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ABSTRACT 

The cognitive processing of subjective intensity 

information in the judgement of subjective similarity between 

pairs of complex odour mixtures is discussed in relation to 

studies of odour intensity, odour pleasantness, subjective 

similarity in general, and olfactory classificatory schemes 

in particular. Preliminary experiments dealt with olfactory 

intensity per se, focussing on scaling method, response 

variability, masking phenomena, and led to the construction 

of alternative simulation models for combining intensity 

information to generate theoretical similarity data. Traditional 

practices for scaling subjective intensity are questioned by 

these data. A pilot study of subjective similarity revealed 

consistent individual differences in judgement criteria and 

multidimensional scalings and permissible interpretations 

thereof. A second similarity experiment disclosed the 

confounding of context effects in perceived similarity, revealed 

the role of intensity in qualitative similarity, and questioned 

the usefulness of perceived similarities as a basis for 

classification of odour quality. 
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C HAP T E R ONE 

I N T ROD U C T ION 

The broad aim of this thesis is to explore the relations 

that might exist between unidimensional (intensity) and multi

dimensional (similarity) scalings oJ odour mixture stimuli, 

through models which simulate the latter data types using the 

former; the models so selected represent varieties of subjective 

strategy. 

101 HISTORICAL CONSIDERATIONS 

As a means of orientation, and tq place this work in 

perspective, this section is devoted to a consideration of some 

of the relevant.studies in olfaction and other areas. This 

section is not meant to be an exhaustive literature survey; the 

subdivision of the thesis into major problem areas logically 

demands that appropriate background material be presented with 

each area as it is considered. Some of the references cited in 

this chapter will be explored in more detail along with other 

relevant material in following chapters. 

1.1.1 Previous Multidimensional Scaling Studies 

To date, the multidimensional psychophysical analysis of 

odour mixture phenomena has scarcely begun in any systematic 
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fashion. Only a few studies have been found which attempt to reduce 

response data (e.g. similarities data), generated on multicomponent 

odour complexes, to their fundamenlal factors by dimensional 

analysis. Usually the methods adopted have been Principal 

Components/Varimax Rotation methods (Ekman and Engen, 1962; Engen, 

1962). No studies have been found employing modern, non-metric 

multidimensional scaling techniques embodying the equations of 

workers such as Shepard (1962a,b) and Kruskal (1964a,b). 

In odour research the majority of studies employing multi

dimensional scaling techniques have been concerned with problems of 

classifying odour qualities of pure chemicals, over a variety of 

types of psychological data. The classificatory systems emerging 

in these studies appear to be either exploraiory exercises 

(Dpving and Lange, 1967; Eyferth, 1966; Eysenck, 1944; Harper, 1970; 

Jones, 1957; Schuti, 1964; Woskow, 1964; Yoshida, 1964a,b,c) and/or 

means of confirming or rejecting normative deterministic classificatory 

models (Amoore and Venstrom, 1967; Wright and Michels, 1964). 

The classification of odour qualities would seem to demand 

(a) appropriate models of subjective experience as opposed to or 

in addition to normative models of receptor function (Amoore, 1952, 

1964, 1967; Amoore and Venstrom, 1967; Amoore, Venstrom and Davis, 

1968; Davies and Taylor, 1959; Wright, 1954, 1966; Wright and 

Michels, 1964) or models of an almost exclusively physicochemical 

nature (Cain, 1969; Dravnieks and Laffort, 1970) and 

(b) appropriate models of multidimensional analysis for dealing with 

the metric or non-metric properties of the response data obtained. 
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Unfortunately, criticisms from one or more of these aspects can be 

directed at most of the studies cited above. 

1.1.2 Metric Assumptions in Previous Studies 

All of the factor analytic studies cited above have assumed, 

at least implicitly, that the response data meet metric space 

axioms in general, and those of a Euclidean metric in particular, 

by virtue of their use of Varimax Rotations to simple structure. 

The consequences of applying these multidimensional scaling 

techniques to inappropriate data are discussed later. Shepard's 

(1966) comment is appropriate at this point: 

" the construction of metric scales in the 
behavioural sciences has usually depended upon 
assumptions of a rather strong and often dubious 
character" 

Also, Coombs (1964) states that he is 

" not aware of any neurological or 
physiological considerations which require an 
Euclidean distance function for psychological 
processes" 

Since similarities and other response data have often been 

shown to be non-metric (Torgerson, 1965) one might question the 

validity of some of the conclusions reached by many of the above 

authors. Wender (1968) and Gregson (1971a) report the only known 

olfactory studies not making a priori assumptions of Euclidean 

metricity. Wender scaled observed similarities using Kruskal's 

(1964) non-metric multidimensional scaling methods, and further 
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explored the role of intensity in similarities between pure 

chemicals; classificatory theorists have tended to ignore 

or underrate quantitative dimensions in similarity perception. 

1.1.3 Previous Definitions of Similarity 

A difficulty is encountered with definitions of "similarit.\''' 

as used in olfactory research, Gregson (1971b) details the many and 

varied definitions given this term within psychological research 

areas as widely separated as verbal learning, transfer of training, 

and pathological behavioural taxonomy, and fields generally 

regarded as non-psychological such as biological taxonomic 

classificatory systems. Gregson warns of the pitfalls that can 

sometimes arise through circularity of definitions of similarity. 

Without care, olfactory research motivat~d by questions of 

qualitative classification derived from perceived similarity is 

likely to suffer from the same circularity of argument. For 

example, the normative, deterministic view of odour similarity is 

expressed by Beets (1970) who distinguishes between "fundamental 

similarity" and "pseudosimilarity": 

"Two sources of light may be observed as having 
closely similar colours if both emit light of 
similar spectral composition, but also if one 
of them emits monochromatic light and the 
other a spectral composite. 

Theoretically the same distinction between 
fundamental and pseudosimilarity could exist in 
olfaction. The former would occur when the 
olfactory code messages •••• would have closely 
related informational compositions. In the 
case of pseudosimilarity two olfactory code 
messages of vastly different informational 
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content happen to be translated by the brain into 
similar odor sensations ••• 

Since the mere statement that the odors of 
two chemicals are closely related does not enable 
us to distinguish between fundamental and 
pseudosimilarity, the use of verbal odor expressions 
for the detection of odor similarities may result in 
erroneous classifications and futile searches for 
non-existent structural relations." 

These statements typify the implicit attitudes of several 

of the classificatory theorists (e.g., Amoore, 1952, 1964, 1967; 

Wright and Michels, 1964). In short, their models are not 

basically concerned with capturing subjective experience - their 

interest seems concentrated on physicochemical parameters, with 

the human observer viewed as an error-loaded deviator from 

normative models which define similarity, a priori, in terms of 

objective characteristics of the stimuli. 

The visual analogue cited by Beets has long been rejected 

by colour vision theorists who have accepted the colour cone with 

hue placed on the circumference of the circular cross-section. In 

Beets' view, the hue dimension (wavelength) would not be 

representable by the closed circle. According to his definitions, 

he must regard the high perceived similarity between far red 

wa.elengths and indigo-violet wavelengths as an example of 

pseudosimilarity. No doubt Indow and Kanizawa (1960) and Indow 

and Uchizono (1960) would object to Beets' view of colour vision. 

More fundamental, however, is the obscurity in Beets' arguments 

created by his failure to define operationally what he means by 

"informational compositions". 
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Just as colour vision has yielded to multidimensional 

analyses of response-defined similarity data, producing a model 

of reasonably high predictive validity (much higher, this author 

suspects, than one based on Beets' definition of fundamental 

similarity), and acceptable face validity for those theorists bent 

on labelling dimensions in physical correlates of the psychological 

factors retrieved, so too, olfactory classificatory schemes might 

be more fruitfully derived in like fashion. Yoshida's (1964a,b,c) 

studies represent a beginning in this approach. 

Gregson (1970a) has re-examined the data published by 

Amoore and Venstrom (1967) and retrieves a very different factor 

structure by Young's (1968a,b) non-metric multidimensional 

scaling methods to that derived from their metric factor analytic 

scaling of the psychological-stereochemic~l matrices of 

similarities. That different structures should emerge is not 

surprising, given the differences in the methods of analysis. 

What is important, however, is that the subjective data do not map 

into a space with the same dimensionality as one derived from the 

stereochemical data. Gregson's canonic~l correlations of 

derived structures from the two data sets revealed very low 

predictive validity of one measure for the other. 

Beets (1970) regarded several studies as being investigations 

of "fundamental similarity" under a variety of experimental 

paradigms: Cheeseman and Mayne (1953), Cheeseman and Townsend 

(1956) and 1e Magnen (1942/43, 1948) through cross-adaptation 

studies; Dpving (1966a,b, 1968) via electrophysiological studies; 
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Dpving and Lange (1967) through psychological methods; Amoore 

(1967, 1968), Amoore, Venstrom and Davis (1968) through studies 

of specific anosmias; and Beets' own work (1970, Beets and 

Theimer, 1970) manipulating chemical structure of odorants. Most 

of these studies rest on a priori definitions of similarity, 

especially when assumed by Beets under the rubric of "fundamental 

similarity". 

1.1.4 Present Definitions of Similarity 

The present interest does not meet Beets' definitions, 

or distinctions between various forms, of similarity. The concern 

of this thesis is with an exploration of the phenomenon of 

similarity ~ ~, whereas the studies just cited seem to have 

been initiated for different reasons. The present approach does 

not necessarily conflict with those mentioned above, but it is not 

tied to prior commitments about definitions of similarity. 

Gregson's (1971b) comments are relevant at this point: 

"The psychologist is concerned to produce 
regular, formalised and quantified 
descriptions and predictions of human behaviour as 
it is, 'warts and all', and not in the first 
instance to produce normative accounts of what 
rational and consistent behaviour would be like 
if it existed. This does not exclude normative 
models as a starting point, because any 
behaviour patterns which can arise, at any level 
of complexity, can with a little ingenuity be 
described conveniently and tersely as 
departures from a normative model. But the 
logical status of models in psychometrics is 
different from, say, that in econometrics, or 
taxonomic biology. The object here, then, is 
to look at similarity as it and its related 
measures are used in psychological theory; if 
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it should turn out that psychological 
similarity is much the same as other 
simil~rity or distance measures used for 
quite different purposes in other areas 
"0 this is evidence of a comforting 
parsimony, but it is not the object to 
work towards such parsimony at the expense 
of psychological validity." 

Therein lies the conceptual orientation of this study of psychological 

similarity judgements, and the possible psychological mechanisms 

underlying such jUdgements. If the structures revealed here 

should be isomorphic with one or more of the normative schemes of 

olfactory qualitative classification, "this is evidence of a 

comforting parsimony". Furthermore, as Attneave (1950) states: 

"A comprehensive understanding of psychological 
similarity should enable us to make predictions 
from one to another the ~ituations just 
discussed [i.e., experimental areas in which 
different definitions of similarity have been 
employed] .0. it should enable us to describe 
qualitatively the factors determining 
judgements of similarity, and it should involve 
a knowledge of the measurements which we need 
to make of physical dtimuli in order to 
predict, with whatever accuracy may be possible, 
the psychological similarity they will manifest 
in various situations," 

Restle (1961) distinguishes between Introspective, 

Co~nitive and Behavioural approaches; his favoured Cognitive 

approach seems reminiscent of Attneave's claim: 

" the congitive position argues that the 
fundamental event depends both on external 
events and the observer taken together as a 
whole or system." 
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These comments, adopted as an orientation for the present 

studies, set a framework for present definitions of similarity. 

Again, Gregson (1971b) states: 

"Like most powerful and widespread ideas it 
[similarity] is not amenable to a ready and 
precise definition; indeed this very resistance 
to definition probably goes far to explain 
its usefulness as a supposed explanatory 
principle." 

Gregson (1971b) also discusses the somewhat anomalous position 

similarity jUdgements occupy in contrast to the formal distinctions 

made (Luce, Bush, and Galanter j 1963) between detection, 

discrimination, recognition and magnitude assessmeLts, for which 

criteria for "false positive" responses can be clearly defined. 

Coombs (1964) defines similarities data ap: 

" the relation observed is on a pair of 
distances where each distance is between 
a pair of stimuli. This may be referred 
to as stimulus difference comparison or 
similarities data" 

He places similarities data in the QIV quadrant of his system. In 

more formal treatments, Suppes and Zinnes (1963) and Luce (1961) 

still avoid defining similarity axiomatically. For them, as with 

the major schools investigating similarity per se, "similar" is 

usually 

" left as a vague instruction word, to which 
subjects may give surprisingly consistent 
responses, perhaps by thinking about something 
else altogether" (Gregson, 1971b) 
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Gregson's (1971b) definition of psychological similarity is: 

" a similarity response is a response to a 
pairwise stimulus comparison which maps into 
a certain measurement theory axiom set, and 
has a high probability of being elicited under 
instructions to make similarity responses." 

The important point about these definitions (perhaps 

"conceptualisations" is a better term) of similarity is that any 

defining of similarity in the experimental situation is not 

performed by the experimenter (as is done by Beets, Amoore and 

others cited), but by the subject. This is to be the present 

approach; "similarity" is defined by the responses generated by 

Ss under instructions to make pairwise comparisons of the 

"similarity" of stimuli. The psychologist's task, as experimenter 

and theorist, is to reduce or retrieve from matrices of similarity 

jUdgments whatever processes might be operating when Ss perform 

such judgements: 

11 the psychometrician seeks a measure that 
copies as closely as possible what the human 
judge does when faced with two complex stimuli 
and asked to say how similar they are. The 
judge may. be self-contradictory and unreliable, 
in which case we can attempt to model these 
features themselves by. building stochastic 
error-loaded processes into our model. What the 
judge does may imply an inefficient use of 
available information ••• this is precisely 
what does happen, and so a similarity measure 
which the taxonomist would call inefficient may 
be best as a model of human judgements of 
similarity. 

The taxonomist, then, is seeking normative 
models, or models of an ideal perfectly rational 
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superbiologist •• 0. The psychometrician , •• 
is seeking to capture the properties of 
judgements as they are, and the fact that he 
may come up with the same models as the 
taxonomist does not give those models the same 
logical status, even in the case where we may 
choose to employ the metatheoretical strategy 
of setting up a determini~tic model and then 
describing actual behaviour as an inefficient 
approximation to it. The parameters in 
similarity models may thus have quite different 
meaning according to whether the model is used 
by the taxonomist or by the psychologist." 
(Gregson, 1971b.) 

In a sense, the investigators of "fundamental similarity" 

of odours are operating like taxonomists; they wish to classify 

an odorous chemical not for its subjective qualitative attributes 

per se, but more basically for its description along one or more 

morphological, objectively-defined, physical characteristics. The 

lack of isomorphism between the categorisations derived from these 

objective measures and those from the equally objective (but often 

mislabelled as subjective) observed similarities data causes grief. 

Deviations from normative models have been variously attributed to 

factors such as stimulus purity (personal communication from 

Russell, 1970, who cannot support Wright's infra-red theory - Wright 

accuses Russell of testing impure stimuli); method of stimulus 

p~esentation; intensity-quality interactions, and so on. However, 

in many respects, the "olfactory taxonomist" should not be removed 

from the olfactory psychometrician in orientation to his subject. 

The classificationist's data and methods of obtaining these are 

often indistinguishable from the methods devised under the rubric 

of "psychological similarity" outlined above and accepted in this 
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study. The difference appears to lie in their orientations to those 

data and the significance to be attached to them. The olfactory 

taxonomist sees human similarity judgements as tests of (or threats 

to) his independently-defined qualitative classificatory system, 

a system to which he often clings despite the contradictory evidence 

those same data may present. (There have been so many exceptions 

to the rules of the steric theory (McCartney, 1965) and the infra

red theory (Russell, 1970), that one might question whether they 

can be accepted as rules any longer.) In contrast, the 

psychometrician may view those same data as having an intrinsic 

fascination of their own, and set about producing models (usually of 

a stochastic, probabilistic nature) which enable him to simulate 

those data using either stimulus characteristics (Gregson, 1965, 

1966, 1968; Gregson and Russell) 1965) or psychophysical 

transformations thereof (Gregson, 1970; and the many Swedish 

studies, some of which are discussed in detail later), as inputs 

to a simulation process. The psychological or psychophysical 

parameters entering the transformations have been obtained from 

independently performed judgement tasks, often set up to be 

conceptually simpler, if not judgementally simpler, than the 

multivariate similarity judgement task under inspection. The 

power of these methods is evidenced by their applicability over a 

wide range of stimulus materials and judgement situations, and the 

formal mathematical axiomatisation that may be presented in many 

instances. 

Since the two approaches display a close overlap of interest 
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in experimental methodology and data so derived, if not in 

general orientation and analytic techniques, the present attempt 

to synthesise across areas may, hopefully, give insights to the 

olfactory classificationist whose orientation to date has been 

somewhat orthogonal to the psychometrician's. The present 

scheme is seen as a logical extension of the traditional work, 

intended to focus closer attention on the similarity data itself, 

and the subjective processes that may be involved in its 

generation; any general principles emerging might be relevant to 

traditional findings, and suggestive of further experimentation 

and/or analyses that could be performed. Conversely, the 

psychometrician may be guided by questions raised by the 

classificatory theorists. For instance, stimuli can be selected 

with theoretical i~sues surrounding normative classificatory 

schemata in mind, or inspirations regarding the structure of 

models to simulate judgement processes may derive from classificatory 

models. In many ways a synthesis of the two approaches might 

elicit more exhaustive and definitive generalisations of interest 

to both parties. 

1.1.5 Psychological Complexity of Odour Stimuli 

Olfactory stimuli possibly differ from most other psycho

physical and psychometric stimuli (with the exception of taste 

stimuli, perhaps) in that a pure chemical might elicit a variety of 

subjective experiences including qualitative, quantitative, and 

hedonic reactions, as well as trigeminal effects. McCullough (1957) 
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questions the assumption, implicit in many studies that there is 

only one psychological dimension in stimuli which differ obviously 

in a single characteristic. He asserted that the continuum of 

psychological similarity seemed to have both qualitative and 

quantitative characteristics. Admittedly, geometric figures have 

several attributes - shape, size, colour, orientation, area, etc., 

but a certain distinctiveness or "analysability" (Shepard, 1964a) 

of components is possible - the single geometric stimulus can be 

decomposed, phenomenologically in this fashion. Olfactory stimuli, 

even pure chemicals, may not be as readily decomposed. Therefore 

some commentary on these subjective characteristics and their 

interaction is necessary. 

In many of the olfactory studies cited so far, intensity 

has not received close attention and some qualitative 

classification systems give virtually no consideration to intensity 

as a determinant of odour similarity. Attempts are often made to 

minimise intensity variation over the different chemical types 

tested (e.g. Amoore and Venstrom, 1967) but often no precautions 

of this nature have been taken. Intensity does not feature in 

the Crocker and Henderson (1927) or Henning (1927) classification 

schemes. On the other hand, alternative lines of research, 

beginning with Weber, have explored the concentration/perceived 

intensity relations for many single chemicals; most of the more 

recent pUblications in this area have emanated from the revival 

of interest after Stevens and Galanter (1957) and their 

psychophysical scaling of prothetic continua. Olfactory intensity 
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is supposed to be an example of a prothetic continuum. A large 

number of pUblications over a diverse ~ollection of chemical types 

are now available on this topic. 

The classificatory approach has involved Judgements on the 

quality of odours with intensity either held constant or ignored 

altogether; the prothetic scalings have involved intensity 

judgements of single chemicals (one qualitative type). However, 

since the 1950's, research in many fields of psychometrics has 

involved stimulus sets which simultaneously vary along more than 

one dimension. Appropriate scaling methods have been developed 

for analysing such data, and many of the techniques and associated 

models given formal axiomatisation, reaching a high level of 

sophistication in the early 1960's with the works of Kruskal 

(1964a,b), Restle (1961), Shepard (1962a,b), Torgerson (1965) and 

others, from which modern methods have developed. No unanimity of 

opinion exists for the role that intensity should occupy in such 

models. For exa~ple, in colour vision I~dow and Kanazawa(1960) 

and Indow and Uchizono (1960) regard intensity (brightness) as an 

orthogonal dimension to quality (hue), whereas Ekman's (1954) study 

represents intensity in a different way. In his model, each of the 

stimuli is represented in a multidimensional vector space with a 

certain direction and length; the length of the vector corresponds 

to the intensity of the stimulus, whereas the angle between two 

vectors reflects the similarity of the stimulus qualities: that is, 

Ekman regards intensity not as an independent dimension, but as a 

measure of quality. Ekman's model has been applied to a wide 
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variety of psychophysical and psychometric stimuli including 

colours, odour mixtures, geometric shapes, words descriptive of 

emotional states, words descriptive of personality traits 

(Bgckstrom and Goude, 1966; EislAr, 1967; Eisler and Ekman, 195~; 

Ekman, 1954, 1955, 1963, 1965; Ekman, Engen, KUnnapas and Lindman, 

1964; Ekman, Goude and Waern, 1961; Ekman and Lindman, 1961; 

Ekman and Waern, 1959, and many other studies). Unfortunately, 

despite the express statement of Ekman et. ale (1963) that 

similarity experiments be perfo:c"riled on stimuli varying in both 

quality and intensity, none have yet emerged from the Stockholm 

laboratory. With the exception of Eisler's (1960) study of 

similarity of stimuli varying only in weight (intensity), all 

other studies have involved stimuli varying only in quality, at 

constant intensity. 

In olfactory research, therefore, a dualism seems to have 

persisted up to the present. On the one hand there is a great 

number of experiments that have focussed on the intensity of odours; 

on the other hand there are several works with qualitative 

(classificatory) aspects at the centre of attention. There have 

been few links between the two thematic areas. An attempt to make 

such a synthesis is one of the concerns of this thesis. 

1.1.6 Relations Between Intensity and Quality 

In a number of studies involving single chemicals, it has 

been noted that quality may change as concentration changes. For 

example, von Skramlik (1926) writes: 
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"Increasing intensity of the stimulus does not 
only lead to an intensification of the 
sensation, but a~_so to a qualitative change". 

Zwaardemaker (1930) and Henning (1927) record similar phenomena, 

and lists of chemicals known to elicit changes in quality with 

changing concentration have been compiled by these authors. 

Psychological research has also revealed irregularities 

in the relation between intensity and concentration as evidenced 

by deviations from an exponential function (Beck et. al. 1954; 

Engen, 1961, 1964). These deviations have been attributed to 

changes in olfactory quality as well as intensity with changes in 

concentration. 

Eyferth (1965) discusses an "Umkipptl (tip-over) phenomenon 

by which he means that at a certain intensity the qualitative 

impression may change very markedly. His factor analysis of data 

obtained on an odorant (civet) at five concentrations yielded two 

factors, one which seemed isomorphic with concentration, and another 

whose loadings were U-formed on concentration. This second factor 

was not easily interpreted; Eyferth labelled it "spiciness". 

Introspective reports from his Ss revealed their belief that a 

mixture of 2 chemicals had been administered. In what may be an 

analogous situation, Engen and Lindstrom's (1962) unidentified 

factor which had a U-formed relation to concentration might 

represent a quality/intensity interaction. Gustatory research has 

also revealed these sorts of intensity/quality interactions; 

Hellauer (1966) found that "sweetness" of cyclamate had aU-formed 
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relation on concentration. 

Stuiver (1958) claims suffici,';ntly high concentrations of 

any odorant will stimulate trigeminal receptors, thereby elicitLng 

sensations of pain - a change in quality. The generality of this 

statement may be questionable since many odorants (e.g., some 

musks) are scarcely detectable even at 100% concentration. 

Bienfang (1946) is the only known study where intensity 

is incorporated in an olfactory classification scheme. His 

model, which is analogous to Ekman's similarity model, grouped 

odours in a sphere in which the radius represented intensity, 

qualities on the equator, and a "distinctness" dimension running 

vertically with the poles representing "sharp, penetrating/weak, 

faint"; his model is reminiscent of the colour cone. Unfortunately, 

Bienfang performed no experiments. 

The studie~ reviewed in this section have relevance for 

both the classificationists and the psychometricians. The 

failure of the former group to obtain!verifications of their 

models, or alternatively, the inflexibility of their models to 

accommodate qualitative similarities data (and their stochastic 

properties) could derive from the sorts of interactions noted here. 

Obviously, intensity must feature as a dimension in their models 

if they are to account for greater proportions of possible 

systematic variation arising from this source. The psychometricians 

should remain aware of the above findings for their construction of 

similarity simulation models, and for their interpretation of the 

factors of the spaces extracted from matrices of similarity jUdgements. 
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1.1.7 The Role of Hedonics 

Hedonic aspects of olfactory stimuli have received less 

systematic attention than any of the research areas so far 

mentioned. For many, hedonics is seen as being synonymous with 

quality, or as in Ekman'B view of intensity, a measure of 

quality. In several studies pleasantness has emerged as an 

important dimension in extracted psychological spaces; Yoshida 

(1964c), Woskow (1964), and Harper (1970) regarded the hedonic 

dimension as the most impor~ant judgement aspect for naive Ss, and 

this dimension appeared as orthogonal to the remaining identified 

axes. Henning (1927) commented on the close interrelation between 

"feeling" and odour, but gave little weight to this dimension in 

his system. Hedonic features are ignored in the schemes of 

Amoore and Wright. 

However, hedonic judgements have been known to be related 

to chemical concentration since von Skramlik (1926) and Kenneth 

(1927); and more recently through th~ work of Eyferth (1966). 

