration solution as the latter can be realised far more quickly.

Furthermore, the solution plan for the Engineering Problem involved two operations: that of drilling 

a number of small wells and then piping the oil to a central location simultaneously. While the second 

of these operations can be mapped fi'om the source to the target in the case of the source analogue 

presented in the No Adaptation condition - i.e. the operation of serial depositing of resources (where 

soldiers = oil), there is no direct ccxiespondence with the "drill multiple wells’ operation in the solution 

plan featured in the source analogue. The fact that the soldiers are located on four separate hills is 

presented as part of the problem setting not as a procedure or operation carried out as part of any 

solution plan. These considerations may account for the relatively low number of constraint satisfying 

solution plans advanced in the No Adaptation Condition - twelve in total.

120



Chapter Four: Experiment 4

In the case of the Addition Condition the participants where required to map the "drill multiple wells’ 

operation and then add the simultaneous deposit of resources operation to their solution plan, so again 

the same objections raised in relation to the source analogue featured in the No Adaptation Condition 

can be apphed to the Addition Condition.

In the case of the Deletion Condition it is not clear that simply deleting the operation of serial 

depositing of resources (where soldiers = oil) does itself result in a solution plan containing the 

operation of simultaneous depositing of resources at a central location. Hence the materials featured 

in the Deletion Condition may not have been appropriately structured.

It mig^t be said in defaice of the materials used that the amorphous nature of the ‘efhciency ’ constraint 

only became apparent after the experiment had been run. In future experiments any such general 

constraint as "most efficient method of achieving a goal’ if it is to be emplc^ed at all needs to be such 

that it oq)hcitly blodcs certain courses of action even if the alternative courses of action can be derived 

from the same source analogue. A failure to present participants with a clearly stated scenario with 

precisely defined goals and constraints will result in woolly answers from which little of value can be 

inferred.

Having established, over difWng sets of materials that the operations of deleting and adding elements 

rehably obtain it is important to consider whether adaptation can be comprehensively or exhaustively 

accounted for with reference to just these two operations, or whether the taxonomy of adaptation 

operations needs to be supplemented. A further adaptation operation, which is not immediately 

identifiable with either addition or deletion, is that of substitution. This features in both the Uterature 

on Case-based reasoning and in Novick and Holyoak’s (1991) work. Consequently, substitution will 

be treated as a distinct adaptation operation in its own right., and considered in the following 

experimental section.
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4.3.1 Introduction

The aim of the present e?q}eriment is to determine whether the operation of substituting elements to 

ad^t a solution plan obtains as part of an individual’s repertoire of ad^tadon operations, and whether 

a p p ^ g  the qjoatiai of substituting elonoits is more difficult than no adaptation. Further, to define 

the nature or constitution of the operation of substituting elements to adapt a solution plan.

Substitution was identified by Novick and Holyoak (1991) as one of the three types of adaptation 

employed by individuals when dealing with mathematical problem solving tasks. In these tasks 

substitutioi was realised by rq)lacing numbers from the target problem into the operators used to solve 

the source problem This q>eraticii was not identified as a major source of transfer difficulty, with only 

3% of adq)tation orws resulting from inappropriate substitution; althou^ participants were directed 

towards the appropriate numerical mappings. This form of substitution can be termed ‘remove and 

replace substitution’. I claim that in addition to this there is a further form of substitution, the two 

forms posited are:

• Remove and replace substitution.

• Reconstructive substitution.

‘Remove and replace substitution’ features as an adaptation technique in the Case-based reasoning 

literature. Kolodner (1993) states substitution methods substitute or replace values appropriate to a 

new situation for values in the old situation. That is, an analogically derived solution plan can be 

apphed to a current situation if the substitution of elements is made. This involves the deletion of an 

element fixxn a ccmstraint violating solutim plan and the additicm of a novel element so that the solution 

plan satisfies the given constraints.

‘Reconstructive substitution’ involves reconstructing the arrangement of items already featured in the 

target domain, so that th ^  play roles which differ from their analogical counterparts in the source 

domain, but which satisfy the ccmstraints of the target problem. Under this characterisation of 

substitution nothing is lost or added to the solution plan, rather the elements are rearranged.

I also contend that which ever type of substitution is considered it can be accounted for in terms of 

more basic operaticms, specifically the operaticm of deleting elements from a solution plan and the 

operation of adding elements to a solution plan.
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In the case of 'ranove and replace substitution' the way the operations of deleting and adding combine 

to effect it are straight forward. A constraint violating element in the source domain’s solution plan 

is deleted and is replaced with a novel element that satisfies the constraints in the target domain. To 

effect this form of substitution thus depend on the individual having access to an appropriate novel 

element, typically in their background knowledge.

In the case of "reconstructive substitution’, however, no such requirement is made: the individual is 

required to redq)loy elonents featured in die target domain. That is, to delete an element from one point 

and add it at anotho  ̂point. No demand is made to identify and apply appropriate novel elements from 

background knowledge. Consequently, given the observations concerning the effect or possible impact 

of background knowledge on the adaptation process made in Experiment 3 it is this form of 

substitution that is examined in the present experiment, as it allows for the control of the effects of 

background knowledge.

The nature of this type of substitution can be made clearer by reference to the materials used in the 

present e^qperiment The experiment featured a No Adaptation Condition and a Substitution Condition. 

The source analogue - the General Story (rotation solution) - was identical for both conditions, while 

the target problems differed.

The problem in the No Adaptation Condition - the Radiation Problem (rotate laser solution) - was as 

follows:

Suppose you are a doctor faced with a patient who has a mahgnant tumour in his stomach. It 

is impossible to q)erate the patient; but unless the tumour is destroyed the patient will die. 

There is a kind of ray that can be used to destroy the tumour. If the rays are directed at the 

tumour with suffrciently high intensity the tumour will be destroyed. Unfortunately when 

projected at the tumour for a period suffrcient to guarantee its destruction the healthy tissue 

which the rays pass through on the way to the tumour will also be destroyed. At lower 

intmsities the rays are harmless to the healthy tissue but they will not affect the tumour either. 

Furthermore, you can only project the rays from a single laser. What type of procedure might 

be used to destroy the tumour with the rays and at the same time avoid destroying the healthy 

tissue?
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The solution to this problem is to rotate the point of the laser around the tumour, so it doesn’t pass 

through the same section of healthy tissue for too long. The second version of this problem was 

identical except that it was indicated that the laser had to remain stationary at all times. Here the 

solution is to rotate the patient around the point of the laser.

The solution to the Radiation Problem (rotate laser solution) presented in the No Adaptation Condition 

can be mapped directly from the source analogue. This features an account of a general attacking a 

hxtress using a single cannon. This carmon needs to be relocated every so often to avoid being hit by 

return fire, hence it is rotated around the fortress. To solve the target problem the fortress needs to be 

matched with the tumour, and the carmon with the laser. The ‘rotate carmon’ solution plan can then be 

mapped from the source to the target to generate a solution to the Radiation Problem (rotate laser 

solution). The rotation operation satisfies the constraints in both the source analogue and the target 

problem: the tumour can be constantly irradiated but without the ray passing through the same section 

of healthy tissue for too long

The same source analogue is presented in the Substitution Condition. Here the rotation operation, if 

mqrped to the target problem directly, as in the No Adaptation Condition, would violate the constraint 

that the laser had to remain stationary at all times. Consequently it is necessary to adapt this solution 

plan. This adaptation can be characterised in terms of ‘reconstructive substitution’. The positions of 

the patient and laser need to be transposed, so that the patient’s tumour (here after just patient) is 

rotated around the point of the stationary laser. Generating the optimal solution plan thus involves both 

mapping and substituting elements in the source analogue’s solution plan.

My first research hypothesis is that individuals will solve both the No Adaptation Problem and the 

Substituticm Problan analogically. Consequoitfy, my first alternative hypothesis is that the usefulness’ 

ratings associated with optimal answers advanced in the No Adaptation Condition and the Substitution 

Condition will be significantly greater than the usefiilness’ ratings associated with non-optimal and 

non-analogous answers.

My second research hypothesis is that mapping and substitution is a more diffîcult task than just 

mzqiping, i.e. producing a solution requiring no adaptation However, given the fact that substitution 

was responsible for very few errors in Novick and Holyoak’s (1991) study it is unlikely that there will 

be any significant difference between the fiequoicy of optimal answers advanced in the two conditions.
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Nfy secxHid alternative hypothesis is then that the usefulness" ratings associated with optimal solution 

plans in the No Adaptation Condition will be significantly greater than those in the Substitution 

Condition.

4.3.2. Method 

Design

The e?q}eriment has an independent measures design, with two conditions. The independent variable 

is the type of target problem presented. The first condition was the No Adaptation Condition. 

Participants here were only required to map the solution plan fi’om the source analogue to generate an 

optimal solution plan for the target problem The second condition was the Substitution Condition, here 

participants were required to both map elements fi’om the source analogue’s solution plan and to 

substitute items in that solution plan to generate an optimal solution to the target problem. In both 

conditions the source analogue presented was identical. The dependent variables were the participants" 

solution plans advanced as answers to the target problem, and their usefulness" ratings for the presented 

analogue.

Participants

Forty UCL first year psychology students (aged between 19 and 25 years old). There were 30 females 

and 10 males. There were twenty participants per condition.

Materials

The materials were as follows, and presented in the following order. A single set of instructions,

presented below. A single source analogue - the General Story (rotation solution), a copy of which is

presented in Appendix £: 1. The Radiation Problem (laser rotation solution) - which was the target

problem for the No Adaptation Condition - a copy of which is presented in Appendix E: 2. The

Radiation Problem (patient rotation solution) - which was the target problem for the Substitution

Qxiditirm - a copy of whidi is presented in Appmdix E: 3. A usefulness" rating scale, a copy of which

is presented in Appendix D: 4. The instructions all participants were presented with were as follows;

You will be pr^ented with a sheet of text -"The General Story"- and a problem Your 
task is to read the sheet of text and then to provide a solution to the problem -the 
Radiation Problem You may find information apparent in the ‘General Story" useful.
IXxi"t be afiaid to suggest an answer because you think it’s ‘too obvious". You should 
write your answer below the Radiation Problem Once you have written your solution 
you should turn over and complete the rating scale. Thank you.
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Procedure

All participants were run a single group. Each participant was presented with an instruction sheet, 

followed by sheet containing the source analogue, a sheet containing the target problem, and a sheet 

containing the usefulness" rating scale. Participants were requested to read and complete each page in 

turn before turning over the next page. They were also instructed to indicate on the first sheet if they 

had seen anything resembling the target problem before. The participants were then asked to read the 

instructions and, following this, to read the source analogue and then the target problem. They were 

also instructed to attempt to answer the target problem. When they had done this they were to turn to 

the final page and complete the rating scale. The e?q)eriment took ^proximately 15 minutes to run. 

Once completed the participants were thanked, de-briefed and dismissed.

Answer Categorisation

Two independent judges placed the answers into the categories identified in Table 4.3.1. They disagreed 

about the allocation of 3 answers, one in the No Adaptation Condition and two in the Substitution 

Condition. This produced a Kappa statistic of .833. The disagreement was resolved after discussion.

Table 43A Experiment 5: Status of Solution Plans in the No Adaptation and Substitution 

Conditions,

Condition

Solution Plan No Adaptation Substitution

Analogical

Status

Solution Plan 

Status

Analogical Status Solution Plan 

Status

Rotate laser Directly

analogous.

Optimal Directly

analogous.

-

Rotate patient Partially

analogous.

- Partially

analogous.

Optimal

Other Disanalogous - Disanalogous -
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4.3.3 Results

The frequency of solution plans, and the means for their associated usefulness’ ratings for the No 

Adaptation and Substitution Conditions are shown in Table 4.3.2.

Table 4.3.2 Experiment 5: Frequency of Solution Plans Advanced in the No Adaptation and 

Substitution Conditions and the Means for thdr Associated Usefulness* Ratings.

Solution

Plan

Condition (n = 20)

No A d^tation Substitution

Frequency Mean Usefulness’ Rating Frequency Mean Usefuiness’ Rating

Rotate Laser 15 4.46 (1.00) 7 4.1 (0.56)

Rotate Patient 0 - 10 4(1.00)

Other 5 2.00 (1.06) 3 2(1.00)

The data in Table 4.3.2 indicates that 75% of participants in the No Adaptation Condition produced 

a Rotate Laser solution plan, which was the directly analogous and optimal answer. The remaining 25% 

produced a non-analogous and non-optimal solution plans. No participant advanced a Rotate Patient 

solution plan.

In the case of the Substitution Condition 50% of participants produced Rotate Patient solution plan 

which was the optimal but and adapted solution plan. A further 35% of participants advanced a Rotate 

Laser solution plan which was directly analogous but constraint violating. 15% advanced a non- 

analogous and non-optimal solution plan. The fact that optimal solution plans were advanced in the 

Substituticm ConditiŒi supports the claim that applying the operation of substituting elements obtains 

as part of the individual’s repertoire of adaptation operations.

My first alternative hypothesis is that the usefulness’ ratings associated with optimal answers 

advanced in both ccxiditions are significantly greater than the usefulness’ ratings associated with non- 

optimal and non-analogous answers. To test this hypothesis Mann-Whitney tests were apphed to the 

data for both the No Adaptation Condition and the Substitution Condition in turn. The result for the 

No Ad^tation Condition indicates there is a significant difference between the two sets of useftilness’ 

ratings: U (20) = 5.00, p < 0.05 (corrected for ties). Inspection of Table 4.3.2 indicates this difference 

is in the predicted direction.
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The results for the Substitution Condition also indicated there is a significant difference between the 

two sets of usefulness’ ratings: U (15) = 0.5, p < 0.05 (corrected for ties). Inspection of Table 4.3.2 

indicates this difference is in the predicted direction. These findings support the my first alternative 

hypothesis.

My second alternative hypothesis is that the usefulness’ ratings associated with optimal solution plans 

in the No Adaptation Conditim would be significantly greater than those in the Substitution Condition. 

To test this hypothesis a Mann-Whitney test was apphed to the data. The result indicated there was 

a significant difference between the two sets of scores: U (25) 41, p < 0.05 (corrected for ties). 

Inspection of Table 4.3.2 indicates this difference is in the predicted direction. This result supports my 

second alternative hypothesis. These findings will now be discussed below.

4.3.4 Discussion

My first alternative hypothesis was supported: In both conditions the usefulness’ ratings associated 

with the optimal answers were significantly greater than the usefulness’ ratings associated with the 

non-optimal answers. Consequently, this finding supports my first research hypothesis: that 

individuals who advanced optimal solutions reasoned analogically.

My second alternative hypothesis is supported by the results of the comparison between the 

usefulness’ ratings associated with the No Adaptation Condition’s optimal answers and those 

associated with the Substitution Condition’s optimal answers. The usefulness’ ratings associated with 

the optimal answers in the No Adaptation Condition were significantly greater than those associated 

with the optimal answers in the Substitution Condition.

My second research hypothesis, is therefore also supported: that substitution is a more difGcult task 

than no adaptation. It can also be omcluded that individuals are sensitive to the demands of adapting 

the source analogue’s solution plan in addition to the demands of mapping a solution plan. In general 

terms the experimental results indicate that the form of substitution specified in the introduction can 

be regarded as obtaining in the individual’s repertoire and, in addition, that it is distinguishable from 

the process of straight analogical mapping.

Consequently, I concluded that substitution is not a direct consequence of successful mapping firstly
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because of the difference between the usefulness’ ratings associated with the No Adaptation and 

Substitution conditions’ optimal answers. Secondly because 35% of participants in the substitution 

condition advanced constraint violating but analogical-with-the-source solution plans to the target 

problem.

Furthermore, substitution - either remove and replace substitution or re-structural substitution - can be 

accounted for the product of a combination of applying the operations of the deleting and adding 

elements.

Yet if substitution involves both the apphcation of deletion and addition why is it not then at least as 

difticult to carry out as addition alone?.

The results from Experiment 3 indicate that there was a significant difference between the frequency 

of optimal answers advanced in the No Ad^tation Condition and in the Addition Condition. There was 

no reflecticm of this difference between the No Adaptation Condition and the Substitution Condition 

in the present e^qmment This dien counts as prima facie evidence against the claim that substitution 

can be accounted for in terms of either or both deletion and addition as it does not appear to be at least 

as difficult as applying the operation of adding elements, as it did not result in significantly fewer 

optimal solution plans than were advanced in the No Adaptation Condition.

The contrast in findings between the two experiments may be due simply to the fact that the 

participants were dealing with a different task in the present experiment. In Experiment 3 Addition 

Condition participants woe required to identify and apply the rotation operation entirely from their own 

backgrcxmd knowledge. In the case of the present task the crucial element - the rotation operation - was 

contained in the source analogue, hence no recourse to background knowledge was required in order 

to identify it. The required adaptation was simply substituting objects in the target domain one for 

another, so that they satisfied, rather than violated, the constraints in the target problem

I conclude that the ease of applying operation of adding elements is partly determined by whether the 

elements to be added to the solution plan are readily available or wiiether they have to be generated 

independently. Consequently, the operation of additing elements is not, on the evidence presented so 

frr, more difficult to apply per se, but rather that applying that operation may well require recourse to 

background knowledge, where identifying a crucial element is entirely contingent on the appropriate

129



Chapter Four: Experiment 5

element obtaining in background knowledge in the first place.

The present experiment is open to the criticism that generating the adapted solution plan in the 

Substitution Condition is not entirely accountable in terms of simple substitution of objects in the 

‘Revolves around’ relation as presmted in the source analogue. At a hi^ily abstract level the solution 

plan, in the source analogue, of ‘Revolves around (cannon, fort)’ can be analogically mapped but the 

constraint violating solutim plan of ‘Revolves around (laser, patient)’ can’t. This plan can be rendered 

vaUd by simply substituting the objects one for another to produce ‘Revolves around (patient, laser).

This is an accurate characterisation of the optimal solution plan, but it does not indicate that the patient 

can’t be rotated around the laser in the same way that the carmon was rotated around the fort. This 

would simply have the patient revolving around the laser and only coming into contact with the ray 

once every rotatioiL Rather the patient has to be rotated in a particular way, not around the laser itself 

but around the point of the ray.

This solution plan then is not accountable purely in terms of a simple substitution: the practicalities 

of applying the solution plan in the given target domain need to be taken into account.

‘Accommodating the practicahties of applying a solution plan’ may then be less difficult than 

identifying a complete and novel solution plan, e.g. a rotation operation, which is then apphed to the 

target domain. Hence, in this respect the addition of information involved in the present substitution 

task need not be as equivalently difticult as that involved in Experiment 3 Addition Condition.

Yet the fact that the source analogue was rated as useful at all, in both conditions, indicated the 

participants were reasoning analogically. Hence, at the high level of informational constraints 

substitution was required and effected by the participants. What remains is to conduct a more detailed 

investigation in terms of lower level behavioural constraints in order to determine not simply what 

operations constitute adaptation, but how relevant elements are manipulated in terms of these 

operations to adapted a solution plan. This is the subject of the following chapter.
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4.4 Summary of Chapter Four
The fmdings obtained in the three e?q)eriments conq)rising Chapter Four were that the hypothesised 

operations of deleting, adding and substituting elements all obtain the individual’s problem solving 

repertoire. Further, it has been argued that substitution can, for the class of problems under 

consideration - essentially natural language problems, be accounted for entirely in terms of a 

combination of the operations of deleting and adding elements. Hence, only the operations of deleting 

and adding elements were tested for over a set of differing natural language problems: in each case they 

were found to obtain. I concluded that such operations will generalise across many different problem 

types and are not simply a product of an interaction between the participants and a pecuhar set of 

materials.

The three experiments in this chapter have been concerned with an informational level description. 

That is, vdiat the individual has to do in order to arrive at an adapted but vahd, or constraint satisfying, 

solution plan. There were however indications of behavioural level constraints: specifically that 

applying the operation of deleting elements is easier than applying the operation of adding elements.