Engen and McBurney (1964) treated hedonics as a prothetic 

continuum, as is traditionally done with intensity, and had Ss 

make magnitude estimations or category jUdgements of odour 

pleasantness. They found a monotonic relation between perceived 

pleasantness and concentration, with a subjective range of 

pleasantness of approximately 125/1 (as compared with a subjective 

range of 2/1 or 3/1 as usually found for intensity). Sandusky 

and Parducci (1965) investigated pleasantness as a function of 

stimulus context. 
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As mentioned in Section 1.1.6 on the subject of intensity, 

hedonics plays a role which may need to be accounted for in some 

fashion by classificatory theory, and by psychometric modelling. 

Some attention will be given to hedonics in the present analyses. 

1.1.8 Sampling Problems 

Not surprisingly, considering the normative deterministic 

views of the classificatory theorising mentioned above, the 

similarity data analysed has usually been pooled over Ss, implying 

that they are all error-loaded psychophysical transducers but 

interchangeable by virtue of having a common strategy or common set 

of strategies in the judgement situation. This approach is also 

evidenced by most of the unidimensional olfactory scaling mentioned 

so far; Stevens (1957, and all of his subsequent publications of 

sealings of prothetic continua) makes this assumption, which is 

challenged by this author (Chapter Four). However, in the last 

decade, more and more research, in both unidimensional psychophysics 
I 

and multidimensional scaling, has begun to Challenge this view from 

a variety of empirical and theoretical stances. It now seems obvious 

that there exist subgroups of Ss~ the members within each subgroup 

have a common strategy or set of strategies, but quite marked 

differences exist between subgroups. 

Pooling data over subgroups could give misleading results to 

both classificationists and psychometricians. The former group 

may find individual analyses, or subgroup analyses more readily 

interpretable, and more sensitive tests of the predictive validity 
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of their models. Such analyses may distinguish between the 

relative weights to be given such factors as hedonics and 

intensity in their classificatory systems; where and how to 

impose such weights, and criteria for adjusting weights for each 

individual or subgroup. Psychometric analyses of pooled data 

could lead to completely invalid or spurious psychological 

spaces and dimensions thereof. Tversky and Krantz (1969) have a 

graphic comment for their results which were 

If based on the data analysis of individual 
Ss ••.• The six Ss yielded four out of six 
possible orderings .•• We shudder to think 
what the results would look like if we 
pooled data across Ss" 

The similarity experiments presented here will therefore 

be analysed subject by subject; subgroups may emerge post hoc. 

1.2 QUESTIONS OF INTEREST TO THE PRESENT STUDY 

A synthesis of the broad areas of research briefly 

sketched in Section 1.1 give rise to a number of major questions. 

The experiments in this thesis are intended to provide some 

answers to these questions. 

1.2.1 Simulation Models 

Question 1a: "What form of similarity simulation model, 
designed as an analogue of possible 
perceptual and/or cognitive judgement 
processes, gives a best fit to observed 
similarity data?" 



Question 1b: 

Question 1c: 

Question 1d: 
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"What form of input (i.e., what sort of 
indepen~ent me~sures) to the similarity 
simulation models achieves the best 
fit to observed similarity data?" 

"What weighting procedures improve the 
fit of simulated similarities to observed 
similarities?" 

"What individual variation exists in 
answers to 1a, 1b, and 1c?" 

A subsidiary question outside the scope of this thesis is: 

Question 1e: "What rules can be written for switching 
from one simulation model (judgement 
strategy) to another over different 
regions of the stimulus matrix?" 

Answers to this last question are not deliberately sought in 

these experiments, but the question is valid (Shepard, 1964) and 

some comments are made later on possible means of resolving 

the issue. 

1.2.2 Metricity of Data 

Question 2a: 

Question 2b: 

"What are the metric properties of the 
theoretical similarities which give 
the closest fit to the observed 
similarities?" 

"What are the metric properties of the 
observed similarities?" 

Questions 2a and 2b explore the matching of the two data types 

on the criteria of metric space axioms, thereby giving a 

further check on the goodness-of-fit of the best-fit simulated 
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data to the observed data. 

Question 2c: "What individual differences exist in 2a 
and 2b?" 

1.2.3 Psychological Space Structure 

Question 3a: 

Question 3b: 

Question 3c: 

Question 3d: 

Question 3e: 

"What is the dimensionality of the 
psychological space extracted from the 
best-fit simulated similarities?" 

"What labels can be attached to the axes 
obtained in 3a?" 

"What is the dimensionality of the 
psychological space extracted from the 
observed similarities?" 

"What labels can be attached to the axes 
obtained in 3c?" 

"What is the individual variation in 3a, 
3b, 3c, and 3d?" 

1.2.4 Classificatory Considerations 

The questions above are oriented towards a psychometric 

interest in similarity scaling. However, the comments in 

Section 1.1 about classificatory approaches would demand an 

interest in the same sorts of questions but couched in terms more 

relevant to classificatory theory. 

Question 4a: "Does intensity emerge as a factor in the 
multidimensional scaling of observed 
similarities?" 

If the answer to 4a is "yes", two further questions, one with 2 
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aspects, must be asked; 

That is, 

and/or, 

Question 4b: "What is the representation of intensity 
in the similarity space?" 

Question 4bi: "Does intensity emerge as an independent 
dimension in the similarity space?" 

Question 4bii: "Is intensity represented in the similarity 
space by the length of vectors (with the 
origin at the centroid of the 
configuration or elsewhere)?" 

The latter part of 4bii may be unanswerable in the present experiments. 

Question 4c: "Does the impression of quality change 
with change in concentration?" 

Wender (1968) posed similar questions to 4a - 4c. This 

study hopes to extend her sphere of interest to include hedonics 

in the second similarity experiment (hereafter referred to as 8im 

II, and comprising Chapters Eight andiNine). The set of questions 
I 

4a - 4c may be repeated with the word "pleasantness" substituted 

for the word "intensity". 

1.2.5 Subsidiary Questions 

In performing these experiments, a number of other question~ 

may be answered. While not an integral part of the overall scheme 

implied in the questions above, these further issues have an 

intrinsic interest, and in some respects, the larger study depends 

on definitive answers to the following questions. 
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"What is the within - S and between - S 
variation in the unidimensional judgement 
tasks?" 

If Stevens' (1957, 1961 and many other references) assertions were 

accepted, an estimate of psychophysical parameters from pooled 

data would suffice. Conversely, as indicated in Subsection 

1.1.8, individual parameters would seem more appropriate as inputs 

to similarity simulation models; this author inclines to the 

latter view. 

Question 5b: "What is the between - chemical variation 
in unidimensional judgements?" 

Stevens would apparently regard this as invariant over chemical 

types, while Cain (1969), Dravnieks (1967), Dravnieks and Laffort 

(1970), Laffort (1969, 1970a,b) think otherwise. In this case 

this author favours the former view, giveh the experimental 

paradigms of research so far presented on this topic, which seem 

confounded through the lack of consensus regarding stimulus 

specification and psychophysical method; artifacts abound in 

the works of the latter authors. Clarification of questions 5a 

and 5b are seen as being of such fundamental importance that a 

number of preliminary experiments were performed in Chapter Four, 

on the chemicals to be tested in the similarity experiments, Sim I 

(Chapters 6 and 7) and Sim II. 

Another question of fundamental importance is: 

Question 6: "What scaling method is best suited for 
gathering the unidimensional data?" 
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An extensive literature exists on this point, comparing 

magnitude, ratio, discrimination, and category scales over a 

variety of psychophysical and psychometric continua, including 
: 

olfaction (e.g., Engen and Lindstrom, 1963). However, controver~y·. 

also exists on this point; different authors favour one scaling 

method over others according to a variety of idiosyncratic cri~eria. 

Therefore, an empirical study of scaling methods formed another 

group of preliminary experiments, detailed in Chapter Three. 

The similarity experiments, and preliminary studies were 

performed with these questions in mind. The overall plan of 

activities is given in the following section (1.3). 

1.3 DESIGN OF THE SIMILARITY EXPERIMENTS 

1.3.1 Overall Scheme 

The various steps in the paradigm for the first similarity 

experiment, Sim I (Chapters Six and S~ven), are abbreviated on 
I 

Figure 1.3.1. The following explanations of Figure 1.3.1 relate 

the stages in the experiment to the questions raised above, and 

to the preliminary work of Chapters Three, Four and Five. The 

design of Sim II (Chapters Eight and Nine) is detailed after 

discussion of Sim I in later chapters. Basically, the paradigms 

are identical, but Sim II extends the scheme described here. 

1.3.2 Unidimensional Scalings 

While Block B1 of Figure 1.3.1 is virtually self-

explanatory, close attention was paid to problems of stimulus 



1 - 27 

control and presentation. This work included helping in the 

construction bf an air-dilution olfactometer, and performing most 

of the theoretical and empirical calibrations of this device. 

Chapter Two is devoted to this topic. 

Block B3 represents the unidimensional psychophysical 

investigations performed on every S serving in Sim I. Here, 

separate estimates of (Stevens') power law parameters were 

obtained on each pure chemic~l component of the odour mixture 

stimuli (B2). The scaling method used (question 6 above) for this 

purpose was selected from the comparative study of alternative 

methods reported in Chapter Three. The stimulus levels 

investigated to obtain B3 valuef3 spanned the same concentration 

ranges as those selected for making up the odour mixture stimuli 

of Block B2; B2 stimuli are those presented pairwise for 

similarity assessment (B8 data). 

The parameters obtained in the B3 scalings were a and b 

in Equation 1.3.1, 

a n< b 
¢ = 'fJ 

where¢ is a sensation magnitude, ¢ a physic~l magnitude, a a 

scaling constant, and £ the exponent, this latter parameter 

supposedly being a modality-specific parameter (Stevens, 1961) 

reflecting the unique features of the operating characteristics of 

sensory transducer action of each modality. These assertions are 

challenged in Chapter Four. 

Having estimated ~ and £ of Equation 1.3.1 for each S, 

the stimulus magnitudes of the odour mixture stimuli were 
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transformed (represented by A1 on Fig. 1.3.1), using the same 

psychophysical relations, to obtain the psychological intensities 

of Block B4. Block B4, then, represents the results of the A1 

transformation of stimulus magnitudes to psychological intensities 

of components of the odour mixture stimuli, B2. Chapter Five 

highlights the futility of trying to estimate psychological 

intensities of components of mixtures by direct methods. 

1.3.3 Simulation Models 

The transformation A2 represents the unweighted similarity 

simulation models which operate on the B4 data to produce a 

matrix of theoretical similarity judgements (B5) of every 

pairwise comparison of B2 odour mixture stimuli. The four 

simulation models explored in this thesis derive from a variety of 

sources, including the odour mixture masking experiment of Chapter 

Five. The models are discussed in more detail in Chapter Six, 

along with appropriate referencing and rationalisations. The 

models tested reflect different views\of possible subjective 

processes or strategies that Ss might reasonably employ in making 

the similarity judgements of B8. 

The A3 transformation represents the same similarity 

models as in A2. The difference is that a group of weights are 

introduced by iterative hill-climb procedures to a minimum-residual 

solution. The B6 theoretical similarities so derived involve 

three weights; a differential weight to be applied to each of 

the 2 chemical components (after A1 transformation to psychological 
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intensities, B4) and a third weight representing the memory trace 

decay parameter, G, discussed by Gregson (1964, 1968) and Gregson 

and Russell (1965) for gustatory similarities. The transformation 

A5 represents a linear regression of theoretical similarities (B5 

and B6) on observed similarities, but in the weighting models, A5 

is incorporated with A3 as part of the iterative hill-climb; the 

iterations continue to a least-square minimum residual fit of 

theoretical similarities on observed similarities. Block B6 is 

therefore generated in the A3/A5 combined transformation. 

Transformation A4, leading to B7 theoretical similarities, 

is essentially analogous to A3, except that a fourth weight, 6, 

to take account of any non-linearity of regression in A5, is 

manipulated, along with the three weights of A3 in the iterative 

hill-climb procedure. This fourth weight is called the 

Similarity Exponent. 

So far there are twelve blocks of theoretical 

similarities for each S, having origi~ated from B4 data which in 

turn came from B2, employing individual parameters of B3 in the A1 

power law transformation. The twelve blocks were obtained from 

the four basic simulation models of subjective strategies, each 

treated under three weighting models (no weights, three weights 

and four weights). The sequence of steps outlined does not 

follow the order in which data are gathered. Observed similarity 

tasks are performed before the u~idimensional intensity scaling 

tasks in order to avoid experimenter- or experiment-induced 

response biases which might override Ss' naive conceptualisations 
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of "similarity", the very phenomenon "under the microscope". 

Transformations A2, A3, and A4 derive from attempts to 

answer question 1a, 1b, and 1c of Subsection 1.2.1. 

1.3.4 Individual Differences 

The analyses up to and including A5 regressions are not 

only performed on each S, but also on every replication of the 

complete data matrix (B8) by each S, as well as the data pooled 

over replications wit~in each S. No pooling over Ss is 

performed. The analysis of each replication is intended to 

answer question 1d, and to extend the individual differences 

studies of unidimensional tasks (Chapter Four) to the multidimension

al similarity judgement situation. An extension of question 1d 

to include within-subject variation is permitted by these analyses 

of replications. 

Through considerations of computing time, after A5, only 

one set of theoretical data was selected for further analysis from 

the twelve available from each S. The set was chosen according to 

criteria outlined in Chapter Seven, which details the problem 

of selection of best-fit theoretical similarities. The matrix so 

selected waS then subjected to the A6' analysis (the dotted A6' 

lines are to indicate that only one of the twelve theoretical 

similarities data blocks enters the B9 analysis). From this point 

on no further tests are made between the alternative forms of 

simulation model/weighting model procedure. However, between

sbbject differences are still testable from the multidimensional 
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analyses of both theoretical similarity (one of B5, B6, or B7 

data) and pooled (within-S) observed similarities. 

1.3.5. Metricity of Data and Psychological Space Structure 

The analyses A6 and A7 involved Young's (1968a,b) 

multidimensional scaling program, TORSCA-9, which employs 

Shepard's (1962a,b) and Kruskal's (1964a,b) equations in two 

algorithms in sequence, to effect a scaling of non~metric data 

into a metric space solution. Young's methods are further 

explained in Chapter Six. 

Comparisons within Ss of the B9 and B10 solutions extracted 

from the best-fit theoretical and the observed. similarities provide 

insights into the metric properties of the simulation model 

itself, and its ability to recapture the essential features 

of the observed data (these essential features including (i) number 

of dimensions (ii) identifiability of dimensions (iii) location 

of stimuli on axes (iv) metricity of the data sets, and so on). 

i 
Answers to questions 2a, 2b, 3a, and 3c may thereby emerge. 

Further comparisons across Ss permit answers to questions 2e and 

part of 3e. 

1.3.6 Identification of Factors, Classificatory Problems 

Identification of the factors extracted in B10 completes 

the analyses. A8 represents some of the comparisons which may be 

made; for the theoretical similarities, A8 comparisons reflect the 

simulation model's usage of input information, some of which may 

be jettisoned or interacted to produce factor structures of 
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fewer or more dimensions than there stimulus components - such 

occurrences are not unexpected nor unreasonable. For the 

observed data, A8 similarly represents attempts to impose 

psychological meaning on the factors extracted, and these attempts 

need not be restricted to comparisons with the psychological 

intensities of B4, but may also be made with any other independent 

source of data obtained on the Ss, or on the stimulus continuum. 

Regression, correlation and other methods obviously aid the 
I 

identification of axes. Questions 3b land 3d may now be answered, 

along with the rest of question 3e not answered above. Hopefully, 

the various aspects of question 4 may also be answered, thereby 

extending the psychometric analyses to fields of more direct 

interest or importance to classificatory theorists. 

This, then, is the outline of Sim I which is regarded as 

a pilot study for developing models, choosing analytical procedures, 

examining stimulus sets and means of specifying mUlti-component 

stimuli, and other features requiring information for Sim II. In 

many ways Sim I fell short of the various aims stated explicitly 

or implied in the discussion of Section 1.1 and the set of 

questions posed in Section 1.2. The hedonic aspects of stimuli 

were not investigated; only one type of unidimensional data was 

obtained for entry to the simulation models; the stimulus set 

permitted insufficient variation over relative and absolute 

concentration for exhaustive testing of the simulation models. 

Detailed criticisms of Sim I are offered in Chapter Eight, as a 

prelude to Sim II which extends Sim I in attempts to take account 
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of these criticisms. 

1.3.7 Computer Programs 

All computing for this thesis was performed on the IBM 

360/44 of the Computer Centre, University of Canterbury, using 

a variety of local and published programs. A program, QSIT, 

written by R.A.M.Gregson for the analysis of various types of 

similarities data, was modified by this author for calculations 

specific to the current problems; Q~l: here performs the 

calculations involved in transformatldtis A1, A2, A3, A4, and A5. 

This version of QSIT is available from the author. Other 

programs written by this author include least square linear 

regression routines for calculating parameters of Stevens power 

law (Equation 1.2.1 and variants thereof), and other psycho-

physical regression parameters. Programs were also written for 

producing graphical printouts of some of the results of 

calculations, using the CALCOMP Auto-Plotter attached to the 

Centre's IBM 1620 computer. 

The published programs used included POLRG from the 

IBM Scientific Subroutine Package (see bibliography), modified for 

use in exploratory analyses of unidimensional intensity data 

(Chapters Three, Four and Five), and Young's (1968a,b) TORSCA-9 

for non-metric multidimensional scaling of the theoretical and 

observed similarities. The published manuals accompanying these 

programs describe their facilities; some indication of these is 

given where appropriate in this thesis. 
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1.4 DEFINITIONS 

Unfortunately, psychological studies in general and 

psychometrics in particular suffer from a lack of precision and/ 

or a lack of consensus in the definition and usage of various 

terms. This section is devoted to a consideration of the 

terminology, definitions and abbreviations used in this thesis. 

It might be argued that this section should have preceded the 

previous 

the more 

commentaries of Chapter One, rut it is felt that this is 

appropriate place. Having al eady given the reader some 

of the flavour of the terminology, definitions now seem more 

meaningful than they would have, in vacuo. 

1.4.1 Dimensions 

The word "dimension" is one likely to cause confusion 

unless its past and present usages are clearly specified. 

Tversky and Krantz (1969) discuss the various ways in which this 

concept has been employed. Their distinctions are accepted here, 

but replaced with synonymous terma where necessary to avoid 

ambiguities. 

(i) Dimension and component 

"Dimension" has been used to refer to the various physical 

characteristics of a complex mUlti-component stimulus. Under this 

usage the two chemicals of a binary odour mixture would be 

labelled as "dimensions" (e.g., the "eugenol dimension" and the 

"propanol dimension" for Sim I stimuli). The term "component" is 

preferred usage in this sense. Here, complex odour mixtures are 
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"multi-component", not "multidimensional" stimuli. 

(ii) Dimension and physical property 

The various components can each have variation on a number 

of physical parameters (water solubility, molecular shape, volume, 

weight, polarisability, etc). These have also been called 

"dimensions" by some workt;}rs. The term "physical properties" is 

used here, following Bergman and Spence (1944). 

Dimension and psychological space structure 

"Dimension" has also been applied to the axes, vectors or 

factors derived from analyses which reduce data matrices of 

correlated variables to a smaller number of uncorrelated variables. 

This author prefers the terms "axes", "vectors" or "factors" but 

defers to the established mathematical use of "dimension" in this 

sense. In these studies "dimension" may refer to mathematical 

usage (e.g., "a space of n dimensions") or to the psychological 

labelling that may be placed on derived factors (e.g., "the hedonic 

dimension"). 

(iv) Dimension and subjective attribute 

In a sense, the usage so far in the text of the terms 

"unidimensional" and "multidimensional" might seem to contradict 

the definition of (iii). The term "unidimensional" has been 

applied to judgements along a single subjective attribute (e.g., 

intensity or pleasantness). Here "unidimensional" refers to the 

instructions guiding S's judgements; these instructions imply a 

belief that Ss can attend to the single psychological attribute 

under test. "Multidimensional" has been used here to refer to the 
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judgement task (similarity) and the scaling procedure (TORSCA-9) 

employed for deciphering the "data obtained on such tasks, or to 

both aspects. Other terms such as "multivariate" have been 

employed in either of these situations. The present concern here, 

as above, is to distinguish between psychological procedures 

("multidimensional") and physicochemical descriptions of chemicals 

("multicomponent"). Again, Bergman and Spence (1944) is followed 

throughout by using "dimension" for psychological concepts. 

I 
1.4.2 Unstructured and Structured Tasks. 

(i) Unstructured Judgement Tasks 

Following the conceptualisations of similarity in Subsection 

1.1.4, Ss in Sim I are given no explicit instructions regarding 

criteria to adopt in making their similarity jUdgements. Subjects 

a.re simply told to smell two stimuli and to judge their "similarity"; 

the task was "unstructured". ~hile the instructions are not 

intended to impose any structure on the judgement task, Ss will 

generate structure of their own - they must do so to make anything 

but random responses. The essential aim is to reveal this structure 

in these analyses. The usage of the terms "unstructured" or 

"unstructured judgement task" refers only to the instructions 

given S. 

(ii) Structured Judgement Tasks 

Subjects in Sim II perform both unstructured and 

structured similarity judgement tasks. In the structured tasks, 

explicit instructions are given Ss to make their similarity 

judgements on particular unidimensional subjective attributes of 
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the stimuli; similarity with respect to intensity or with 

respect to pleasantness constitute the structured similarity 

judgements performed in Sim II. Comparisons of unstructured and 

the various forms of structured similarities may help reveal 

possible processes operating in the former. Experimental sessions 

of structured tasks are performed after initial sessions of 

structured tasks, to avoid eliciting unstructured(?) judgements 

biased by experiment-derived structure. 

By virtue of the instructions given, the unidimensional 

judgement tasks are also structured. 

1.4.3 Abbreviations 

For economy of writing, a number of abbreviations are 

adopted. Most of these have long been accepted in psychological 

writings a~d need no formal definition. Abbreviations idiosyncratic 

to this work are defined at their first usage; already Sim I and 

Sim II have been introduced to refer to the first and second 

similarity experiments. 

Two useful abbreviations, first introduced by Gregson 

(1970b), are conveniently adopted here: 

(1) p ¢ rJ' q, for the observed (Judged) similarity between 

stimulus p and stimulus q. 

(ii) p ~g, referring to theoretical similarities calculated 

by the various similarity simulation models. 

In addition, it is convenient to refer to the similarity 

between the stimuli on the separate components. p ¢ 'i q is 
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the similarity on the ith component. p~.q is similarly 
1 

(sic!) defined. These abbreviations are employed in both 

text and formulae. 
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C HAP T E R TWO 

o L F ACT 0 MET RIC AND C HEM I CAL 

CON SID ERA T ION S 

2.1 ASPECTS OF STIMULUS PRESENTATION 

Early in the programme of this research, close attention 

was given to the alternative methods by which olfactory stimuli 

might be presented to SSe Administrat~6n of stimuli via sniff 

bottles has long been popular, probably because of the ease with 

which solutions may be prepared and presented. However, there 

are many disadvantages, particularly from physico-chemical 

considerations which seemed to suggest that methods giving better 

control of stimuli should be adopted. The main disadvantages of 

the sniff bottle technique include the points detailed in the 

following paragraphs. 

2.1.1 Problems with Solvents 

First, very pure odourless solvents would be expensive 

to obtain in the large quantities the present experiments would 

necessitate. Also, an "odourless" solvent is rarely found to be 

completely odourless. For example, benzyl benzoate is commonly 

used as a solvent for preparing olfactory stimuli, but samples 

"off-the-shelf" are invariably contaminated with the almond-

like odour of benzaldehyde. Careful refining techniques are 

required to remove all traces of benzaldehyde, and after this 

operation, special precautions are necessary to prevent oxidation 
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of the benzyl benzoate back to benzyldehyde (Coxon, 1968; 

Koster, 1970); an atmosphere of nitrogen is commonly used. 

For normal, repeated use of stimuli such precautions are 

inconvenient for both storage and usage. 

Most "odourless" solvents suffer from one or more of 

the difficulties mentioned above, as well as having other 

idiosyncrasies which may be equally undesirable. 

A second and more serious prob~em concerns the physical 
i 
I . 

interactions between solvent and solute which may result in 

departures from Raoult's Law (Glasstone, 1960, pp 709-714). 

Mixtures of volatile liquids which follow Raoult's Law over a 

wide range of concentrations are extremely rare, and those 

found usually have closely related chemical species as components 

(e.g., ethylene bromide and propylene bromide). In some solvent/ 

solute combinations there may be such severe departures from ideal 

solution behaviour that assessments of the effective stimuli 

present in the vapour phase may become extremely difficult to 

make. Most often, the information may be obtained only by 

experimentally investigating the characteristics of the eutectic 

diagram for the particular chemical combinations of interest. 

Consequently, any studies (e.g., Jones, 1958a, bj Engen, 1961, 

1963, and many other authors) which scale responses against 

chemical concentrations in the li~id phase may give a misleading 

picture of the vapour pressures of the stimuli and may lead to 

quite erroneous conclusions about such things as absolute values 

of stimulus-response relationships (as are implied in determinations 
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of exponents of power functions (Stevens and Galanter, 1957). 

There is usually an increase in the values of these parameters 

obtained from sniff-bottle methods when olfactometric methods 

are employed (Cain, 1969; Mitchell and Gregson, 1970). 

Since very few pairs of chemicals follow Raoult's Law, 

even in the simplest situations involving an odourless solvent 

as one component and an odorous solute as the other, vapour 

phase concentrations may bear no simple relation to liquid 

I 
concentrations. There is even less l~kelihood of mUlti-component 

mixtures obeying ideal solution laws. 

2.1.2 Chemical Equilibria 

A third difficulty concerns an assumption which is implicit 

in much published research employing sniff bottle preparations. 

It is often assumed that sufficient time elapses between any two 

presentations of a particular stimulus for the liquid and the 

vapour phase to resume equilibrium conditions. In most cases 

this assumption is probably a whimsical hope of the experimenter; 

no studies have been noted in which the author checked this 

assumption by appropriate physical measurements. This third 

problem is also related to the second, discussed above. Even if 

equilibrium is re-established in the stimulus bottles, non-ideality 

of component interactions would mean that after every sniff, 

relative concentrations of components in the liquid and vapour 

would change so that the final concentration in the bottle at the 

end of an experimental session may be quite different to its 

original concentration. Stimulus stability would be guaranteed 
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only if several bottles were prepared at each stimulus level, 

were allowed to stand for several hours, were presented once 

only, and were then discarded. A new set of stimuli would be 

required for each S; illl expensive and time-consuming approach. 

There are experimental situations in which precise 

estimates of stimulus magnitudes are essential; the present 

experiments, particularly Sim I and Sim II, depend on accuracy 

of stimulus specificity. In Sim I and Sim II attempts are 

made to fitf'Ij>~~ to pJ;.s which wert generated, at least in 

part, from relative and absolute stimulus concentrations; any 

systematic errors in estimated vapour phase concentrations 

would make this matching an entirely pointless e~ercise. For 

these various reasons, then, attention turned to the various 

types of olfactometric techniques which might be suitable for 

these experiments. 

2.1.3 Olfactometric Methods 

The main types of olfactometers in use seem to be 

adaptations of either blast injection methods or continuous-

flow bypass methods. In view of the many criticisms (e.g. Jones, 

1953; Wenzel, 1955) lodged against Elsberg and Levy's (1956) 

blast injection method, little serious consideration was given 

to this type of olfactometer. Wenzel (1955) and Mrak et. al., 

(1959) describe olfactometers based on a continuous-flow bypass 

principle, and Ough and Stone (1961) built and calibrated one 

such device. The olfactometer built in this department under 

Gregson's direction is an improved version of the Ough and Stone 
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instrument. 

Ough and Stone assume that air becomes saturated, with 

the vapour of a test substance, if it is passed through the 

liquid phase of that substance. The saturated air is then led 

to a continuously flowing main air stream for dilution before 

transmission to S. Their assumption seems to be borne out by 

their calibrations which reveal close comparisons of calculated 

and physico-chemical determinations of odorant concentrations 

in the airstre~m. The Ough and stone device permits a range of 

concentrations to be tested quickly, and simple modifications 

to their basic design enable odour mixtures to be investigated. 

2.2 DESCRIPTION OF OLFACTOMETER 

2.2.1 Flow Circuitry 

The circuitry of the modified Ough and Stone olfactometer 

used in these experiments is illustrated diagrammatically in 

Fig. 2.2.1. The essential difference\between this instrument 

and Ough and stone's original version is the duplication of the 

odour lines to provide independent control of the concentrations 

of 2 odorants. Plates 2.2.1, 2.2.2, and 2.2.3 also show some 

of the features described below (the same code is used on 

Fig. 2.2.1, Plates 2.2.1, 2.2.2, 2.2.3 as is used in the 

following text). 

Air is taken from within a larger test room (21' x 14' x 

18' high) in which the olfactometer and ancillary equipment are 

constructed. This room is air-conditioned, thereby ensuring 
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better control of ambient conditions than Ough and Stone 

described. The incoming air is pressurised by a modified vacuum 

cleaner engine (A) and admitted to the inlet pipe after passing 

through the activated charcoal filter (B). Most of the air 

passes directly to the subject's cubicle (F) at q flow rate 

measured on the main flowmeter (e) and controlled by tap (D). 

Variable flows of air may be bled off the main flow by opening 

flowmeters H', H, I, and J. (Flowmeters C, H', H, I, and J are, 

respectively, Fisher-Porter Nos. 3/4-27-G-10/83, 1/8-25-G-5/81, 

1/8-25-G-5/81, 1/4-25-G-5/81, and 1/16-25-G-5/81). This bypassed 

air travels to capillary spargers (K, K'), bubbles through the 

test liquids (M, M') which fill the interstices between the glass 

beads (L, L'). The vessels cootaining the test substances are 

maintained at constant temperature in a Gallenkamp water bath 

(Brit. Pat. No. 882942). The air becomes saturated with 

vapourised odorant during this sparging, and passes into the 

diffusion bulbs (N, N') to ensure uniformity of dispersion of 

vapour before rejoining the main flow line at O. The subject 

sniffs at the airstream flowing through the baffle (G) mounted 

at the end of the air lines in the cubicle, F. All flow lines 

carrying odorants are glass, the joints being either blown glass, 

or Quickfit ground glass joints (types B24/29, B19/26, S29, 

or 28/15BS). A small amount of Teflon tUbing is used for lines 

not carrying odours. The whole circuitry can be dismantled very 

quickly for cleaning, and alternative glass lines are available 

for use during cleaning and drying operations. 
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The cubicle is flushed continuously with purified air 

which passed through a grill (R) at table height in front of S, 

and was extracted by an overhead exhaust (Q). The subject is 

therefore kept in an odour-free environment between stimulus 

presentations. 

The duplicated circuitry (through meters Hand H') 

enables odour mixtures to be obtained over a wide range of 

relative and absolute concentrations. This is an improvement on 

Ough and Stone's suggestion that odour mixtures can be obtained 

with a single flow line which sparges through a test liquid 

which is a mixture of chemical substances. Their method permits 

variation over absolute concentration only, but not of relative 

concentration of the components of the vapour, unless some rapid, 

efficient means of changing liquid mixtures is devised. Ough and 

Stone's suggestion also suffers from some of the inherent 

difficulties of non-ideal liquid/gas mixture behaviour discussed 

in the previous section. If a liquid mixture does not give off 

vapours according to Raoult's Law, then sparging air through the 

liquid mixture would produce saturated vapours of different 

relative concentration to that predicted from an assumption of 

ideality. The modification introduced here avoids this problem 

by allowing saturated vapours of 2 pure substances to be obtained 

independently (over a range of flow rates) before mixing. 

The stimulus presentation schedules adopted in the present 

experiments are controlled through items of ancillary equipment 

which also give some degree of automation to the gathering of 



'.2 - 8 

responses from SSe 

2.2.2 Ancillary Equipment 

The experimenter is able to direct SIS behaviour through a 

variety of visual and auditory signals. A bank of 10 small white 

lights (V) and a single green light (W) are mounted beside a bank 

of 11 Morse keys (X) in front of S. The lights are used both as 

signals to guide SIS actions, and also to indicate which Morse 

keys are available and when they are available for use. A buzzer 

is also used to direct S. 

Responses are generally obtained by 2 methods. First, 

category scales (CS) printed on cardboard may be placed adjacent 

to the Morse keys; Ss indicate their selection of a category by 

depressing the appropriate key. The Morse keys are linked to E's 

console of lights and switches (Y) and to an Esterline Angus 

events recorder (Z). The microphone (U) enables S to emit verbal 

reports, the second response mode, to E, who is isolated from S. 

The loudspeaker (UU) transmits SIS verbal responses to E. 

The console (y) gives E control over the buzzer, Morse 

keys and their signal lights, ambient illumination of the cubicle, 

exhaust fan, flushing air blower, olfactometer blower, Esterline 

Angus events recorder and Gallenkamp water bath. 

All necessary controls for operating the olfactometer and 

its ancillaries are conveniently placed within reach of E. 
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2.3 CALCULATED OLFACTOMETER CALIBRATIONS 

2.3.1 Calculated Stimulus Values 

Correction curves for temperature variations in flow rates 

are supplied by Fisher-Porter. These are used to convert flowmeter 

settings to absolute chemical concentrations, from temperature 

and pressure data obtained while running the olfactometer. The 

procedure for calculating effective stimulus values (hereafter 

symbolised "St") reaching the baffle, G, is broken into distinct steps. 

First, the concentration of saturated vapour in the diffusion 

bulbs (Conc ) is found from the formula: m 

where 

and 

Conc = m 

M.Wt 
Vp 

Tstd 
R 
P
std 

T 
op 

= 
= 
= 
= 
= 
= 

M.Wt x Vp x Tstd 

R 

molecular weight of substance M 
vapour pressure of M at T 

[Eq. 2.3.1J 

op 
Temperature at STP in oK (= 273 0 K) 

molecular volume at STP (= 22.4 L) 
pressure at STP (= 760mm of Hg) 

operating temperature of diffusion bulbs 

The second step considers the combined effects of the rate at 

which the diffusion bulb concentration is transferred to the main 

airstream. This rate depends on the settings of flowmeters H,H', 

I and J. Thirdly, the diluting effects of the main flow meter 

setting are estimated. Equation [2.3.2J summarises these steps: 

St (mg/L) = 

Conc 
m x 

(in mg/ml) 

Flow rate 
of bypass 

(ml/min) 

IMain flow rate (L/min)1 

[Eq. 2.3.2J 
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The full formula [Eq. 2.3.3J for calculating St makes use 

of the correction curves for temperature and pressure variation 

supplied by Fisher-Porter; the actual variations are obtained at 

appropriate points (T and Ma) as shown on Fig. 2.2.1 (not all 

measuring points are shown on this diagram). The boxes placed 

around parts of Eq. 2.3.3 correspond to the boxes in Eq. 2.3.2. 

The following parameters are obtained: 

x Vp x TS~d 
x P td x T s op 

M.Wt Q x P td x T s op 
x 

P x T 
op amb 

R 

St(mg/L) = [Eq. 2.3.3J 

where Q = 
Mf = 

P = op 
M. F. = 

= 

= 

-Mf x M.F./100 x 

flow rate at STP of bypass flowmeters. 
main flowmeter conversion factor. 
ambient temperature (controlled to 21.1 0 C + 10 C 

in room and water bath). 
diffusion bulb pressure (mm Hg). 

main flowmeter setting. 
main stream pressure (mm Hg). 

main stream temperature (measured at several points 
above and below main flowmeter), 

The obvious cancellations reduce Eq. 2.3.3 to: 

St M.Wt x Vp x ~O1 x Q x (T )Js. 
[Eq. 2.3. it J = mf 

M.F. x P x (0.387 x PmfJi op 

= M. Wt x Vp x Q * [Eq. 2.3.5J 

where Q * includes the st imulus-independent parameters 
inside the box of Equation 2.3.5. 

Since Tmf is found to stabilise at 29.5°C for an ambient 

o 
temperature of 21.1 C, and M.F. is set at "10" for all of the 

present experiments, further simplification is possible, leaving 
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Q, P and P f as the variables influenced by each variable 
op m 

flowmeter setting. The experiments in this thesis are restricted 

to the identical flowmeters, Hand H', using a stainless steel 

float (except for Exp X, Chapter Four). Table 2.3.1 lists the 

values given for Q by Fisher-Porter, and the measured values of 

T P P
mf

, and Q* over 5 settings of each of these flowmeters 
mf' op' 

(H and H' were identical in their effects). Tmf and Pmf are 

unaffected by changes in settings of H or H'. Effectively, P op' 

the pressure in the diffusion bulb was the only change found (and 

expected to be found) in response to changes in H or H'. 

Figure 2.3.1 plots Q* vs. H (or H') settings; St could be 

readily calculated for any flowmeter setting, using Fig. 2.3.1 

and Equation 2.3.5. 

2.4 PHYSICO-CHEMICAL CALIBRATIONS OF OLFACTOMETER 

While St values may be calculated using Equation 2.3.5, 

some assurance was required that calculated estimates of St 

match physically-determined St values; these latter estimates 

are obtained in a number of different ways. 

2.4.1 Experiment I: Single Flowmeter Checks 

The first method is an adaptation of Ough and Stone's 

technique which passed acetic acid vapour (from the olfactometer) 

through solutions of O.01N NaOH. Back-titration with O.01N HC1 

using litmus as indicator, gives acetic acid concentrations. 

Four replications (2 on H, 2 on H') were made at each of 5 flowmeter 
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settings; the olfactometer was run for 20 minutes at each 

replication. Settings on H and HI gave very close values, 

Table 2.4.1 lists the average of the four values obtained; 

the mean deviation is 0.15 mg/L. 

As a further check, the weight lost from the sparging 

vessel was also measured at each replication, and the mean St 

values so determined also appear on Table 2.4.1; the mean 

deviation here is 0.10 mg/L. The greater error in the chemical 

determinations is an expected consequence of the larger number 

of the operations performed, and the psychophysical judgement 

tasks involved in some of those operations (e.g. judging end

points of reactions by noting colour changes of litmus). The 

correspondence between calculated and observed values of St is 

sufficiently close for acceptance of the calculated values as 

being a good indication of stimulus concentrations in the 

airstream. 

2.4.2 Experiment II: Double Flowmeter Checks 

A check of an identical nature was made with both flowmeters 

running simultaneously, over a number of settings as noted in 

Table 2.4.2. Once again, comparisons of calculated and observed 

concentrations confirm the suitability of the calibration formula 

Equation 2.3.5, and also indicate that back-pressures from one 

odorant flow-line do not interrupt flow rates in the other. 

While Experiments I and II verify the validity of 

Equation 2.3.5, early panel studies led to suspicions that the 
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lower flowmeter settings were unreliable. Tests similar to 

Experiments I and II over the lower flowmeter settings showed 

poor correspondence between calculated and measured St values. 

Therefore in no experiment is a setting of less than "3" used, 

except in Experiment VI, discu,s,sed in Chapter Three. In this 

case, the unreliable stimulus, and responses to it is dropped 

from the analysis. 

It was hoped that a final verification of Equation 2.3.5 

could be made using n-propanol labelled with radioactive tritium, H3. 

Unfortunately, difficulties were experienced with monitoring of 

the airstream with an ionisation counter. The counter was 

extremely sensitive to any change above background activity, but 

failed to discriminate within the stimulus range of interest; 

identical readings were obtained for all flowmeter readings above 

"12". While it was impossible to verify Equation 2.3.5 by this 

means, it was convenient to use the extreme absolute sensitivity 

of the ionisation counter to obtain information about time lags in 

the olfactometer. 

2.4.3 Latency of Odour Emission 

Information was required about the 2 types of time lag 

that might exist in the olfactometer. First, how long does the 

odour take to reach the baffle, G, after the flowmeters, Hand/or 

HI have been opened? Second, how long after closing H and/or HI 

until odour ceases at G? Estimates of these latencies need not 

be precise, but some guide is necessary so that presentation 

schedules for psychophysical experiments may be devised within 
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the capacities of the hardware. Experiments III and IV were 

directed towards estimating these time delays. 

2.4.4 EXEeriment III: Emission Latency 

This experiment was aimed at answering the first question 

above, and a crude psychophysical task requiring a reaction time 

response on a stop-watch was devised, using 2 people. At the 

instant flowmeter H was opened, E would shout a "go" signal to a 

helper who set a stop-watch into operation. As soon as the audio

output from the ionisation counter noticeably increased in 

frequency, the stop-watch was halted. The time recorded was taken 

as the latency of odour emission. Despite the crudity of this 

experimental set-up, the variation in latencies is remarkably 

low; an s.d. of less than 0.1 second is obtained for each row of 

Table 2.4.3, column A. As in the calibration experiments, no 

systematic nor significant difference between H and HI is found. 

A time lag of at least 1.5 seconds must be allowed for flow from 

H to G. Typically, in all of the psychophysical experiments to be 

described, at least 3 seconds is taken as the minimum interval 

between making a setting on H and requiring S to sniff at G. 

2.4.5 Experiment IV: "Shut-down" Latency-

Column B of Table 2.4.3 summarises an attempt to answer the 

second question above. The information was obtained here by 

indirect means, because the slower changes in audio output of the 

counter back to background level were tracked less reliably by 

psychophysical methods, than the sudden surge of activity that was 
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so marked for column A data. Instead, a time-sampling method was 

employed so that cumulated pulses were recorded at 0.25 second 

intervals after shut-off of H. The counter could be preset to 

record for any desired period. Column B data was abstracted from 

graphs similar to Fig. 2.4.1 on which each point averages 10 

readings (5 from Hand 5 from H') at each preset time. Figure 

2.4.1 is a conversion from cumulative radioactivity to 

radioactivity within each interval. The high plateau before 

"switch-off" is at almost identical levels for flowmeter settings 

of "12" and above (which detracts from the use of the counter for 

verifying Equation 2.3.5). T:1e time to reach the lower plateau 

(background activity level) is taken as the measure of the second 

type of latency (determined between points "a" and "b" on 

Figure 2.4.1). Latency here is directly related to the flowmeter 

setting being run just prior to switch-off; the more concentrated 

stimuli presumably took longer to flush out of eddies at junctions 

and bends in the flow-lines. Column B of Table 2.4.3 values 

would also depend on the rate at which flowmeter settings were 

returned to zero, and although careful attempts were made to 

standardise this procedure, the higher s.d. (0.21 - 0.36 seconds 

for the column B latencies) probably reflects the variation in the 

rate of ahut-down. Also, the s.d. increases with mean latency, 

reflecting the greater variation in the rate of shut-down from 

the higher flowmeter settings. At least 3.5 seconds seems a 

necessary interval between stimuli to allow for flushing of odours 

from the main airstream. 
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2.4.6 Experiment V: Check on Experiment III 

The time-sampling method was adopted to provide a check on 

the psychophysical judgements of column A, Table 2.4.3. Column C 

lists the average data obtained from cumulative activity recorded 

10 times (5 from Hand 5 from HI) after each 0.25 second interval 

from 0 to 2.5 seconds. The values represent the time for 

activity to rise above background levels. Column C values were 

all lower than column A, and the s.d. are all low ( 0.05); the 

higher variation of column A data reflects the greater error of 

the psychophysical measurements of Experiment III. Nevertheless 

the two methods gave closely comparable results. 

Columns A and B (or B and C) data, when taken together, 

indicate that an interstimulus interval of 5 seconds (plus 

whatever time is required to change flowmeter settings) is 

sufficient to stabilise stimulus levels reaching the baffle, G 

at which S sniffs. This is assumed to be true for all sUbstances 

tested in this thesis, and is confirmed by psychophysical means 

with each new substance tested. However, some chemicals (e.g. 

methyl salicylate) are found to "cling", and no amount of flushing 

would remove all traces; such substances are not suited for use 

in this olfatometer. 

2.5 THE CHEMICALS TESTED 

2.5.1 Description of Chemical~ 

Three chemicals are selected for the psychophysical 

experiments reported here. They are acetophenone, C
6

H
5

·CO.CH
3

; 
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Eugenol, which smells like oil of cloves, is selected for its 

relative freedom frnm trigeminal effects and its pleasant hedonic 

tone (Sandusky and Parducci, 1965). For the Sim I experiments, 

eugenol/propanol odour mixtures are tested, propanol being selected 

for its qualitative and hedonic distinctness from eugenol. 

Propanol smells ethereal (Amoore and Venstrom, 1967), is often 

reported as unpleasant and has trigeminal effects, at least as a 

gustatory stimulus (Mitchell and Gregson, 1968a). For the 

experiments of Sim II, eugenol/acetopheno~e mixtures are tested. 

The quality of acetophenone is labelled lel3s readily by naive Ss 

/ 
than the other chemicals. Responses "like almond icing", "like 

marzipan", "like 10llies" were tentatively offered. Table 2.5.1 

lists the similarities of acetophenone, eugenol and 1-propanol to 

standards which were representative of Amoore's seven odour classes, 

ETHereal, CAMphoraceous, MUSky, FLOral, MINty, PUNgent, PUTrid 

(from Amoore and Venstrom, 1967). The values in his table were 

averaged over Ss who responded on a 9-point rating scale ranging 

from "not similar" ("0") to "extremely similar" ("8"). Without 

strong commitment to the fundamental adequacy of Amoore and 

Venstrom's measurement methods and conclusions, Table 2.5.1 gives 

some idea of the qualitative differences between the chemicals 

used here. Chap~er Seven makes further comments and 

rationalisations of the selection of chemicals. 

2.5.2 Purification of Chemicals 

For the unidimensional psychophysical experiments reported 



2 - 18 

in Chapters Three, Four and Five, the chemicals teGted are 

accepted and used at their "off-the-shelf" grade of purity which 

is Analytic Reagent Grade (British Drug House Specification). 

However, for those experiments (Sim I or Sim II) requiring odour 

mixtures in which the stimulus components may interact 

synergistically, or in some other non-additive fashion, stimulus 

purity assumes much greater importance and was improved where 

necessary. 

Figure 2.5.1 is an example of the least pure chemical 

purchased for this research, acetophenone. The several peaks 

on this gas chromatogram indicate the presence of at least 

four volatile components in addition to the acetophenone represented 

by the main peak. Purification by Spinning Band Distillation 

and Zone Refining techniques appeared to remove most of the 

impuritiAs as Figure 2.5.2 indicates. The possibility remains, 

of course, that beneath the single peak of Figure 2.5.2 

are represented more than one chemical type. The other 

chemicals used in Sim I and Sim II were purified by the same 

techniques to the same gas chromatographic criterion of purity. 

2.5.3 Calculated Stimulus Values 

Before calculations can be made of the effective stimulus 

values (St) from Equation 2.3.5, the vapour pressures, (Vp) at 

o 
the operating temperature of 21.1 C have to be determined for each 

chemical. The source of information for this purpose is Stull's 

(1947) review of vapour pressure/temperature relations 
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determined for over 1200 volatile compounds. Table 2.5.2 lists 

this information for the chemicals used in this thesis, including 

the acetic acid used for calibrating the olfactometer. For acetic 

acid and 1-propanol, Vp at 21.1
o

C is obtained directly from plots 

of Table 2.5.2 values. However, VP21.1 is not found directly for 

acetophenone and eugenol. Instead, the values for these compounds 

were extrapolated to -273°C (Absolute Zero, at which Vp = 0 for all 

sUbstances). The Vp/Temp relation was assumed to be linear between 

-273°C and the first point in Table 2.5.2 (37.1
0

C for acetophenone, 

and 78.4°C for eugenol). The VP21.1 so obtained are listed on 

Table 2.5.3, along with the other details necessary to calculate 

st values. For all flowmeter settings, St values used in most 

of these experiments can be obtained from plots of the values in 

Table 2.5.3. 
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FLOW CIRCUITRY OF OLFACTOMETER 
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PLATES 2.2.1 AND 2.2.2 
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TABLE 2.3.1 

CORRECTED FLOW RATES FOR ~" FLOWMETERS 

WITH STAINLESS STEEL FLOAT. 

Flowmeter Q Tmf P Pmf Q* 
op 

Setting Ccc/min) 

5 397 29.5 0.21 1.25 .00051 

10 1156 29.5 0.23 1.25 .00151 

15 1965 29.5 0.25 1.25 .00256 

20 2860 29.5 0.28 1.25 .00373 

25 3660 29.5 0.33 1.25 .00478 
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Q* VS FLO%TT1ETER SETTING 
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TABLE 2.4.1 

CALCULATED AND MEASURED CONCENTRATIONS OF 

ACETIC ACID VAPOUR: SINGLE FLOW LINES 

Flowmeter Q* St.Calculated St. from St. from 

Setting = Q*xVp. *MWt NaOH weight-loss 

(mg/L) titration measures 

'5 .00051 0.459 0.437 0.469 

10 .00151 1.359 1.408 1.392 

15 .00256 2.304 2.512 2.338 

20 .00373 3.360 3.291 3.371 

25 .00478 4.302 4.401 4.367 



TABLE 2.4.2 

CALCULATED AND MEASURED CONCENTRATIONS 

OF ACETIC ACID VAPOUR: DOUBLE FLOW LINES 

Flowmeter Flowmeter St. Calculated St. from St. from 

H Setting HI Setting (H + HI), in NaOH weight-loss 

mg/L. titration measures. 

, 

5 25 4.761 4.590 4.692 

10 20 4.719 4.722 4.689 

15 15 4.608 4.629 4.615 

20 10 4.719 4.695 4.704 

25 5 4.608 4.633 4.595 



TABLE 2.4.3 

LATENCIES OF OLFACTOMETER OPERATION. 

Flowmeter A. Latency (sec.) B. Latency from C. Latency from 

Setting from "on" till "off" till "on" till 

counter responds counter counter responds 

(Psychophysical regains back- (time sampling) 

Measure) ground level. 

5 1.4 2.1 1.35 

10 1.5 2.3 1.30 

15 1.6 2.8 1.30 

20 1.4 3.0 1.35 

25 1.5 3.2 1.35 



FIGUR"S 2.4.1 

RADIOACTIVITY LEVELS AFTER SHUT-DOVJN FROM 

A FLOW~i1ETER SSTTING OF 15 

c 

-------- - - - - - --- -~.,....._tL.....(~Ir"""'~~-b 

1.0 

TIME (secs) 

2.0 3.0 4.0 

LEGEND:- A. Constant activity level for all flowmeter 
settings above 10. 

B. Background activity level in mainstream 
C. Homent of Ii shut·-down" 



TABLE 2.5.1 

SUBJECTIVE SIMILARITIES OF ACETOPHENONE, EUGENOL 

AND PROPANOL TO STANDARD ODOURS. (AMOORE AND 

VENSTROM'S (1967) DATA.) 

Standard odour * 

Chemical ETH CAM MUS FLO MIN PUN PUT 

AcetophenonE 0.71+ 2.00 2.08 3.24 1.55 0.13 0.27 

Eugenol 1.28 1.96 1.55 1.76 2.74 0.20 0.05 

Propanol 2.28 1.31 1.04 2.03 1.46 0.39 0.18 

* See text for description of labels. 