The following chapter. Chapter Five, is concerned with exploring this issue more throughly at the 

behavioural level. That is, it is concerned with investigating how a individual might actually 

manipulate information relevant to the generation of a valid solution plan rather than simply to 

determine what had to be done to relevant information. In estabUshing this the following chapter is 

designed to and so account for Wiy it is easier to ^ply the opoution of deleting elements than to apply 

the operation of adding elements.
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Comparison of Operations of Adaptation
Experiment 6

5.1.1 Introduction

The aim of the present experiment is to determine the relative ease of applying the operations of 

deleting elements and adding elements, in order to adapt a source analogue for a given target domain. 

As the experiment is concerned with the ease of apphcation it is addressing issues at the behavioural 

level of description, rather than the informational level. Consequently, it is designed to examine 

particular psychological features of individuals’ analogical problem solving and adaptation 

performance.

Typically research examining analogical problem solving features categorical data such as the frequency 

of successful or unsuccessful performances on a task, or participants necessarily subjective ratings. 

The present and immediately following e?q)eriment employ response times measures. Response times 

provide a finer grained measure of participants’ performance than does the data normally featured in 

analogical research - it provides an objective measure of the degree of difficulty associated with 

carrying out a task (Keane et a l, 1994).

Keane et a l {ibid.) introduced a technique for taking response times for a particular analogical 

reasoning task. That study, though involved the analogical matching of single words from two different 

hsts of sentences, it did not involve analogical matching between knowledge domains - that is, causally 

integrated systans of knowledge. The present experiment is designed to introduce knowledge domains 

into a response time measured analogical reasoning task.

The domains in this experiment and Experiment 7 concern World War II and the Gulf War. These 

featured in Spellman and Holyoak (1992) where they examined analogical mapping between systems 

of social roles. Spellman and Holyoak’s (1992) Experiment 1 involved participants matching a hst of 

countries and people involved in the Gulf War with countries and people from World War H. The Gulf 

War list was: Saddam; Iraq; Kuwait; Saudi Arabia; George Bush; USA ‘91. Although the 

experimenters provided the initial match - between Hitler and Saddam - the remainder of the items 

from World War II were drawn entirely from participants’ background knowledge: no source analogue 

was provided. The results indicated a structural consistency constraint. That is, where a specific

132



Chapter Five: Experiment 6

leader was matdied with Gecŝ ge Bush thm the country he was leader of tended to be matched with the 

USA ‘91. There was also a bias towards one-to-one mappings, as predicted by Holyoak and Thagard 

(1989).

Spellman and Holyoak’s (1992) Experiment 2 involved matching elements in the Gulf War with 

elements in World War H. The aim being to attempt to induce participants to violate the structural 

consistmcy constraint. There were two consistent stories which featured an account of World War H, 

exphdtly identifying Churchill and Britain, and FDR and the USA, respectively. There were two non- 

consistent stories exphcitly identifying Churchill and the USA and FDR and Britain respectively.

The results indicated that the two consistent stories produced significant numbers of consistent 

mappings, while the two non-consistent stories tended to produced non-consistent mappings, but not 

in significant numbers. That is, participants presented with the Churchill and USA story tended to 

match George Bush with Churchill and USA with Britain. While those with the FDR and Britain story 

tended to match George Bush with FDR and USA with USA. There is then evidence of a structural 

consistency constraint, which is not easily violated.

The present experiment incorporates elements of Keane et al., (1994) study and Spellman and 

Holyoak’s (1992) Experiments 1 & 2, and is informed by their findings. Participants in the present 

experiment are presented with an account of World War II - the source analogue - and with a list of 

items involved in the Gulf War - the target problem. Thty then have to match items in the two domains. 

The results of Spellman and Holyoak’s {ibid) Experiment 2 indicate that it is reasonable to expect 

participants to be able to complete this task. Furthermore, the fact that participants would only be 

required to write single terms for each of the listed items means it is reasonable to assume that the 

problem of individual differmces re concision of expression when advancing paragraph length answers 

would be obviated. Hence it would be possible, as Keane et al. (1994) found, to take meaningful 

response times.

The present experiment tests specifically the relative ease of applying the operation of deleting 

elements and the operation of adding elements in order to adapt a source analogue for a given target 

problem. To realise this the present experiment features three types of source analogue: an analogue 

which required no adaptation; a source analogue requiring the deletion of elements; and a source 

analogue requiring the addition of elements. The no adaptation source analogue featured only five
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explicit^ identified itons, each designed to match with an item in the Gulf War list. The no adaptation 

source analogue is as follows with the relevant matchable items itahcised.

Adolf Hitler became chancellor of Germany in 1933. Following his accession to 

power he initiated a massive build up of Germany's mihtaiy power. This continued 

until Germany was powerful enough to conquer other, smaller, countries. Alarmed 

by these developments Britain promised to defend Poland should it be attacked. On 

September 1st 1939 Germany invaded Po/anJ. September Britain declared war 

on Germany. The following conflict, with Winston Churchill as Britain's Prime 

Minister, lasted until 1945, when Germany was eventually driven out of Poland and 

subsequently defeated.

The Gulf War list took the following form with the appropriate World War II items indicated in itaUcs:

Saddam ..AdolfHitler

Iraq ...Germany

Kuwait ..Foland

George Bush ... Winston Churchill

USA 1991 ..Britain

It is inpcnrtant to note that no initial match is given, unlike Spellman and Holyoak (1992) where Hitler 

was initially matched with Saddam. Part of the task is then to make this initial match. In this way the 

materials presented are designed to test participants’ causally structured knowledge of the Gulf War. 

Hitler can be identified as analogous to Saddam because both have occupied the position of dictator of 

their own respective countries. Further, they’ve both used their position to direct the invasion of 

smaller countries which lead to a much larger conflict. Additionally, both were ultimately repulsed by 

a combined alhed force. This analogy has, in fact, been firequently drawn, for example see Figure 1.

Identifying Saddam with Hitler then allows Iraq to be identified with Germany, these being analogous 

to each other given the initial matching of Saddam with Hitler. The further step involves identifying 

and matching causally related information. In all three source analogues it is indicated that Hitler 

invaded Poland. In order to identify a match with Kuwait participants have to be aware that Saddam 

invaded Kuwait and to be able to match the appropriate items across the two domains.

In completing the no adaptation hst it is enough simply to match the remaining individual (Churchill)
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with George Bush and the remaining country (Britain) with the USA.

The Deleticm source analogue is idmtical with the No Adaptation source analogue up to and including 

the mention of Gennany invading Poland. Further countries are also named. These countries were all 

members of the alhed forces, therefore they stand as conq)etitors for the USA ^91. Spellman and 

Holyoak’s {ibid.) research indicates that matching items is constrained by two factors: structural 

consistency, and the pressure for one-to-one mappings. That is, if̂  for example, Britain is selected as 

a match fey the USA "91 then Churchill will tend to be matched with George Bush. Further, that only 

one item will tend to be selected from amongst all those presented. To conform with these constraints 

is therefore necessary to delete all the other ccxnpeting items from the representation of the source 

analogue.

The Addition source analogue is again identical with the No Adaptation source analogue up to and 

including the mention of Germany invading Poland. This is all the Addition source analogue contains. 

In order to complete the list it is necessary to recall appropriate items from background knowledge 

about World War U. Even in this case it is expected that the structural consistency constraint, and the 

pressure for one-to-one mappings will influence performance in the maimer indicated immediately 

above.

The results of previous experiments in this thesis, specifically the results for the usefulness ratings in 

Experiment 4, indicate differences in the ease of applying the operations of deleting and adding 

elements to adapt a solution plan. Specifically, diat applying the operation of deleting elements is easier 

than applying the operation of adding elements.

Consequently my research hypothesis is that no adaptation is easier to perform than applying the 

operation of deleting elements, vdiich itself is easier to apply than the operation of adding elements.

My alternative hypothesis is that there will be a trend in the magnitude for the "total response times’ 

Specificalfy, the "total response times’ in the No Adaptation Condition will be less than or equal to the 

response times in the Deletion Condition, which will be less than or equal to those in the Addition 

CrmditioiL Hereafro: "No Adaptation Condition ^ Deletion Condition ^ Addition Condition’. This 

hypothesis entails that there must be a strict inequahty in response times between at least two of the 

conditions. Consequently, for "total response times’, the derivative hypothesis is that the No
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Adaptation Condition’s ‘total response times’ wiU be significantly less than those for the Deletion 

Condition, and that the ‘total response times’ for the No Adaptation Condition and the Deletion 

Condition will be significantly less than those for the Addition Condition.

Normative Study

Spellman and Holyoak had found that cmly 34% of their sample population could actually complete the 

hst matching task in their Experiment 1. Consequently, a test was run in order to determine whether 

a separate sanple fiom diose featured in the present experiment, but of same educational standard, had 

enough background knowledge about World War Two and the Gulf War to participate in the present 

experiment

Two groups of ten different university educated participants were presented with either a selective 

account of World War U or the Gulf War. They then had to insert what they beheved to be the 

appropriate tenn - fiom a list of tenns - into gaps in the accounts. The materials used in this stu(fŷ  are 

presented in Appendices F: 5 and F: 6. Inserting the correct items at the appropriate points would 

indicate that any given participant had a reasonable woddng knowledge of the two wars.

Participants in the World War U task produced 90% entirely correct responses (total 9; the single 

participant recording erroneous insertions made a total of two inappropriate insertions. In the case of 

the Gulf War task all participants produced entirely correct responses. For any single participant the 

probability of this occurring by chance is 8 x 10 ‘̂ . Hence it was concluded that at least university 

educated individuals would have sufQcient background knowledge to accompUsh the task in 

Experiments 6 and 7.

5.1.2 Method

Design

The eTqperiment had an independent measures design, with three conditions. The first condition was the 

No A(kq>tation (Condition. This featured the No Ad^tation source analogue. The second condition was 

the Deletion Condition. This featured the Deletion source analogue. The third condition was the 

Addition Condition. This featured the Addition source analogue. The independent variable was the 

type of source analogue presented.
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The dependent variables were the participants’ matches for the items on the Gulf War list and their 

response times. The order of items in the Gulf War Hst was not manipulated. This was done in order 

to (xmtrol for any possible effects their csdo* of presoitation m ^  have had on the participants’ response 

times. Keane et al. (1994) indicated altering the order of presentation of items in a Hst for a matching 

task can itself influence response times.

Participants

There were 60 participants in total: th ^  were aU students at UCL (aged between 22 - 34). There were 

33 males and 27 females. There were twenty participants per condition.

Materials

A stq> watch, the Gulf War Hst response sheet and three different source analogues were used. The no 

adaptation analogue about World War H is in Appendix F: 3. The deletion analogue about World War 

Two is in Appendix F: 4. The Addition analogue about World War Two is in Appoidix F: 5. A copy 

of the Gulf War Hst response sheet is in Appendix F: 6.

The no adaptation analogue named only two individuals -Hitler and Churchill - and three countries - 

Germany, Poland and Britain. These could be matched with the two individuals and the three countries 

named in the Gulf War Hst, specificaUy Saddam, George Bush, Iraq, Kuwait and the USA.

The deletion analogue mentioned aU the items in the no adaptation analogue. AdditionaUy, further 

countries were also identified, specifically the USA, the USSR and France, i.e. aU countries which 

played like roles in World War II as they were all members of the alhed forces. These then stood as 

competing matches, specificaUy for USA ‘91, in the Gulf War Hst.

The addition analogue was identical to the no adaptation source analogue up to and including mention 

of the invasion of Poland. It contained no further information. It was therefore missing any mention of 

possible matches for George Bush and the USA ‘91.

The instructions given were identical for aU conditions and were as foUows:

Your task is to read the foUowing account of World War Two, then decide which 
matches you can make for the people and places Hsted overleaf. That is, you are 
required to specify which of the elements play similar roles in the two scenarios. Do 
not turn over until you have read this page in its entirety.
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Procedure
All participants were run individually. They read the given account of World War Two. They then 

received the Gnlf War list, and attempted to match the items in it with items from World War II. The 

moment the Gulf War hst was presented I pressed the start button on the stop watch.

During the course of the matching task three response time measures were taken per participant. The 

first was the ‘start time’, that is, the time from the initial presentation of the Gulf War list to the 

moment the participant made their first match.

At the moment participants made their first match I pressed the ‘lap time’ button on the stop watch, and 

wrote down the ‘start time’ and the first match made. The 1^ time button freezes the time on the watch 

face, but the watch continues to run. When I pressed the lap time button again the watch showed the 

total time that had elapsed since pressing the start button.

The second response time measure was the ‘total response time’ - a measure taken from the initial 

presentation of the Gulf War hst to the moment the participants had completed their final match, when 

the stop button on the watch was pressed.

The third was the ‘total response time minus the start time’, that is, the time from the moment 

participants made their first match to the moment they completed their last match. This was calculated 

later.

I also recorded whether the participants had matched the Gulf War items in the order they were 

presented.

Once they had completed the task the participants were debriefed, thanked and dismissed.
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5.1.3 Results

Table 5 .1.1 indicates the fiequencies of matches made between World War II and the Gulf War items 

for all three conditions.

Table 5.1.1 Experiment 6: Frequencies of Matches Made Between World War II and Gulf War 
Items for All Conditions.

Item: Saddam
No Adaptation: Saddam = Hitler 20.
Deletion: Saddam = Hitler 20.
Addition: Saddam = Hitler 20.

Item: Iraq
No Adaptation: Iraq = Germany 20.
Deletion: Iraq = Germany 20.
Addition: Iraq = Germany 20.

Item: Kuwait
No Adaptation: Kuwait = Poland 20.
Deletion: Kuwait = Poland 19; Kuwait = France 1.
Addition: Kuwait = Poland 20.

Item: George Bush
No Adaptation: George Bush = Churchill 19; George Bush = Chamberlain 1.
Deletion: George Bush = Churchill 20.
Addition: George Bush = Churchill 10; George Bush = Roosevelt 9; George Bush = Stalin 1. 

Item: USA 1991
No Adaptation: USA 1991 = Britain 20.
Deletion: USA 1991 = Britain 19; USA 1991 = France 1.
Addition: USA 1991 = Britain 8; USA 1991 = USA 11; USA 1991 = USSR 1

Table 5.1.1 indicates that in the case of the No Adaptation Condition almost all participants matched 

the five items in the source analogue with their appropriate counterparts in the Gulf War list. There 

was a single, but historically cogent exception of George Bush = Chamberlain.

In the case of the Deletion Condition all participants made the following matches Saddam = Hitler, 

Iraq = Germany, and George Bush = Churchill. There was a single instance of Kuwait being matched 

with France which can be regarded as a legitimate matdi, givai that Germany did indeed invade France. 

Thoe was a single instance of the USA "91 being matched with France, a country which was identified 

as being one of Germany’s opponents in the World War n  in the source analogue.
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In the case of the Addition Condition aU participants made the following matches: Saddam = Hitler, 

Iraq = Germany, and Kuwait = Poland However, only 50% of participants matched George Bush with 

Churchill, the ranainder matching Gewge Bush with Roosevelt, with a single instance of George Bush 

being matched with Joseph Stalin. This divergence of response was also evident in the matches made 

for USA ‘91 with 40% of participants matching the USA ‘91 with Britain and 55% of participants 

pairing it with the USA ‘45, and a single participant matching it with the USSR.

Participants  ̂initial matches were also recorded and all participants, with a single exception, matched 

Saddam with Hitler, the exception occurring in the Deletion Condition where a single participant’s 

initial match was Kuwait = Poland No participant advanced more than one match per list item. Further, 

59 out of the 60 participants in Experiment 6 matched the items in the list in the order they were 

presented As no participant produced an incdierent or even historically inaccurate set of matches none 

of them were excluded 6om the analysis of their responses times which are considered immediately 

below.

Table 5.1.2 shows the means and the standard deviations for all conditions’ ‘total response times’ 

measured in seconds.

Table 5,1,2 Experiment 6: Means of * Total Response Times * 

(in seconds) for All Conditions

Condition Mean Response Times

No Adaptation 36(14.61)

1 Deletion 53.85(25.12)

1 Addition 108.45 (37.22)
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The means for the ‘total response times’ are also represented in the following graph. Figure 2.

Figui*e 2 Expeiiment 6: Means for ’Total Response Times'
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My alternative hypothesis is that there is a trend in the magnitude of the ‘total response times’ of the 

form; ‘No Adaptation Condition ^ Deletion Condition ^ Addition Condition’. A Jonckheere test was 

applied to the data to test for this a priori predicted trend, which is significant: z = 5.99, p < 0.05.

My derivative hypothesis is that the No Adaptation Condition’s response times are significantly less 

than the response times for the Deletion Condition, and the response times for the No Adaptation 

Condition and the Deletion Condition are significantly less than those for the Addition Condition. 

Multiple comparisons indicated that the mean ranked response times for the No Adaptation Condition 

(mean rank 16.42) were significantly less than those for the Addition Condition (mean rank 47.22), 

p < 0.05 with a critical value of 13.221. Further, the mean ranked response times for the Deletion 

Condition (mean rank 27.85) were significantly less than those for the Addition Condition, p < 0.05, 

with a critical value of 13.221. No difference was found between the ‘total response times’ for the No 

Adaptation and Deletion Conditions.

The result of the Jonckheere test supports the alternative hypothesis. However, the multiple 

comparisons only partially support the derivative hypothesis. The implications of this will be 

considered in the Discussion.
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I made no predictions about the other response time measures, viz. ‘start times’ and ‘total response 

times minus ‘start times” , for the reasons identified in the introduction, but exploratory analysis was 

carried out on the data and is presented immediately below, beginning with the ‘start times’.

The means for ‘start times’ for all conditions are detailed in Table 5.1.3.

Table 5.1.3 Experiment 6: Means for Start Times* (in seconds ) 

for All Conditions

Condition Mean Response Times

No Adaptation 5.7 (4.97)

Deletion 13.4 (12.07)

Addition 26.55 (22.91)

The means for the ‘start times’ are also represented in the following graph Figure 3.

Figure 3 E^ç^eriti ent6:M  eans & r 'S tartT in es'
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A Kruskal-Wallis was carried out on the ‘start times’ for the three conditions which proved highly 

significant; (d.f. 2) =21.53, p < 0.05 (corrected for ties). Multiple comparisons indicated that the 

mean ranked response times for the Addition Condition (mean rank 43.55) were significantly greater 

than for the No Adaptation Condition (mean rank 18.02), p < 0 .05 with a critical value of 13.221. 

Further, the mean ranked response times for the Addition Condition were significantly greater than for 

the Deletion Condition (mean rank 29.92), p < 0.05 with a critical value of 13.221. No difference was 

found between the ‘start times’ for the No Adaptation and Deletion Conditions.
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Table 5.1.4 shows the means for ‘total response times minus ‘start t i m e s f o r  all conditions.

Table 5.1.4 Experiment 6: Means f o r ‘Total Response Times M inus‘Start 

Times (in seconds) for All Conditions.

Condition Mean Response Times

No Adaptation 30.45 (12.23)

Deletion 40.35 (19.17)

Addition 83.85 (37.88)

Figure 4 represents the mean response times for ‘ total response times minus ‘start times” as a graph.

Figure 4 Experiment 6: Means for 'Total Response Times 
Minus Start Times’
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A Kruskal-Wallis was carried out on the ‘total response times minus start times’ for the three 

conditions, which proved highly significant: (d.f. 2) = 24.64, p < 0.05 (corrected for ties). Multiple

comparisons indicated that the mean ranked response times for the Addition Condition (mean rank 

45.53 ) were significantly greater than for the No Adaptation Condition (mean rank 18.70), p < 0.05 

with a critical value of 13.221. Further, the mean ranked response times for Addition Condition were 

significantly greater than for the Deletion Condition (mean rank 27.27), p <0 .05, with a critical value 

of 13.221.
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5.1.4 Discussion

The results of the present experiment ofiFer only partial support for the research hypothesis. The 

results of the Jcmddieere test supported the alternative hypothesis indicating there was a trend in the

magnitude of ̂ total response times’ of the form ‘No Adaptation Condition ^ Deletion Condition <, 

Addition Condition’. However, multiple comparisons only offered partial support for the derivative 

hypothesis. I predicted that the No Adaptation Condition’s ‘total response times’ would be 

significantly less than those for the Deletion Condition, and that the ‘total response times’ for the No 

Adaptation Condition and the Deletion Condition would be significantly less than those for the 

Additim Condition. The predicted differences were found between the No Adaptation Condition and 

the Addition Condition. The predicted differences were also found between the Deletion and Addition 

Qmditicxis. H ow cvct, f iia e  was no diffomce between the ‘total response times’ for the No Adaptation 

and Deletion Conditions

Consequently my research hypothesis - that no adaptation is easier to perform than applying the 

operation of deleting elements, which itself is easier to apply than the operation of adding elements - 

is only partially supported. These findings indicate that applying the operation of adding elements 

results in a significantly more difficult task than does either carrying out no adaptation or deleting 

elements. They do not indicate that applying the operation of deletion is any more difficult than no 

adaptation.

I made no prediction about differences for the ‘start times’ and the ‘total response times minus ‘start 

times’. There were differences, however, for both these measures. Differences were found between 

the ‘start times’ and the ‘total response times minus ‘start times’ for the No Adaptation Condition and 

the Addition Condition: with both times significantly greater for the Addition Condition. Differences 

were also found between the ‘start times’ and the ‘total response times minus start times’ for the 

Deletion Condition and the Addition Condition: with both times significantly greater for the Addition 

Condition. However, there was no difference between the either of the times for the No Adaptation 

and Deletion Conditions.

This indicates that neither carrying out analogical mapping, as was required in the No Adaptation 

Condition, nor carrying out analogical mapping and adaptation, as was required in the Deletion and 

Addition conditions can be identified as having taken place either solely before the participants made 

their initial match, nor solely during the process of match making itself. Yet given the differences
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obsoved betweoi the Additicm Cmditim and all other cmditions in terms of the "total response times' 

it is possible to conclude Aat being required to apply the operation of adding elements does render the 

task more difQcult and hence influence performance.

The immediately following is concerned with accounting firstly for why having to adapt a source 

domain is more difficult than carrying out no adaptation for the present problem. Secondly, why 

applying the q)aration of deleting elements is easier to perform than applying the operation of adding 

elements for the present problem

In order to provide this account I identify and trace the steps by which the matches could have been 

made in each of the conditions. That is, how the individuals manipulated the elements in the source 

domain in order to complete the matches for the Gulf War hst. I will treat the matching process as 

having occurred in the sequence in which the items in the Gulf War list appeared. This is justified 

because 59 out of the 60 participants in Experiment 6 did match the items in that order.

Across all conditions an initial identification of Saddam with Hitler is possible on the basis of a 

piqpaty both individuals share - i.e. dictator (Hitler) and dictator (Saddam). In fact, as Spellman and 

Holyoak (1992) point out, this identification was often made by Western leaders prior to and during 

the Gulf War. Further, the newspaper cutting in Figure 1 makes this very match between Hitler and 

Saddam, suggesting it is both current and (presumably) immediately comprehensible. Once this initial 

step is taken the second can be taken. That is, to match Iraq with Germany.

dictator of (Hitler, Germany) = dictator of (Saddam, Zr̂ rg). Therefore Germany =Iraq.

The next step involves identifying and matching causally related information - that is two place 

predicates (Gentner 1989). In all three source analogues it is indicated that Germany invaded Poland. 

In order to identify a match with Kuwait participants have to be aware that Iraq invaded Kuwait and 

to be able to match the appropriate objects and predicates across the two domains. The following two 

place predicate representation of the causal structure of events in World War II can be matched with 

an identical form of representation for events in the Gulf War:

[Caused (dictator of (Hitler, Germany)) (invade (Germany, Poland))] is matched with 

[Caused (dictator of (Saddam, Iraq)) (invade (Iraq, Kuwaityj\. Therefore Poland = Kuwait.
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In this case idoitical relations can be matched, and then the appropriate objects matched on this basis 

{qv Gentner, 1989). Under this description the individual models the representation of die events of the 

Gulf War m  that structure presented in the source analogue for the events in World War Two. As the 

infonnatioo in all three source analogues is identical up to and including the mention of Hider invading 

Poland, the processes of identifying matches for Saddam, Iraq and Kuwait can be characterised in an 

identical form for all three conditions. However, as the three source analogue differ from this point cm 

the accounts of the processes of matching in the case of the three conditions will be treated separately, 

beginning with an account of the possible process in the No Adaptation Condition.

In completing the hst in the No Adaptation Condition the individual simply has to match the 

specihcalfy menticxied individual - Churdiill - with George Bush and the specifically mentioned country 

- Britain - with the USA *91. These matches may be accounted for in terms of further analogical 

reasoning involving their respective causal roles in the events of World War 11 and the Gulf War. The 

following two place predicate representation of the causal structure of events in World War n  can be 

analogically matched with an identical form of representation for events in the Gulf War:

[Caused (invaded (Iraq, Kuwait) attack {USA & allies, Iraq)) & leader of {George Bush, USA ‘91)] 

is matched with

[Caused (invaded (Germany, Poland) attack (Britain, Germany)) & leader of (Churchill, Britain)].

This match must also take into account the following facts concerning the outcome of both conflicts: 

defeated (USA ‘91 & allies, Iraq) and 

defeated (Britain & aUies, Germany).

The same results, however, can be accounted for in terms of a far more elementary form of analogical 

reasming: that is, simply matching the remaining individual in the source analogue with George Bush 

and the remaining country with USA ‘91. To execute this one would need to know only that Churchill 

was a person and that Britain is a country. Although the claim that the process can be accounted for 

singly in terms of the individual matching next mentioned object after Poland in the source domain - 

Britain - with next item in the Gulf War list after Kuwait - George Bush - can be refuted; as this would 

result in George Bush = Britain, and then USA ‘91 = Churchill, which was not a set of matches 

advanced by any participant.
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The desoipticxis of Üie two sets of steps taken to generate matches for George Bush and the USA ‘91 

are both entirely compatible with the findings of the present experiment, yet further research could 

detmnine which set of steps participants in the No Adaptation Condition were enq)loying: singly by 

requiring all participants to give reasons for the matches they had made after they had completed the 

entire list. In this way it would be possible to determine whether the participants were reasoning 

analogically with the more complex two place predicates or simply matching an individual with an 

individual and a country with a country.

The same account of the steps taken in the No Adaptation Condition can be given for the Deletion 

Condition. The participants, in both conditions, are reasoning with explicitly identified items. Yet the 

participants in the Deletion Condition also have to deal with a further demand, to select fi*om a set of 

conqjeting matches fœUSA "91. This is because several countries were mentioned, all of which could 

be matched with USA ‘91. In fact no participant selected more than one item for the USA ‘91 match. 

All participants thus acted in accord with the hypothesised pressure for one-to-one mappings (Spellman 

and Holyoak, 1992). Consequently, I conclude the participants deleted all but one country mentioned 

fiom their representation of the source domain. I also conclude that the item selected as a match for the 

USA ‘91 was determined by the structural consistency constraint {ibid^.

In the source analogue the only person referred to other than Hitler was Churchill: hence matching 

Churchill with George Bush, which all the participants in this condition did, may account for the fact 

that all but one participant matched Britain with the USA ‘91. These findings accord with those of 

Spellman and Holyoak {ibid) where matching the leader of a given country with George Bush reliably 

resulted in the matching of that leader's country with USA 1991. That is, the structural consistency 

constraint acted so as to determine or guide the selection of the remaining item for the USA 1991 

match.

I firrtha- conclude that, in terms of applying the operation of deleting elements, the task of deleting all 

but one item fiiom the representation of the source domain for a single match was too straight forward 

a task to have had a significant impact on the participants’ response times. Selecting Churchill as a 

match for George Bush effectively determined the match of Britain with The USA ‘91. This, 

essentially, constitutes a criticism of the present experiment - that the operation of deleting elements 

itself was not apphed independently: the structural consistency constraint enhanced the participants’ 

performance, by determining a specific item for selection from amongst competitors. This point is
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specificaUy addressed in the immediately foUowing e?q)eriment. However, it oug^t to be added that 

there was no way of knowing a priori the precise degree to which the structural consistency constraint 

would ultimately effect the participants’ performance in the present task.

In the Addition Condition the participants were faced with a more complex task as it necessitates 

reasoning about a greater number of two place predicates. In order to identify matches for George Bush 

and the USA ‘91 it is necessary to identify objects from background knowledge and add them to the 

representation of the source domain. These objects are required to fulfill the roles taken by the X (which 

stands for a country) and the Y (which stands for an individual) in construction specified under 2.

1. [Caused (invaded (Iraq, Kuwait)) (attack (USA&allies, Iraq))] & leader of (George Bush, 

USA) is matched with

2. [Caused (invaded (Germany, Poland)) (attack( X, Germany))] & leader of (Y, X).

In addition it is also necessary to ensure that X has the foUowing relation identified in construct 3.

3. ‘defeated (X, Germany)’.

Successfulfy identifying a particular country for X would then generate a putative match for the USA 

‘91. Further, it is also necessary to identify an individual which can replace the Y in the construct 4.

4. ‘leader of (Y,X)’.

It is also necessary to ensure that X in construct 4 also has the relation specified in construct 2, in order 

to generate a match for George Bush. The relations identified in constructs 2,3 & 4 are constraints 

reducing the possible number of objects (countries) which can be or appropriately identified with X. 

What this suggests is that participants in the Addition Condition had a series of more complex decision 

to take, and possibly examined more candidates in order to make these decisions.

The above descriptions offer an account of how participants could generate a series of analogous 

matches across the three conditions. The immediately foUowing experiment. Experiment 7, examines 

conditions under which applying the operation of deleting elements could result in response times 

which differ significantly from those associated with no adaptation.
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Experiment 7
5.2.1 Introduction

The aim of the preset eTqjeriment is to detomine vsiiether die ease of applying the operaticm of deleting 

elements is affected when the number of occasions that this operation has to be applied to solve a 

problem is increased E^qienmeot 6 indicated that f ly in g  the operation of adding elonents was more 

difficult than carrying out no adaptation. Experiment 6 failed to show any difference between the ease 

of carrying out no adaptation and applying the operation of deleting elemmts.

The findings of Eiqieriment 6 do not allow me to discount the possibility that applying the operation 

of deleting elements to adapt a source analogue is an automatic consequence of successful mapping, 

at least for the problem under consideration. This possibility runs counter to Novick and Holyoak’s 

(1991) claim that adaptation is not an automatic consequence of successful mapping. The present 

eiqieriment dierefore is a further test of the difGculty of ad^ting a source analogue to solve a problem 

by applying the operation of deleting elements.

The present experiment is a partial replication of Experiment 6. The task is identical to that in 

E?q)erimait 6. The target list is the same, as are the response time measures, viz. ‘total response times’, 

‘start times’ and total response times minus start times’. Further, two of the three conditions in this 

e?q)eriment are identical to those featured in E?q)eriment 6, specifically the No Adaptation and Deletion 

Condition. The Addition Condition in Experiment 6 is replaced with a Greater Deletion Condition.

The Greater Deletion Condition features a source analogue with an account of World War II that 

contains competing matches for Kuwait, George Bush, and USA ‘91. This increases the number of 

individual instances where the operation of deleting elements needs to be applied, relative to the 

Deletion Condition. The tendency to make one-to-one matches observed in Experiment 6 suggests 

participants will select onùy one item fiom the source analogue as a match for each item in the Gulf War 

list. The possible matches for each Gulf War item are identified below.

Kuwait could be matched with Poland, or several other countries invaded by Germany, specifically: 

Czechoslovakia, Belgium and France. However, Poland stands as the most likely selection as its 

invasion is identified as cause of World War II, as Kuwait’s was the cause of the Gulf War.

George Bush could be matched with FDR, Churchill, Stalin or Deladier, the Prime Minister of France, 

all leaders of allied countries. In this case Churchill or FDR stands as the most likely selections as they
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were the most prominent leaders of the aUied forces as George Bush was in the Gulf War. USA "91 

could be matched with USA, Britain, France or USSR, as these were all members of the allied forces. 

The role of the USSR is stressed as the country which eventually hberated Poland from German 

occupation. As the USA ‘91 was the principal liberator of Kuwait there is a reason for considering the 

USSR as its most appropriate match. This is designed to conflict with the structural consistency 

constraint. Typically, the structural consistency constraint would determine that which ever leader is 

selected as a match fcH'Geo'ge Bush dien his country will be selected as a match for the USA ‘91. This, 

it was argued, is wfrat took place in the Deletion Condition in Experiment 6.

In the Greater Deldion Condition if Stalin were selected as the match for George Bush then selecting 

the USSR as the match for USA ‘91 would be entirely consistent with the structural consistency 

constraint. Yet in cases >^ere Stalin is not matched with George Bush then there is at least a reason 

to suppose the further match for the USA ‘91 will not be determined immediately by the leader selected 

as a match for George Bush. It is necessary to discriminate between competing items here as well.

The Greater Deletion Condition then has a greater number of occasions where it is necessary to apply 

the q)eration of deleting elements than does the Deletion Condition. The Deletion Condition requires 

delding elements on at least one occasion - in the case of the George Bush match. The No Adaptation 

Condition requires only the matching of appropriate item.

I claim that the difficulty of solving the problem is dependent on the number of items in the Gulf War 

list that require the ^plication of the operation of deleting elements from the source analogue, if a 

match is to be made for them. That is, the ease of applying the operation of deleting elements is 

dq^endent on the number of occasions on which it is necessary to apply it. The results of Experiment 

6, though, indicate that this number needs to be greater than that featured in the Deletion Condition.

Nfy research hypothesis is, then, that solving the problem in the Greater Deletion Condition is a more 

difficult task than solving the problem in the No Adaptation Condition.

My alternative hypothesis is that there will be a trend in the response times. Specifically, the response 

times in the No Adaptation Condition will be less than or equal to the response times in the Deletion 

Condition, ^^ch will be less than or equal to those in the Greater Deletion Condition. Hereafter: ‘No

Adaptation Condition ^ Deletion Condition ^ Greater Deletion Condition’. This hypothesis entails
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that there must be a strict inequahty in the magnitude of response times between at least two of the 

conditions. Expaiment 6 did not show any diffaaices in the magnitude of response times between the 

No Adaptation and Deletion Conditions. My derivative hypothesis is that, for all response time 

measures, the response times in the Greater Deletion Condition will be significantly greater than those 

in the No Adqitation Condition.

5.2.2 Method

Design

The e?q)erimait had an indq)endent measures design, with three conditions. The first condition was the 

No Adaptation Condition. This featured the No Ad^tation source analogue. The second condition was 

the Deletion Condition. This featured the Deletion source analogue. The third condition was the Greater 

Deletion Condition. This featured the Greater Deletion source analogue. The independent variable was 

the type of source analogue presented. The dependent variables were the participants’ matches for the 

items on the Gulf War Ust and their response times. The order of items in the Gulf War hst was not 

manipulated, for the reason stated in the Design sub-section of Section 5.1.2 Method.

Participants
There were sixty participants, all students at UCL (aged between 19 and 26). There were 32 males and 

28 females. There were twenty participants per condition, all different firom those in Experiment 6.

Materials
A stop watdi, the Gulf War list response sheet and three different source analogues were used. The No 

Adaptation analogue is in Appendix F; 3. The Deletion analogue is in Appendix F: 4. The Greater 

Deletion analogue is in Appendix G: 1. A copy of the Gulf War hst response sheet is in Appendix 

F : 6. The No Adzq)tatioo and Deletion analogue were described in the Materials sub-section of Section

5.1.2 Method. The Gicato' Deleticm analogue referred to all the items in the Deletion analogue. It also

named further leaders and countries, these were identified in the Introduction. The instructions given

were identical for all conditions and were as follows:

Your task is to read the following account of World War Two, then decide which matches you 
can make for the people and places hsted overleaf. That is, you are required to specify which 
of the elements play similar roles in the two scenarios. Do not turn over until you have read 
this page in its entirety.

Procedure
Identical to that for Experiment 6, as described in Procedure sub-section of Section 5.1.2 Method.
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5.2.3 Results

Table 5.2.1 indicates the frequencies of matches made between World War II and the Gulf War items 

for all three conditions.

Table 5.2,1 Experiment 7: Frequencies of Matches Made Between World War II and Gulf War 
Items for All Condition.

Item: Saddam
No Adaptation: Saddam = Hitler 20.
Deletion: Saddam = Hitler 20.
Greater Deletion: Saddam = Hitler 20.

Item: Iraq
No Adaptation: Iraq = Germany 20.
Deletion: Iraq = Germany 20.
Greater Deletion: Iraq = Germany 20.

Item: Kuwait
No Adaptation: Kuwait = Poland 19; Kuwait = ‘Other smaller countries ’ I. 
Deletion: Kuwait = Poland 20.
Greater Deletion: Kuwait = Poland 18; Kuwait = USSR I; Kuwait = Belgium 1. 

Item: George Bush
No Adaptation: George Bush = Churchill 20.
Deletion: George Bush = Churchill 20.
Greater Deletion: George Bush = Churchill 10; George Bush = Roosevelt 10. 

Item: USA *91
No Adaptation: USA 1991 = Britain 20.
Deletion: USA 1991 = Britain 19; USA 1991 = France 1.
Greater Deletion: USA ‘91 = Britain 4; USA ‘91 = USA 9; USA ‘91 = USSR 6 ; 
USA ‘91 = France 1.

Table 5.2.1 indicates that in the case of the No Adaptation Condition there was an almost total 

uniformity in terms of the matches made for all five items in the Gulf War hst - with the single 

exception of Kuwait = ‘Other smaller countries’. That is, all participants matched the five items 

mentioned in the source analogue with their appropriate counterparts in the Gulf War hst -with the 

single exception identified above.
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In the case of the Deletion Condition there was total unifonnity of response with respect to the matches 

Saddam = Hitler and Iraq = Germany and Kuwait = Poland, and George Bush = Churchill. There was 

a single instance of USA 9̂1 being matched with a country other than Britain, specifically Franc,a 

country which was identified as being one of Germany’s opponents in the World War Two in the 

source analogue.

In the case of the Greater Deletion Condition there was again total uniformity for the matchings of 

Saddam= Hitler and Iraq = Garnany. Two participants selected matches other than Poland - the USSR 

and Belgium. However, only 50% of participants paired George Bush with Churchill, the remainder 

matching George Bush with Roosevelt. This divergence of response was also evident in the matches 

made for USA ‘91 with 20% of participants matching USA 1991 with Britain; 45% of participants 

matching it with the USA; 30% of participant matching it with the USSR; and a single participant 

matching it with France Therefore at least 7 participants produced crossed mappings.

Participants’ initial matches were also recorded and all participants, with a single exception, matched 

Saddam with Hitler, the exception occurring in the Deletion Condition where a single participant’s 

initial match was to pair Kuwait with Poland.

As no participant produced an incoherent or even historically inaccurate set of matches none of them 

were excluded from the analysis of the responses times which are considered immediately below.

Table 5.2.2 shows the means for all conditions’ ‘total response times’ measured in seconds.

Table 5.2.2 Experiment 7: Means of the*TotalResponse Times* (in seconds) 

for All Conditions.

Condition Mean Response Time

No Adaptation 41 (25.8)

Deletion 56.45 (26.65)

Greater Deletion 59.15 (22.66)
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The means for the ‘total response times’ are also represented in the following graph. Figure 5.