+ Mean perceived similarity (averaged over 29 Ss and 

2 comparisons of each pair). Measured on a scale 

from 0 ("not similar") to 8 (ltextremely similar!!). 



FIGURE 2.5.1 

GAS-LIQUID CHROHATOGRAH OF 

ACETOPHENONE: PRE-PURIFICATION 

(\ 

- '--..J V \ 
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FIGURE 2.5.2 

GAS-LIQUID CHROMATOGRAM OF 

ACETOPHENONE: POST-PURIFICATION 

115 120 125 130 

HOLECULAR WEIGHT 



TABLE 2.5.2 

VAPOUR PRESSURE/TEMPERATURE RELATIONS (AFTER STULL (1947) ). 

Chemical 
Vapour Pressures (in mm. Hg) 

1 5 10 20 40 60 100 200 I 400 760 

* 80.0 \ Acetic Acid -17. 2 (S) 6.3(S) 17.5 29.9 43.0 51.7 63.0 90.0 118.1 

Acetophenone 37.1 64.0 78.0 92.4 109.4 119.8 133.6 154.2 178.0 202.4 

Eugenol 78.4 108.1 123.0 138.7 ! 155.8 167.3 182.2 204.7 228.3 253.5 

Propanol -15.0 5.0 14.7 I 43.5 52,,8 66.8 82.0 97.8 25931 36.4 
, 

* Entries are °C. 



TABLE 2.5.3 

CALCULATED ST. VALUES FOR ACETIC ACID, ACETOPHENONE, 

EUGENOL AND PROPANOL. 

Flowmeter Q* Acetic Acid Acetophenone Eugenol 

Setting 

5 

10 

15 

20 

25 

M.Wt = 60 M.Wt = 120.15 M.Wt = 164.21 

VP21.1 = 15mm VP21.1 = 0.88mm VP21.1 = 0.85mm 

.00051 4.59+ 0.50 0.665 

.00151 13.59 1.630 2.145 

.00256 23.04 2.749 3.630 

.00373 33.60 3.920 5.120 

.00478 43.02 5.030 6.615 

---- -- ---- .. _-- -- -- ~ ---- I.- - ---- -------- -_ ... _--------

+ Entries are St = Q* x M.Wt x Vp CEq. 2.3.5); 

-1 
units of measurement = mg/L x 10 

Propanol 

M.Wt = 60.10 

VP 21 . 1 = 17.3mm 

5.30 

15.70 

26.62 

38.78 

49.70 

--------



C HAP T E R T H R E E 

U N I DIM ENS ION A L S CAL I N G 

MET HOD S 

3.1 COMPARISONS OF CATEGORY AND MAGNITUDE ESTIMATION SCALES 

3.1.1. Experiment VI: Introduction 
3.1.2. Subjects 
3.1.3. Stimuli 
3.1.4. Response Scales 
3.1.5. Procedure 
3.1.6. Results 
3.1.7. Conclusions 

3.2 OTHER INTENSITY SCALING EXPERIMENTS 

3.2.1. Experiment VII: Arithmetic RRCS 
3.2.2. Experiment VIII: Further Category Scaling 
3.2.3. Experiment IX: Free-Modulus ME 

3.3 CONCLUDING COMMENTS 

3.3.1. Selection of Scaling Method 

3.4 IMPLICATIONS FOR OTHER RESEARCH 



C HAP T E R T H R E E 

U N I DIM ENS ION A L S CAL I N G 

MET HOD S 

3.1 COMPARISONS OF CATEGORY AND MAGNITUDE ESTIMATION SCALES 

An early concern of this thesis was the selection of 

appropriate methods from scaling perceived olfactory intensity, 

and a number of experiments were directed to this question. Some 

comparative research exists in olfaction on this question (Eisler, 

1963a; Engen, 1961; Engen and Levy, 1955; Engen and Lindstrom, 

1963), while many studies have been carried out in other modalities 

(Bjorkman and Strangert, 1962; Eisler, 1962 a,b, 1963 b,c, 1965 a,b; 

Eyman and Kim, 1970; Hosman, 1968; Parducci et. al., 1960; 

Stevens, 1956, 1957, 1958, 1960, 1966a; Strangert, 1961; and 

Torgerson 196~ to name but a few). In these studies, 

consideration has been given to variables such as scaling method, 

presence or absence of anchors, position of anchor, stimulus range 

and so on. However, since controversy exists regarding: 

(a) the effects of some of these variables, and 

(b) the advantages of one method over another, 

it was decided that empirical answers had to be obtained to the 

question of scaling method for use here. This chapter describes 

the work done towards resolving this issue. 

One of the first experiments from this laboratory was 

published by Gregson, Mitchell~ Simmonds and Wells in 1969. In 
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this study, comparisons were made between five types of scaling 

method, and is here reproduced in full, with extra detail in parts, 

as Experiment VI. This detailed recapitulation of that study is useful 

since it typifies the general for1uHt of most of the intensity 

experiments in this thesis, and reports of subsequent experiments may 

be substantially abbreviated by reference to relevant aspects of 

Experiment VI. This author's corltribution to the published version 

included helping with the data collection, the computing and the 

preparation of the manuscript. 

3.1.1 Experiment VI: Introduction 

The scaling methods investigated were: 

(i) a category scale with verbally labelled steps (VCS), 

(ii) two forms of category scale with numerically-labelled 

categories, called Ratio-Range Category Scales (RRCS1 and RRCS2) , 

and 

(iii) two forms of magnitude estimation scale, (ME1 and ME2). 

If the steps in a category scale mediating relative judgements 

are given integer numerical designations, ~, two choices are 

immediately obvious; either the steps are labelled with single 

numbers, 'n' so that with reference to a standard m they are 

relatively 'n/m' (n( m or n = m or n > ~), or each step is a bounded 

mutually exclusive range of such numbers, say, 'n
1
/m to n

2
m'. This 

latter is an RRCS. Following Stevens, ~ may be put equal to 10 or 

100 for convenience. 

this thesis, m = 10). 

(For the fixed modulus experiments throughout 
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The behaviour of an RRCS may empirically transpire to be 

like a verbal category scale or like a magnitude estimation task 

because it has features which it shares with each of these more 

traditional response modes. A curvilinear relation has been 

report~d between CS and ME procedures (Galanter and Messick, 1961; 

Helm, et. al., 1961; Svenson, 1967) on prothetic Qontinua of which 

olfactory intensity is supposed to be an example. Hence, if a 

sCAling based on an RRCS is linear on a corresponding verbally 

labelled CS and curvilinear on ME scalings, then obviously the 

oategory step construction of the RRCS is playing a dominant role. 

Conversely, if the RRCS yields a linear relationship on ME but a 

nonlinear one on a verbal CS then the numerical labelling of the 

RRCS is dominant over the category step construction in determining 
I 

S's response processes, when the two features are in conflict. 

An RRCS may be analysed both as an equal interval scale, by 

arbitrarily numooring the categories by integers in sequential order, 

and as a scale whose intervals are as defined by their numerical 

labelling, which is not necessarily equal-interval, on the same data. 

The relation between the scalings derived from these two methods of 

analysis provides further data for comparison with the previously 

reported curvilinear relation between ME and CS. 

Helm et. al., (1961) have advanced a model in which CS differ 

from ME because the former mediate differences in sensation 

whereas the ME mediates ratios. The model agrees with Eisler's 

(1962 a,b, 1963 b, c) interpretation of the problem and predicts the 

logarithmic regression of category values upon magnitude estimations, 
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with a small correction introduced by Eisler that is apparently 

necessitated by departures from Weber's law. This model provides 

another way of determining whether ~RCS behave mora like CS or ME 

tasks. 

The manner in which Ss employ an RRCS may also be predicted 

from Parducci's range - frequency models (1963, 1965). Here Ss 

are postulated to divide a range of stimuli into proportionate 

subranges, and to use each subrange in proportion to the frequency 

of stimuli falling in that range. From the~e postulates, Parducci 

deduces that the middle categories of a scale cover approximately 

the same psychological differences in terms of disciminability. 

The information capacity of olfactory intensity is low (1.5 

bits according to Engen and Pfaffman, 1959) and is clearly less 

than the capacity provided in the 11-category CS and "infinite" 

category ME response modes utilised here. The exponent, £, of 

the psychophysical power law (first mentioned in Chapter 1), 

<p = a ¢b [ Eq. 3.1.1 ] 

or the form 

= [ Eq. 3.1.2 ] 

where .0
0 

is an effective threshold intensity, introduced to maximise 

the linear component of the log <p/log .0 plot has been calculated for 

a wide range of sensory continua (stevens and Galanter, 1957). For 

olfactory intensity, ~ has been placed at about 0.50 in the range 

0.40 to 0.60 (Jones, 1958 a,b; Reese and Stevens, 1960), for a 

range of odorants, not including eugenol, the substance selected for 

this and the other experiments of Chapter 3. The data gathered 
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here provide a further check on previous determinations of b. 

3.1.2. Subjects 

The Ss were 102 undergraduates, 51 male and 51 female, 

mostly first-year psychology students, and all naive with respect 

to the psychophysical theory involved. 

3.1.3 Stimuli 

Eugenol was tested at 9 concentrations as detailed on 

Table 3.1.1. The first stimulus on this table and responses to 

it were dropped from the analysis as this flowmeter setting was 

found to be unreliable (see Chapter 2, Subsection 2.4.2). The 

values of the standard stimulu~ (always presented first in the paired

comparison tasks) were 1.55 x 10-1 mg/L and 2075 x 10-1 mg/L. The 

choice of standard affected the physical concentration ratios, as 

presented in the last two-columns of Table 3.1.1. Their skewness 

also implies that Ss would be forced to make a different relative 

frequency pattern of usage of the scale categories (at least in the 

RRCS1 and RRCS2 cases) because the proportion of the stimuli that 

are above and below the median category differed over the two 

standards, and the actual ratios involved, particularly in the supra-

median subrange, impose different restrictions on response 

distributions. The concentration ratios of Table 3.1.1 were 

required for the determination of the parameters of Eq. 3.1.1. 

The stimuli were presented five times each in orders 

randomised within blocks; 80 stimulus presentations in all, 40 

of the standard stimulus, 40 of the variable stimuli. 
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3.1.4 Response Scales 

The three forms of category scale were interchangeable, 

being placed before the Morse response keys in the olfactometer 

cubicle. The labelling of the steps for each of the 3 forms is 

given in Table 3.1.2. The instructions accompanying all 3 category 

scales types insisted that Ss judge the intensity of a second 

stimulus relative to the first in a pair. Slight variations in 

instructions were necessitated by the different formats of VCS and 

RRCS labellings. Figures 3.1.1 and 3.1.2 detail the full 

instructions to Ss serving in CS conditions. 

The ME procedures followed as closely as possible the 

paradigms given in Harper and Stevens (1964). Under ME1, Ss were 

presented with a standard stimulus, told it was 10 units, and were 

then given the variable stimulus in the pair, to be Jl1dged 

proportional to the intensity of the first. Under ME2, the standard 

was presented once only as the first stimulus in the series of 80 

stimuli; on this trial, S was to label the standard as "1 orl. 

Thereafter, the stand2rd was not specified as such, but it was 

presented as often as it appeared under the other treatment 

conditions, as a control for possible adaptation effects. Figures 

3.1.3 and 3.1.4 summarise the instructions to Ss under ME1 and ME2. 

All CS and ME1 were, therefore, constant-stimulus, fixed

modulus, paired-comparison treatments, whereas ME2 was a partially-

fixed-modulus, free presentation schedule. There were thus 10 

conditions in all: VCS, RRCS1, RRCS2, ME1, and ME2, each with 2 

standard stimulus concentrations. In 9 of these conditions 10 Ss 
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were tested; in the ME2 with 2.75 standard, 12 Ss were available. 

In summary, the paradigm was a 5 x 2 fully factorial des with 

iineql:al cell frequencies; it makes similar compariso!1s of response 

modes and standard con,: entra tiona as Engen and Lindstrom IS (1963) 

study of intensity scalings of amyl acetate. 

Procedure 

Before the experiment proper began, Ss were required to read 

through the instructions, were given opportunity to ask questions, 

and were given as many practice stimuli as required to familiarise 

them with the procedure. The written instructions and a 

diagrammatic abstraction thereof (Fig. 3.1.5) were left with S 

throughout the experiment. Figure 3.1.5 also details the time 

schedule, strictly imposed on S, in which two responses were made 

each minute. The first was to the standard (unlabelled as such in 

ME2) which was presented for 5 sec., followed 8 sec. later by the 

variable, also presented for 5 sec., then followed a 42 sec. rest 

until the buzzer signalled the b~ginning of the next trial. This 

schedule is an approximation to Elsberg's (1935) suggestion that 

30 sec. should separate olfactory stimuli in order to minimise 

adaptation effects; a compromise between adaptation effects and 

memory trace effects (which may not necessarily tend in opposite 

directions) was the main factor influencing the present choice of 

inter-stimulus intervals. 

Subjects responded under VCS and RRCS by pressing the Morse 

keys mounted adjacent to the categories. 

speaking in the microphone. 

For ME, Ss responded by 
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3.1.6 Results 

The properties of the RRes relative to the other scale types 

investigated here were established by examining the functional 

relations between the various intensity continua obtained by using 

the scales or transformations based upon them. 

conveniently done in 4 parts: 

This was 

(i) methods of transformation to numerical scales 

(ii) and (iii) interscale relations and scale-stimulus 

relations 

(iv) psychophysical power function exponents. 

(i) The verbal scale can be transformed into a numerical scale by 

using Parducci's (1963, 1965) range - frequency theory in which steps 

are assumed to be equivalent to an equal- ratio partitioning of the 

total range of the stimulus continuum available, and new equivalent 

values for the steps were then substituted. From these, the mean 

ratings of each of the stimuli were then obtained directly. The 

necessary transformation assumed that ~, the psychophysical 

exponent, is equal to unity, and then the actual b involved was read 

off directly from the resultant plot of stimulus values against log 

transformed scale values. The results of using Parducci's theorem 

to transform the verbal scales are set out in Table 3.1.3 and are 

used again for calculating the parameters entered in Table 3.1.6. 

The mean values for each category of the RRCS were 

calculated directly on the assumption that the numerical labelling 

of the steps could be taken at their face value, as in a magnitude 

estimation task. Comparison was then possible. There was, of 
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course, a loss of informhtion in moving from ME to RRCS arising 

from the increased error variance consequent upon regressing all 

responses in the range (n
1
/m - n2/m) as though they were at the 

mean response (n
1 

+ n2 )/2m. This would slightly, but not seriously 

diminish the variance taken up by a regression of responses upon 

stimuli, if the regression is in fact linear under some trans

formation. 

(ii) The correspondence between the stimulus values based on the 

transformed verbal scale and the directly interpreted RRCS values 

are set out in Table 3.1.4, along with those values generated by 

the more conventional ME. If the transformations that were applied 

to VCS and RRCS were in some way equivalent to an ME procedure, then 

a linear relation should be obtained between each pairwise 

comparison of the 3 types of scaling for each standard stimulus 

value. A plot (Fig. 3.1.6) of 1.55 standard data from Table 3.1.4 

of all scales vs. ME as abscissa, ME2 was linear with the same slope, 

but less in value; VCS and both RRCS had slightly different slopes 

and were all consistently greater in value, RRCS2 having the 

steepest slope. No evidence of curvilinearity of any CS on ME was 

noted. For the case where the standard was 2.75, again plotting 

all functions vs. ME1 as abscissa (Fig. 3.1.7) ME2 was slightly 

less steep, and was consistently less in value, the trend being 

linear again. The 3 other scal.es were again greater in their 

corresponding values, but now the trends were nonlinear, positive 

monotonic, and positivelyaCcelerated with RRCS2 the steepest once 

again. 
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For both stHn,l-lr'ds, the traw3formed verbal scalings and the 

RRCS were in closer mutual agreement than they were with ME scales, 

but it must also be noted that they (VCS and RRCS) were closer to 

ME1 than ME2 was to ME1. To summarise, if these alternative 

scaling procedures are used instead of ME1, they will yield 

comparable psychological magnitudes under some combinations of 

standard and scale steps that do not introduce too much asymmetry. 

They be regarded as behaving like 'super-anchored' ME scales in 

that they differ from the un-anchored ME2 scale even more than does 

the anchored ME1. 

An ME procedure gives a linear plot of log stimulus 

concentrations against log scale values, with, if necessary, a 

correction by the introduction of a threshold constant. It was 

found here that if the log magnitudes from the RRCS are used, then 

the plots were linear; on this criterion, RRCS were a sort of ME. 

(iii) The RRCS and VCS can be treated as equal interval category 

scales; if this is done then any information contained in the 

labelling of the categories is lost. Therefore, if the labellings 

did not affect category usage then VCS and RRCS would be linear on 

one another when treated as equal interval, and both should exhibit 

the same sort of curvilinearity when plotted against ME. The results 

are summarised in Table 3.1.5, and it is found on plotting (Fig. 3.1.8) 

that the value of the standard strongly dominated any labelling 

effects. The relations were positive monotonic with a slight 

positive acceleration, the slopes being steeper for the standard of 

1.55. To a first approximation, the categories, whether verbally 
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or numerically labelled, correspond to equal log-stimulus differences 

over the lower part of the intensity range; the picture was not as 

clear-cut for more intense stimuli where the verbal scales showed 

more susceptibility to the differential effects of t~e two standards. 

(iv) Magnitude estimation procedures are usually adopted as a 

means towards estimating the exponent, ~, of the psychophysical 

power function Eq. 3.1.2. However, since RRCS have been shown to 

be similar to ME on other criteria; ~ was obtained for these scales 

and VCS as well, using the transformations discussed in (i). 

The individual exponents, hereafter denoted as b., were first 
l 

obtained using the IBM sample program POLRG which successively 

treated the data to regression analyses of polynomial functions 

increasing from first to tenth order, listing the amount of variance 

taken up at each level. POLRG was modified to subtract, iteratively, 

a threshold correction factor (¢O in Eq. 3.1.2) from each stimulus to 

obtain a minimum residual error best fit at each order of polynomial. 

In almost all cases, polynomials more complex than first order were 

found to account for such a small extra percentage of total variance 

that these could be ignored. Threshold correction factors showed 

wide individual variation, and in many cases minimum error was 

obtained only with large negative ¢O's giving b. greater than 5.0 
J 

which are ridiculous. Consequently in this and all subsequent 

determinations of b., uncorrected individual data were treated as 
2 

if the linear assumption of the log transformation of Eq. 3.1.1 

held; parameters of Eq. 3.1.1 were determined here, and in 

succeeding experiments, by a least squares linear regression of 
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log ¢ on log ¢. The results of this analysis are listed on 

Table 3.1.6, along with other parameters derived from these data. 

The group exponents in every case are h, the average of individual 

b. 's. 
l 

Traditionally, group exponents (herein symbolised ~), are 

obtained from a pooling of data over all Ss within treatments to 

form a single psychophysical regression plot. This practice is 

not followed here for reasons made clear in Chapter 4. Table 

3.1.6 also includes, for ease of compariso~, the results of 

Experiments VII, VIII and IX. The values in the F ratio column 

of Table 3.1.6 are from the relation 

F. = ss Iss [Eq.3.1.3J 
l reg error 

where SS is the sum of squares of points about the regression 
reg 

line, and SS is th~ error sum of squares; this parameter 
err 

indicates the goodness of fit of the regression line to the spread 

of points in the psychophysical plots. 

The p.s.e. values were higher for the RRCS than for the ME 

procedures; in other words, the constant error was much less, 

and in this respect the RRCS procedure is preferred. The effect 

of the standard upon the exponents was quite marked for the ME 

methods, while it is very small for the RRCS (where the assymetry 

dominated); again, RRCS would be preferred on this criterion. 

Under all conditions, the inter-individual differences in b. were 
l 

considerable, and span a similar range, with more spread for the 

ME, another point against ME. The F. also spread over a wider 
2,. 

range under ME than under CS, so once again, ME is the least 

desirable form of scaling. 
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Even though the differences in group exponents (~) were not 

significant (Mitchell and Gregson, 1970), so that essentially b. 
1 

. --
could be pooled over all conditions as an estimation of a population 

parameter, these results would seem to indicate that the practice of 

quoting a single exponent value for a sensory continuum must be 

regarded with some misgiving. The ~ are more variable than those 

based on the pooled data of Engen and Lindstrom (1963), but their 

finding of a higher exponent for the standard near mid-range was 

upheld, thereby also supporting Engen and Levy's (1955 ) results. 

Table 3.1.6 also lists Ht for the .CS methods. 
rans 

Most 

estimates are less than the 1.5 bits reported by Engen and Pfaffman 

(1959) but procedural differences probably account for the lower 

estimates from these data. Engen and Pfaffman used 5 stimuli, we 

used 8 (not counting the one dropped); all their stimuli were 

freely available at all times whereas ours were presented singly 

in random order; their Ss rank-ordered these stimuli, whereas ours 

made isolated intensity judgements; their Ss received some feed-

back as to response "accuracy" whereas ours received no feedback; 

and other differences. No detailed discussions of transmitted 

information are made in this thesis,mainly because no single 

convention for obtaining comparative measures from ME data has been 

found in the literature. Baird (1969, a,b) are the only references 

found discussing the transmitted information of ME data, but his 

work is theoretical. In a personal communication, Baird (1970) 

suggested means by which ME data may yield estimates of H
t 

,but 
rans 

the transformation adopted is, like the Parducci transformation of 



3 - 14 

VCS data, merely a whim of E, and since Ht values calculated rans 

are dependent on the form of transformation, comparisons with 

values from CS data would be of unknown validity. 

3.1.7 Conclusions 

Some of the empirical characteristics of RRCSs have been 

examined on a sensory continuum which has been taken as being 

prothetic. When an RRCS is treated as a category scale, it behaves 

like a verbal category scale up to a linear transformation. When 

it is treated like an abbreviated form of magnitude estimation, it 

behaves like ME. These differences in treatment are entirely 

scoring conventions employed by E; for the S using the RRCS, only 

one response strategy is available at one time. In this respect, 

therefore, the results are consistent with Torgerson's (1960) view 

that Ss can only make one sort of judgement, and the reported , 

differences between scale types are the consequence of transformations 

employed by E in data processing. However, despite the intrusion 

of these forms of artifact through E's scoring conventions, there 

may be preferences for employing one type of scale rather than 

another, and this study has considered some of the grounds on which 

such a selection could be made. 

The RRCSs used here were so constructed that over at least 

half their range of category steps, they were consistent in numerical 

labelling with an equal ratio scale. This, taken with the 

particular stimulus concentration series used, facilitated the use 

of an RRCS in a way that is similar both to the Parducci trans-

formation of the verbal scale and to the ME procedures. Empirically 
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RRCS represent instances which can be regarded as intermediate or 

bridging cases between traditional forms of category scaling and 

magnitude estimation procedures. Obviously, the fact that this 

could be done at all indicates the need for some more extensive 

examination of RRCSs with a variety of numerical range assignations 

to steps. Likewise, the ME procedures investigated here represent 

only some of the methods which could be adopted. With these 

considerations in mind, other scaling experiments were performed, 

as described below. 

3.2 OTHER INTENSITY SCALING EXPERIMENTS 

Experiment VI indicated that some form of RRCS might be a 

preferred method of scaling intensity. However, since RRCS 

represented a departure from traditional scaling methods, further 

experiments were performed on other variants of CS and ME. The 

first of these (Exp. VII) was part of a larger study by Mitchell 

and McBride (1970, 1971). 

3.2.1 Experiment VII: Arithmetic RRCS 

Mitchell and McBride used another form of category scale, 

RRCS3, (also on Table 3.1.2) which comprised the arithmetic 

submedian category labellings of RRCS1 and supramedian labellings 

of RRCS2. RRCS3 represented a symmetric form of numerical 

labelling, and was used here to determine whether the unease 

experienced by Ss in using RRCS1 and RRCS2 could be eliminated or 

reduced. 
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In all respects of stimulus presentation, instructions to SSj 

mode of response, etc., Exp. VII was identical to the methods 

employed for the RRCS scaling of Exp. VI. The main differences lay 

in: 

(i) scale type 

(ii) number of stimuli 

(iii) range of stimuli 

(iv) position of anchor. 
\ 

Table 3.1.6 summarises some of these differences. This experiment 

involved the presentation of 6 variable stimuli, 7 times each; with 

a median stimulus (not from a skewed position as in Conditions 1 -

10) which served as standard, but not as a variable. Twenty-six 

naive first-year psychology students served as Ss. It was hoped 

that the extended stimulus range and fewer stimuli, giving larger 

inter-stimulus intervals, would reduce confusions between stimuli, 

thereby increasing both b. and F .. 
2 -l: 

This predicted increase in 

dependent variable was intended to give a higher base line level 

against which the effects of a masking odour could be assessed (as 

detailed in Chapter Five.) 

Only one of the predictions was borne out; b did not 

increase. In fact, t for Condition 11 was smaller than any other 

t on Table 3.1.6. The F. did increase slightly for this group. 
J 

The smaller b. and higher F. seemed to indicate two things: first, 
J ..l 

as hoped, confusion between stimuli was reduced (higher F.) by the 
l 

larger inter-stimulus intervals; second, the wider stimulus range 

caused no expansion of the subjective range. Fitting the regression 

line involved, in effect, fitting the same response range to on~ 
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short (Exp. VI, Conditions 1 - 10) and one long (Condition 11) 

stimulus range thereby producing the shallower slope (lower b.) 
J 

in Exp. VII. This result should have been expected, since, in 

other modalities, the exponent has been found to vary inversely 

with stimulus range (e.g. Strangert, 1961). 

Nevertheless, the low b in this experiment did provoke 

further interest in scaling methods, and Experiment VIII was 

performed. 