Figure 5 Expenment 7: Means for ’Total Response Times'
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My alternative hypothesis is that there is a trend in the magnitude of the ‘total response times’ of the 

form; ‘No Adaptation Condition ^ Deletion Condition ^ Addition Condition’. A Jonckheere test was 

applied which proved significant: z = 2.75, p < 0 .05.

My derivative hypothesis is that the ‘total response times for the No Adaptation Condition are 

significantly less than those for the Greater Deletion Condition. Multiple comparisons indicated that 

the mean ranked response times for the No Adaptation Condition (mean rank 21.42) were significantly 

less than for the Greater Deletion Condition (mean rank 36.95) with a critical value of 13.221, p < 

0.05.

The result of the Jonckheere test and the multiple comparisons support the alternative and derivative 

hypotheses respectively.
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Further analysis was carried out on the ‘start times’ and the ‘response tunes minus the start times’. The 

results of these will both be detailed, beginning with the ‘start times', the means and standard deviation 

for which are detailed in table 5.2.3

Table 5.2.3 Experiment 7: Means for * Start Times* (in seconds) for All Conditions.

Condition
■ ■ '

Mean Response Time

No Adaptation 9.75 (9.15)

Deletion 12.8(10.03) 1

Greater Deletion 15.26(9.42) 1

The means for the ‘start times’ are also represented in the following graph. Figure 6.

Figure 6 Experiment 7: Means for ’Start Times’

^  15

10

No Adaptation Deletion

Conditions
Greater Deletion

My alternative hypothesis is that there is a trend in the magnitude of the ‘start times’ of the form; ‘No 

Adaptation Condition ^ Deletion Condition < Addition Condition’. A Jonckheere test was applied 

which proved significant: z = 2.04, p < 0.05. My derivative hypothesis is that the ‘start times’ for 

the No Adaptation Condition are significantly less than those for the Greater Deletion Condition. 

Multiple comparisons indicated that the mean ranked response times for the No Adaptation Condition 

(mean rank (mean rank 23.55) were significantly less than for the Greater Deletion Condition (mean 

rank 37.34) with a critical value of 13.221, p < 0.05. The result of the Jonckheere test and the multiple 

comparisons support the alternative and derivative hypotheses respectively.
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Table 5.2.4 represents the means for ‘total response times minus start times’ for all Conditions.

Table 5.2.4 Experiment 7: The Means for ‘Total Response Times Minus Start Times* 

(in seconds) for All Conditions

Condition Mean Response Time

No Adaptation 31.45 (19.22)

Deletion 43.8 (20.33)

Greater Deletion 45.15 (22.23)

Figure 7 represents the mean response times for ‘total response times minus start times’

Figure 7 Experiment 7: Means for ’Total Response Times 
Minus Start Times’

No Adaptation Deletion

Conditions
Greater Deletion

My alternative hypothesis is that there is a trend in the magnitude of the ‘total response times minus 

start times’ of the form: ‘No Adaptation Condition £ Deletion Condition ^ Addition Condition’. A 

Jonekheere test was applied to the data to test for this a priori predicted trend, and this proved 

significant: z = 2.83, p <  0.05. My derivative hypothesis is that the No Adaptation Condition’s 

‘total response times minus start times’ are significantly less than those for the Greater Deletion 

Condition. Multiple comparisons indicated that the mean ranked ‘total response times minus start 

times’ for the No Adaptation Condition (mean rank 20.9)were significantly less than for the Greater 

Deletion Condition (mean rank 35.79), with a critical value of 13.221, p < 0.05. The result of the 

Jonckheere test and the multiple comparisons support the alternative and derivative hypotheses 

respectively.
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5.2.4 Discussion

The results of the experiment supported my alternative hypothesis. They indicated that there was a 

trend in the magnitude for all the response time measures of the form "No Adaptation Condition ^ 

Deleticm Condition < Additicm Ccmditicm’. Multiple comparisons supported my derivative hypothesis. 

T h^ indicated that for all respcmse time measures the No Adaptation Condition’s response times were 

significantly less than those for the Greater Deleticm Condition.

The results of the present e7q)eriment consequently support my research hypothesis that solving the 

problem in the Greater Deletion Condition is a more difficult task than solving the problem in the No 

Adaptation condition..

I conclude that the ease of applying the operaticm of deleting elements is dependent on the number of 

cxeasicms cm which it is necessary to ̂ ply it This claim is qualified by the fact that this number needs 

to be greater than that featured in the Deleticm Condition.

It m ^  be objected that the difference in response times between the No Adaptation Ccmdition and the 

Greater Deletion Condition is not due to any increased difficulty in solving the problem, but simply 

because participants have more to read: the differences in respcmse times resulting from particpants 

taking Icmgor to read and re-read the source analopgue in the Greater Deletion Condition. Firstly there 

was no difference observed betweoi the No Adaptation Condition and the Deletion Condition in either 

the present experiment or Experiment 6, for any of the response time measures. Secondly, in 

Experiment 6 the Additicm Ccmdition recorded the greatest respcmse times, despite the fact that the 

adddtion source analogue was by far the shortest of all the source analogues.

The remainder of the Discussion indicates why the ease of applying the operation of deleting elements 

is dq)endent on the number of cmcasions cm which it is necessary to apply it, by detailing a step by step 

account of how the matches were made in the conditions.

In the Discussion section of Experiment 6 the description of the steps taken to make the matches for 

Saddam and Iraq was held to be identical for all conditions. The uniformity of selections for Saddam 

and Iraq (Hitler and Germany respectively) in the Greater Deletion Condition indicate the same 

descripticm of the steps taken to make those matches can also be apphed to that condition as well. It 

was also claimed that making the match for Kuwait was straight forward, as only Poland was named
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as having been invaded by Germany. This description however cannot be applied to the Greater 

Deletion Condition.

In the case of the Greater Deletion Condition there were further countries named as having been 

invaded by Germany. The effect of the further named countries presents the participant with 

competitors for the Kuwait match, each one is a historically cogent, and conforms with the relevant 

causal structure of the form

invaded (Germany, Y), where Y is the invadee.

Hence the participants are required to make a decision about what to match Kuwait with: either one, 

some, or all of the invadees named.

Yet 18 of the 20 participants selected Poland. This result may be a exphcable in terms of the greater 

structural ccxiespcxidence that obtains between Poland and Kuwait; namely that the invasion of Poland 

was the direct antecedent of the ouAreak of Worid War II, just as the invasion of Kuwait was the direct 

antecedent of the outbreak of the Gulf War. This relaticxi is not shared by any of the additionally named 

invadees in the World War II analogue.

The remaining items of on the hst, George Bush and USA ‘91, given the structural consistency 

ccmstraint adhered to by almost all participants in the No Adaptation and Deletion Conditions, needed 

to be matched with reference to one another, given that the George Bush matches were invariably 

completed before those for USA ‘91. Hence the matching process could be reahsed in terms of the 

following constructions: the first a two place predicate, the second a one place predicate, both being 

linked by the connective and considered together.

[Caused (invaded(Iraq, Kuwait) attack {USA&allies, Iraq))] & leader of {George Bush, USA ‘91) 

is matched with

[Caused (invaded(Germany, Poland) attack( Britain, Germany)) ]& leader of (Churchill, Britain).

Therefore Churdiill = George Bush and Britain = USA ‘91. Yet the cogency of this latter match is also 

contingent on the truth of the following construction: 

defeated (Britain&allier, Germany).
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For the Deletion and Greater Deletion Conditions the following matches were also made:

[Caused (invaded(Germany, Poland) attack(CZS4, Germany))] & leaderof {FDR, USA). 

Therefore FDR = George Bush and USA = USA ‘91, dependent on the truth of the following 

construction:

defeated {USA&allies, Germany).

This method of selection can be extended to account for the matches made in both the Deletion 

Condition and the Greater Deletion Condition with the proviso that in constructing matches the 

participants have to evaluate die presented conqietitors. With respect to the Greater Deletion Condition 

it is clear that increasing the number of competitors effectively renders the task more difficult than that 

featured in either of the other two conditions. For example, at least seven of the participants violated 

the structural consistency constraint to produce crossed mappings, and this may account for the 

difference in response times between the Greater Deletion Condition and the No Adaptation and 

Deletion conditions. This violation indicates the relative importance of the following construct in 

determining a match for USA ‘91.

hberated {USSR, Poland) - where Poland was initially matched with Kuwait.

Which can be matched with :-

liberated (USA, Kuwait). Therefore USSR = USA ‘91.

Rather than the more general and hence less specific,

defeated {USA&allies, Germany). Therefore USA = USA ‘91.

In this case wluch ever leader was initially matched with George Bush there was at least one 

competing candidate for the subsequent item USA ‘91, that being the USSR - as no single 

participant matched Stalin with George Bush.

In the present case violating the structural consistency constraint means undoing a previous set of 

matches, e g. FDR = George Bush and USA = USA ‘91 and replacing USA with USSR for USA ‘91. 

This process of ‘undoing" occurs even when theoretically avoidable such as in instances where it is 

possible for one-to-many matches to be made, e.g. for both the USA and USSR to be matched with 

USA ‘91. The pressure for one-to-one matches displays a greater resistance to violaticm than the 

structural consistency constraint.
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Furtho', the observed violations of the structural consistency constraint do not occur randomly, rather 

for the constraint to be violated participants need to be presented with a compelling reason to do so, e g 

by introducing a competitor which shares an identical predicate to a possible match, where that 

predicate is a more exact diaracterisatioQ of the two scaiarios. Thus, in the World War II and Gulf War 

scoiarios the predicate ^liboated’ offers a more exact characterisation of events in both scenarios than 

does simply ‘defeated’.

The forgoing is then intended as an account of the steps which could be taken in order to reahse a set 

of ccmsistmt matches with itons in the target list. The differences in response times are then accounted 

for in terms of decisions which the participants have to make in the face of apparent competitors. Given 

the requisite bæikground knowledge, adhering to the steps outlined in the sequence they are presented 

ought to result in the generation of a cogent set of matches for the items hsted.

It could be aigped Aat die oqienment itself would have been inqnoved by including a further condition, 

that of an Addition Condition. However, simply inserting that condition into the present experiment 

would have provided no more new information about the apphcation of this operation. Although its 

inclusion, it is true, would have allowed for the direct comparison of the response times for the two 

most demanding conditions, there would have been no grounds for predicting a difference between the 

response times for these two conditions.

5.3 Summary of Chapter Five.

The experiments in this chapter examined the relative ease or difhculty of applying the operations of 

deleting and adding elements. In both experiments the predicted trends - in terms of the hypothesised 

differences in the amount of information to be processed - were identified. The results indicated that 

applying the operation of adding elements was more difQcult than no adaptation and applying the 

operation of deleting elements, when deletion of information was guided by the structural consistency 

constraint. In the case of the Greater Deletion Condition in Experiment 7 the structural consistency 

constraint was open to violation - participants having to discriminate between violating and non

violating competitors resulted in a more difQcult task than either no adaptation or the more straight 

forward case of deleting elements required in the Deletion Condition.

Much of the discussion of both experiments was devoted to a theoretical account of what the 

participants needed to know, how they needed to structure relevant knowledge, and how they could
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manipulate the relevant information in such a as to produce a cogent set of matches for the target 

list. In this way, it is claimed the experiments address the information processing issues at the 

behavioural level, rather than just at the informational level. The step by step account thus stands as 

a model of what participants could have done when producing their matches, in the order they were 

doing this, and idmtihes what participants needed to know in terms of both objects and their relations 

to one another in order to arrive at a complete set of matches. Differences in response rates where then 

explained in terms of the complexity and number of decisions that had to be made in the various 

conditions. The next chq)ter atten^ts to provide further understanding of why applying the opa-adon 

of deleting elements, rather than applying the operation of adding elements is apparently easier.
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Chapter Six: Effort and Adaptation
Experiment 8

6.1.1 Introduction

The aim of this experimoit is to determine whether there is a tendency to apply the operation of either 

d e l^ g  elanents from a solution plan to render it valid, or adding elemoits to a solution plan to render 

it valid, when there is a choice of applying one or the other.

The issue of whether there are tendencies to apply particular operations aimed at adapting possible 

solution plans has not been considered in the hta-ature. However, the issue of selection constraints has 

assumed a hig^ profile in research on analogical moping.

The systematicity principle (Clemmt & Gmtna", 1993; Centner, 1983)and pragmatic factors (Holyoak, 

1985) have been identified as guiding the selection of candidate inferences from a source analogue, 

althou^ latterly they have been taken to be operating together (Centner, 1989; Holyoak & Thagard, 

1989). That is, systems of integrated causal relations which are judged to be goal relevant tend to be 

selected for mapping from the source analogue to the target problem.

Priw researdi has focused entirely on the selectim of elements from within a single source, an analogue 

which contains a complete solution plan for a particular target. Keane (1994 / 1996), however, has 

extended understanding of selection constraints by focusing on the issue of selection between source 

analogues requiring adq)tation. That stucfy was examined in Chapter Two: Literature Review. Its key 

findings were that individuals tended to select the source analogue, from a set of competitors, which 

was easiest to adq)t; that is, the source analogue which entailed making as few changes as possible to 

the taiget dcxnain in cxder to implement it Keane ccmcludes that there is a tendency to select that source 

analogue which contains the solution plan that is easiest to adq)t, and hence that ease of adaptation acts 

as further selection constraint.

Yet Keane’s expriment required participants to perform implementational adaptation, i.e. to alter the 

target domain in such a way as to allow the analogically derived solution plan to be implemented, or 

^ l ie d  to it The competing source analogues’ soluticxi plans themselves did not require any adaptation 

to render them vahd in the target domain.

The present experiment shifts the focus to procedural adaptation. The distinction between procedural
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and implsnentaticxial adaptation outlined in the IntioducticHL It is designed to add to the understanding 

of selection constraints, in conditions where the solution plans are constraint violating and so require 

adaptation, by relating it to the issue of whether there is a tendency to apply one operation aimed at 

adapting a solution plan - either the deletion of elements or the addition of elements - rather than 

another.

The presort e>q}oimait adopts Keane’s {ibid) erqrerimental design. Participants are presented with two 

competing source analogues, from a possible three, and a single target problem - the Radiation Problem 

(convergence and rotation solution). This problem is identical to that featured in Experiment 3, Study 

One: Addition Condition. The participants then provide an answer to this problem and indicate whidi 

of the two source analogues they used.

The source analogues are again versions of the General’s story: all three of the source analogues could 

be used to generate the optimal answer, although in the case of two of these adaptations are required 

if the optimal convergence and rotation solution plan is to be generated.

The source analogues differ only with respect to their solution plans. The first - the No Adaptation 

source analogue - has a directly analogous solution plan, including both the convergence and rotation 

operations, and requires no adaptation. The second - the Deletion source analogue - has a solution plan 

which includes a procedure which cannot be m^ped onto the target and therefore requires deletion. The 

procedure involves undermining the walls of the fortress prior to its bombardment. This carmot be 

mapped to the target problem because the rays in the target problem carmot be used to reahse it, and 

it is stipulated in the target problem that the solution is to be realised by using the rays. The third - the 

addition source analogue - only constitutes a partial solution plan, as it only features the convergence 

operation, it is necessary to add the rotation operation to generate an optimal solution plan.

I argue that if there is a tendency to apply one operation aimed at adapting a solution plan - either the 

deletion of elements or the addition of elements - rather than another then this will indicate that the 

type of adaptaticHi operation a particular source analogue entails apphcation of acts as a constraint on 

its selection. Participants will select that source analogue which entails the type of adaptation that they 

have a tendency to apply.

The Structure M ^ in g  theory (Centner, 1989) and the Pragmatic theory (Holyoak & Thagard, 1989)
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would both predict that the source analogue which requires no adaptation would be selected most 

frequently. This is because both theories include a pragmatic constraint in their account of source 

analogue selectim, and the most pragmatical^ inqxMtant, or goal relevant source analogue is that which 

requires no ad^tation. Its solution plan can be apphed to the target problem directly to reahse the goal 

state, ̂ ^hile the other two require adaptation. Consequently, I hypothesise that individuals will select 

that solution plan which requires no adaptation rather than one that does require adaptation.

Yet with respect to the source analogues requiring adaptation neither theory provides any prediction 

concerning the frequency with which these would be selected when paired together. This is because 

neither theoiy includes an account of adaptation, therefore they offer no account of how individuals 

would perform when required to select between two competing but constraint violating source 

analogues. In terms of these theories such source analogues would simply be rejected as invahd.

Keane’s (1994 /1996) research suggests that in such conditions participants will select the source 

analogue requiring the kind of adaptation individuals find easiest to apply. The findings of Chapters 

Four and Five indicated differences in the relative ease of applying the operations aimed at adapting 

possible source analogues. Applying the q^eration of deleting elements was found to be easier to apply 

than that of adding elements. Hence, on the basis of this and Keane’s findings my research hypothesis 

is that individuals will tend to apply the operation of deleting elements rather than adding elements 

where there is an option to apply either. Given the design of the experiment any such tendency will 

indicate a constraint on the selection of a possible source analogue.

My alternative hypothesis is that participants will select the source analogue which requires No 

Adaptation wfrat ever this is paired with, and that they will select the Deletion analogue when this is 

paired with the Addition analogue.

6.1.2 Method

Design

The experiment had an independent measures design, with three conditions. The conditions differed 

in terms of the combination of source analogues they featured. There were three possible source 

analogues, a No Adqjtatim, Deletim and Addition analogue. Each condition featured two of the three 

analogues paired together. The first condition was the No Adaptation and Deletion Condition - 

featuring a pairing of the No Adaptation and Deletion source analogues. The second condition was the
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No Ad^taticxi and Additicm Ccmdiücm - featuring a pairing of the No Adulation and Addition source 

analogues. The third condition was the Deletion and Additicm Condition - featuring a pairing of the 

Deletion and Addition source analogues. The order of presentation of the source analogues was 

counterbalanced in all three conditions. The target problem, the Radiaticm Problem (convergence and 

rotaticm solution), was die same in all three ccmditicms. Participants had to write an answer to the target 

problem and identify which source analogue they had used. The dependent variables were the 

participants’ selected source analogues and their answers.

Participants

There were sixty participants, all were UCL students (aged between 19 and 23). There were 39 

females and 21 males. There were 20 participants per condition.

Materiab
Materials used were the three source analogues: the no adaptation analogue -see Appendix H: 1 ; the

deleticm analogue -see ̂ rpendix H: 2; the ackliticm analogue -see Appendix H: 3; and a target problem -

the radiation problem (convergence and rotation solution) see Appendix H: 4. The instructions were

the same in all three conditions and were as follows:

Your task is to read both stories and thoi the Radiation Problem. Once you have done 
this you should write your answer to the Radiation Problem overleaf. You can lcx)k 
at either or both the stories and the problem Wiile you are doing this. Don’t be afraid 
to suggest an answer because ycm think it’s "too obvious’. Once you have written your 
answer you should circle either A or B in order to identify it as the story which you 
used to generate your answer.

Procedure
Participants were run in small groups. Each participant received a single sheet ccmtaining the 

instructions, two particular source analogues in consecutive order and the target problem. In addition 

participants received a blank sheet to write their answers on. Once participants had written an answer 

to the taiget problem they then had to identify which source analogue they had based their answer on: 

th ^  did this circling the appropriate letter associated with their selected analogue. Following this

participants were de-briefed, thanked and dismissed.

Answer Categorisation

The answers advanced by the participants were categorised by two independent judges according to the 

categcffies ic^itified in Table 6.1.2. T h^ disagreed about the categories of 6 answers out of 60, which
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produced a Kappa statistic of .825. The discrepancies between the judges’ categorisations were 

resolved through discussion.

6.1.3 Results
Table 6.1.1 indicates the fiequency of responses for all three conditions.

Table 6. LI E^eriment 8: Frequency of Source Analogues Selectedfor All Conditions.