3.2.2 Experiment VIII: Further Category Scaling 

In this experiment, Ireland and Mitchell (1969) made further 

explorations of RRCS3. While the low b of Expo VII may be accounted 

for in the wider stimulus range, and the position of the standard, 

the form of the response scale was not entirely eliminated as a 

source of variation, and further investigation of this scale seemed 

necessary. Further, and more important, RRCS was of interest for 

its potential as being the most suitable scaling method to adopt; 

as mentioned above, RRCS3 represented a non-assymmetrical form of 

numerical labelling which seemed to incur none of the reports of 

uneasiness or aversion volunteered by Ss serving in RRCS1 and RRCS2 

conditions. Ratio-range category scales in some form or other 

seemed to be the most satisfactory, on a number of criteria, of 

those tested in Exp. VI; Exp. VIII was intended as a comparison 

of RRCS3 on some of these same criteria. 

RRCS3 was therefore tested in a paradigm which manipulated 

the number of stimuli, the position of the standard, and the 

stimulus range; 4 cells were examined, of the 2 x 2 x 2 matrix 
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that would have constituted a fully factorial design. Eighty 

naive first-year psychology students served as SSG 

Experiment VIII matched the procedural details of Exps. VI, 

Conditions 3, 4, 5 and 6, and Exp. VII with respect to inter-

stimulus intervals, instructions to Ss, etc. Conditions 12 to 15 

inclusive of Table 3.1.6 summarise the stimulus conditions and 

results of this experiment. Condition 12 is a replication of 

Exp. VII (Condition 11); Condition 14 adopts the same stimulus 

range and the lower standard stimulus (1.55) as tested in Exp. VI. 

While the b's obtained here were not significantly different 

to each other, nor to those obtained in the other conditions, they 

were generally lower than those obtained under RRCS2 or ME. In 

all of these conditions, the high variation in b. ensured that the 
l 

small sample sizes used were unlikely to reveal the effects, if any, 

of the independent variables manipulated here. 

The higher! ratios were again associated with the wider 

stimulus range/fewer stimuli combination, and median position of the 

standard. Confusions between stimuli might be reduced here, over 

the other conditions, in part -because the median standard is most 

likely to conform to Ss' expectations about the position of a standard 

stimulus. With standards from skewed positions in the stimulus 

series, Ss may expect to find half the stimuli below the median 

standard, and half above, and distribute their responses accordingly 

(as suggested by Parducci, 1963, 1965). 

This experiment did not support RRCS3 as being a preferred 

scaling method to RRCS2. However, before completely accepting 
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RRCS2 over alternative methods, further forms of ME were tested, in 

Experiment IX. 

3.2.3 Experiment IX: Free-Modulus ME 

Magnitude estimation has become such an accepted method for 

scaling prothetic continua, including olfactory intensity, that 

further comparisons of this form of scaling were regarded as being 

necessary before finally adoptine the rather novel RRCS scaling, 

for which no precedents have been found reported. The magnitude 

estimation methods used so far were ME1 and ME2; ME1 was a fixed

~oduluS9 constant-stimulus, paired-comparison method (like all CS 

studied so far), while ME2 was partially fixed-modulus, free-

presentation ME scaling. However, other forms of ME have been 

developed and described as the method of Free Numerical Assignment 

(Hosman, 1968; stevens J.C., and Guirao, 1964; stevens, S.s., 

1956, 1964) and adapted for scaling olfactory intensity (e.g. 

Engen, 1961). Experiment IX was therefore devised to investigate 

two further variations of ME, using identical stimulus levels, 

standard stimuli and presentation schedules as Exp. VI. 

ME3 was a free-modulus, constant-stimulus, paired-comparison 

presentation, while ME4 was a free-modulus, free presentation method. 

Under ME3 Ss were told that the first stimulus in a pair was always 

to be the same stimulus, that they were to assign a number to that 

stimulus on its first presentation, and to maintain that same 

numerical assignation throughout the remaining trials. Under ME4 

no explicitly labelled standard of any sort was used. The sort of 

standard under ME4 was that generated by S himself on the first trial 
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in which the stimulus presented was always the standard concentration 

in the other conditions. Under ME4 (as under ME2) the standard 

stimulus was presented 40 times, unlabelled as such, in order to 

equate conditions for ~daptation effects; responses to these 40 

representations were ignored in the analyses, except for their 

being used to obtain a mean response to the standard concentration. 

The differen~es between the 4 types of ME are summarised on 

Table 3.2.1, and are further elaborated by the instructions to Ss 

as detailed on Figures 3.2.1 and 3.2.2 (which may be compared with 

ME1 and ME2 instructions on Figures 3.1.3 and 3.1.4). 

For calculating b, p.s.e. and other parameters from these 

scalings, the individual variation in base level of responding was 

reduced to a common value, by taking the average intensity rating of 

the concentration of the standard stimulus, and transforming this to 

the response magnitude of 10, (the value given the standard in the 

fixed modulus conditions). Average judgements to the variable 

stimuli were adjusted by the same factor. While the range of 

numerical assignations to the standard was large (10 to 10,000), the 

numbers chosen were from a small sample of this number range; values 

such as '10', '20', '25', '50', '100', '500', and '1,000' were 

typical. Similarly, assignations to variable stimuli were 

invariably multiples of 5. Such behaviour on ME and related 

judgement tasks is not uncommon (Baird, 1970; Engen and Ross, 1966). 

The results of the ME3 and ME4 analyses are also listed on 

Table 3.1.6 for comparison with the work previously covered in this 

chapter. The free modulus, free presentation condition (ME4) was 
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even "worse" than the fixed modulus, free-presentation method (ME2) 

discus,sed in Exp. VI. ME4 had an even lower p.s.e. (i.e. the 

largest constant error), widest range of b., and F. generally in a 
.J -1 

lower range. ME3 was intermediate between ME1 and ME2 on these 

criteria, and showed the same sensitivity to the magnitude of the 

standard stimulus as the other ME conditions. These results do 

not follow Engen and Ross (1966) who found lower variability in 

exponents when S could select his own modulus value. No attempt 

is made to resolve these differences, although Koster (1971) comments 

that the adaptation experiments of Pryor, eta al. (1970) 

" ... casts some doubt on the greater reliability of 
the unstructured magnitude estimation procedure 
with regard to maintenance of the internal frame 
of reference of the subject." 

There may be a modalities difference here; Engen and Ross had Ss 

judge line length, whereas Pryor eta ale scaled olfactory stimuli. 

In general it may be concluded from these experiments that 

for stability along a number of measurement criteria, the fixed-

modulus, paired-comparison presentation methods were the preferred 

form of ME procedure. 

The final selection of sealing method for use in Sim. I and 

Sim. II is discussed in more detail in Section 3.3. 

3.3 CONCLUDING COMMENTS 

3.3.1 Selection of Scaling Method 

Some recapitulation of the comments in this chapter might 

usefully summarise the rationale under which scaling methods might 
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be selected for use in various contexts, including the immediate 

experimental series. The advantages and disadvantages of each 

of these scaling methods for particular tasks might also be useful 

information. Even though there were no significant differences 

between any of the results of these experiments, some trends seemed 

promising, and testing with larger sample sizes might lend 

statistical support to these trends. Certainly, the closeness of 

results within subclasses of related methods give some support to 

the selection of one method over another OD grounds that seem to be 

valid. stevens (1957, 1958, 1960, 1966a, and elsewhere) has often 

claimed that some form of ME or ratio sc~le is the only form of un-

biassed scale and 16 to be preferred to CS scales. However, on 

the criteria adopt~dhere, not all of which were considered. by 

Stevens, other conclusions are reached. 

Generally, taking the magnitude of b as the criterion of 

selection, ME procedures might be preferable to CS methods. 

However, the variation in b., and the goodness-of-fit of the 
..l-

regression line (F.) was generally "worse" for ME than CS. 
). 

Also, 

the p.s.e. was lower for ME than RRCS, indicating that the constant 

error was much greater for ME; the free presentation paradigms 

were the "worst" of the ME in this respect, and were not used again 

in this thesis. Finally, the ~, as determined by ME methods 

seemed most sensitive to the magnitude of the standard stimulus. 

For these various reasons, CS methods, particularly RRCS seemed 

most preferable for their stability, 

Selection between the alternative forms of CS depends on the 
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purpose for which they are required. The verbally-labelled 

category scales involve the problem of obtaining numerical 

equivalents to the category labellings chosen, so that p.s.e., ~, 

f and other parameters may be quantified. A transformation based 

on Parducci's (1963, 1965) fange-frequency theorem was employed in 

Exp.VI, but since this, or any other transformation is an entirely 

arbitrary choice and at the whim of the experimenter, the results 

so obtained could scarcely be taken as definitive estimates of a 

modality-specific parameter (stevens and Galanter, 1957). One 

advantage of VCS was that no Ss reported difficulties in using 

this scale; this may be an important consideration in some contexts. 

When analysed as an equal-interval scale, VCS showed the greatest 

sensitivity of all CS to the effects of the standard; this would 

be undesirable in many situations. For example, those workers 

hoping to find relations between scaling parameters and chemical 

characteristics (Cain, 1969, Dravnieks and Laffort, 1970) could not 

afford to use VCS or ME scaling methods for their work, unless 

stimulus series were carefully balanced over substances tested. 

Of the numerical category scales, RRCS3 was least desirable 

on the same criteria mentioned above; the susceptibility of b to 

the effects of stimulus range and stan~ard stimulus concentration 

would exclude its use in many contexts. Subjects voiced no 

objections to using RRCS3. The remaining scales, RRCS1 and RRCS2 

were not used uncomplaingly by SSe Spontaneous remarks like: 

"What-the-hell sort of numberings are these?" 

or 
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"I have to think too much about which key to push." 

often accompanied the first few stimulus presentations. The 

unease created by RRCS1 and RRCS2 might have been advantageous in 

that Ss were thereby induced to attend more closely to all aspects 

of the task, from perception to response emission, than occurred 

with the other scaling methods. RRCS1 and RRCS2 displayed the 

smallest range in b., least sensitivity to standard stimulus 
...1-

effects, and the F. assouiated with each b. were generally higher 
~ 1· 

under these conditions. The average exponent was highest for 

RRCS2 than any other CS method; for this reason and the others 

just discussed, RRCS2 was selected for the intensity scalings 

performed in Sim. I and Sim. II. 

3.4. IMPLICATIONS FOR OTHER RESEARCH 

Stevens and Galanter (1957) regarded the power law exponent 

as characterising a sensory continuum in a way which made 

comparisons between continua a meaningful exercise. The 

differences between the exponents obtained for different continua 

was supposed to reflect the differences between those modalities 

in "sensory transducer" action (Stevens, 1961). Jones (1958a, b), 

Reese and Stevens (1960) and others fell in with this view, at 

least by implication, when they pooled data across Ss to determine 

group exponents, b , from pooled psychophysical regression plots. 
-E 

These workers placed b in the range 0.4 to 0.6, averaging about 
-E 

0.5. The experiments reported here would tend to point to the 

inadvisability of regarding exponents as representing absolutes in 
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any sense of the word. The majority of group exponents on 

Table 3.1.6 exceed 0.5; Mitchell and Gregson (1970) in a comparative 

study of RRCS1, RRCS2, ME1 and ME2 determined the mean exponent 

(~, not b ) as being 0.76. 
J. 

The range of ~'s reported here (from 

0.42 to 0.96) far exceeds some of the differences between continua 

reported by stevens and Galanter. 
\ 

Furthermore, the range of 

individual exponents from -0.32 to +1.71 would seem to cast doubt 

on the validity of pooling data to obtain a single psychop~ysical 

regression plot from which b is extracted. 
J. 

If the misgivings 

sounded here were supported by significant differences, which would 

be likely to be found under suitable paradigms (such as increased sample 

size, repeated measures paradigms), then the specificity of the 

exponent for labelling dimensions in the way intended by Stevens and 

Galanter (1957) would be even more suspect. In this thesis (and in 

other work from this laboratory), the exponent of the power function 

is regarded as nothing more than a useful, and sometimes sensitive, 

indicator to show the effects of manipulations of various independent 

variables (scale type, stimulus range, chemical type, st~ndard 

stimulus, presentation rate, inter-modal effects, intra-modal 

effects and so forth) on scaling behaviour. The power law is 

preferred to other functions (e.g. Weber's Law) because it has been 

found (in analyses of these and other data obtained in this 

laboratory) to account for greater proportions of total variance, than 

the alternative functions which have been tested in the least squares 

regressions of response magnitudes on stimulus concentrations. 

The results presented here also create difficulties for the 
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as.sertions of Cain (1969), Dravnieks and Laffort (1970) and 

Laffort (1969, 1970 a,b) and others who have sought relations 

between physico-chemical attributes of the substances tested and 

the scaling parameters obtained for those substances. The 

relations sought were through simplistic correlations, apparently 

misinterpreted in both cases as implying causal relations. Cain 

revealed a high positive correlation between the single physico-

chemical attribute, water-solubility, and exponents of the power 

function. The group exponents noted here, for the single chemical 

eugenol, cover as wide a range as Cain's exponents over a diverse 
I 

collection of odorants. The largest b obtained for eugenol, a 

water-insoluble substance was 0.96 whereas Cain found for n-propanol 

which is completely miscible with water at all concentrations, an 

exponent of only 0.69. Cain's (1970) reply to Mitchell's (1970) 

commentary on the ihcompatibility between these findings does little 

to elucidate the fundamental statistical implications of the problem. 

Chapter Four considers these difficulties in more detail. 

Dravnieks and Laffort (1970) have obtained significant c6rrelations 

between observed scaling parameters (thresholds and power function 

exponents) and theoretical scaling parameters obtained from an 

equation which weighted a small number of physico-chemical attributes 

(molar volume at boiling point, ability to accept hydrogen bonding 

protons, and an index of electronic polarisability). The predicted 

exponents are fixed in value for, each substance; the equation made 

no allowance for possible influences of the sort investigated here. 

The criticisms of Cain's (1969) study may be applied equally to the 
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work of Dravnieks and Laffort; the variation In b for eugenol 

from 0.42 to 0.96 with a mean at about 0.76 would seem intolerable 

deviations from their p~edicted value of 0.55 (Laffort 1970c) for 

this chemical. 

With concern about questions such as these, which are 

fundamental to the psychophysical scaling tasks and associated 

problems to be investigated later, and with a further interest in 

within-subject and between-subject variations, the experimental 

work of Chapter Four was undertaken. 



TABLE 3.1.1 

EUGENOL CONCENTRATIONS FOR EXPERIMENTS VI, 

IV, AND PART OF EX~ERIMENT VIII. 

Flowmeter Calibrated St. Ratios re Ratios re 

Setting Levels (mg/l x 10- 1 ) Standard = 1.55 Standard = 2.75 

2 0.09* 0.7 0.4 

4 0.48 3.1 1.7 

6 0.99 6.4 3.7 

8 1.55 10.0 5.7 
--;:-. 

10 2.17 13 .8 7.8 

12 2.75 19.5 10.0 

14 3.35 21.3 12.2 

16 3.96 25.2 14.2 

19 4.82 30.0 17.1 

* Dropped from the analysis as being unreliable. 



TABLE 3.1.2 

CATEGORY SCALE STEP LABELLING 

Scale VCS 
Step RRCS1 RRCS2 RRCS3 

1 Much less in~ense 0 to 2 0 to 1 0 to 2 ! 

I 

2 Less intense 2+ to 4 1+ to 4 2+ to 4 I 
3 Slightly less intense 4+ to 6 4+ to 7 4+ to 6 

\ 

4 Very slightly less intense 6+ to 8 7+ to 9 6+ to 8 

5 Possibly less intense 8+ to 10- 9+ to 10- 8+ to 10-

6 Equally intense 
Equally Equally Equally 

Intense, 10 Intense, 10 Intense, 10 

7 Possibly more intense 10+ to 12 10+ to 18 10+ to 18 

8 Very slightly more intense 12+ to 16 18+ to 26 18+ to 26 

9 Slightly more intense 16+ to 24 26+ to 34 26+ to 34 

10 More intense 24+ to 40 34+ to 40 34+ to 40 

11 Much more intense 40+ and more 40+ and more 40+ and more 
int ense intense intense 



FIGURE 3.1.1 

INSTRUCTIONS TO SUBJECTS UNDER VCS 

In this experiment you are required to assess the relative 
intensity of two odours, which will come to you from the tube 
suspended in front of your nose. Keep your head a little to 
one side except when you are sniffing. 

Stimuli will be presented to you according to a strict time 
schedule, which will be signalled to you by the bank of lights 
in front of your hands. Make sure you know and understand this 
schedule before the main experiment begins. 

The stimuli will come to you in pairs; and on any pair you 
are to judge the total intensity of the second member in the pair, 
relative to the first which is "EQUALLY INTENSE" on the scale in 
front of the keys. 

THE SEQUENCE OF EVENTS YOU MUST FOLLOW IS: 

1. A buzzer sounds to denote the beginning of a trial. 

2. The green light on the left comes on, followed shortly by the 
white lights; this means that the first smell is now present. 
Move your nose so that it is just in front of, but not touching 
the tube. Sniff gently. 

3. Carefully note the intensity of the smell, and push the key 
in the middle of the scale labelled "EQUALLY INTENSE". You 
have only 5 seconds to respond. 

4. Stop attending to the smell when the lights go off, and release 
the keys. Move your face a little away from the tube until 
the next stimulus. 

5~ The green light comes on again, to warn you to get ready for 
the second stimulus in the pair. 

6. The white lights come on as well, indicating that the second 
smell is present. Sniff at the tube, carefully note the 
intensity of this second smell, relative to the first. More 
intense stimuli are represented by keys to the right, less 
intense by keys to the left. Give a response by pressing the 
appropriate key as soon as you can. You have only 5 seconds to 
respond, and you may not make more than one response. If you 
wish to alter your response, say so clearly into the microphone. 

After each complete sequence, there is a break of about 25 seconds 
before the buzzer announces the beginning of the next trial. 



FIGURE 3.1.2 

INSTRUCTIONS TO SUBJECTS UNDER RRCS 

In this experiment you are required to assess the relative 
intensity of two odours, which will come to you from the tube 
suspended in front of your nose. Keep your head a little to one 
side except when you are sniffing. 

Stimuli will be presented to you according to a strict time 
schedule, which will be signalled to you by the bank of lights in 
front of your hands. Make sure you kno~ and understand this 
schedule before the main experiment begins. 

The stimuli will come to you in pairs; and on any pair you are 
to judge the total intensity of the second member in the pair 
relative to the first which is "EQUALLY INTENSE, '10"~ on the scale 
in front of the keys. 

THE SEQUENCE OF EVEN'rS YOU MUST FOLLOW IS: 

1. A buzzer sounds to denote the beginning of a trial. 

2. The green ligpt on the left comes on, followed shortly by the 
white lights; this means that the first smell is now present. 
Move your nose so that it is just in front of, but not touching 
the tube. Sniff gently. 

3. Carefully note the intensity of the smell, and push the key in 
the middle of the scale labelled "EQUALLY INTENSE, '10''', You 
have only 5 seconds to respond. 

4. Stop attending to the smell when the lights go off, and release 
the keys. Move your face a little away from the tube until the 
next stimulus. 

5. The green light comes on again, to warn you to get ready for the 
second stimulus in the pair. 

6. The white lights come on as well, indicating that the second 
smell is present. Sniff at the tube, carefully note the intensity 
of this second smell, relative to the first. More intense 
stimuli are represented by keys to the right, less intense by 
keys to the left. Give a response by pressing the appropriate 
key as soon as you can. You have only 5 seconds to respond, and 
you mRy not make more than one response. If you wish to alter 
your response, say so clearly into the microphone. 

After each complete sequence, there is a break of about 25 seconds 
before the buzzer announces the bcginaing of the next trial. 



FIGURE 3.1.3 

INSTRUCTIONS TO SUBJECTS UNDER ME1 

In this experiment you are required to assess the relative 
intensity of two odours, which will come to you from the tube 
susperrded in front of your nose. Keep your head a little to one 
side except when you are sniffing. 

Stimuli will be presented to you according to a strict time 
schedule, which will be signalled to you by the bank of lights in 
front of you. Make sure you know and understand this schedule 
before the main experiment begins. 

The stimuli will come to you in pairs; and on any pair you are 
to judge the total intensity of the second member in the pair, 
relative to the first which is always to be regarded as having an 
intensity of "10". 

THE SEQUENCE OF EVENTS YOU MUST FOLLOW IS: 

1. A buzzer sounds to denote the beginning of a trial. 

2. The green light on the left comes on, followed shortly by the 
white lights; this means that the first smell is now present. 
Move your nose so that it is just in front of, but not touching 
the tube. Sniff gently. 

3. Carefully note the intensity of the smell, which is to be 
called "10"; speak this number clearly into the microphone. 
You have only 5 seconds to respond. 

4. Stop attending to the smell when the lights go off. Move your 
face a little away from the tube until the next stimulus. 

5. The green light comes on again, to warn you to get ready for the 
second stimulus in the pair. 

6. The white lights come on as well, indicating that the second 
smell is now present. Sniff at the tube, carefully note the 
intensity of this second smell, relative to the first. Speak 
clearly into the microphone the number which best describes the 
second smell. For more intense smells you would use numbers 
greater than "10", for less intense smells you would use 
number less than "10". You have only 5 seconds to respond, and 
you may not make more than one response. If you wish to alter 
your response, say so clearly into the microphone. 

After each complete sequence, there is a break of about 25 seconds 
before the buzzer announces the beginning of the next trial. 



FIGURE 3.1.4 

INSTRUCTIONS TO SUBJECTS UNDER ME2 

In this experiment you are required to assess the 
intensity of odours, which will come to you from the tube 
suspended in front of your nose. Keep your head a little to 
one side except when you are sniffing. 

Stimuli will be presented to you according to a strict 
time schedule, which will be signalled to you by the bank of 
lights in front of you. Make sure you know and understand this 
schedule before the main experiment begins. 

The stimuli will come to you one at a time, with a few 
seconds between, and you are required to describe how intense 
they smell by speaking numbers into the microphone. To give 
you some idea, the very first smell is to be called "10". 

THE SEQUENCE OF EVENTS YOU MUST FOLLOW IS: 

1. A buzzer sounds to denote the beginning of a trial. 

2. The green light on the left comes on, followed shortly 
by the white lights; this means that a smell is now 
present. Move your nose so that it is just in front of, 
but not touching the tube. Sniff gently. 

3. Carefully note the intensity of the smell, and select a 
number which describes the intesnity of that smell. 
Clearly speak this number into the microphone. You have 
only 5 seconds to respond. If you wish to alter your 
response, say so clearly into the microphone. 

After each complete sequence, there. is a break of about 25 
seconds before the buzzer announces the beginning of the next 
trial. 



FIGURE 3.1. 5 
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Category 

Scale 

Step 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

TABLE 3.1.3 

PARDUCCI TRANSFORMATIONS OF VCS 

TO EQUAL RATIO SCALE STEPS 

-

Ratios re Standard Log Ratios 

1.55 2.75 1.55 

Standard Standard Standard 

3.1 1.7 0.491 

3 •. 9 2.4 0.593 

5.0 3.5 0.695 

6.3 4.9 0.796 

7.9 7.0 0.898 

10.0 10.0 1.000 

12.5 11 .1 1.095 

15.5 12.4 1 .191 

19.3 13.8 1.286 

24.1 15.4 1.382 

30.0 17.1 1.477 

re Standard 

2.75 

Standard 

0.230 

0.384 

0.538 

0.692 

0.846 

1.000 

1.047 

1.093 

1.140 

1.186 

1.233 



TABLE 3.1.4 

LOGARITHMS OF MEAN PERCEIVED RELATIVE INTENSITIES FOR EACH SCALE TYPE AND STANDARD 

STIMULUS CONCENTRATION. 

Flowmeter Verbal Scale t RRCS1 RRCS2 NE1 

setting standard stimulus standard stimulus standard stimulus standard stimulus 

stimulus conc. 1.55 2.75 1.55 2.75 1.55 2.75 1.55 2.75 

4 0.740 0.533 0.598 0.542 0.550 0.519 0.504 0.130 

6 0.829 0.650 0.826 0.710 0.798 0.688 0.682 0.516 

8w 0.928 0.777 0.963 0.891 0.986 0.880 0.827 0.751 

10 1.116 0.856 1.081 0.906 1.144 0.969 0.989 0.917 

12x 1.088 0.894 1.084 1.005 1.208 1.067 1.030 0.937 

14 1.165 0.895 1.119 1.016 1.260 1.096 1.048 1.002 

16 1.210 1.001 1.211 1.094 1.287 1.249 1.127 1.017 

19 1.279 1.047 1.218 1.155 1.375 1.334 1.186 1.126 

-- -- _ ... _---- -

+ The verbal scale values are arrived at using the transformation of Table 3.1.3 + 

w The setting corresponds to standard 1.55 x 10-1 mg/liter. 

-1 mg/liter. x The setting corresponds to standard 2.75 x 10 

, 

NE2 

standard stimulus 

1.55 2.75 

0.316 0.096 

0.561 0.423 

0.796 0.603 

0.791 0.667 

0.850 0.808 

0.927 0.862 

0.938 0.868 

1.026 1.002 
-_._-
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FIGURE 3.1. 7 

ALL SCALES VS MEl SCALINGS: 

STANDARD = 2.75 x lO-lmg/L 
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TABLE 3.1.5 

MEAN CATEGORY VALUES, TREATING ALL SCALES AS 

EQUAL INTERVAL WITH STEPS 1 THROUGH 11, FOR THE RELATIVE 

PERCEIVED STIMULUS INTENSITIES FOR EACH SCALE TYPE 

AND STANDARD STIMULUS CONCENTRATION. 