Condition (n=20) Source Analogue Selected

No Adaptation Deletion Addition

No Adaptation & Deletion 15 5 -

NoAd^tation & Additicm 16 - 4

Deletion & Addition - 15 5

Table 6.1.1 indicates that in the No Ad^tation & Deletion Condition 75% of participants selected the 

no ad^jtation analogue \\èich required no adaptation and only 25% of participants selected the deletion 

analogue. The same figures were obtained for the Deletion & Addition Condition where 75% of 

participants selected the deletion analogue rather than the addition analogue. In the case of the No 

Ad^tatim & Addition Condition 80% of participants selected the no adaptation analogue rather than 

the addition analogue.

My alternative hypothesis is that participants will select the source analogue which requires No 

Adaptation what ever this is paired with, and that they will select the Deletion analogue when this is 

paired with the Additicm analogue. To test this the data were treated separately by condition and subject 

to Binomial tests.

The result for the No Adaptation & Deletion Condition indicate significantly more participants 

identified the no adaptatim analogue as the basis for their answer than the deletion analogue: p < 0.05 

(using Binomial test).

The result for the No Adaptation & Addition Condition indicate significantly more participants 

identified the no adaptation analogue as the basis for their answer than the addition analogue: p < 0.05 

(using Binomial test).
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The result for the Deletim & Additi(m Condition indicate significantly more participants idaitified the 

deletion analogue as the basis for their answer than the addition analogue; p < 0.05 (using Binomial 

test).

In the case of all three conditions significant differences were identified in the predicted directions.

Categorisation of written answers, however, produced a very different pattern. These are shown in 

Table 6.1.2.

Table 6,1,2 Experiment 8: Frequency of Solution Plans as Written Answers for All Conditions,

Solution Plan as 

W ritten  Answers

Condition (n=20)

No Adaptation & 

Ddetion

No Adaptation & 

Addition

Deletion & 

Addition

Convergence & Rotation 13 10 12

Convergence I 7 2

Rotation 4 1 2

Other Solution Plan 2 2 4

Table 6.1.2 indicates that optimal answers - defined as a convergence and rotation solution plan - were 

less frequent than the selection of source analogues which included both convergence and rotation 

operations, specifically the no adaptation and deletion analogues. In none of the conditions was the 

difference between optimal and non-optimal solution plans as written answers significant: p > 0.05 

(using Binomial test).

The relative infiequency of wiittoi optimal answers is principally because non-optimal written answers 

failed to mention both the convergence and rotation operations. The reasons for this discrepancy 

between the content of the source analogue selected and the content of the written answer actually 

advanced will be examined in the following section.
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6.1.4 Discussion

The results of the expenment support my alternative hypothesis as participants selected the source 

analogue which required no adaptation, rather than any alternative, and they selected the deletion 

analogue when that one was paired with the addition analogue.

The results Üius support my research hypotheses, that individuals will tend to apply the operation of 

deleting elements ratho* than adding elements where there is an option to apply either. Further, given 

the design of the experiment it is possible to conclude that the tendency to apply the operation of 

deleting elemmts rather than adding elements is evidence of a constraint on the selection of possible 

source analogues. Individuals will tend to select that source analogue ^&iiich allows the apphcation of 

the operation to delete elements, as this is easier to apply.

One apparent discrepancy in the experimental findings is between the numbers of written optimal 

answers advanced and the numbers of source analogues ^\iiich contained an optimal solution plan 

selected. In the No Ad^tation and Deletion Condition, and the No Ad^tation and Addition 

Conditions there were significant differences between the numbers of No Adaptation source analogues 

selected and the other analogues. Yet there was no equivalent difference between the numbers of 

optimal answers to die target problem and all other types of answers advanced. Further, in the Deletion 

and Addition Condition the same situation obtained, except that the most frequently selected source 

analogues were those requiring the application of the operation of deleting elements.

One possible account of this is that participants simply assumed that their stated solution plans 

contained all the operations required to reahse the goal state, rather than exphcitly stating all the 

requisite operations. There may then be a vahd distinction to be drawn between recognition and 

statement. The recognition of an appropriate or easily adaptable analogous solution plan to a given 

target problem and die staten^t of such a solution plan in terms of the domain elements which feature 

in the target problem. The latter of these two being more demanding and hence more error prone than 

the former.

Accqiting these discrepancies the characterisation of adaptation that I am advancing at this stage takes 

the following form. Firstly that no adaptation, being easier to perform than any type of adaptation is 

favoured, when this is an option. Secondly, that ̂ plying the operation of deleting elements rather than 

adding elements is favoured when there is an option to apply either. This is because qiplying the
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operation of deleting elements is easier than applying the operation of adding elements. Thirdly, that 

the relative ease of taking the no adaptation course and applying the operation of deleting elements 

radiCT than that of adding elements acts as a constraint on the selection of possible source analogues.

There is, however, no necessity for this selection constraint to exist. Consequently, it should be treated 

as a behavioural constraint: as a particular psychological feature of individuals’ analogical problem 

solving performance.

Describing analogical problem solving performance in terms of constraints - performance as being 

bound by or at least conforming to-a set of constraints is central to both Keane’s and Holyoak’s work. 

Developing an account of analogical mapping has typically consisted in identifying those constraints 

which are a feature of analogical mapping.

Constraints are usually treated as being sui generis, primitive elements of analogical mapping, which 

are given no further account in more basic terms. This may be appropriate in a high level analytic 

account of analogical mapping: but at the lower behavioural level such constraints need to be features 

of a model which is itself grounded in a broader psychological theory, as Keane has done by introducing 

the notion of analogical mapping being subject to a limited capacity working memory. Yet on the whole 

the constraints peculiar to analogical mapping seem divorced from any wider theory.

The reason I hypothesise to explain the tendency to apply the operation of deleting elements is that 

individuals aim to expend ‘minimal effort’ when adapting a failed solution plan. That is, individuals 

are disposed to cany out as little work as possible in order to generate a valid solution plan. Hence they 

are abeafy disposed to apply the operation of deleting elements. This claim is the subject of the next 

experiment, where evidence is cited in support of it.
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Experiment 9
6.2.1 Introduction

The aim of this experiment is to determine how much information is mapped from a source analogue 

to the target problem \^iien there is the option to map varying amounts. This is examined because it tests 

a principal prediction derive from the claim that individuals aim to expend minimal effort in analogical 

mapping: that individuals will map as little information from the source analogue as is necessary to 

solve the target problem.

One of the fundamental issues in analogical mapping is how one from a number of alternative possible 

mapping-interpretations is selected for a given analogical comparison. Genmer’s (1983; 1989) 

systematicity principle provides an account of one possible constraint on the selection of alternative 

mappings. The systematicity principle maintains that it is the structure of the potential mapping that 

constrains its selection: the mapping which is preferred is that which has the greatest interconnectivity 

(systematicity) between its elements. Those mappings with less interconnectivity are less likely to be 

selected. Clement and Genmer (1991) demonstrated that participants given a judgement task involving 

two systems of relations preferred a match embedded in a shared system of relations to one that was 

embedded in a different set of relations. Systematicity as selection constraint has also been incorporated 

into the three principal models of analogical reasoning / problem solving: SME (Gentner, 1989); ACME 

(Holyoak & Thagard, 1989); and lAM (Keane et al., 1994).

Yet the evidence from Experiment 8 indicates individuals aim to expend minimal effort when solving 

problems analogically. The present experiment is designed to test the systematicity principle as a 

selection constraint against the aim to expend minimal effort as a selection constraint. That is, to 

determine whether individuals map an entire solution plan from a source domain in order to solve a 

problem, or whether they only map part of the solution plan. Specifically, that part which is composed 

of the least the amount of information necessary to solve the problem.

Introducing the notion of minimal effort stands as a theoretical advance in understanding the 

psychological underpinnings or determinants of analogical problem solving and relates analogical 

problem solving to broader psychological theoiy. The aim to expend minimal effort was, in the 

Introduction, identified with Simon’s (1981) notion of satisficing, that individuals attempt to generate 

a satisfactory solution rather than an optimal solution to problems (Holyoak, 1990). The notion of 

satisficing is founded on the recognition that people are limited capacity processors and hence their 

reasoning or rationality is bounded or constrained.
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An aim to expend minimal effort when adapting a solution plan would dispose an individual to select 

a solution plan which required no adaptation rather than one that did required adaptation. This is 

because a solution to the target problem can be arrived at simply by mapping the solution plan from the 

none constraint violating source analogue, rather than having to perform any additional adaptive work 

on it. Yet the same selections would be predicted by both the Structure Mapping and Pragmatic theories 

- in virtue of the systematicity principle and pragmatic constraints. Consequently, the following 

experiment is designed to identify independent evidence in support of the hypothesised aim to expend 

minimal effort.

The following experiment also has the fiirthCT aim of establishing why it is easier to apply the operation 

of deleting elements rather than adding elements when adapting a possible solution plan.

The experiment consists in presenting participants with Duncker’s Radiation Problem and the source 

analogue first encountered in the Null Adaptation Condition in Experiment 3, which features a solution 

plan incorporating the convergence and rotation operations. A valid solution plan for the target problem 

could either feature the convergence operation alone, or a combination of the convergence and rotation 

operations. This is because, importantly, there are no blocking constraints in the target problem which 

would prevent the mapping of both the convergence and rotation operations as elements of a single 

solution plan. The object of the experiment is, then, to determine whether one or both operations are 

consistently mapped from the source to the target in the construction of a solution plan.

Centner’s systematicity principle (Gentner, 1989) would seem to suggest that, given the option to map 

one or both operations from the same source domain wdiere they are integrated in the same solution plan, 

the individual should be disposed to map both: as these show the highest level of interconnectivity, both 

being part of the same solution plan.

The influence of the hypothesised aim to minimise effort in analogical mapping would, however, suggest 

the opposite. My first research hypothesis however is more general, and is that participants in the 

Experimental Condition will solve the radiation problem analogically. My first alternative hypothesis 

is then that more participants in the Experimental Condition, compared with the Control Condition, will 

advance the convergence solution.
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My second research hypothesis is that individuals will aim to map as few elements as possible to realise 

the target problem’s goal state. My second alternative hypothesis is that, in the Experimental 

Condition, the frequency of convergence solution plans will be significantly greater than the frequency 

of convergence and rotation solution plans.

6.2.2 Method

Design

The experiment had an independent measures design, with two conditions. In both conditions the 

participants provided an answer to the same target problem - Duncker’s Radiation Problem. In the 

Experimental Condition a source analogue was presented, but in the Control Condition there was no 

source analogue. The dependent variable was the answer participants advanced to the Radiation 

Problem. In this case the optimal answer was either the convergence solution, or the convergence and 

rotation solution.

Participants

There were eighty participants in all, were all UCL students (aged between 19 and 42); there were fifty 

females and thirty males. There were 40 participants per condition.

Materials

The target problem used was Duncker’s original Radiation Problem -see Appendix J: 1. The source

analogue was the General story - see Appendix D: 1. The instructions differed over the two conditions.

In the case of the Experimental Condition the instructions were as follows:

You will be presented with a sheet of text - The General Story'- and a problem -the 
Radiation Problem. Your task is to read the sheet of text and then provide a solution 
to the problem. You may find the General Story' useful. Don't be afraid to suggest 
a possible solution because you consider it too obvious'. You should write your answer 
below the Radiation Problem. Thank You.

In the case of the Control Condition the instructions were as follows:

You will be presented a problem: the Radiation Problem. Your task is to read the 
Radiation Problem and suggest a solution to it. Don't be afraid to suggest a possible 
solution because you consider it too obvious'. You should write your answer below the 
Radiation Problem. Thank You.
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Procedure

The participants were run in small groups from 1 to 15. They were presented with a booklet containing 

the materials for the experiment and requested to read through them in the order they were presented 

before attempting to answer the problem. Once they had written their answer the participants were 

debriefed thanked and dismissed. Each participant took approximately ten minutes to complete the task.

Answer Categorisation

The following coding scheme, presented in Table 6.2.1, was developed. This coding scheme allowed 

the various solutions advanced to be placed into specific categories depending on their content. 

Categorisation was carried out by two independent judges: their opinion about the answers’ categories 

was unanimous.

Table 6.2.1 Experiment 9: Categorisation o f Solution Plans Advanced in All Conditions.

Convergence Solution: multiple low intensity rays directed at the tumour from various angles 

simultaneously. This solution plan stands as the optimal answer as meets the constraints of the 

target problem but does not incorporate any unnecessary or superfluous operations.

Rotation: single ray of any intensity rotated around the patient / tumour. This solution plan is 

constraint violating as it either involves destroying the healthy tissue (single high intensity ray) or 

fails to destroy the tumour (single low intensity ray).

Convergence and Rotation: multiple low intensity rays rotated while directed at the tumour from 

various angles simultaneously. This solution plan stands as a constraint salifying but sub-optimal 

answer because while it meets the constraints of the target problem it incorporates an superfluous 

rotation operation.

Non-Analogous Solution: a solution plan which did not incorporated any of the above operations, 

e.g. ‘Direct medium intensity rays at tumour’. Such solutions were treated as instances of 

participants having failed to reason analogically.

Ambiguous Answer: solutions which were impossible to comprehend.

6.2.3 Results
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On the basis of the above coding scheme the frequencies of responses for the Experimental and Control 

Conditions are presented in Table 6,2.2.

Table 6.2.2 Experiment 9: Frequencies o f Convergence Solution Against 

Other Solution Types fo r Experimental and Control conditions.

Solution Plan Condition (n = 40)

Experimental Control

Convergence Solution 20 6

Other Solution Types 20 34

It is worth noting that in the Control Condition no one advanced a solution plan which including the 

rotation operation.

To test my first alternative hypothesis - that more participants in the Experimental Condition, 

compared with the Control Condition, will advance the convergence solution - the frequency of this 

solution plan for both conditions was compared. A significant difference was observed between the 

frequency of convergence solutions in the Experimental Condition as against those in the Control 

Condition: (d.f. 1) = 7.54, p < 0.05. This result indicates the presence of the source analogue had

a significant effect on the type of solution advanced. Data from the Experimental Condition will now 

be considered in more detail, beginning with the frequencies of all solution types advanced in the 

Experimental Condition, which are shown in Table 6.2.3.

Table 6.2.3 Experiment 9: Frequencies o f All Solution Plans Advanced in the Experimental 

Condition.

Type of Solution Plan

Condition Convergence Rotation Convergence 

and Rotation

Non-Analogous

Solution

Ambiguous

Answer

Experimental 20 4 3 9 4

Table 6.2.3 shows that 50% of participants advanced the convergence solution; 10% advanced the 

rotation solution; 7.5% advanced the convergence and rotation solution; 22.5 % advanced a non- 

analogous solution; and 10% advanced an ambiguous answer.
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In order to test the my second alternative hypothesis - that, in the Experimental Condition, the 

frequency of convergence solution plans will be significantly greater than the frequency of convergence 

and rotation solution plans - a comparison was made between the relative frequencies of these two types 

of solution plan. The difference proved to be significant: p < 0.05 (using Binomial test). A significant 

difference in the predicted direction was thus observed between those mapping the minimum number 

of elements for a valid solution, and those mapping the entire solution plan.

6.2.4 Discussion

The results of the experiment support my first alternative hypothesis since there were more participants 

in the Experimental Condition, compared with the Control Condition, who produced the convergence 

solution. Consequently this result supports my first research hypothesis, that participants in the 

Experimental Condition would solve the problem analogically.

The results of the experiment also support my second alternative hypothesis, as there were a 

significantly greater number of convergence solution plans advanced in the Experimental Condition than 

convergence and rotation solution plans. Consequently, this result supports my second research 

hypothesis, that individuals will aim to map as few elements as possible to realise the target problem’s 

goal state.

The frequency of convergence solution plans advanced in the Experimental Condition runs counter to 

participants’ predicted performance had they been using systematicity as their selection constraint. 

Rather than map complexes of interrelated structures from the source to the target, where the option is 

available individuals will map the most parsimonious set of relations required to realise the goal state. 

This finding indicates that Centner’s systematicity selection constraint does not account for human 

analogical problem solving performance in situations where it is possible to map various amounts of 

information from the source to the target and produce a valid solution to the target problem. In such 

situations the systematicity principle fails to predict and therefore to explain individuals’ selection of 

information mapped from the source to the target.

It is possible that the participants’ performance in the present experiment is explicable in terms of 

pragmatic constraints; specifically that pragmatic constraint hypothesised by Holyoak (1985) and 

subsequently incorporated into Centner’s (1989) Structure Mapping theory. The pragmatic constraint 

determines the selection of information in terms of its goal relevance. As such the participants’
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performance in the present experiment is certainly compatible with a pragmatic constraint. Yet, 

crucially, the pragmatic constraint - as it stands as simply goal orientated - would fail to predict any 

difference in the frequency of participants’ convergence solution selection as against their frequency of 

convergence and rotation solution selection. This is because the pragmatic constraint fails to make any 

distinction between the two solution plans; as they both realise the goal state, and neither violates any 

blocking constraints. Consequently, in order to account for individuals’ analogical problem solving 

performance it is necessary to augment the pragmatic constraint with a specifically behavioural 

constraint: that of attempting to minimise effort when selecting information for mapping.

Keane (1990a) has initiated research into behavioural level constraints, yet neither of the two constraints 

so far identified - the limitations of working memory, and the influence of background knowledge - 

explains the participants’ performance in the present experiment. In the case of the first of these 

constraints there is no evidence to suggest that the convergence and rotation solution exceeds the 

capacity of working memory, and therefore fails to map with any frequency because of that. Secondly, 

even if the convergence and rotation solution did exceed the capacity of working memory this does not 

explain why any element of the solution plan which fails to map in the first instance is not eventually 

mapped, as this could be realised via incremental mapping as Keane (1990a) suggests.

The influence of background knowledge fails to account for participants performance simply because 

the solution plans are not differentiable in terms of whether they conflict with, or conform to, 

background knowledge. Participants’ performance in the present experiment is better accounted for as 

the result of a pragmatic behavioural constraint - to minimise effort.

The findings of the present experiment can also be utilised to explain the as yet unaccounted for feature 

of Experiment 8: that participants reliably selected the deletion source analogue over the addition source 

analogue. Experiment 9 indicates that where elements of a source analogue are judged to be superfluous 

to the construction of a valid solution plan for the target problem, e.g. the rotation operation, 

participants simply fail to map such elements.

It ought, then, to be expected that it would be relatively easier to apply the operation of deleting elements 

than that of adding them, and that given a choice the individual would tend to delete elements rather than 

add them. It was precisely this tendency that was observed in Experiment 8. The inference is that 

individuals, in virtue of the aim to minimise effort, are already disposed to apply the operation of
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deleting elements. That is, to remove elements from their representation of the source analogue, before 

or during the mapping process, which are not strictly relevant to the realisation of the goal state.

This conclusion has broad implications for many of the experimental findings in the present work. 

These will be examined in the following chapter, the General Discussion.

6.3 Summary of Chapter Six

The aim of Chapter Six was to determine whether there were any tendencies to apply one rather than 

another adaptation operation, and if possible to give a theoretical account of why any such tendency 

obtained.

The results of Experiment 8 indicated there were such tendencies: a tendency to select source analogues 

which required no adaptation, and a tendency to select source analogues which required the application 

of the deletion rather than the addition operation. These tendencies were taken to indicate that the 

relative ease of adapting a solution plan acts as a constraint on its selection. Those that entail the 

application of the operation of deleting elements will tend to be selected rather than those that entail the 

application of the operation of adding elements.