Flowmeter 
Verbal Scale RRCS1 RRCS2 

standard stimulus standard stimulus standard stimulus 
Setting 

at at at 

1.55 2.75 1.55 2.75 1.55 2.75 

4 3.45 2.98 3.06 2.76 2.92 2.98 

6 4.33 3.76 4.35 3.56 4.32 3.64 

8w 5.42 4.92 5.70 4.88 5.28 4.62 

10 7.23 5.31 6.84 5.24 6.58 5.35 

12x 6.94 5.52 7.02 6.20 7.04 6.02 

14 7.74 5.64 7.44 6.38 7.39 6.22 

16 8.21 6.67 8.14 7.12 7.66 7.52 

19 8.92 7.18 8.20 7.70 8.48 8.06 

w This setting corresponds to standard 1.55 x 10-1 mg/liter. 

x This setting corresponds to standard 2.75 x 10-1 mg/liter. 



FIGURE 3.1. 8 l~AN CATEGORY VALUES, TPEATING ALL 
SCALES AS EQUAL INTERVAL WITH H':TEGER 
LABELS 1 THROUGH 11. 
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T1IJ3LE 3.1. 6 

SU~fu~RY OF STIMULUS CONDITIONS, RESPONSE MODES 
AND INTENSITY SCALINGS OF EXPERIMENTS VI, VII, VIII AND IX 

Expt. Condo Target Mask Scale Target No.of Range of Power Lawl Range of b i P.s.e. Htrans 
(Propanol) Type Anchor Target Target EXponent,b (Std=10) 

(mg/L air) Stimuli Stimuli 
(mg/L of air) 

1 Eugenol - Verbal CS 0.155 8 0.048 - 0.482 0.55 0.37 to 0.78 8.67 1. 29 

2 " - " 0.275 " n 0.51 0.25 to 0.72 7.83 1. 30 

3 " - RRCSl 0.155 " " 0.62 0.29 to 1.01 9.18 1. 33 

4 n - " 0.275 n " 0.60 0.20 to 1.16 10.12 1. 31 

VI 5 .. - RRCS2 0.155 " " 0.83 0.33 to 1.46 9.69 1.41 

6 n - .. 0.275 n " 0.80 0.20 to 1.20 11.68 1.14 

7 " - MEl* 0.155 " n 0.69 0.22 to 1. 44 6.98 -

8 " - " 0.275 " " 0.96 o .31 to 1. 81 9.69 -

9 n - ME2 (0.155) " " 0.68 -0.32 to 1.71 4.94 -

10 n - " (0.275) " " 0.84 0.39 to 1. 49 6.08 -

VII 11 " - RRCS3 0.335 6 0.048 - 0.635 0.42 0.12 to 0.79 10.28 0.94 

12 " - " 0.155 6 n 0.62 0.41 to 0.97 9.33 1. 04 

VIII 13 n - n 0.335 " " 0.57 0.35 to 0.79 10.45 1. 08 

14 " - " 0.155 8 0.048 - 0.482 0.65 0.38 to 1.06 8.75 1.10 

15 n - " 0.335 " n 0.46 0.17 to 0.82 11. 04 1.16 

16 " - ME3 0.155 8 0.048 - 0.482 0.67 0.22 to 1.40 4.66 -

IX 17 n - " 0.275 " n 0.80 0.18 to 1.37 7.51 -
18 .. - ME4 (0.155) .. n 0.71 -0.31 to 1. 78 3.86 -

19 n - n (0.275) n " 0.90 -0.24 to 1.83 4.29 -



TABLE 3.2.1 

SUMMARY OF MAGNITUDE ESTIMATION PARADIGMS 

Fixed Free 
Modulus Modulus 

Anchor ME1 ME3 Present 

Anchor ME2 ME4 Absent 



FIGURE 3.2.1 

INSTRUCTIONS TO SUBJECTS UNDER ME3 

In this experiment you are required to assess the relative 
intensity of two odours, which will come to you from the tube 
suspended in front of your nose. Keep your head a little to one 
side except when you are sniffing. 

Stimuli will be presented to you according to a strict time 
schedule, which will be signalled to you by the bank of lights in 
front of you. Make sure you know and understand this schedule 
before the main experiment begi~s. 

The stimuli will come to you in pairs; and on any pair you 
are to judge the total intensity of the second member in the pair, 
relative to the first which is always to be regarded as having 
the same intensity. 

THE SEQUENCE OF EVENTS YOU MUST FOLLOW IS: 

1. A buzzer sounds to denote the beginning of a trial. 

2. The green light on the left comes on, followed shortly by the 
white lights; this means that the first smell is now present. 
Move your nose so that it is just in front of, but not touching 
the tube. Sniff gently. 

3. Carefully note the intesnity of the smell, which is to be 
given a number by you. The first smell will always be the 
same, so decide on any number and use it on all trials to 
describe the intensity of the first smell. Speak clearly into 
the microphone. You have only 5 seconds to respond. 

4. Stop attending to the smell when the lights go off. Move your 
face a little away from the tube until the next stimulus. 

5. The green light comes on again, to warn you to get ready for 
the second stimulus in the pair. 

6. The white lights come on again, indicating that the second smell 
is now present. Sniff at the tube, carefully note the intensity 
of this second smell, relative to the first. Select an appropriate 
number to describe the intensity of the second smell; for a 
second smell more intense than the first you would use a larger 
number than the one you selected to describe the first smell, and 
vice versa for weaker second smells. You have only 5 seconds to 
respond, and you may not make more than one response. If you wish 
to alter your response, say so clearly into the mi~rophone. 

After each complete sequence, there is a break of about 25 seconds 
before the buzzer announces the beginning of the next trial. 



FIGURE 3.2.2 

INSTRUCTIONS TO SUBJECTS UNDER ME4 

In this experiment you are required to assess the intensity 
of odours, which will come to you from the tube suspended in front 
Df your nose. Keep your head a little to one side except when you 
are sniffing. 

Stimuli will be presented to you according to a strict time 
schedule, which will be signalled to you by the bank of lights in 
front of you. Make sure you know and understand this schedule 
before the main experiment begins. 

The stimuli will come to you one at a time, with a few 
seconds in between, and you are required to describe how intense 
they smell by speaking numbers into the microphone. 

THE SEQUENCE OF EVENTS YOU MUST FOLLOW IS: 

1. A buzzer sounds to denote the beginning of a trial. 

2. The green 
the white 
Move your 
the tube. 

light on the left comes on, followed shortly by 
lights; this means that a smell is now present. 
nose so that it is just in front of, but not touching 
Sniff gently. 

3. Carefully note the intensity of the smell, and select a 
number which describes the intensity of that smell. Clearly 
speak this number into the microphone. You have only 5 
seconds to respond. If you wish to alter yo~r response, say 
so clearly into the microphone. 

After each complete sequence, there is a break of about 25 seconds 
before the buzzer announces the beginning of the next trial. 
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C HAP T E R F 0 U R 

S TAB I LIT Y o F I N TEN SIT Y S CAL I N G 

Further systematic investigation of between-subject variation 

in intensity scaling seems necessary from the experiments of Chapter 

Three. In this chapter, therefore, experiments are performed to 

obtain information about the stability of intensity responses, and 

to take up in detail some of the issues raised in Section 3.4. 

The experiments here are repeated measures studies, all of which 

give data on within-S as well as between-S variation in scaling 

parameters. Variations according to chemical type are also 

investigated for the narrow range of Chemicals used in Sim I and 

Sim II. Further commentaries are made about the published research, 

asserting physico-chemical bases for the differences between chemicals 

in intensity scaling parameters. 

The work in this chapter also rationalises the adoption in 

Chapter Three and elsewhere of b rather than b as the estimator of 
~ 

group exponents. 

The first experiment here (Experiment X), which is an 

expansion of Mitchell and Gregson (1971), discusses in detail some 

of the theoretical bases of the recommendations which emerge to be 

implemented in other experiments. The second experiment (XI) extends 

the empirical ~ork of Experiment X to act as a pilot study for the 

unidimensional scalings of Sim I. Similarly, Experiment XII is a 
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pilot study for the intensity scalings of Sim II. 

4.1 WITHIN-SUBJECT AND BETWEEN-SUBJECT VARIATIONS 

4.1.1. Theoretical Considerations 

Published values of the exponents, b, of Stevens' power law, 

here referred to as Equation 4.1.1: 

<I> = b a(¢ - ¢ ) o [Eq. 4.1.1 ] 

seem to have been based on data collected from a group of Ss and 

pooled to form one psychophysical regression plot from which the 

parameters of Equation 4.1.1 are found, with or without some minor 

adjustment to maximise the linear component of the log <I>/log¢'plot, 

where ¢, = ¢ - ¢ & ¢ is adjustable. This procedure has been subj ect o 0 

to some criticism, along with other aspects of the empirical and 

theoretical bases of Equation 4.1.1 (Ekman and Sjoberg, 1965; Luce 

and Mo, 1965; Mashhour, 1965; Mashhour and Hosman, 1968a,bj Ross and 

Di Lollo, 1968, 1970; Savage, 1966; Treisman, 1964a,b; Warren and 

Warren, 1963; and others). 

The implicit psychometric assumptions required to legitimise 

the pooling procedure are worth comment. If all Ss are taken as 

interchangeable error-loaded psychophysical transducers, then the 

expected between-subject variation in b. is of no interest. The 
"..;J-

pooling of Ss is thus performed to stabilise the final estimate of 

b (b ) by ensuring that the regression is determined from sets of 
- 2 
independent or partly independent observations at each ¢ array, with 

homoscedasticity over the arrays. 
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If it is empirically the case that Ss are interchangeable, 

with some residual error, then the individual b. (i = 1, 2, ••• , n) 
~ -

for n Ss are estimates of a regression slop~ The expectation 

of the individual estimates E(b
i

) =/J, and is an unbiassed estimator. 

The b. are distributed as a Pearson Type VII probability density 
2-

function, given a normal sampling process (Kendall and Stuart, 1961, 

1963), and rapidly tend to a normal distribution with a small 

variance as n increases. If, then,Ss are interchangeabie and in 

substantial agreement with each other, the procedure of pooling 

data over Ss before estimating £ (hereinafter designated as b ) 
J2 

and the alternative procedure of determining each b. separately 
..2; 

and then putting 

b = 1 L; b. 
~ n 

[Eq. 4.1.2J 

will give numerically very similar answers. The difference would 

be expected to be negligible in comparison with the difference 

between continua, which are considered to be of greater psycho-

logical significance. If the assumptions of the psychophysical 

theory are correct, b is sufficient, consistent and relatively 

efficient. 

To decide either the legitimacy of Equation 4.1.2 or 

I 

alternatively of pooling all data before calculating b , Gregson 
p 

(1968b) re-examined data for magnitude estimation on eugenol, and 

calculated individual parameters of Equation 4.1.1 for 40 Ss, by a 

least squares regression of log <p on log¢ (for¢ = 0). 
o 

He 

discovered wide individual differences in b. (b = 0.72, s.d. = 
~ 
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0.33) which were distributed almost rectangularly with a slight 

positive skew. The exponent was also calculated for the pooled 

data (b = 0.69) which is the traditional procedure, but takes no 
..r 

account of individual variation. While the group exponents obtained 

by these alternative procedures are very similar, the variation in 

b. would seem to invalidate the pooling of data over Ss before 
.2-
calculating b • 

...E 
Gregson's results, which are summarised on 

Table 4.1.1, indicated that for olfactory intensity, at least, 

the distribution of b. is quite inconsistent with the population 
J 

regression model; within modality variation is of the same magnitude 

as some published differences between group exponents for a range 

of sensory continua. Since other sensory continua seem to display 

similar between-subject variation in exponents (Ekman eta al., 

1967, 1968), any inferences from grDup exponents about differences 

in operating characteristics of sensory transducers (Stevens, 1961) 

would seem distinctly implausible. 

One suggestion (Hosman, 1970) that Gregson's data might 

be distributed as a Cauchy distribution (Kendall and Stuart, 

1961, 1963) was not supported. Table 4.1.1 compares the observed 

f~equencies with theoretical frequencies derived from Pearson Type 

VII and Cauchy distributions; the match (by eye) of the observed 

distribution with the Cauchy distribution is worse than with the 

Pearson Type VII distribution, but neither is particularly close. 

Gregson also found that Ss generating higher b. also tended 
...1 

to have higher F; • 
...l 

Consequently, he suggested either that ~ be 

derived from data pooled only over those Ss reaching some a priori 
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goodness of fit criterion, or that, alternatively, some model be 

adopted for obtaining a weighted b which gives the greatest weight 

to those b. having the highest F; he proposed one possible model 
2 j 

for this purpose. Either way, it would seem as if Ss cannot be 

regarded as being as interchangeable as traditional procedures 

would imply. 

One defence of the procedure of pooling data before calcu-

lating b might be that all Ss exhibit the same degree of response 
~ 

variability over a number of test ~ess~ons; this argument would 

have it that Ss could still be regarded as interchangeable since 

only a small segment of each SIS response variation is sampled 

during the single test session usually employed in previous studies. 

However, if Ss were shown to have little variation in b. and F. 
~ 2 

across successive test sessions, that ~s, if consistent differences 

between Ss were found, then the above argument becomes untenable. 

No studies have been noted reporting the range of variation of Ss 

over repeated sessions of intensity scaling within a single 

modality, although Ekman et. ale (1967, 1968) compared intensity 

scalings of 6 psychophysical and psychometric continua on a 

repeated-measures paradigm. Generally they found significant 

intermodal correlations of scale-range measures, and within-

modality split-half reliabilities were very high. Wide individual 

differences in scaling performance were noted by these authors, 

as is commonly found (Ekman, Hosman and Lindstrom, 1965; Ekman 

and Akesson, 1965; Hosman and Borg, 1970; KUnnapas, 1958, 1967; 
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Svenson, 1968; plus several of the studies cited in Chapter Three.) 

A more intensive study of within-subject and between-

subject variation in olfactory intensity scaling is' provided i11 

this experiment. The scaling method chosen was ME1, because the 

traditional assertions being challenged here have been (almost 

exclusively) based on or supported by magnitude or ratio estimation 

procedures. 

4~1.2 Experiment X: Subjects 

Twenty first-year psychology students, 10 male and 10 female, 

aged 17 - 23 years, served as Ss as part of course re~uirements. No 

sex differences in scaling behaviour have been noted in any of the 

experiments so far reported. Every S ~as tested on 4 occasions, 

separated by at least 7 days; care was taken to randomise time of 

day and some control was made for climatic variation. 

4.1.3 Stimuli 

Eugenol and propanol were chosen for their distinct physico-

chemical and psychological attributes as outlined in Chapter One. 

Eugenol was tested on 2 occasions, and propanol on the other 2, the 

order of testing being randomised for each S. Seven levels of 

eugenol were chosen as variable stimuli from over the range 0.038 

to 0.396 mg/L. The median variable stimulus, which was also taken 

as standard, was 0.217 mg/L. Identical stimulus levels were taken 

for propanol, but to obtain these, a lighter float (of sapphire) had 

to be used in flowmeter H (as described in Chapter Two). In all 

other experiments the heavier float of stainless steel was used. 

Table 4.1.2 summarises the stimulus conditions. (The reader may 
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line up Table 4.1.2 with Table 3.1.6 for comparisons with earlier 

experimental conditions and results. All experiments in Chapter 

Four are similarly collated in summary form on Table 4.1.2 for 

ease of comparison). 

4.1.4 Procedure 

The presentation schedule, instructions to Ss, and other 

procedural details adopted exactly matched those for ME1 in 

Experiment VI of Chapter Three. 

4.1.5 Results and Discussion 

While Table 4.1.2 lists a summary of the results obtained, 

a more detailed and useful account is provided in Table 4.1.3 

which lists all b. and F .• As Gregson (1968b) found, Ss with high 
J ~ 

b; generally have high F.; i.e., Ss with above average b. have 
~ ~ 2 
generated very clean data, but the goodness of fit is less predictable 

for below average b .• Table 4.1.3 reveals high within-subject con-
1 .... 

sistency and highly consistent differences between Ss as shown by 

the close matching of the 4 b. for each S (particularly Ss 1 to 16); 
J 

Ss 17 to 20 are less predictable in both b. and F., although the 
~ 2 

latter measure was generally low. Had Gregson's (1968b) suggestions 

been adopted, Ss 17 to 20 would have been either rejected before 

pooling data to calculate b , or given very low weighting when 
~ 

calculating a weighted b. 

The averages of the individual exponents, b, and the 

exponent from pooled data, b , (both calculated with SS 17-20 
~ 
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included) compare very closely both within and between groups. 

The close between-group means indicate that, within the context 

of this experiment, chemical type has no effect, at least at the 

group level. However, for all Ss other than 1, 19 and 20, some 

slight, consistent difference between 6hemicals seems to exist; 

both b. for eugenol are slightly greater than the b. for 
J 1 

n-propanol for Ss 2, 4, 5, 6, 8, 11, 16 and 18, while the reverse 

applies to Ss 3, 7, 9, 10, 12, 13, 14, 15 and 17. We h~ve no 

definite explanation for this finding, although there may be 

differential response biases induced by the hedonic tone of the 

stimuli. Unfo~tunately, no hedonic ratings were obtained. Group 

exponents lend no support whatever to Cain's (1969) assertion 

that exponents are influenced by the water-solubility of chemicals. 

Table 4.1.4 gives statistical validation to the claim of 

high within-subject consistency and consistent between-subject 

differences. The product-moment intercorrelations (test-retest 

reliability coefficients) are all highly significant. The eugenol-

eugenol and propanol-propanol intercorrelations slightly exceed 

all of the eugenol-propanol intercorrelations, as expected from 

the slight chemical differences noted above. 

4.1.6 Conclusions 

This study has shown that for olfactory intensity scaling 

subjects showed little variation in power function exponents 

over repeated test sessions. Subjects were also consistent in 

the way they spread responses to each stimulus; some Ss repeatedly 
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generated clean data while others repeatedly displayed high 

within-session variability. Subjects cannot be regarded as 

interchangeable for the purpose of pooling data in the indis

criminate manner usually employed for the calculation of power 

function exponents. A more desirable population estimate is 

obtained from averaging individual power function parameters, 

thereby permitting some estimate of population variance to be 

obtained as well; this convention has been adopted thrbughout 

this work. The variability obtained (0.33 ~ s.d. ~ 0.39) from 

the present data would seem to make implausible any inferences 

about modality-specific operating characteristics of transducer 

systems (Stevens, 1961). 

The calculation of power function parameters from data 

pooled over only those Ss reaching some a priori goodness of fit 

criterion might seem preferable, but only the most stringent 

criterion would reduce the between-subject variation of the data 

entering the pooled psychophysical plot. Such a procedure would 

increase pooled exponents since rejected Ss tend to have lowest 

exponents. An alternative procedure of calculating a weighted 

average exponent which has the greatest contribution from the 

cleanest data still seems to beg the question of whether or not a 

population estimate of power function parameters serves any useful 

purpose. This author feels that such group measures have very 

little value since they don't appear to serve the purpose for 

which they were originally intended. More useful are the individual 

sets of measures of the sort obtained from the linear regression 
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analyses performed here. These measures enable better predictions 

to be made of individual behaviour over a variety of stimulus a,nd 

response modes within a sensory continuum and they enable 

statistics to be performed for testing the effects of independent 

variables on scaling behaviour within a sensory continuum. 

4.1.7 Implications for Theoretical and Empirical Aspects of 
Intensity Scalin~ 

Since there is low within-S variability in exponents over 

~epeated sessions of the same olfactory scaling task, other 

experiments are immediately suggested; five studies of theoreti-
" 

cal and empirical importance for intensity scaling in general, 

and olfactory intensity in particular are briefly outlined here, 

with some speculations of possible outcomes. 

First, an investigation of individual exponents over two 

o~ more sensory continua might prove interesting; it may be that 

the parameters of Equation 4.1.1 are characteristic of individuals 

rather than modality-specific as has been assumed to date. A 

start was made in this direction by Jones and Marcus (1961) who 

studied individual exponents for three sensory continua. They 

discovered wide variation between individuals which they attributed 

to differences in handling numbers. Ekman et. ale (1967, 1968) did 

not accept this view since they found that for a number of different 

sensory continua there were low correlations over modalities between 

the sizes of the individual subjective ranges, compared to the high 

split-half reliability coefficients characteristic of the individual 

scales. Ashworth and Mitchell (1970) tested SS over five sensory 
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continua and found low inter-modal correlations of b. just as 
.2-

Ekman et. al (1967, 1968) found low correlations between modalities 

of a scale range measure. If Stevens' notions of modality-sp~aifi-

city were correct, one would expect the rank ordering of individual 

exponents on one modality to be retained on all other modalities, 

thereby giving high inter-modal correlations; his notions again 

seem implausible from the results so far obtained. 

Second, a study similar to the present experimerit, but 

\ 

performed on a sensory continuum of higher channel capacity, might 

also prove interesting. The low channel capacity of olfactory 

intensity (Engen and Pfaffmann, 1959) implies that discrimination 

between odour concentrations is poor. On a continuum of higher 

channel capacity test-retest reliability should be higher. 

Third, a replication of Experiment VI and the other 

experiments of Chapter Three using the same group of Ss in all 

conditions would be a more sensitive paradigm than the factorial 

paradigms used there. A repeated-measures study would reduce the 

sampling variation which may have "swamped" any systematic variation 

due t Ii) the types of scaling method investigated in Experiment VI. 

Fourth, the repeated measures paradigm also seems useful 

for exploring the effects of variables such as induced subjective 

sophistication shown by Eyman and Kim (1967) and Garner (1954a,b; 

1958) as being important. Response learning and response bias have 

also been investigated in intensity scaling (Parducci, 1963; Poulton, 

1968; Ross and Di Lollo, 1968), and may be further examined by the 

repeated mea~ures paradigm. 
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Fifth, an extension of the present study might be made 

to take in a larger sample of chemical type~ of diverse physico

chemical and psychological attributes. Onhe again, the repeated

measures paradigm might be sensitive to any systematic influences 

that may exist but otherwise get lost in sampling variation. 

However, in any such study some convention (preferably inter

national) has to be adopted regarding stimulus specification. 

Dilutions have been cited in terms of moles of odorant vapour/ 

volume of air, moles of liquid odorant/volume of liquid solvent, 

weight of odorant vapour/volume of air (this study), weight of 

odorant liquid/volume of liquid solvent, percent by volume of 

liquid odorant in liquid solvent, etc. Unless these various 

measures are linearly related, exponents of psychophysical 

functions will vary according to the means of specifying stimuli; 

such artifacts would make the searches for relations between 

scaling parameters and chemical type entirely pointless. 

Furthermore, conventions must be adopted for other aspects of 

the scaling situation, including the presence or absence of an 

anchor stimulus, position in the series of an anchor, stimulus 

range, and scaling method. Any attempts to delineate general laws 

relating physico-chemical properties to psychophysical behaviour 

must rest on methodological criteria which are standardised with 

regard to the above variables. Cain (1969), Dravnieks and 

Laffort (1970) and Laffort (1969, 1970a, b, c) have not attended 

to all possible artifacts that may have intruded from the above 

sources, and the latter authors have performed few experiments of 
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their own, choosing to re-interpret data from a variety of 

original sources which have involved a diverse collection of 

scaling methods and stimulus specifications. The present exper

ment (Experiment X), like that of Berglund et. ale (1970), lends 

no support to the assertions of these studies. 

With the possibilities of stimulus range effects in mind, 

~xperiment XI was performed as a check on the use of higher 

stimulus levels than were employed in Experiment X. 

4.2 FURTHER EXPERIMENTATION ON RESPONSE STABILITY 

Further experiments seemed necessary to check that the 

response stability found in Experiment X also holds for the 

chemical types and stimulus ranges used in Sim I and Sim II. 

4.2.1 Experiment XI: Further Eugenol/Propanol Comparisons 

In order to obtain the concentrations of propanol in 

Experiment X identical to those of eugenol, flowmeter H had to be 

used with a light sapphire float. Unfortunately, no calibrations 

were performed on such a combination of flowmeter and float, and 

therefore no checks on calculated stimulus values were available; 

use of the stainless steel float was preferred mainly because of 

the calibration data available. Further, the generality of the 

ME1 findings of Exp X need exploring by the preferred RRCS2 

scaling method. 
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4.2.3 Stimuli 

Eugenol and propanol were tested on on~ occasion each~ 

at identical stimulus levels to those of Exp Xj i.e., 7 concen

trations from the range 0.038mg/L to 0.396mg/~ with a standard 

stimulus of 0.217mg/L. On the remaining session, propanol WaS 

tested at the higher stimulus levels obtained with the stainless 

steel float in flowmeter H. The values so obtained ranged from 

0.275mg/L to 2.880mg/L with a standard stimulus of 1.57mg/L. 

While the range of propanol stimuli differed on the 2 sessions, 

the ratio of each variable to the standard concentration was 

identical; the stimuli selected represent identical ratio-ranges 

of the stimulus continuum. 

4.2.4 Procedure 

Identical procedural details to those used in Exp VI of 

Chapter 3 for scaling RRCS2 were adopted here. 

4.2.5 Results 

Only pooled results are quoted, and for comparison with 

other experimental conditions, are summarised on Table 4.1.2 

(Conditions, 24-26). There is virtually no difference between the 

b in these conditions, although they are slightly higher here than 

in Conditions 20-23; this slight difference may be a function of 

scaling methods, or, perhaps more likely, is simply sampling 

variation. The close match of b for Condition 26, from over the 

higher propanol range, to those of Conditions 24 and 25 would seem 

to contradict BjBrkman and Strangert (1960) and Strangert (1961) 
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who reported the dependence of exponent values on stimulus range. 