Experiment 9 examined whether there was an aim to expend minimal effort when mapping elements 

from a source to a target problem. The results indicated that there was such an aim. I interpreted this 

as a behavioural constraint on analogical problem solving performance. I further reasoned that, in 

virtue of the aim to minimise effort, the individual is disposed to apply the operation of deleting 

elements, rather than addition elements. That is, the individual is disposed to remove elements from 

their representation of the source analogue before or during the mapping process, elements which are 

superfluous to the most economic solution plan. The aim to expend minimal effort thus provides an 

explanation of why applying the operation of deleting elements is easier than applying the operation of 

adding elements, and so why there is a tendency to select a source analogue which entails the application 

of the operation of deleting elements, rather than the application of the operation of adding elements.
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The aims of the present work were to determine how putative analogically derived solution plans are 

firstly verified as vaUd for a given target problem and how failed solution plans are adapted so as to 

render them valid.

Verification is characterised as the comparison of a possible solution plan against the cmstraints in 

the target problem. Verification of a solution plan as vahd is made on the basis of viiether or not it 

satisfies the target problem’s constraints.

The ad^Ttation of solution plans that fail to verify as vahd can be, it is argued, exhaustively accounted 

for in terms of applying either an operation of deleting elements firom the solution plan, an operation 

of adding elements to the solution plan, or a combination of these operations. The operations 

themselves being apphed in order to alter a solution plan which has failed to verify as vahd so that it 

satisfies the target problem’s constraints.

Differences were observed in terms of the ease of applying the operations of deleting and adding 

elements: applying the operation of deleting elements being easier than adding elements to adapt a 

solution plan. This difference also resulted in a tendency to apply the operation of deleting elements 

rather than the operation of adding elements.

An aim to expend minimal effort when mapping a solution fiom a source to a target problem is also 

identified. The aim to e?q)end minimal effort, it is argued, is shown to act as a constraint influencing 

the process of analogical m ^ in g  itself: it results in a tendency to map as few elements as are necessary 

to produce a vahd solution plan. The aim to eTqrend minimal effort is then used to explain the 

tendency to q>ply the operation of deleting elements rather than the operation of adding elements, and 

the relative differences in their ease of apphcation.

The individual, being disposed to map as few elements as are necessary, is then already disposed to 

eq}ply the operation of deleting elements, specifically with respect to elements judged superfluous to the 

target problem’s goal state.

Furthermore, the aim to expend minimal effort is identified with a more general pragmatic reasoning
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constraint which results from people's limited processing capacities. This relates constraints specific 

to analogical mapping with constraints that have already been shown to apply to other more general 

aspects of human reasoning.

Review and Critique o f Experimental Work

The e?q)erimental work was divided into two broad sections; E?q)eriments 1- 5 were concerned with an 

analytic account of both verification and ad^tation. They were designed to determine what is necessary 

to both verify whether a solution plan is vahd and to adapt a failed solution plan to render it vahd. 

Experiments 6 -9  were concerned with a behavioural account of adaptation. T h ^  were designed to 

detamine how an individual actually adq)ts a failed solution plan to render it vahd, and to relate this 

to broader psychological theoiy of reasoning, and rationahty in general.

Experiments 1 and 2 examined how putative solution plans are verified as possible solutions to a 

target problem. Experiment 1 examined analogical matching and indicated that verification is 

accountable in terms of identifying identical causal structures in the two domains. There was, 

howevo", evidence that in cases where it is impossible to identify identical causal relations between the 

two domains individuals wiU construct loose analogies’ between two domains - analogies that work 

because the individual is able to reason that there is some structural similarity between the two 

domains.

Experiment 2 examined analogical mapping and indicates that verification can be accounted for in 

toms of a comparism of a putative solution plan against the target problem’s constraints. A solution 

plan being vahd if it satisfies the constraints in the target problem.

It is possible to aigue that the characterisation of verification is as ‘constraint comparison’ is nothing 

more than a truism While this accusation has some force it overlooks the fact that the aim of the two 

e3q)enments was analytic in nature. They were designed to demonstrate what is necessary to verify an 

analogy as vahd. The experiments thus fimction to clarify the notion of verification, rather than 

demonstrate how individuals actuaUy carry out the process of verification.
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The object of clarifying the notion of verification assumes even greater inqxxrtance because, hitherto, 

it has cmly been vaguely defined (Centner, 1989) or givoi only a local characterisation, as in Keane's 

(1991) notion o f‘badcground knowledge based verification'. In fact, as was argued in Chapter Three, 

Keane's idea of "background knowledge based verification' can be accounted for in terms of "constraint 

comparison' where additional knowledge about the target domain can fimcticm as a set of additional 

constraints.

Clearly, had voification beoi the principal focus of the present woric them it would have been subject 

to more sustained research. The characterisation of verification arrived at was, however, sufficient to 

serve as a basis for fiirtho" research concerning adaptation. This is because adaptation (defined as 

procedural ad^tation in Chq)ter One: Introduction) at its simplest is a comparison of a failed solution 

plan against the target problem's constraints and altering it accordingfy. Characterising verification 

as constraints comparison is then a precursor to this process

It was further suggested that determining wliich failed solutions ought to be treated as candidates for 

adaptation could be accounted for in terms of counterfactual reasoning. Counterfactual reasoning in 

this case was treated as an instance of simulation. That is, simulating the application of a solution plan 

to a target problem in altered circumstances.

This could be realised by simulating the removal of (me (X more of the blcmking constraints in the target 

problem. Then simulating the plication of the soluticm plan to the altered target problem to determine 

whether, in the absence of a given blocking constraint, the solution plan would have realised the target 

problem's goal state. This would allow a distincticm to be made between non relevant solution plans 

and partially valid soluticm plans. That is, between one's that would not realise the target problem's 

goal state even in altered circumstances and those that would have reahsed the goal state in the altered 

circumstances.

Identifying partial solution plans is important, for these can be treated as candidates for adaptation. 

Further, simulating their ^h ca tio n  to the target problem allows the inchvidual to identify those 

elemoits of the soluticm plan which do not satisfy the constraints, and hence which require adaptation 

if the solution plan is to be rendered valid. This accounts for verificaticm firstly in terms of a 

recognised mental operation - counterfactual reasoning. Secondly it links verification directly to the
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process of adaptation, which is the subject of the remaining experiments.

Experiments 3 and 4 examined how non-vahd but partial solution plans are adapted to render them 

valid. The aim was to establish what is necessary to adapt a solution plan in order to render it valid in 

the target domain. The findings indicate that ad^tation can be accounted for in terms of applying the 

operations of either deleting elements from the solution plan or adding elements to the solution plan 

in order to render it such that it satisfies the constraints of the target problem. Identifying potentially 

useful elements of a failed but partial solution plan was accounted for in terms of the goal conflict 

resolution algorithm Keane proposes as a means of realising analogical mapping. Where a partial 

solution plan realises one but not both goals in a target problem the solution plan is re-represoited as 

an additional constraint. The unreahsed goal remains the goal which needs to be reahsed for the 

problem to be solved.

This re-representation effectively targets that element of the analogous solution plan which requires 

adaptation. The individual can then attempt to adapt the solution plan by simulating various 

alterations, and verifying whether they would satisfy the constraints in the target problem in the way 

indicated in Experiment 2. This idea may be criticised as being without empirical support: it was not 

tested in &q)erimait 3 and therefore there is no justification for granting it any veracity. Yet it was

entirely derived from a previous theory, and simply re-apphed to the issue of adaptation. As such it 

accounts for the initial stages of a process which has hitherto received Uttle attention. It offers an 

explanatory frame work for the initial stages of adaptation in a concise and cohesive way. That it 

requires enq)irical justification is unquestimably cxxrect, but this fact does not render the idea specious.

E)q)@immt 3 can be criticised because it did not have the participants advance the same answer in all 

conditions, hence the participants’ performance could not be rehably contrasted over all conditions. 

While I acknowledge this criticism the purpose of E?q)eriment 3 was exploratory. It was largely 

designed to determine whether people could apply the posited adaptation q>erations appropriately, 

rather than to test directly for differences between performance in different conditions, although this 

information was gathered as well.

In fact Experiment 4 was designed to counter this criticism, by having the constraint satisfying solution 

plan identical fx  all cmditions by problem. Experiment 4 therefore did offer the opportunity for more
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reliable testing of differences in performance between conditions. Experiment 4 did feature a problem - 

the Engineering Problem - which proved less than adequate. This issue was considered in Chapter 4, 

Section 4.2.4. Discussion. The Sad that the Engineering Problem was less than adequate does highlight 

a problem particular to research concerning analogical problem solving, namely the difficulty of 

inventing novel materials. The Radiation Problem, which features in so much research on analogical 

problem solving is dependable: it has matching source analogue without which it is extremely difficult 

to solve. However, findings derived from research using it need to be supplemented with equivalent 

research using different but comparable problems; that is, ill-defined problems with multiple possible 

solutions. This demand requires that such problems be devised, but this is no easy task: there's no 

guarantee that such problems can be devised on demand. Put singly, such problems are difficult to 

think up. This accounts for the fact that Duncker’s Radiation Problem has proved so popular for so 

lœig. While this is an apparent^ trivial point it has broader implications. Any findings associated with 

the Radiation Problem may be a function of the properties of the problem itself. To determine whether 

any findings generalise requires the rephcation of e?q)eriments involving Duncker's Radiation Problem 

using alternative problems.

This point was the rationale for E^qxriment 4: it was designed to test for the same adaptation operations 

as Expmmoit 3 but using different materials. It's design, as discussed above, allowed a more precise 

scrutiny of the differences between participants performance in the different conditions. The results 

indicate that ̂ plying the <̂ )erati(xi of adding elanents is more difficult that carrying out no adaptation. 

This accords with Novick and Holyoak's claim that adaptation is distinct from mapping. It also 

indicated that applying the q)eration of adding elements was more difficult that applying the operation 

of deleting elements. Explaining why this should be so occupied much of the remainder of the thesis.

Perhaps the most telling criticism of that can be levelled at both Experiment 3 and 4 is that they only 

identified the adaptation operations that were actually tested for. This leaves open the possibility that 

Acre are other ad^tafion q>erations which could be added to a taxonomy of adaptation operations, but 

which the present work failed to identify. However, I find it difficult to conceive of any further 

operations that could not themselves be accounted for in terms of a combination of the operations of 

deleting and adding elements. In fact Experiment 5 did examine a further adaptation operation - 

substitution - but this was accounted for in terms of the operations of deleting and adding elements.

E?q)eriment 5 indicated that not only was the operation of substitution part of the individual's problem
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solving repertoire but also that it was perceptibly more difficult to apply than carrying out analogical 

mapping requiring no adaptation. The principal criticism levelled at this experiment was raised in 

section 4.3.4. Discussion. It concerned vdiether the adaptation required of participants could be 

appropriately described as just substitution. However, this argument will not be repeated here.

Experiments 6 was designed to examine how individuals actually manipulate information when 

applying the various ad^tation operations, and diereby explain why there are differences in their ease 

of apphcation. Experiment 6 indicated that ^plying the operation of adding elements was not only 

more difficult than carrying out analogical mapping with no adaptation, but also more difficult than 

qipfying the operaticm of deleting elemmts. This was consistait with the previous findings specifically 

those of E?q)eriment 4. The difference was oqplained in terms of the types of decisions the participants 

in the Addition Condition had to make compared with those in the No Adaptation and Deletion 

Conditions.

Experiment 7 was designed to examine whether applying the operation of deleting elements is more 

difficult than carrying out analogical mapping requiring no adaptation when the number of elements 

which stand as candidates for deletion is increased.

The criticism levelled at Experiment 7 in Section 5.2.4 Discussion is perhaps the most serious so far 

considered. I claimed that the difference in response times identified between the Greater Deletion 

Condition and the No Adaptation Condition is a result of the difference in the number of decisions 

participants had to take about Wiich elements to delete. This explanation was open to the criticism that 

this claim is confounded by the fact that participants in the Greater Deletion Condition simply had more 

to read, and hence took longer to complete the task because of this. There were arguments advanced 

challenging this intopretation in Section 5.2.4, namely that no differences were identified between the 

No Adaptation Condition and the Deletion Condition, even though participants had more to read in the 

Deletion Qmdition than die No Ad^tation. Furthermore, in Eiqieriment 6 the greatest response times 

were recorded in the Addition Condition, where there was least to read. Now, either these points are 

sufficient to refute the above criticism, or it is impossible to take response times for a deletion task, 

Wiere the source analogue will inevitably contain more information than that which is featured in any 

control condition’s source analogue.

Experiment 8 tested vshether the difference in the relative ease of applying the operations of deleting
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and adding elements was associated with a tendency select a source analogue which necessitated the 

^plication of one or the other of these operations. The results indicate people have a tendency to 

select the source analogue which necessitates the application of the operation of deleting elements 

rather than the operation of adding elements to ad ^ t a solution plan. However, analysis of the 

actual answers advanced indicated that frequently the participants’ written solution plans were not 

analogous to their selected source analogue. This result was unexpected, and indicates that there 

may be a distinction between \^hat people think they’ve stated and what they’ve actually stated. 

Whereby they simply assume they’ve included information in the target problem’s solution plan 

which is in feet absent. This point will be further considered in the section ‘Future Work’.

Experiment 9, the final experiment, examined how much information would be m^ped finom a 

source to a target to generate a vahd solution plan. The source domain featured a problem with a 

convergence and rotation solution. My interpretation of the systematicity principle (Centner, 1983; 

1989) suggests that participants should attempt to map as much causally integrated information as 

possible - i.e. a complete solution plan, so long as no element is e^licitly blocked by a constraint.

An alternative interpretation of the systematicity principle may suggest that only the convergence 

operation will be mapped as this is all that was required to solve the target problem, but it is 

difficult to see how this could be justified. The selection of relational information to be mapped is 

determined by whether the relations are themselves constrained by higher order relations, such as 

‘implies’, or ‘causes’. Both the convergence and rotation operations, while clearly separate 

operations are both related by the fact that their implementation caused, or resulted in, the realisation 

of the goal state in the source domain.

Yet this really is a minor point: regardless of any interpretation of the systematicity principle the 

result of the experiment clearly indicates that people will map as httle information as possible to 

realise the goal state in the target domain. This finding is compatible with Simon’s (1980; 1990) 

notion of bounded rationahty and satisficing; it also accords with Evans’ (1993) characterisation of 

rationality of performance. Experiment 9’s findings firstly provide a possible account of why 

applying the operation of deleting elements should be easier than ^plying the operation of adding 

elements - as individuals are already disposed to apply it. Secondly, Experiment 9’s findings serve to 

link analogical problem solving performance to other areas of cognition, specifically general 

reasoning. Forging this link has, hitherto, been only incidental to research in the area.
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Impact o f Findings on Previous Theories

Verification: The Stnicturc Moping Theoiy (Gentner, 1989) and the Incremental Analogy Theoiy 

(Keane, 1990a) already indicate a verification unit. Both theories suggest processing is incremental, 

so determining whether a solution plan is non-valid could be realised either by identif^g a 

constraint that is being violated by an element being transferred, or assessing whether a constraint 

remains unsatisfied. The process of verification, presumably, ceasing as soon as either of these two 

conditions are realised. While this would often allow the individual to discriminate between partial 

and irrelevant solution plans, it would, theoretically at least, fail to indicate the degree to which a 

solution had W ed to satisfy the target’s constraints. I suggest an alternative method of verification 

- by conqraring the solution plan against all constraints, and counter Actually determining its degree 

of Ailure (see Chapter Three). This method would provide an account of precisely why a Ailed 

solution plan failed, and so \^hat should be ad^ted. The Pragmatic Theory (Holyoak, 1985; 

Holyoak and Thagard, 1989) has, in addition to this problem, a further Ailing; as it processes 

information in parallel it discriminates only between valid and non-valid solution plans, not between 

partial (structurally unsound) and irrelevant solution plans (Gentner, 1989). Incorporating the above 

method would allow the Pragmatic Theory to make such a discrimination, and allow for the 

adaptation of Ailed solution plans, as constraint violating elements could be comprehensively 

targeted.

Adaptation: Incorporating an ad^tation element into any of the three theories would require a 

capacity for re-representation. This is necessary to effect appropriate alterations to the putative 

solution plan: to re-represent a solution plan with constraint violating elements deleted, or a solution 

plan wiA a requisite constraint satisfying element added. Ad^tation operations could be effected by 

the activation of specific rules which would result in the generation of the altered re-representation 

of the original solution plan, e.g. 'if procedure X violates constraint Y then remove X fiem the given 

set of relations’. Further, an adaptation element would also require a knowledge base containing 

elements not featured in the source domain but necessary for the realisation of a target problem’s 

goal state is required. Any element would need to be specified in terms of its properties and relations 

to other elements. Although exactly how additional elements should be incorporated into a solution 

plan may be subject to guidance by constraints in the target domain (e g. as in Experiments 6 and 7). 

However, any knowledge base would need to contain not just factual information about its various 

elements, but also information about how to ^p ly  a given element to a solution plan in a coherent 

way. All three theories require the addition of these items to cany out adaptation.
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Minimal Effort; A principal claim I make is that individuals aim to expend minimal effort when 

carrying out analogical mapping, i.e. transfer as few elements as possible to realise the goal state. 

This conflicts with Centner’s (1983; 1989) claim that when mapping, people actually adhere to the 

systematicity principle. Yet I claim the sj^maticity principle does not, in itself  ̂ reliably c^ture 

facts about people’s moping. To do this the systematicity principle needs to be attenuated with the 

specifically behavioural constraint of an aim to expend minimal effort when mapping. In terms of 

the Pragmatic Theory aq}turing these facts about people would simply entail the pragmatic 

constraint being supplemented with a specific behavioural constraint: that the solution plan 

transferred should not simply be defined as goal relevant but also that it should contain the least 

elonents necessary to realise the goal state. This should be relatively easy to effect as all elements 

between the two domains are held to be m^)ped in parallel. Any competing solution plans could 

have their relative economy of structure estimated against one another.

Keane (1990a) holds parallel mq)ping is, in many cases, psydiologically unrealistic: instead 

moping is held to be a serial process. Consequently, in the case of the Incremental Analogy Theory 

it is a matter of chance if the most economical solution plan is advanced: the theory holds analogies 

are m ^ped incrementally, solutions being built up by accretion. Consequently, the most economical 

solution plan may be advanced if the set of elements which constitute that plan are mapped first, but 

may not if superfluous elements are mapped first. This is clearly at variance with human 

performance. The veracity of Keane’s theory could be increased by having a two stage mapping 

process. Firstly, ‘simulating’ the ^plication of a putative solution plan. This would involve 

moping a highly abstract version of a solution plan derived from the source but specifically a 

solution plan whidi contained as few procedural steps as possible, which are perhaps pragmatically 

defined. The individual then determines whether its application would realise the goal state. 

Secondly, if it successfully does realise the goal state then the individual carries out mapping proper. 

If not then the number of steps in the solution plan is increased, and the process reiterated. In feet 

Keane (1994/1996) has already suggested something of this sort with respect to determining the 

choice of solution plan where implementational adaptation is called for. Further, there is no 

evidence that people don’t proceed in this serial manner: how they proceed remains to be 

established.



Chapter Seven: General Discussion

Future Work

Experimoit 1, while modest in its ambitions, does provide a frame work for examining factors which 

determine or guide perceptions of analogy. That is, rather than just investigate how analogies are 

processed also examine ecological factors which may influence whether two domains are regarded as 

analogous. Ecological factors include cultural background and broad political persuasion. Recall the 

suggestion in Section 3.1.4 Discussion that an Iraqi loyal to Saddam m ^  reject the Saddam - Hitler 

analogy, ^ ^ e  Americans may accept it uncritically. It may, of course, be that such Iraqis simply 

stubbornly refuse to acknowledge there is any analogy between the two leaders. However, without 

investigaticxi it is inqx)ssible to determine \\frether this is the case. It may be the case that what counts 

as an analogy is in part deteimined not simply by the structure of the domains but by the way these 

domains are perceived: p e rh ^  in virtue of the attributes that are associated with the objects in the two 

dcxnains. This suggestion is effectively a questions about the modal status of analogy, and the design 

of Experiment 1, using competing source analogues could be apphed to this issue.