However, they did not maintain the same ratio of variable to 

standard as was done here; this may be a crucial factor as claimed 

by Stevens (1957). 

The within-subject consistency of responses and consistent 

between-subject differences were high agaiTh, as the intercorre-

lations of exponents (Table 4.2.1) over sessions indicate. In 

fact, the intercorrelations here are slightly higher than those of 

Exp X, which may be a reflection of the higher F., and higher 
J 

p.s.e. under RRCS2 as also found in Exp VI of Chapter 3. 

4.2.6 Conclusions 

No difference in exponents was obtained from a shift in 

stimulus range and position of the standard stimulus which main-

tained the same standard/variable ratios. Slightly greater test-

retest reliability coefficients were obtained from RRCS2 than ME1, 

thereby supporting the earlier choice of RRCS2 as a preferred 

scaling method. 

4.2.7 Experiment XIII: Eugenol/Acetophenone Comparisons 

Another experiment similar to Exp XI was necessary to 

establish whether or not acetophenone behaves differently on 

scaling tasks to the 2 chemicals tested so far. The details 

match the previous experiments in most respects; the main 

difference lies in the stimulus levels of acetophenone given the 

same flowmeter settings as used for monitoring eugenol. 



4 - 16 

4.2.8 Stimuli 

Eugenol was tested at 7 levels of concentration over the 

range 0.038 to 0.396mg/L with the median stimulus of 0.217mg/L 

acting as standard; these concentrations exactly matched those 

for eugenol in Exps X and XI. At the same flowmeter settings, 

acetophenone ranged from 0.027 to 0.299mg/L with a standard 

concentration of 0.162. Ratios of variable:standard were approxi

mately matched for the 2 substances. 

4.2.9 ·Subjects 

Twenty naive Ss, etc., as before. 

4.2.10 Procedure 

The procedure was identical to that adopted in Exp XI for 

RRCS2 scaling methods. Eugenol was tested twice, and acetophenone 

twice, taking the same precautions as before. 

4.2.11 Results 

As before, Table 4.1.2 details the results of this 

experiment. Conditions 27 and 28 are replications of Condition 

24 (Exp XI); they are remarkably similar in ~ given the consid

erable sampling variation found. The ~'s for acetophenone are 

very close to those of eugenol, once again showing the lack of 

difference between chemicals under these conditions which maintain 

virtually identical variable:standard ratios. 

The subject effects found before are confirmed in the high 

test-retest reliability coefficients of Table 4.2.2. The slightly 
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higher within-chemical than between-chemical correlations found 

on Table 4.1.4 were not found here. 

4.3 CONCLUDING COMMENTp 

The three experiments in this chapter confirm the stability 

of individual scaling behaviour, as reflected in exponent values, 

over repeated test sessions separated by periods of at least one 

week. This finding has important implications for the experiments 

of Sim I and Sim II where ~'s are calculated for each S using p q 

his intensity scaling parameters as input to simulation models. 

It is important to find each SiS average or typical scaling 

parameter; the experiments here indicate that a single test 

session is adequate for this purpose. Had each S been as variable 

as Stevens' whole philosophy implies, then one of two strategies 

would have been necessary: either several tests would have to be 

conducted on each S to establish his average level of responding, 

or data would have to be pooled over SSe However, since judged 

similarities appear to be stable within Ss (as Sim I and Sim II 

indicate), these data cannot be pooled over Ss from different 

subgroups. Adoption of the latter strategy would mean that ~ 's p q 

based on pooled intensity data would be matched to individual 

~ 's - such a procedure would seem ridiculous. 
p q 

These experiments indicate that the strategy actually 

adopted in Sim I and Sim II, involving the matching of individual 

~ 's to individual ~~ IS, is a valid approach. 
p q p q 
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TABLE 4.1.1 

COMPARISON OF GREGSON'S (1968) OBSERVED FREQUENCIES OF 

EXPONENTS WITH THEORETICAL FREQUENCIES FROM PEARSON TYPE VII 

AND CAUCHY DISTRIBUTIONS. 

Gregson's Pearson 
Exponent Observed Type VII Cauchy 

Values Frequencies Frequencies Frequencies 

.01 - .10 0 0.84 2.16 

.11 - .20 2 1.24 2.44 

.21 - .30 2 1.96 2.64 

.31 - .40 4 2.76 2.76 

.41 - .50 5 3.60 2.84 

.51 - .60 4 4.32 3.04 

.61 - .70 4 4.72 3.12 

.71 - .80 4 4.72 3.12 

.81 - ·90 2 4.32 3.04 

.91 - 1.00 3 3.60 2.84 

1.01 - 1.10 5 2.76 2.76 

1 • 11 - 1.20 2 1.96 2.64 

1.21 - 1.30 1 1.24 2.44 

1.31 - 1.40 1 0.84 2.16 

1.41 - 1.50 1 0.40 1.96 



Expt. Condo Target Mask 
(Propanol) 

20 Eugenol -
21 " -

X 22 Propanol -
23 " -

24 Eugenol -

XI 25 Propanol -
26 " -

27 Eugenol -

XII 28 " -
29 Acetoph -

en ne 

30 " - I 

TABLE 4.1. 2 

SUMM~RY OF STIMULUS CONDITIONS, RESPONSE MODES 
AND INTENSITY SCALINGS OF EXPERlMENTS~, XI AND XII 

Scale Target No.of Range of Power Law 
Type Anchor Target Target Exponent,b 

(mg/L air) Stimuli Stimuli 
(mg/L of air) 

MEl 0.217 7 0.038 - 0.396 0.65 

" " " " 0.63 

" " " " 0.63 

" " " " 0.63 

RRCS2 " " " 0.69 

" " " " 0.71 

" 1. 57 " 0.275 - 2.880 0.70 

" 0.217 " 0.038 - 0.396 0.68 
.. " " " 0.69 

" 0.162 " 0.027 - 0.299 0.67 

" " " " 0.69 

Range of b i P.s.e. Htrans 
(Std=10) 

0.12 to 1.21 8.48 -
0.09 to 1. 47 8.99 -
0.10 to 1.57 9.03 -
o .21 to 1. 33 8.87 -

0.11 to 1. 44 10.12 1. 36 

0.18 to 1.52 10.77 1. 42 

0.18 to 1.49 9.88 1.31 

0.16 to 1. 39 9.96 1. 35 

0.10 to 1.46 10.32 1. 33 

0.08 to 1. 51 10.19 1. 47 

0.19 to 1.48 10.97 1.29 



TABLE 4.1.3 

INDIVIDUAL EXPONENTS AND SUMMARY OF ASSOCIATED 

F RATIOS. 

Eugenol Propanol 

Subject 
Test 1 Test 2 Test 1 Test 2 

1 1.21 1.47 1.57 1.33 
2 1.10 1.19 1.31 1.26 
3 1.06 1.18 0·90 0.95 ~ll BJ-> 60 
4 0.79 0.86 0.95 1.31 
5 0.87 0.68 'I . 11 1.06 
6 0.90 0.87 1.07 0.93 
7 0.68 0.72 0.59 0.56 
8 0.63 0.51 0.68 0.65 

9 0.89 0.75 0.64 0.54 
10 0.54 0.61 0.40 0.45 
11 0.38 0.27 0.51 0.42 10 < All F. <. 60 
12 0.47 0.41 0.30 0.34 1---
13 0.48 0.54 0.31 0.42 
14 0.38 0.42 0.29 0.33 

15 0.59 0.53 0.50 0.41 
16 0.29 0.18 0.35 0.41 ~ < All F. <- 10 

0.28 1-17 0.54 0.10 0.21 -
18 0.12 0.09 0.35 0.40 

19 0.16 0.48 0.20 0.30 Most F. < 10 
20 0.15 0.51 0.40 0.35 

1--
b. 0.65 0.63 0.63 0.63 

1-

s.d. 0.33 0.34 0·39 0.36 

b 0.61 0.60 0.59 0.60 
p 

F 536.71 644.50 701.90 522.24 
p 



TABLE 4.1.4 

INTERCORRELATIONS OF EXPONENTS EXPERIMENT X. 

Eugenol Propanol 

Test 1 Test 2 Test 1 Test 2 

Eugenol Test 1 

Test 2 0.885 

Propanol Test 1 0.827 0.845 

Test 2 0.825 0.837 0.894 

rcrit = 0.561 for p (0.01, df = 18. 



TABLE 4.2.1 

INTERCORRELATIONS OF EXPONENTS EXPERIMENT XI, 

Eugenol 

Propanol 

(Narrow Stimulus 

Range) 

Propanol 

(Wide Stimulus 

Range) 

r 't crJ.. 

Propanol Propanol 

Eugenol (Narrow Stimulus (Wide Stimulus 

Range) Range) 

0.875 

0.889 0.913 

0.561 for p < 0.01, df = 18. 
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C HAP T E R F I V E 

o L F ACT 0 R Y MAS KIN G E F. F E C T S 

5.1 INTRODUCTION 

The experiment in this chapter represents the first 

exploration of od~ur mixture phenomena performed as, part of this 

programme. This work is seen as a necessary prelude to the 

similarity scaling experiments of the following chapters, to 

gain,insights about component interactions that may operate 

psychologica!ly (and physico-chemically) for the chemicals chosen 

here. Insights into valid forms of simulation model to test in 

Sima I and Sima II may also emerge from this sort of preliminary 

experimentation. 

An extensive literature exists on olfactory adaptation 

phenomena. Koster (1971) has excellent reviews of the fields of 

self-adaptation and cross-adaptation, this latter field being more 

relevant to this experiment. Some comments on these phenomena, 

the methods employed in their study, the results obtained, and the 

conceptual difficulties of interpretation of results seem essential 

for placing the present work in another historical perspective. 

Cross-adaptation experiments have also been directed towards 

classifacatory problems, one of the main side-issues in the present 

studies. 
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5.1.1 Paradigms for Olfactory Masking Experiments 

Two types of masking procedure have commonly been used in 

olfaction experiments. Zwaardemaker(1925) tested observers in 

a chamber maintained at a constant background level of masking 

odour, while they made judgements of a target odour presented by 

some other means (usually sniff-bottle). In Le Magnen's (1947) 

method, a masking stimulus was presented for a controlled time 

interval, the masking odour was then shut off and followed by tests 

on the target odour. 

results: 

These methods pr~duced qualitatively similar 

(i) the threshold for target stimuli increased as the level of 

masking stimulus increased; 

(ii) the threshold of target increased as the length of adaptation 

time increased; 

(iii) the target threshold was increased most by masking stimuli 

of close qualitative similarity. 

Zwaardemaker's ~ethod has the disadvantage that sensitivity 

continues to decrease throughout the test phase through continuing 

adapting effects of the background odour. Le Magnen's method 

suffers from the opposite effect in that SIS sensitivity begins 

to increase as soon as the masking stimulus is removed. The 

present experiment attempts to overcome both difficulties by 

simultaneously presenting target and masking odours as the two 

components of an odour mixture; Ss are required to make intensity 

judgements only of the target component:which varies in concentration 

from trial to trial, while the mask is held constant throughout the 



5 - :3 

test session. Koster (1971) has another method which overcomes 

the difficulties with Zwaardemaker's and Le Magnen's methods, but 

Koster's technique is not suitable for the present interests. 

Most studies of olfactory masking, particularly the cross

ad~pta tion experiments have been:Y'i~r{ations of Le Magnan's me't:hod 

(Arohnson, 1886; Backman 1917; Cain, 1970; Cain and Engen, 1969; 

Cheesman and Mayne, 1953; Cheeseman and Townsend, 1956; Engen, 

1962, 1963; Engen and Bosack, 1969; Engen and Lindstrom, 1962; 

Hermanides, 1909; Komuro, 1922; Koster, 1968 a; Le Magnen, 1947, 

1948; Moncrieff, 1956, 1957; Nagel, 1903; Ohma, 1922; Stuiver, 

1958.; Vaschide~ 1903; and many others). Much of this work has 

been directed at classificatory questions, and such generalisations 

that have been noted (Koster, 1971) include: 

(i) cross-adaptation may be reciprocal, non-reciprocal, o.r of no 

effect at all 

(ii) the extent of cross-adaptation has no obvious relation to 

subjective similarity of the odour qualities of the 

substances tested. 

However, few studies seem to have required Ss to make suprathreshold 

intensity judgements of one component of a range of odour mixtures 

as demanded in this experiment (and is commonly demanded of Ss in 

visual and auditory masking studies (Stevens, 1966 b». Further

more, since Stone (1966) doubts whether responses at or near 

threshold bear any relation to suprathreshold responses, the thresh

old shift studies among those cited above are not taken as providing 

reliable bases for predicting outcomes of the present study. 
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5.1.2 Theoretical Considerations 

Jones and Woskow (1964) regard olfaction as being an 

analytic sense as does Pfaffmann (1951) who claims: 

"Olfaction tends to ,follow the auditory analogues, 
where complex tones can be subjected to an analysis 
by the ear alone. The remarkable ability of the 
trained perfume chemist to identify the. components 
of odour provides dramatic illustration of the 
analytic character of the olfactory receptor 
mechanism." 

If olfaction really does behave like the analytic sense of audition, 

then one might expect to find in olfaction at least qualitative, if 

not quantitative, similarities to auditory (and visual) masking 

effects. 

Most studies of the effects of intra-sensory masking 

stimuli on the perceived intensity of target stimuli have been 

performed in audition and vision. stevens (1966) reviewed many 

of these studies; generally the mask brings about an increase in 

the exponent of the power function relating sensation magnitudes 

to stimulus magnitudes. This power transformation applies only 

to that part of the function involving target stimuli weaker than 

the mask; to these stimuli, response magnitudes are lower than 

during the unmasked scaling of those same target stimuli. The 

consequence is a discontinuous log stimulus/log response plot due 

to steepening over the range of the weaker stimuli. Figure 5.1.1 

portrays the general findings obtained in these experiments. A 

sort of "brightness contrast" or "figure-ground" effect (or their 

auditory analogues) is obtained through SIS analysis of, and 
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selective attention to stimulus components. In vision these 

effects have been found to follow the same trend under a wide 

variety of stimulus conditions and presentation schedules. None 

of the studies found on cross-adaptations of pairs of single 

chemicals or odour mixtures have performed experiments which 

closely follow any of the paradigms in Stevens' (1966) review. 

However, if the authors noted above (Jones and Woskow, 1964; 

and Pfaffmann, 1951 as well as Ekman and Engen, 1962; and Engen 

and Lindstrom, 1962) mean that olfaction is "analytic" in the 

same sense that the auditory and visual modalities have been 

shown, in Stevens' review, to be analytic, then similar results 

should be obtained in all three continua. 

designed to check these points. 

This experiment is 

There are other notions about components interations which 

would seem to conflict with assertions about the analytic capacity 

of olfaction. Zwaardemaker (1907) studied odour compensation, 

the name given to the phenomenon whereby the intensity of a 

mixture may be less (sometimes far less) than that of each of the 

components. Backman (1917) and Zwaardemaker (1907) claimed that 

olfactory compensation is accompanied by a blending of the odorous 

qualities of the two components into one odorous quality. To this 

author, these descriptions of odour compensation seem diagnostic of 

a synthetic, not analytic, sensory continuum. When no compensation 

occurs, where exists a condition of olfactory rivalry in which the 

odorous qualities riot blend, but are perceived alternatively. 

Olfactory rivalry would seem more like analysis. Backman (1917) 
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and Zwaardemaker (1907) have delineated for certain odour mixtures 

the limits of the conoentrations and mixing ratios which determine 

whether compensation or rivalry takes place. 

Another phenomenon (not reported by Backman or Zwaardmaker) 

which would also seem to indicate synthesis rather than analysis 

is that which has been called synergy. Synergy involves the 

enhancement of the intensity of one substance by the addition of 

another substance, and has been well documented in taste experiments 

on human and infrahuman species (e.g., Kendall, 1970; Kohand 

Teitelbaum, 1961). In olfaction, several workers have claimed 

to have found synergistic interactions between components of some 

odour mixtures (Baker, 1964; Jones and Woskow, 1964; Kendall, 

1970; Kendall and Neilson, 1966; Rosen et. al., 1962). The 

examples are rare and in almost all cases occur at or near threshold 

concentrations, although Kendall and Neilson (1966) are not clear 

on this point. 

Additivity is the name given to the summation in the mixture 

intensity of the perceived intensity of the components. Baker 

(1964), Jones and Woskow (1964), and Rosen eta ale (1962) report 

examples of additivity. However, to regard a particular example 

of additivity as exemplifying analysis or synthesis requires 

information about the perceived quality of the mixture as opposed to 

that of the components. This information is lacking in most of the 

studies cited, although Jones and Woskow (1964) conclude that 

olfaction is analytic. 

Koster (1967, 1968, a,b, 1969 a,b, 1970) has systematically 
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investigated several two-component odour mixtures at several levels 

of absolute and relative concentrations of components. He 

concluded that: 

(i) synergy is rare and was not reliably reproduced at any 

concentration with any pair; 

(ii) compensation was common and occurred most often when mixing 

ratios were more extreme, like 1:6, 1:8 etc; 

(iii) additivity was more likely to occur with less extreme mixing 

ratios like 1:1, 1:2 etc; and 

(iv) additivity was more frequent at high concentration. 

The data that seems to be lacking in almost all of the above 

works are the physical and chemical measurements on the mixtures 

tested. This informat.Lon is very difficult to obtain, if not 

already available, and cannot be reliably assessed from theoretical 

grounds; experiments may be required. In non-olfactometric 

studies (most of those cited above, Koster is an exception), the 

appropriate physical experiments demand the establishment of 

eutectic diagrams for three-component mixtures, in which two 

components are the odorants of interest, and the third is the 

odourless solvent. These experiments seem necessary to establish 

whether the phenomenon obtained, be it synergy, compensation, or 

whatever, is a "true" psychological phenomenon, or an artifact of 

local or general stimulus interactions. For instance, the 

examples of compensation cited in the above studies may simply be 

a consequence of physico:chemical interactions or chemical react~ons 
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(in liquid and/or vapour phases) which may mean that the molecules 

(if any) above the liquid surface of the mixtures are different to 

tho~e of the separate components. The chemical entity so formed, 

be it a weakly bonded bi-molecular (or multi-molecular) composite, 

or a new reaction product, may have a completely different 

diffusion rate away from the liquid surface, different molecular 

shape and volume, different polarisability and many other 

differences to either of the original pure componentsi so that its 

vapour concentration may be very different to that predicted from a 

simple summation of the vapour concentrations of the components 

(which themselves are rarely quoted in sniff-bottle studies; see 

Chapter 2). The so-called compensation, taken in most studies to 

imply a psychological phenomenon resulting from the interaction of 

the psychological dimensions of the components may in fact be only 

a reflect~on of the physics of the situations. An extreme example 

of physico-chemical "compensation" is afforded by comparing the 

perceived intensity of either of HCl and NH3 vapour (at equi-molar 

concentrations in water solvent) with the perceived intensity of 

the vapour(?) of the salt solution (NH4C1) obtained on mixing. 

This author knows of only two cases in which adequate 

physicochemical data were available for. matching against psycho

physical findings which suggest that compensation or some other 

mechanism is operating. First, Koster (1969b) demonstrated 

compensation for certain mixing ratios of cyclohexanol and 

benzaldehyde; MacLeod (1968) seemed to support Koster's human 

psychophysical data with electrophysiological data obtained from 
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EOG studies o.f the~abbit using the same o.do.ur mixtures. Haring 

(1969) perfo.rmed vapo.ur pressure measurements fer these wo.rkers, 

and fo.und no. evidence o.f physico.chemical interactio.ns which might 

acceunt fo.r their findings. The seco.nd example invo.lves the abo.ve 

wo.rkers, plus Jenes and Engen. At the NUFFIC Summer Schoo.l, 

Utrecht, 1970, Haring (1970) sho.wed that acetephenene/eugenol/ 

benzyl benzeate mixtures fellew ideal selutien behavieur o.ver a 

wide range ef mixing raties. Ho.wever, seme ef the psycho.physical 

data obtained by Jenes, Engen and Ko.ster seemed to. hint at cempen

satery mechanisms operating at er near the 30% eugenol/70% 

acetopheno.ne mixing ratio. at all abselute cencentratiens. Again, 

MacLeed (1970) supPo.rted the psychophysical data with electro

physiolegical infermation frem EOG stu~ies ef the rabbit. In beth 

examples, Haring's data weuld seem to. indicate that these scalings 

were not physice-chemical artifacts. The ether studies mentiened 

(and many not cited) which claim er strengly imply that elfactien 

is synthetic or analytic (er which report the eperatien cf synergy, 

compensation, rivalry or additivity), while prcviding interesting 

leads to. what may be true psycholegical mechanisms, require physice

chemical verificatiens. The ado.ptio.n ef elfacto.metric metho.ds o.f 

stimulus administratio.n avo.ids at least so.me o.f these difficulties, 

in that physicechemical interactio.ns between cempo.nents in the 

liquid phase and at the liquid/vapour phase boundary canno.t intrude, 

and with the arrangement ef independent o.dcur lines as described in 

Chapter 2, many sources o.f interactio.n in the vapo.ur state can also. 

be eliminated~ o.r at least reduced. 

\ 
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The analogy between olfaction and the analytic auditory 

sense (Pfaffmann, 1951) ignores the non-analytic nature of audition 

when certain complex auditory stimuli are presented. For example, 

combination tones, particularly those causing beats, have clearly 

specifiable input components, but the resultant output is detected 

physically as well as phenomenologically as being an undecomposable 

gestalt - a synthesis of the component inputs. In this exampl'e 

the synthesis occurs along two axes, both of which maybe mapped 

as physical attributes or psychological dimensions. The first is 

a synthesis of the component magnitudes (subjective intensities) 

which wax and wane (beat), and stimulus frequency (pitch) which is 

the average of the input frequencies. To the extent that audition 

is not always an analytic sense, as a masking experiment involving 

pure tones which beat showed (Mitchell, Baldock and Watson, 1969), 

then neither is olfaction alw~ys an analytic sense. Most probably, 

for the same pair of odorants, more than one mechanism may operate 

(as Koster's conclusions seem to indicate), depending on the relative 

and absolute concentrations tested. It is likely that a 

generalisation like "olfaction is an analytic modality" may hold 

only over a small range of concentrations of a particular odour pair. 

Psychometric artifacts could ~lso be a'source of variation 

between studies. In many complex and difficult judgement situations, 

the form of instructions is important (e.g.Gregson, 1970; Ekman, 

personal communication to Gregson; both for similarity scaling 

instructions). Any judgement, particularly for untrained Ss, of 

one dimension of a multi-dimensional proximal (Gotlind's 1963 
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terminology) stimulus or its receptor-transduced correlate, 

intended by E to be a judgement of one component of a multi

component distal (Gotlind, 1963) stimulus, is generally a 

difficult task, and S's strategy may not be isomorphic with E's 

intentions. Worse still, if the form of instructions does not 

eliminate, but in some instances actually induces differential 

response strategies, then "true" phenomena may never be revealed. 

Instructions could conceivably induce response biases likely to 

generate data congruent with an hypot~esis that olfaction is 

analytic, whereas slightly different instructions could lead to 

different conclusions, for the same set of stimuli. In complex 

tasks with highly confusing stimulus materials, Ss are notorious 

for imposing their own interpretation on the experimental 

situation, and while instructions are supposed to generate some 

consensus between Sand E, E can never guarantee that S can or 

will follow, intentionally or otherwise, the constraints imposed 

by the instructions given him. 

Finally, interpretative difficulties abound in deciphering 

many experimental findings. Under masking conditions, does a 

power transformation reflect the "true" operation of some psychol

ogical mechanism such as "brightness contrastll (or some appropriate 

analogue)? Such an interpretation might be consistent with a 

hypothesis that the sensory continuum was analytic; i.e. "figure

ground" effects were in operation, and Ss could distinguish "figure" 

and "ground". Alternatively, if Ss were responding to some 

gestalt - a synthesis of the stimulus components to form a fused 
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undecomposable psychological attribute - then the same power 

transformations might simply be a result of a change in the 

effective stimulus range. The effects of stimulus range on power 

function exponents has been well d6cumented (Bjorkman and 

Strangert, 1960; Strangert, 1961; and many others). In other 

words, the same results can be easily accommodated within 

contradictory hypotheses. Careful investigations involving 

complicated experimental paradigms might be necessary to obtain 

unconfounded support for one theoretical stance or another. 

In view of the many complications confronting an experimenter 

about to perform any odour mixing experiment for which no exact 

precedents are found, no firm predictions can be made regarding 

the outcome of Experiment XIII described below, although trends 

qualitatively similar to those of audition and vision are not 

expected. 

5.2. EXPERIMENT XIII: A MASKING EXPERIMENT 

Briefly, this experiment (Mitchell, 1968; Mitchell and 

McBride, 1970, 1971) was a repeated measures study whereby each 

of 26 initially naive Ss was tested on 4 separate occasions, 

during which intensity judgemeLts were made of a eugenol target 

stimulus under 4 levels (one level each session) or a propanol 

masking stimulus. An assertion that olfaction is an analytic 

sense would lead to the predicted scalings illustrated on Figure 

5.1.1; as the masking level increased, so would the steepening of 

the slope of the function, for stimuli weaker than the mask. The 
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point of discontinuity would move further and further to the right, 

with increasing masking concentration. 

5.2.1. Subjects 

Twenty-six first-year psychology students, selected as before. 