Experiment 2 involved verifying whether possible solution plans were valid for a particular target 

problem. The most immediately obvious extension of this work is to examine the role of background 

knowledge, and further research could concentrate on whether there is a difference between experts 

and lay judgements about the vahdity of particular source analogues' solution plans for given target 

ckxnains. That is, whether background knowledge does function as an imphcit constraint against which 

the vahdity of a putative solution plan can be judged.

Experiments 3, 4 and 5 examined adaptation at the informational level: the most immediate issue 

deserving further investigation is to attempt determine how the adaptations were processed at the 

behavioural level using the same problems. That is, to determine how the elements of the source 

analogue's solution plan that required alteration were actuaUy altered. However, the materials in the 

experimoit do not lend themselves readily to this type of investigation and it is difficult to conceive of 

a means of determining how people are actually using them. This problem was in fact the motivation 

for the design featured in E?q)eriments 6 and 7. Apart fixxn introducing analogues which can be broken 

down into single terms, as was the case with E?q)eriments 6 and 7, task concurrent verbal protocols 

may provide a means of establishing what peq>le are actually doing when adapting a solution plan (e.g. 

Byrne, 1983).

Protocols, however, need to be treated with some caution. Although Ericsson and Simon (1984) have

186



Chapter Seven: General Discussion

defended their use they warn that for ‘insight’ problems protocol data has to be treated as no more than 

a supporting adjunct to the quantitative data. It maybe the case that having to provide a concurrent 

protocol changes what a participant is actually doing. Hence the verbal data is a description not of the 

process of adaptation but of the participant attempting to adapt the solution plan while having to 

describe what they are doing.

Protocols while not redundant could be better ̂ plied to the future work suggested as an extension to 

E?q)aimait I and 2: here what is required are not accounts of a process but rather justifications about 

vdiy certain analogies or solution plans were verified as valid or not.

£7q)eriment 6 and 7 examined how information which required either deletion or addition was actually 

manipulated. An even more detailed picture of this process could be obtained by taking specific 

response times for each match made in each condition. This might indicate at which stages of the 

matching task the application of any particular operation was taking place, i.e. at that point at which 

the participant takes longer to make a match than had been the case for the previous matches. Further 

research might also address the issue of whether altering the order of presentation of items in the target 

list influenced the ease of mapping: given the key match is Saddam = Hitler, and in view of Keane et 

al.'s (1994) findings placing Saddam lower down on the list ought to result in a more difficult task and 

hence greater response times.

It would also be valuable if the method of representing a target domain employed in Experiments 6 and 

7 could be used to represent other domains, and hence allow response time measures to be taken for a 

variety of problems. This would also allow a step by step account of what individuals were actually 

doing when analogising, as was done in Experiments 6 and 7, to be constructed. This is perhaps the 

most useful direction for future work to take. It would allow a comprehensive account to be made of 

what was involved in problem solving tasks, and the constraints in the individual. It could therefore be 

used to both identify novel aspects of people’s analogical problem solving performance, and to test 

previous thewies about analogical problem solving. There were indications in both E^qieriment 6 and 

7 that the pressure for one-to-one m ^ in g  was fairly resilient, just why participants do not make many- 

to-one matches could be investigated using this technique. However, to actually devise the materials 

which do represent knowledge domains in the manner of a list, and that can be readily understood by 

participants is no small requirement, and their construction would require some ingenuity. It may be 

necessary to train potential participants to recognise how items in a list are to be understood, before
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testing them.

A further possible innovation using this technique is to present the items on a computer screen (both 

source analogue and target list) then have the participants "click and drag’ items, using a mouse, fiom 

the source analogue and simply place them opposite their corresponding matches in the target list. This 

method could well result in the recording of even more precise response times, as individual differences 

in terms of speed of hand writing would be removed Such a method may yet reveal differences in terms 

of respcmse time betweai the No Adqjtation and Deletim Conditions featured in Experiment 6. There 

has, so 6r, been httle use of con^uter technol(%y as a research tool in analogical problem solving. The 

immediately forgoing indicates how such a tool could be ^phed.

E?q)eriment 8 tested whether the ease of applying one operation to adapt a solution plan resulted in a 

tendency to select a source analogue which entailed its apphcation, rather than one which did not. This 

tmdency was observed and interpreted and the ease of applying one adaptation operation rather than 

another characterised as a constraint on source analogue selection. Perhaps the most surprising element 

of Experiment 8 was the fact that there were differences between the participants’ selected source 

analogues and their stated solution plans. The explanation advanced for this was a difference between 

what participants had written and what they assumed they had written. One w ^  of removing this 

difference is to request solutions be advanced in diagrammatic form. This area has received some 

attention (Gick, 1985; Choi, 1995): diagrammatic representations have been found to enhance mapping 

(Beverage and Parkins, 1987), but it has not been apphed to the issue of adaptation. In the case of 

adapting solutions to Duncker’s Radiation Problem, or versions of it, diagrammatic representations of 

a solution may enhance adaptation. The problem is well suited to a diagrammatic representation, as 

it is a spatial problem. Furthermore, diagrams may well render the structure of the solution clearer, 

indicating to the individual whether procedures assumed to have been expressed as part of it have 

actually been included, e.g. the rotation operation. In this way it would be possible to investigate 

whether the form a solution plan is required to be represented in, either text or diagram, has an effect 

on the ease of adaptation.

Experiment 9 tested for an aim to minimise effort when mapping fi*om a source to a target. The aim 

was identified as a fimction of an individual’s limited processing capacity. Future work could 

ccmcentrate on two associated issues. The first is to attempt to identify fiuther behavioural constraints 

on mapping and adaptation. At the present time this is the most pressing issue facing analogical
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problem solving research. Informational constraints have received a great deal of attention, yet there 

has been relatively little research on how individuals actually process analogies. Clearly this state-of- 

affairs cannot continue, if only because theories of analogical problem solving remain incomplete. 

Keane (1990a) has suggested limited working memory and background knowledge as two behavioural 

constraints, but their influence has, so far, gone largely unexamined. These would be then be the first 

candidates for further investigation.

The second issue is to relate any further findings concerning behavioural constraints with broader 

psychological theory, so that analogical problem solving can be accounted for in the same terms as 

other areas of cognitive psychology, specificalty those associated with general reasoning. This has been 

the case with respect to mental models theory of analogising, but so far has not been the case with 

respect to the lower level behavioural constraints.

In fact just such an enterprise runs through the present work. It is intended to contribute to the 

understanding of adaptation and analogical problem solving in the following respects. It specified a 

general description of verification, in terms of ‘constraints comparison’. This was then shown to be 

related to the subsequent adaptation of partial solution plans which had failed to verify as valid. The 

present work also idmtified operations which were held to be exhaustively constitutive of adaptation, 

namely the deletion and addition of elements. It also introduced a conceptual distinction between fypes 

of adaptation, viz procedural and implementational adaptation.

The thesis also established that there are differences in the relative ease of applying the operations of 

deleting elements and adding elements, and that this difference results in a tendency to apply the 

opoatim of deleting rather than adding elements. This tendency and the difference in the relative ease 

of applying the two operations was explained in terms of an aim to expend minimal effort when 

mapping information from a source to a target. The aim to expend minimal effort, it was argued, 

disposes the individual to apply the operation of deleting elements, hence its relative ease of application. 

The aim to expend minimal effort was characterised as the result of the individual’s limited processing 

capacity.
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Appendix A : Experiment 1

Appendix A: 1

The Dismantle Problem, presented in Experiment 1: Match Condition.

A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was fer too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was far too large to fit through the tunnel. The groundsman had an idea: he 

suggested dismantalling the mower and taking it onto the pitch in pieces then rebuilding the 

mower on the pitch itself. This is what was done and the grass was eventually cut in time for 

the match to go ahead.

Appendix A: 2

The Airlift Problem, presented in Experiment 1: Match Condition.
A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was far too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was far too large to fit through the tunnel. The groundsman had an idea: he 

suggested air-lifting the mower via helicopter and depositing it in the centre of the arena. This 

is what was done and the grass was eventually cut in time for the match to go ahead.
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Appendix A: 3
The Tunnel Problem, presented in Experiment 1: Match Condition.

A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was fer too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was far too large to fit through the tunnel. The groundsman had an idea: he 

suggested taking the mower through a tunnel which would come up between the seating and 

the pitch. This is what was done and the grass was eventually cut in time for the match to go 

ahead.

Appendix A: 4

The Match Relocated Problem, presented in Experiment 1: No Match 

Condition.
A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was far too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was far too large to fit through the tunnel. The groundsman had an idea: he 

suggested having the match re-located and played at another stadium. This is what was done, 

and the match eventually went ahead.

Appendix A: 5
The Match Cancelled Problem, presented in Experiment 1: No Match 

Condition.
A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was fer too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was far too large to fit through the tuimel. However, all the suggested 

solutions were too unrealistic to put into effect and the match had to be cancelled.
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Appendix A: 6
The Multiple Mowers Problem, presented in Experiment 1: No Match 

Condition.
A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was fer too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, vdien the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was far too large to fit through the tunnel. The groundsman had an idea: he 

suggested abandoning the mower altogether and hiring a number of smaller machines which 

could be used to cut the grass simultaneously. This is what was done and the grass was 

eventually cut in time for the match to go ahead

Appendix A: 7

The Dismantle source analogue, presented in Experiment 1: All 

Conditions.
In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut off all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture 

one of these guns in order to make copy its design. To do this a party of commandoes were 

sent out of the city to capture one of the guns. In this they succeeded. However, the gun was 

far to big to bring back through the enemies lines undetected. The leader of the commandoes 

knew just what to do. He had the gun taken to pieces and each man brought back a small part 

of it. When they were all safely back inside the city the gun was reassembled and its design 

was successfully copied.
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Appendix A: 8
The Airlift source analogue, presented in Experiment 1: All Conditions.
In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut ofiF all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture 

one of these guns in order to make copy its design. To do this a party of commandoes were 

sent out of the city to capture one of the guns. In this thty succeeded. However, the gun was 

far to big to bring back through the enemies lines undetected. The leader of the commandoes 

knew just what to do. They transported the gun through the French countryside until they 

reached the city of Orleans which lay beyond the area of Prussian occupation. Here the gun 

was loaded onto an airship and floated back to Paris where its design was successfully 

copied.

Appendix A: 9

The Tunnel source analogue, presented in Experiment 1: All 

Conditions.
In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut off all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture 

one of these guns in order to make copy its design. To do this a party of commandoes were 

sent out of the city to capture one of the guns. In this they succeeded. However, the gun was 

far to big to bring back through the enemies lines undetected. The leader of the commandoes 

knew just what to do. He knew of a large passage way which led directly back to the city and 

which was so far undetected by the Prussians. The gun was taken to the tunnel and hauled 

through in one piece; when they reached Paris the gun's design was successfully copied.
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Appendix A: 10

Appropriate and Inappropriate Options Selected for all Participants in all 

Conditions in Experiment 1. Appropriate options Indicated by *+% inappropraite 

options selected are specified by name.

Participant Dismade Aiilift Tunnd Relocation Cancel Multi Mowers |

1 No No + + 1

2 + + + +

3 + + Tunnel +

4 + + + + +

5 + + Airlift +

6 + + + Airlift

7 + Airlift + +

8 + + + Dismantle

9 + + +

10 + + + +

11 + + Tunnel + Dismantle

12 + + + +

13 + + Tunnel +

14 + + + +

+ + 4- Dismantle

16 + + + +

17 Airlift No + +

18 + + + +

19 + + + +

20 + + Airlift +
{Continued)
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Appendix A: 10 Continued

Appropriate and Inappropriate Options Selected for all Participants in all Conditions 

in Experiment 1. Appropriate options Indicated by inappropraite options selected 

are specified by name ~ continued.

Participant Dismatle Airlift Tunnel Relocation Cancel
n

Multi Mowers

21 + + + +

22 + + + +

23 + + + +

24 + Airlift + +

25 + No + +

26 + + Airlift Dismantle

27 + + + + +

28 + + + Dismantle

29 + + + +

30 + + + +

31 + + + +

32 + + + +

33 + No Airlift Dismantle

34 + + Airlift Airlift

35 + + + +

36 + + + Dismantle |

37 + + +

38 + + Dismantle +

39 + No + +

40 + + + +
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Appendix B: 1

The Dismantle Problem, presented in Experiment 2: Dismantle 
Condition.

A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was fer too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was far too large to fit through the tunnel. The groundsman had an idea: he 

suggested air-lifting the mower via helicopter and deporiting it in the centre of the arena. This 

solution, however, was ruled out on the grounds of cost. Nor could any form of alternative 

tunnel be constructed in time. How then could the mower be located in the stadium in order 

to get the grass cut in time?

Appendix B: 2

The Airlift Problem, presented in Experiment 2: Airlift Condition.
A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was fer too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, Wien the lawn mower arrived, at 7.00 pm the day before the match was 

to be played, it was far too large to fit through the tunnel. The groundsman had an idea: he 

suggested dismantalling the mower and taking it onto the pitch in pieces then rebuilding the 

mower on the pitch itself. This solution, however, was ruled out as no-one felt certain they 

could re-build the mower correctly. Nor could any form of alternative tunnel be constructed 

in time. How then could the mower be located in the stadium in order to get the grass cut in 

time?
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Appendix B: 3
The No Match Problem, presented in Experiment 2: No Match Condition.
A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was fer too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was far too large to fit through the turmel. The groundsman had an idea: he 

suggested air-lifting the mower via helicopter and depositing it in the centre of the arena. This 

solution, however, was ruled out on the grounds of cost. He also suggested dismantalling 

the mower and taking it onto the pitch in pieces then rebuilding the mower on the pitch itself. 

This solution, however, was ruled out as no-one felt certain they could re-build the mower 

correctly. Nor could any form of alternative tunnel be constructed in time. How could the 

mower be located in the stadium in order to get the grass cut in time?

Appendix B: 4

Source Analogues presented in all Conditions in Experiment 2. 

Dismantle Analogue
In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut off all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture 

one of these guns in order to make copy its design. To do this a party of commandoes were 

sent out of the dty to capture one of the guns. In this they succeeded. However, the gun was 

far to big to bring back through the enemies lines undetected. The leader of the commandoes 

knew just what to do. He had the gun taken to pieces and each man brought back a small part 

of it. When they were all safely back inside the city the gun was re-assembled and its design 

was successfully copied.
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Appendix B: 4 Continued.

Source Analogues, presented in Experiment 2 Ail Conditions.

Airlift Analogue
In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut off all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture 

one of these guns in order to make copy its design. To do this a party of commandoes were 

sent out of the dty to c^Jture one of the guns. In this they succeeded. However, the gun was 

6r to big to bring back through the enemies lines undetected. The leader of the commandoes 

knew just what to do. They transported the gun through the French countryside until they 

reached the dty of Orleans which lay beyond the area of Prussian occupation. Here the gun 

was loaded onto an airship and floated back to Paris where its design was successfully 

copied.

Tunnel Analogue

Prussian troops surrounded the dty and cut off all access. One great advantage the Prussians 

had over the Parisians was a heavy machine gun. The Parisian government dedded they need 

to capture one of these guns in order to make copy its design. To do this a party of 

commandoes were sent out of the city to capture one of the guns. In this they succeeded. 

However, the gun was far to big to bring back through the enemies lines undetected. The 

leader of the commandoes knew just what to do. He knew of a large passage way which led 

directly back to the dty and which was so fer undetected by the Prussians. The gun was taken 

to the tunnel and hauled through in one piece; when they reached Paris the gun's design was 

successfully copied.
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Appendix C: 1

The source analogue, the General Story (convergence and rotation solution), 
presented in Experiment 3: No Adaptation and Deletion Conditions.

The General Story

A small country was ruled from a strong fortress by a king. The fortress was situated in the 

middle of the country surrounded by farms and villages. Many roads radiated from the 

fortress, like spokes on a wheel. Each of these roads contained a bridge. A rebel general 

vowed to capture the fortress. He gathered his men at the head of one of the roads. In order 

to c^ture the fort the general first had to bombard it. He had a few small cannons and a few 

larger cannons.

In order to get close enough to damage the fort the cannons had to be located on one of the 

many bridges; unfortunately the bridges would only support the weight of one of the smaller 

cannons. Furthermore, if the cannons remained on any given bridge for too long the enemy 

would be able to identify their exact position and return fire, thus endangering the men who 

fired the cannons.

The general knew just what to do. He divided is artillery and assigned each of his few smaller 

cannons to one of the many bridges: in this way he was able to bombard the fort from many 

different angles simultaneously, but he also ensured that the cannons were moved after being 

fired and relocated on a different bridge, thus rotating the caimons around the fort and 

keeping his men safe from return fire. He continued this bombardment until the fort was 

sufiGciently weakened for his troops to over-run it.
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Appendix C: 2

The source analogue, the General Story (convergence solution), presented in 
Experiment 3: Addition Condition.

The General Story

A small country was ruled from a strong fortress by a king. The fortress was situated in the 

middle of the country surrounded by farms and villages. Many roads radiated from the 

fortress, like spokes on a wheel. Each of these roads contained a bridge. A rebel general 

vowed to capture the fortress. He gathered his men at the head of one of the roads. In order 

to capture the fort the general first had to bombard it. To do this he had a few small cannons 

and a few larger cannons.

In order to get close enough to damage the fort the cannons had to be located on the bridges; 

unfortunately the bridges would only support the weight of one of the smaller cannons. The 

general knew just what to do. He placed each of his smaller cannons on one of the bridges 

and was thus able to bombard the fort from many angles simultaneously until it was 

sufficiently weakened for his troops to over-run it.

Appendix C: 3

The Radiation Problem (convergence and rotation solution), presented in Experiment 
3: No Adaptation and Deletion Conditions.

The Radiation Problem
Suppose you are a doctor faced with a patient who has a malignant tumour in his stomach.

It is impossible to operate on the patient, but unless the tumour is destroyed the patient will 

die. There is a kind of ray that can be used to destroy the tumour. If the rays are directed at 

the tumour at high intensity the tumour will be destroyed. Unfortunately, if the rays pass 

through the healthy tissue at the high intensity they will immediately destroy it. At lower 

intensities the rays will not affect the tumour, but even at lower intensities the rays will 

destroy the healthy tissue if they pass through the same section for too long. What type of 

procedure might be used to destroy the tumour with the rays and at the same time avoid 

destroying the healthy tissue?
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Appendix C: 4

The Radiation Problem, the General Story (convergence solution), presented in 

Experiment 3: Addition Condition.

The Radiation Problem

Suppose you are a doctor faced with a patient who has a malignant tumour in his stomach. 

It is impossible to operate on the patient; but unless the tumour is destroyed the patient will 

die. There is a kind of ray that can be used to destroy the tumour. If the rays are directed 

at the tumour with sufficiently high intensity the tumour will be destroyed. Unfortunately at 

this intensity the healthy tissue that the rays pass through on the way to the tumour will also 

be destroyed. At lower intensities the rays are harmless to the healthy tissue but they will not 

affect the tumour ether. Furthermore any source used to project the rays must remain static 

at all times. What type of procedure might be used to destroy the tumour with the rays and 

at the same time avoid destroying the healthy tissue?

Appendix C: 5

Usefulness Rating Scale

You should circle a number from I to 5 to indicate your usefulness rating: with 1 being 

the lowest mark and 5 the highest.

1 ‘completely irrelevant’

2 ‘it provided an idea but most of the solution had to be self generated’

3 ‘it provided only a partial solution, which needed substantial alteration’

4 ‘it provided a solution which needed only minor alteration’

5 ‘it provided a complete solution’.

211



Appendix D: Experiment 4

Appendix D: 1
Experiment 4: Arena Source Analogue, No Adaptation Condition

In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut ofiF all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture 

one of these guns in order to make copy its design. To do this a party of commandoes were 

sent out of the city to capture one of the guns. In this they succeeded. However, the gun 

was far too big to bring back through the enemies’ lines undetected. The leader of the 

commandoes knew just what to do:

1) He had the gun taken to pieces.

2) The pieces were then loaded onto several different airships and floated back over the 

enemy lines into Paris. When the pieces had all arrived back inside the city the gun was 

reassembled and its design was successfully copied

Appendix D: 2
Experiment 4: Arena Source Analogue, Deletion Condition

In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut off all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture 

one of these guns in order to make copy its design. To do this a party of commandoes were 

sent out of the city to capture one of the guns. In this they succeeded. However, the gun 

was far too big to bring back through the enemies’ lines undetected. The leader of the 

commandoes knew just what to do:

1 ) He had the gun taken to pieces.

2) The pieces were then loaded onto several different airships and floated back over the 

enemy lines and into Paris at the same time.

3) When the pieces had all arrived back inside the city the gun was reassembled. The gun’s 

design was thus successfully copied.
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Appendix D: 3
Experiment 4: Arena Source Analogue, Addition Condition

In 1870 Prussia invaded France with the intention of capturing Paris. Prussian troops 

surrounded the city and cut off all access. One great advantage the Prussians had over the 

Parisians was a heavy machine gun. The Parisian government decided they need to capture 

one of these guns in order to make copy its design. To do this a party of commandoes were 

sent out of the city to capture one of the guns. In this they succeeded. However, the gun 

was far too big to smuggle back through the enemies’ lines undetected. The leader of the 

commandoes knew just what to do:

1) He had the gun loaded onto an airship, and then floated back over the enemy lines. 

When the gun had arrived back inside the city its design was successfully copied.

Appendix D: 4

Experiment 4: Arena Target Problem
A football match was to be held at a large stadium. The only way onto the pitch is through 

the players' tunnel. Everything was prepared for a match the next day, except that the grass 

was fer too long; it had to be cut by 3.00 pm the following day or the match would have been 

cancelled. In order to get the grass cut on time an extremely large lawn mower had been 

ordered. However, when the lawn mower arrived, at 7.00 pm the day before the match was 

to be played it was discovered that the entrance to the tunnel was locked and would not be 

opened until the following day. To overcome this difficulty a helicopter was hired in order 

to lift the mower and deposit inside the stadium. This was the only helicopter which was 

available at such short notice. However, the mower proved to be too heavy to lift safely. 

How then could the grass be cut on time?
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Appendix D: 5
Experiment 4: Engineering Source Analogue, No Adaptation Condition

A group of 20 soldiers had to defend a valley surrounded by 4 hills for as long as possible. 

If they became in danger of being over run they could escape in a helicopter, which was 

located at the bottom of the valley. However, the captain had to defend the valley for as long 

as possible and keep his men as safe as possible. This is what he decided to do:

1) Stretch guy-ropes from the top of each hill into the centre of the valley.

2)When one hill was in danger of being over come all the men from each of the hill tops 

would abseil down the ropes and converge in the centre

3) All the men would then leave via the helicopter in one go.

In this way the c^tain hoped to maximise the safety of his men and defend the valley for as 

long as possible.

Appendix D: 6

Experiment 4: Engineering Sonrce Analogue, Deletion Condition

A group of 20 soldiers had to defend a valley surrounded by 4 hills for as long as possible. 

Each hill was assigned 5 men. If they became in danger of being over run they could escape 

in a helicopter, which was located at the bottom of the valley. However, the captain had to 

defend the valley for as long as possible and keep his men as safe as possible. This is what 

he decided to do:

1) Stretch guy-ropes from the top of each hill into the centre of the valley.

2) When one hill was in danger of being over come all the men from that hill would abseil 

down the ropes to the centre

3) The men in the centre would then be flown out.

1) The helicopter would then return for the next group of five men and so on until they 

had all been evacuated. In this way the captain hoped to maximise the safety of his men and 

defend the valley for as long as possible.

214



Appendix D: Experiment 4

Appendix D: 7
Experiment 4: Engineering Source Analogue, Addition Condition

A group of 20 soldiers had to defend a valley surrounded by 4 hills for as long as possible. 

Each hill was assigned 5 men. If they became in danger of being over run they could escape 

in a helicopter, which was located at the bottom of the valley. However, the captain had to 

defend the valley for as long as possible and keep his men as safe as possible. This is what 

he decided to do:

1) When one hill was in danger of being over come all the men from that hill would be 

collected from it via helicopter and transported to safety

2) The helicopter would then return for the next group of five men and so on until they had 

all been evacuated.

In this way the captain hoped to maximise the safety of his men and defend the valley for as 

long as possible.

Appendix D: 8

Experiment 4: Engineering Target Problem
An engineer was contracted to extract oil from a large oil reserve discovered under a tract 

of land in Texas. When the engineer arrived on the site he examined the equipment provided 

for the job. It included a single large drill and several smaller drills -both types could be used 

to sink an oil well. However, on closer inspection the engineer discovered that none of the 

caps provided was large enough to block the flow of oil which would result from a well 

created by the large drill. The fact that he could no longer extract all the oil he needed from 

a single well meant he no longer had enough piping to cany the oil directly from the field  

to the refinery over 20 miles away. Consequently he had to transport all the oil via a 

container truck. How, then, could the engineer efficiently extract the oil?

215



Appendix D: Experiment 4

Appendix D: 9
Experiment 4: Bacterium Source Analogue, No Adaptation Condition

A hunter in Africa had spent the day bagging game, and had fired all his ammunition with 

the exception of a single bullet. Suddenly he was simultaneously approached by a lion and 

a cheetah. He faced a dilemma: which ever of the animals he shot he was sure to be attacked 

by the other.

1) Instead of attacking the hunter the lion first sprang on the cheetah

2) The lion killed the cheetah.

3) On seeing this the hunter quickly levelled his gun at the lion and shot it.

The hunter was thus able to return home unhurt.

Appendix D: 10

Experiment 4: Bacterium Source Analogue, Deletion Condition
A hunter in Afiica had spent the day bagging game, and had fired all his ammunition with 

the exception of a single bullet. Suddenly he was simultaneously approached by a lion and 

a cheetah. He freed a dilemma: which ever of the animals he shot he was sure to be attacked 

by the other.

1) Instead of attacking the hunter the lion first sprang on the cheetah.

2)The Hon mortally wounded the cheetah.

3) The hunter then shot the Hon with his last remaining buUet.

4) As a precaution the hunter then clubbed the wounded cheetah with the butt of his rifle. 

Thus the hunter was thus able to return home unhurt.

216



Appendix D: Experiment 4

Appendix D: 11
Experiment 4: Bacterium Source Analogue: Addition Condition.

A hunter in Afiica had spent the day bagging game, and had fired all his ammunition with 

the exception of a single bullet. Suddenly he was simultaneously approached by a lion and 

a cheater. He faced a dilemma: which ever of the animals he shot he was sure to be 

attacked by the other.

1) Instead of attacking him, the Hon first sprang on the cheater

2) The Hon kiUed the cheetah.

3) While this was taking place the hunter was able to make his escape.

The hunter was able to return home unhurt.

Appendix D: 12

Experiment 4: Bacterium Target Problem
Imagine you are a research scientist. Your research concerns lethal bacteria. Previously two 

types of bacterium have been bred: bacterium A, which is universaUy fatal, and bacterium B 

which is only fatal to humans. As the risks of keeping either one of them aHve are considered 

too great you must now destroy them both. There is a chemical which wiU guarantee the 

destruction of both types. However, the manufacture of this chemical is an expensive and 

lengthy process, and at present you only have enough to destroy one type of bacterium or 

one half of each type. It is possible to refiigerate the bacteria which will render them inert but 

wiU not destroy them. How would you go about ensuring both forms of the bacteria were 

completely destroyed as quickly as possible?
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Appendix E: 1

The source analogue presented in Experiment 5: theGenerai Story (rotation
solution)

The General Story

A small country was ruled from a strong fortress by a king. The fortress was situated in the 

middle of the country surrounded by farms and villages. Many roads radiated from the 

fortress, like spokes on a wheel. A rebel general vowed to capture the fortress. He gathered 

his men at the head of one of the roads. In order to capture the fort the general first had to 

bombard it. However, he only had one large cannon. Furthermore, if the cannon remained 

firing from the same position for too long the enemy could eventually identify its position and 

return fire, thus endangering it. The general knew just what to do. He bombarded the fort 

with the single large cannon but ensured that it was moved after each occasion on which it 

was fired. The cannon was thus rotated around the fort, damaging it from many angles but 

remaining safe from the threat of return fire. In this way the general was able to bombard the 

fort until it was sufficiently weakened for his troops to over-run it.

Appendix E: 2

The target problem presented in the No Adaptation Condition, Experiment 5: the 
Radiation Problem (laser rotation solution)

The Radiation Problem

Suppose you are a doctor faced with a patient who has a malignant tumour in his stomach. 

It is impossible to operate on the patient; but unless the tumour is destroyed the patient will 

die. There is a kind of ray that can be used to destroy the tumour. If the rays are directed at 

the tumour with sufficiently high intensity the tumour will be destroyed. Unfortunately when 

projected at the tumour for a period sufficient to guarantee its destruction the healthy tissue 

which the rays pass through on the way to the tumour will also be destroyed. At lower 

intensities the rays are harmless to the healthy tissue but they will not affect the tumour 

either. Furthermore, you can only project the rays from a single laser. What type of procedure 

might be used to destroy the tumour with the rays and at the same time avoid destroying the 

healthy tissue?
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Appendix E: 3

The target problem presented in the Suhstition Condition, Experiment 5: the 

Radiation Problem (patient rotation solution)

The Radiation Problem

Suppose you are a doctor faced with a patient who has a malignant tumour in his stomach. 

It is impossible to operate on the patient; but unless the tumour is destroyed the patient will 

die. There is a kind of ray that can be used to destroy the tumour. If the rays are directed at 

the tumour with suflSdently high intensity the tumour will be destroyed. Unfortunately when 

projected at the tumour from the same place for a period sufficient to guarantee its 

destruction the healthy tissue which the rays pass through on the way to the tumour will also 

be destroyed. At lower intensities the rays are harmless to the healthy tissue but they will not 

affect the tumour either. Furthermore, you can only project the rays from a single laser & this 

laser must remain stationary at all times. What type of procedure might be used to destroy 

the tumour with the rays and at the same time avoid destroying the healthy tissue?
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Appendix F: Experiment 6

Appendix F: 1
World War H : account and item list from Normative Study from Experiment 6

WORLD WAR II

.............................. became chancellor o f ..............................in 19........ Following his

accession to power he initiated a massive build up of military power. This continued until 

the nation was powerful enough to conquer other, smaller, countries.

Alarmed by these developments Britain promised to defend Poland should it be attacked.

On September 1st 19......  Germany........................................................ which sparked

the Second World War.

September 3rd of the same year ..........................declared war on Germany.

By 1941 both........................and....................... had also declared war on Germany. The

following conflict, with........................ as Britain's Prime Minister, lasted until 19......,

when Germany was eventually driven out of Poland and subsequently............................

Items to be inserted in text at appropriate points

Britain USSR

USA Churchill

Germany 45

Poland 33

defeated invaded

39 Adolf_Hitler
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Appendix F: Experiment 6

Appendix F: 2
Gulf War account and item list from Normative Study featured in Experiment 6

GULF WAR

............................. became dictator of Iraq in 1979. Following his accession to power the

nation began a massive build up o f ...............................

In August 1991 Iraq..................................................... which sparked the Gulf War.

The............................... with their president...................................promised to liberate

Kuwait as part of a joint...................................exercise.

Operation...........................was undertaken which was designed to ............................

Iraq from Kuwait. This aim also had the support of other Arab nations such as

...................... and..............................

By 1992 the UN forces had............................ Kuwait.

Items to be inserted in text at appropriate points

Egypt

Desert_Storm

SaddamHussain

invaded

Syria

Kuwait

recaptured 

United Nations 

driveout 

GeorgeBush 

armaments 

USA
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Appendix F: Experiment 6

Appendix F: 3

No Adaptation source analogue featured in Experiment 6: No Adaptation
Condition

Adolf Hitler became chancellor of Germany in 1933. Following his accession to power he 

initiated a massive build up of Germany's military power. This continued until Germany was 

powerful enough to conquer other, smaller, countries.

Alarmed by these developments Britain promised to defend Poland should it be attacked. On 

September 1st 1939 Germany invaded Poland. September 3rd Britain declared war on 

Germany.

The following conflict, with Winston Churchill as Britain's Prime Minister, lasted until 1945, 

when Germany was eventually driven out of Poland and subsequently defeated.

Appendix F: 4

Deletion source analogue featured in Experiment 6: Deletion Condition

Ktler became chancellor of Germany in 1933. Following his accession to power he initiated 

a massive build up of Germany's military power. This continued until Germany was powerful 

enough to conquer other, smaller, countries.

Alarmed by these developments France, which borders Germany, and Britain promised to 

defend Poland should it be attacked. On September 1st 1939 Germany invaded Poland. 

September 3rd Britain and France declared war on Germany. Later, in 1941, USSR and 

USA also declared war on Germany.

The following conflict, with Churchill as Britain's Prime Minister, lasted until 1945, when 

Germany was eventually driven out of Poland and subsequently defeated.
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Appendix F: Experiment 6

Appendix F: 5

Addition source analogue featured in Experiment 6: Addition Condition

Adolf Hitler became chancellor of Germany in 1933. Following his accession to power he 

initiated a massive build up of Germany’s military power. This continued until Germany was 

powerful enough to conquer other, smaller, countries. In 1938 Germany annexed Austria and 

Czechoslovakia.

On September 1st 1939 Germany invaded Poland.

The following conflict lasted until 1945 when Germany was eventually driven out of Poland 

and subsequently defeated.

Appendix F: 6

Gulf War list featured in Experiment 6: All Conditions

Gulf War

Your task is to match the items listed below with those involved in World War II.

(write your answers after the dotted lines)

Saddam Hussain 

Iraq 

Kuwait 

Saudi Arabia 

George Bush 

USA 1991
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Appendix G: Experiment 7

Appendix G: 1

Greater deletion source analogue featured in Experiment 7: Greater Deletion
Condition

Hitler became chancellor of Germany in 1933. Following his accession to power he initiated 

a massive build up of Germany's military power. This continued until Germany was powerful 

enough to conquer other, smaller, countries.

Alarmed by these developments France, which borders Germany, and Britain promised to 

defend Poland should it be attacked. On September 1st 1939 Germany invaded Poland. 

September 3rd Britain, with Churchill as Prime Minister and France, with Daladier as Prime 

Minister, declared war on Germany.

Germany then proceeded to invade Holland, Belgium, Hungary, Denmark and Rumania.

Later, in 1941, the USSR, lead by Joseph Stalin, and the USA, with Roosevelt as President, 

also declared war on Germany.

The following conflict, lasted until 1945, when Germany was eventually driven out of Poland 

by the USSR and subsequently defeated by the combined allied forces.
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Appendix H: Experiment 8

Appendix H: 1

NuU adaptation source analogue featured in Experiment 8

The General Story
A small country was ruled from a strong fortress by a king. The fortress was situated in the 

middle of the country surrounded by farms and villages. Many roads radiated from the 

fortress, like spokes on a wheel. Each of these roads contained a bridge.

A rebel general vowed to capture the fortress. He gathered his men at the head of one of the 

roads.

In order to capture the fort the general first had to bombard it. He had a few small cannons 

and a few larger cannons. In order to get close enough to damage the fort the cannons had 

to be located on one of the bridges; unfortunately the bridges would only support the weight 

of the smaller cannons. Furthermore, if the cannons remained on any given bridge for too 

long the enemy would be able to identify their exact position and return fire thus endangering 

the cannons.

The general knew just what to do:

1)He divided is artillery and assigned each of the smaller cannons to one of the many bridges.

2) He ensured that they were moved after being fired and relocated on a different bridge, thus 

rotating the cannons around the fort and keeping them safe from return fire.

In this way he was able to bombard the fort from many different angles simultaneously until 

it was sufficiently weakened for his troops to over-run it.
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Appendix H: Experiment 8

Appendix H: 2

Deletion source analogue featured in Experiment 8

The General Story

A small country was ruled from a strong fortress by a king. The fortress was situated in the 

middle of the country surrounded by farms and villages. Many roads radiated from the 

fortress, like spokes on a wheel. Each of these roads contained a bridge.

A rebel general vowed to capture the fortress. He gathered his men at the head of one of the 

roads.

In order to capture the fort the general first had to bombard it. He had a few small cannons 

and a few larger cannons. In order to get close enough to damage the fort the cannons had 

to be located on one of the bridges; unfortunately the bridges would only support the weight 

of the smaller caimons. Furthermore, if the cannons remained on any given bridge for too 

long the enemy would be able to identify their exact position and return fire thus endangering 

the cannons.

The general knew just what to do:

1)He sent some of his men under cover of darkness to dig tunnels under the walls of the fort, 

so that their foundations were weakened

2)He divided is artillery and assigned each of the smaller cannons to one of the many bridges.

3)He ensured that each cannon was moved after being fired and relocated to a different 

bridge, thus rotating the cannons around the fort and keeping them safe from return fire.

In this way he was able to bombard the fort from many different angles simultaneously so it 

was swiftly sufGciently weakened for his troops to over-run it.
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Appendix H: Experiment 8

Appendix H: 3

Addition source analogue featured in Experiment 8 

The General Story
A small coimtiy was ruled from a strong fortress by a king. The fortress was situated in the 

middle of the country surrounded by farms and villages. Many roads radiated from the 

fortress, like spokes on a wheel. Each of these roads contained a bridge.

A rebel general vowed to c^ture the fortress. He gathered his men at the head of one of the 

roads.

In order to capture the fort the general first had to bombard it. To do this he had a few small 

caimons and a few larger cannons. In order to get close enough to damage the fort the 

cannons had to be located on the bridges; unfortunately the bridges would only support the 

weight of the smaller cannons.

The general knew just what to do:

l)He divided is artillery and assigned each of the smaller cannons to one of the many bridges. 

In this way he was able to bombard the fort from many different angles simultaneously until 

it was sufficiently weakened for his troops to over-run it.

Appendix H: 4

Radiation problem (convergence and rotation solution): the target 

problem featured in Experiment 8 
The Radiation Problem

Suppose you are a doctor faced with a patient who has a malignant tumour in his stomach. 

It is impossible to operate on the patient, but unless the tumour is destroyed the patient will 

die. There is a kind of ray that can be used to destroy the tumour. If the rays are directed at 

the tumour with sufficiently high intensity the tumour will be destroyed. Unfortunately if the 

rays pass through the healthy tissue at the high intensity they will immediately destroy it. At 

lower intensities the rays will not affect the tumour, but even at lower intensities the rays will 

destroy the healthy tissue if  they pass through the same section for too long. What type of 

procedure might be used to destroy the tumour with the rays and at the same time avoid 

destroying the healthy tissue?
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Appendix I: Experiment 9

Appendix 1:1

Duncker’s Radiation Problem: the target problem presented in the Ëxperimental 
and Control condtions for Experiment 9

The Radiation Problem

Suppose you are a doctor faced with a patient who has a malignant tumour in his stomach. 

It is impos^le to operate on the patient; but unless the tumour is destroyed the patient will 

die. There is a kind of ray that can be used to destroy the tumour. If the rays are directed 

at the tumour with suflSdently high intensity the tumour will be destroyed. Unfortunately at 

this intensity the healthy tissue that the rays pass through on the way to the tumour will also 

be destroyed. At lower intensities the rays are harmless to the healthy tissue but they will not 

affect the tumour either. What type of procedure might be used to destroy the tumour with 

the rays and at the same time avoid destroying the healthy tissue?
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