5.2.2. Stimuli 

The target stimuli were eugenol at 7 levels of concentration 

from over the range 0.038 to 0.635 mg/Lj six of the stimuli were 

variables,_ while the median stimulus of 0.335 mg/L was presented 

only as the standard. In addition, at each session, one of four 

levels of propanol masking odour was added to all stimuli, 

including the standardj the propanol concentrations were 0, 

0.275, 1.999, or 3.530 mg/L, hereafter called the Zero, Min, Med and 

Max masking conditions, respectively. The variable target stimuli 

were presented seven times each, in orders randomised within blocks. 

Each S was tested at the first session under the Zero masking 

condition (Condition 31 o£ Table 5.2.1), but the remaining conditions 

were tested in different random orders for each S. Testing under 

Zero mask first was an attempt to give Ss maximum familiarisation 

with the eugenol target odour. At least one week separated 

successive testings of each S. The Zero mask condition, Condition 

31, has been considered briefly in Chapter 3 as Condition 1\ but is 

here reproduced for more detailed discussion. Table 5.2.1 

abbreviates stimulus conditions and some of the results, as before. 
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5.2.3. Procedure 

Time schedules and other similar procedural details exactly 

matched those adopted pre~iously. RRcs3, the arithmetically-

labelled category scale was selected as response mode. Two sets 

of instructions were used. Under Zero mask, those detailed in 

Figure 3.1.1 for RRCS were employed, while for the other masking 

conditions more detailed instructions were required to focus Ss 

attention on the eugenol component of the odour mixtures; 

5.2.1 gives these instructions. 

5.2.4. Results and Discussion 

Figure 

As before, mean category values of RRCS3 were taken as a 

basis for scaling and calculation of power function parameters. 

The average category response magnitude given each stimulus was 

calculated for each S. Table 5.2.2 details the log response values 

pooled over Ss within each experimental condition; Figure 5.2.2 

shows the relationship between scales more clearly. This graph of 

all scales vs. the Zero mask shows a decrease in slope as the 

concentration of masking odour increases. None of the plots (all 

fitted by eye) have their points lined exactly alo~g them, and 

none show the abrupt change in slope typical of the discontinuous 

functions observed in the auditory and visual studies reviewed by 

stevens (1966) and exemplified in Figure 5.1.1. Some individual 

plots showed clear-cut discontinuities more clearly, but these 

were of opposite trend to Stevens, and extreme cases displayed 
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U-shaped curves implying that responses were determined by the 

dominant component (in terms of relative concentration) even 

though components are reported as being unanalysable, phenomenally, 

from the gestalt. The difference between this and Stevens' 

findings is discussed more fully below. 

Figure 5.2.3 depicts the scale-stimulus relations listed 

on Table 5.2.2. All plots are positive monotonic .and positively 

accelerated, this being the expected curvilinearity from the 

assertions of Galanter and Messick (1961), Helm, Messick and 

Tucker (1961) and Svenson (1967) who find curvilinear relations 

between magnitude estimations and category scalings for prothetic 

continua, of which olfactory intensity is supposedly an example. 

Since log magnitude estimations are linearly related to log 

stimulus concentrations (S.S. Stevens, 1957), the curvilinear 

plots of log category scalings vs. log stimulus values in Figure 

5.2.3 are not unexpected. 

The slope of these regressions decreases as the level of 

masking odour increases, with the medium and maximum masking 

conditions having virtually identical influences. This decrease 

in steepness of slope also contradicts the findings summarized in 

stevens' (1966) review. The influence of the olfactory mask has 

been to increase response scale values given to the weaker target 

stimuli; relatively little change in response magnitudes occurs 

with the two strongest eugenol stimuli. 

For calculating the exponent of the psychophysical power 

function, using the procedures successfully adopted for RRCS in 
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Chapter Three, it would appear that the curvilinearity of Figure 

5.2.3 invalidates use of a linear least squares regression estimate. 

However, as described in Chapter Three, individual data were again 

found to be fitted (using POLRG) by a linear function which 

accounted for only fractionally less variance than more complex 

functions. Therefore, exponents and other power function 

parameters were calculated by linear least squares regression of 

the log stimulus/log response values, for each individual; these 

individual results are summarised on Table 5.2.3, with the 

averaged results which are also listed on Table 5.2.1 for 

comparison with previous experiments. Irwin's (1968) suggestion 

that determination of correction factors, ¢O and/or ~O might (Irwin 

and Corballis, ~968) improve the linear component of the fitted line 

was not borne out for individual data, and in some instances, the 

best-fit solutions (minimum reE:idual) obtained gave ridiculously 

large b., as noted in Chapter Three. 
J 

There was a drop in the value of the power function as the 

level of the mask increased (b ~ 0.42 under Zero mask to 0.14 under 

Max. mask). An ordered hypothesis predicting this trend was 

supported by Page's (1963) ~ test for linear ranks (L ~ 734, m = 26, 

n = 4, p < 0 • 001 ) • The justification for testing for a trend 

opposite to that predicted from stevens (1966\ and the studies 

claiming that olfaction is analytic, is discussed below. The low 

value for the exponent under Zero mask, compared with other 

estimates obtained in this laboratory, inspired the experimentation 

of ·Exp. VIII, discussed in detail in Chapter Three. 
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As an examination of Table 5.2.3 shows, the linear 

regressions of the psychophysical plots for some Ss failed to 

account for a significant proportion of total variation and no 

function would have captured a much greater proportion; their 

plots looked like "shotgun blasts". The frequency of occurrence 

of this pattern increased as the masking level increased. It 

might be argued that such Ss should have been rejected from the 

determinations of average exponent values, but any a posteriori 

grounds for selection of Ss seems dubious; no precedents for 

selection have been found reported, therefore none was performed 

here. Also, since individual variation in scaling behaviour is 

of interest (cf. Chapter Four), all Ss were taken into account in 

determining average parameter values. 

An interest in consistencies among individuals in adoption 

of response strategies motivated a close look at individual 

regression plots. While there was an increasing frequency of 

"shotgun blast" patterns with increasing masking level, other 

patterns also emerged. Some individuals displayed plots similar 

to Figure 5.1.1 as predicted from analysis on a "brightness 

contrast" basis. Other plots were U-shaped, of the form 

exemplified by Figure 5.2.4, implying analysis on the basis of a 

strategy determined by the relative concentration of the components 

(not the absolute concentration of the target mlone), the response 

being determined by the component present in the greatest 

proportion. The most common individual pattern, however, was 

that of the pooled response magnitudes as illustrated by Figure 
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Table 5.2.4 lists the intercorrelations of the individual 

exponents over the four experimental conditions; this was an 

attempt to explore within-subject consistencies in response 

strategies. Obviously, Ss are not consistent in their adoption 

of a response strategy, or alternatively, if they are, between

subject differences in response strategy do not maintain the same 

rankings of individuals' exponents over the masking conditions 

selected here; the latter view might be the most probable in that 

the correlation between Med. and Max. is significant. In fact, 

perhaps once an optimum masking level is reached, no further 

increase in mask concentration will have any effect, and Ss will 

stabilise on both the strategy they select, and the responses they 

generate to the target stimulus (or some gestalt) when using that 

strategy. For masking levels below that optimum concentration, 

Ss are likely to change from one response strategy to another, both 

within and between sessions. 

5.2.5. How They Smell 

Subjects were encouraged to report their experiences at any 

time throughout the experiment, and pointed questions were asked 

by E after each session, in attempts to elucidate how Ss might be 

making their jUdgements. Unfortunately, this threw little light 

on the problem, since the unanimous comment was that the two 

components of the mixtures were inseparable phenomenally, even 

though the components were quite distinct, qualitatively, and 

sometimes hedonically, when presented separately. Despite this 

consensus of verbal report, which would imply synthesis, not 
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analysis, a wide variety of patterns of scaling was obtained, 

which suggest that differential response strategies were in 

operation as discussed above; introspection has always been an 

indefinitive basis for modelling behavioural phenomena (Pollack, 

1962; Hoffman, 1960). 

5.3 CONcLusierns 

5.3.1 Implications for Experiments in Other Fields 

An interesting feature of this experiment has been the 

failure to ex~end auditory and visual findings to olfaction, at 

least at the group level. The perceived intensity of target 

stimuli increases as the level of a masking odour increases, 

whereas, in the other modalities, an intra-sensory masking stimulus 

decreases response magnitudes to weaker target stimuli. Whether 

this finding would extend to mixtures involving other chemical 

types is not claimed here, since any phenomena observed with 

odour mixtures seems to be highly stimuli-specific, as evidenced by 

Koster's many studies. The trend found here seemed predictable from 

much of his work, and the cross-adaptation, and self-adaptation 

effects on threshold found in the other studies cited above. 

Given these indications, and the introspective reports found here, 

it seemed reasonable, a priori, to predict the trend obtained here, 

and to select Pagels (1963) L test for 

of such a trend. 

statistical confirmation 

Reconciliation of the different findings is not possible 

until further auditory and visual experiments are perfor~ed to 
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more closely match the experimental restrictions imposed by the 

anatomy and sensory physiology of the nose. The experiments 

reviewed by Stevens (1966) all differ from the present experiment 

in one important feature; the target and masking stimuli occupy 

different physical locations and stimulate different portions of 

the receptor surface involved. For example, Stevens and Diamond 

(1965) studied the brightness function as affected by the angle 

between target and masking stimuli; Stevens (J.C., 1957) compared 

brightness functions for a small target disc surrounded by a 

masking annulus; Steinberg and Gardner (1937) had observers match 

the loudness of a 1,000 Hz tone in one ear to the loudness of a 

1,000 Hz tone to which white noise was added, in the other ear 

(several variations on this theme have been published). In every 

case there has been geographical separation of target and mask, and 

furthermore, apparently phenomenal decomposition of the components 

of the stimuli is not only ~ossible but often unavoidable (Stevens, 

1966), and the contrast effect depresses estimations of target 

stimuli weaker than the mask, although no noticeable increases 

obtain for target stimuli more intense than the mask. 

The olfactory system does not have these "advantages" of 

the auditory and visual systems. Topological separation of the 

components of an odour mixture is not possible; they mix, 

depending on their chemical nature and their method of 

administration with some approximation to the ideal gas laws, and 

both stimulate receptors throughout the olfactory cavity. 

Admission of the different components via separate nostrils serVes 
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no purpose since the nasal septum does not divide the receptors; 

mjxing of the components still occurs prior to the stimulation of 

receptors. It is scarcely surprising, therefore, to obtain 

consistent reports from the naive Ss used here, of failure to 

separate phenomenally the components\of the smell mixture. 

Trained perfumers may be more skilled at this task. 

Constant stimulus olfactory experiments also demarrd 

successive presentation of anchor and variable stimuli, for the 

above reasons, and Elsberg's (1935) recommendations demand no 

more than two stimulus presentations per minute. Vision and 

audition are much more flexible in this respect, allowing 

simultaneous presentation of anchor and variable stimuli, or short 

interstimulus intervals under successive presentation procedures 

thereby minimising memory trace decay effects with little 

physiological adaptation. 

The experiments reviewed by stevens (1966) are not the most 

suitable for valid comparisons with the present study. Recently 

performed in this laboratory was an auditory experiment (Mitchell, 

Baldock and Watson, 1969) which attempted to match more closely 

the experimental restrictions imposed on olfaction. As well as 

the obvious manipulations of presentation rates etc., complex 

stimuli which are not decomposable into components, phenomenally 

or by simple physical means, were presented monaurally. Such 

stimuli were obtained by presenting 2 pUre ton~s which are close 

enough together to produce beats; 1 tone was held at constant 

intensity (analogous·to the masking odour in the olfactory situation) 



/ 

5 - 22 

and the other tone varied in intensity (like the target odour) 

from trial to trial. Subjects estimated the maximum intensity 

of the resulting beat produced at each target setting. The effects 

obtained were qualitatively similar to this olfactory experiment, 

with wide individual variation, presumably through differing 

response strategies (target component attention, mask component 

attention, gestalt attention, or combinations thereof) as well as 

differing discriminability. 

Visual analogies to this olfactory situation are also 

planned for investigation soon. Complex visual stimuli which 

defy phenomenal and simple physical separation of components are 

obtained by projecting 2 lights of different wavelength onto the 

same screen. For example, red and green could be displayed to 

produce gray which is viewed by Sj the red projector is held at 

constant ~ntensity (as mask) while only the green component varies 

in intensity. Observers are required to estimate the intensity of 

the "gray", which changes in quality (hue) as well as intensity 

from one mixing ratio to another. 

These sorts of auditory and visual experiments have to be 

performed to establish the generality of the present olfactory 

findings, and to prescribe the limits of the auditory and visual 

situa.tions producing the results published to date in the field 

of intrasensory masking. stevens (1966), suggests extending 

previous work on loudness matching to include simultaneous 

presentation of both stimuli; the particular experiment outlined 

above may provide a new look at the field. 
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5.3.2. Implications for Similarity Experiments of this Thesis 

This experiment has two important implications for the 

similarity scaling experiments of Chapter Six and Eight. First, 

individual data have again been shown to be relatively invariant 

within-Ss as compared to between-Ss, particularly under the more 

closely matched conditions of Med and Max masking. It would 

therefore seem advisable to analyse each SiS data separately (or, 

more realistically, it would seem grossly invalid to pool data 

over Ss before analysis). Support for the paradigm of individual 

analysis also comes from the observed similarity data of Sim. I 

itself, in which within-subject consistencies are perhaps even more 

notable than in the unidimensional judgement tasks so far 

discussed. Also, pooling of individual relative similarities 

data has been found by Gregson (1970) to obscure, rather than 

illuminate the manner in which his model of quadratic similarities 

fitted or failed to fit observed data. 

A second point, related to the first, is that it is unlikely 

that one single strategy will account for all Ss' modes of response. 

Some Ss may analyse stimuli into their dimensions, attribute 

dimensional similarities which are combined without weighting into 

overall similarity jUdgements. other Ss might be best mapped 

into a model which gives dimensional weightings to components, 

with responses determined by the component weighted highest; this 

is another form of analytic strategy. Still other Ss are unable 

to decompose the complex mixture into its dimensions may be best 
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fitted by a synthetic, gestalt attention model. Also there is 

no guarantee that an S will use the same strategy on all pair-

comparisons of stimuli, and he may switch s~rategies (cf. Shepard, 

1964) according to some criterion (e.g. as suggested by Gregson, 

1969 a). In other words, in the present experiment lies the 

justification for exploring a variety of simulation models (each 

model corresponding to a different 

s to be matched with 4>-'.' s p q 

strategy) for generating 

and for exploring criteria for 

switching models (strategies) over thematrix of all possible pair 

oomparisons of stimuli. Goodness of fit criteria (minimum 

residual error or some other quantitative measure) may then be 

adopted as groundp for acceptance or rejection of competing models. 
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Expt. Condo Target Mask 
(Propanol) 
(mg/L air) 

31 Eugenol 0.0 

XIII 32 " 0.275 

33 If 1.999 

34 I " 3.5.3 0 

TABLE 5.2.1 

SUMMARY OF STIMULUS CONDITIONS, RESPONSE MODES 
AND INTENSITY SCALINGS OF EXPERII~NT XIII 

Scale Target No.of Range of Power Law 
Type Anchor Target Target Exponent,b 

(mg/L air) Stimuli Stimuli 
(mg/L of air) 

RRCS3 0.335 6 0.048 - 0.635 0.42 

" n n n 0.29 

" " " " 0.18 

" " " " 0.14 

Range of b i P.s.e Htrans 
(Std=lO) 

0.12 to 0.79 10.28 0.94 

0.09 to 0.47 11. 41 0.74 

-0.08 to 0.57 11.27 0.65 

-0.05 to 0.46 11.09 0.58 



FIGURE 5.2.1 

INSTRUCTIONS TO SUBJECTS UNDER MASKING CONDITIONS 

In this experiment you are required to assess the relative 
intensity of two odours, which will come to you from the tube 
suspended in front of your nose. Keep your head a little to 
one side except when you are sniffing. 

Stimuli will be presented to you according to a strict time 
schedule which will be signalled to you by the bank of lights 
in front of your hands. Make sure you know and understand this 
schedule before the main experiment begins. 

The odours will each be made up of two chemicals, one of which 
smells like cloves, and the 'other which smells etherish or alcoholic. 
You are required to ignore the etherish component, which will be held 
at a constant level throughout this experiment, and to attend only 
to the clove-like smell. 

The stimuli will come to you in pairs; and on any pair you are 
to judge the intensity of the clove component of the second member 
relative to the intensity of the clove component of the first 
member. The first member is always to be regarded as having an 
intensity of '10', corresponding to the key labelled "EQUALLY 
INTENSE, '10' ". 

THE SEQUENCE OF EVENTS YOU MUST FOLLOW IS: 

1. A buzzer sounds to denote the beginning of a trial. 

2. The green light on the left comes on, followed shortly by the 
white lights; this means that the first smell is now present. 
Move your nose so that it is just in front of, but not touching 
the tube. Sniff gently. 

3. Carefully note the intensity of the clove component of the odour, 
and push the key in the middle of the scale labelled "EQUALLY 
INTENSE, '10' ". You have only 5 seconds to respond. 

4. Stop attending to the odour when the lights go off, and release the 
keys. Move your face a little away from the tube until the next 
stimulus. 

5. The green light comes on again, to warn you to get ready for the 
second stimulus in the pair. 

6. The white lights come on as well, indicating that the second smell 
is present. Sniff at the tube, carefully note the intensity of 
the clove component of this second smell, relative to the first. 
More intense stimuli are represented by keys to the right, less 
intense by keys to the left. Give a response by pressing the 
appropriate key as soon as you call. You have only 5 seconds to 
respond, and you may not make more than one response. If you wish 
to alter your response, say so clearly into the microphone. 

After each complete sequence, there is a break of about 25 seconds 
before the buzzer announces the beginning of the next trial. 
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TABLE 5.2.2 

LOGARITHMS OF MEAN PERCEIVED RELATIVE STIMULUS INTENSITI~S 

POOLED OVER SUBJECTS FOR EACH MASKING CONDITION 

Log Stimulus Log Relative Perceived Scale Values 

Magnit"J.de as 
ratio of anchor Zero Mask Min. Mask Med. Mask Max. Mask 

0.161 0·753 0.928 1.013 1.013 

0.661 0.874 1.001 1.004 1.019 

0.914 0.963 1.021 1.072 1.062 

1.073 1.057 1.116 1.090 1.076 

1.184 1.155 1.156 1.146 1.130 

1.278 1.225 1.268 1.230 1.199 
1 

I 



FIGURE 5.2.3 

LOG SCALE VALUES VS LOG RELATIVE TARGET CONCENTRATIONS 
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TABLE 5.2.3 

INDIVIDUAL SCALING PARAMETERS 

Zero Mask Min Mask Med Mask Max Mask 
Subject 

b. F. b. F. b. F. b. F. 
l l l l l l l l 

1 0.38 15.18 0.46 19.73 0.55 64.77 0.46 25.81 

2 0.46 117.70 0.26 20.94 0.21 6.96 0.15 3.89 

3 0.79 138.97 0.23 6.08 0.05 0.35 0.28 12.07 

4 0.36 28.55 0.22 5.30 0.14 14.32 0.05 2.33 

5 0.27 64.43 0.12 14.41 -0.06 3.66 0.07 3.51 

6 0.26 28.34 0.19 21. 84 0.28 9.47 0.15 4.03 

7 0.74 46.18 0.27 4.67 0.03 0.05 -0.03 0.07 

8 0.61 104.49 0.40 13.44 0.29 13.63 0.26 12.84 

9 0.46 91.47 0.12 10.51 0.07 1. 46 0.03 0.63 

10 0.14 15.61 0.06 1. 32 0.02 0.12 -0.04 0.44 

11 0.32 106.19 0.23 70.28 0.57 104.54 0.33 34.81 

12 0.52 36.94 0.24 16.48 0.22 15.79 0.05 1.18 

13 0.15 12.72 0.35 7.15 0.10 1. 32 0.21 7.56 

14 0.73 54.31 0.40 10.83 0.44 13 .61 0.25 3.45 

15 0.30 44.88 0.26 9.52 0.05 1. 25 0.01 0.08 

16 0.12 8.49 0.10 7.09 0.01 0.05 0.03 0.85 

17 0.45 72 .57 0.33 19.74 0.11 3.64 0.06 1. 39 

18 0.39 37.87 0.32 16.53 0.22 6.14 0.01 0.03 

19 0.22 43.77 0.20 7.80 0.24 49.04 -0.01 0.04 

20 0.55 36.13 0.43 24.13 0.12 4.02 0.19 11. 56 

21 0.46 44.67 0.40 20.94 0.22 5.48 0.36 9.55 

22 0.37 89·.39 0.43 30.07 0.19 11. 49 0.40 36.32 

23 0.54 30.27 0.36 16.34 -0.08 0.81 0.01 0.00 

24 0.24 14.35 0.45 46.02 0.20 3.40 0.06 0.67 

25 0.57 82.59 0.47 48.56 0.08 0.63 -0.03 0.18 

26 0.58 104.49 0.30 17.08 0.41 33.44 0.45 25.84 

b. 
l 

0.42 0.29 0.18 0.14 

s.d. 0,17 0.12 0.16 0.16 

b 0.43 
P 

0.30 0.17 0.15 

F 293.41 246.02 144.19 63.77 
P 



FIGURE 5.2.4 

U-FORMED RELATION BETWEEN 

SCALE VALUES UNDER MASK AND UNDER 
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TABLE 5.2.4 

INTERCORRELATIONS OF EXPONENTS 

OVER MASKING CONDITIONS. 

Masking 
Zero Min. Med. 

Condition 

Zero 

Min. 0.359 

Med. 0.108 0.357 

Max. 0.223 0.430* 0.703** 

-

* 

** 

p < 0.05, 

p < 0.01, 

df = 24. 

df = 24. 

Max. 
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C HAP T E R S I X 

FIR S T S I MIL A R I T Y E X PER I MEN T 

6.1 EXPERIMENTAL DESIGN AND BACKGROUND MATERIAL 

Chapter Six is devoted to a detailed description of the 

experimental procedures and analyses making up Sim I. Sim I was 

briefly outlined in Chapter One (Section 1.3), but is here 

presented in greater detail with appropriate literature surveys 

on the various aspects of the experiments and analyses. The 

presentation of data, results of analyses, and discussions of 

Sim I experiments are given in Chapter Seven. 

6.1.1 Overall Scheme 

For ease of reference, Figure 1.3.1 which summarised the 

main aspects of Bim I is here reproduced as Figure 6.1.1, and 

the following commentaries refer where appropriate to the code 

of this diagram. 

6.1.2 Subjects 

Eight first and second year psychology students served as 

Ss for Bim I, and were tested on 13 different occasions, with at 

least 24 hours separating sessions. They were paid 50 cents per 

session, each of which lasted about 1 hour. Each of the first 

11 sessions involved a complete replication of all (n2 + n)/2 

pairwise comparisons of 8 odour mixture stimuli (i.e., half-
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matrix including the leading diagonal). The data obtained are 

referred to as B8 of Figure 6.1.1. Sessions 12 and 13 involved 

unidimensional psychophysical scalings of intensity to obtain the 

B3 data, the individual power law parameters for each chemical 

component. 

6.1.3 Stimuli 

For the observed similarity judgements, a set of 8 

odour mixtures of eugenol and propanol were selected (B2). The 

settings of flowmeters H and H' and the concentrations so obtained 

are listed on Table 7.1.1. Chapter Eight criticises the selection 

of stimuli. The stimuli chosen for the unidimensional 

intensity scaling are also listed on Table 7.1.1. 

6.1.4 Power Function Parameters 

On sessions 12 and 13 relative intens~ty scalings of each 

component of theB2 stimulus set were performed. The scaling method 

chosen was fixed modulus, constant stimulus RRCS2, with time 

schedules, instructions, and other procedural details exactly 

matching procedures standardised in earlier experiments. Analyses 

of individual data also followed previously-used linear regressions 

of log ¢ on log ¢ values to give power function parameters, § and £ 

(B3 data). These are listed on Table 7.1.2. 

6.1~5 Psychological Magnitudes of the Odour Mixture Stimuli 

The chemical concentrations in B2 were transformed via the 

power law relation (A1) using individual parameters ~ and £, to 
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psychological magnitudes represented by B4 of Figure 6.1.1; the 

individual parameters are presented on Table 7.1.3. These 

psychological magnitudes could have been judged directly, but the 

present procedure was preferred for its "smoothing" of 

psychophysical relations. 

6.2 SIMILARITY SIMULATION MODELS 

6.2.1 Other Models Proposed 

Several models of similarity judgements have appeared, 

invented to predict how stimulus components or their psychological 

correlates are combined by Ss in making the overall similarity 

assessment. There is wide variati9n in the conceptual form of 

models, variation in the degree to which models have been or may 

be presented in mathematical notation, and variation in the degree 

of precise axiomatisation of those models which have been 

presented in mathematical form. 

One of the more widely publicised similarity models is 

Ekman's "cont,ent" vector model which has been tested over a wide 

variety of psychophysical and psychometric stimuli (Eisler, 1960, 

1967; Eisler and Ekman, 1959; Ekman, 1954, 1955, 1963, 1965; 

Ekman and Engen, 1962; Ekman, Engen, KUnnapas and Lindman, 1964; 

Ekman, Goude and Waern, 1961; Ekman and Lindman, 1961; Ekman avnd 

Waern, 1959; KUnnapas, 1966, 196'7, 1968; KUnnapas and Janson, 1969; 

KUnnapas, M~lhammar and Svenson, 1964; and many other studies 

from the Stockholm laboratory. Eisler and Ekman (1959) showed 



6 - 4 

how their model was compatible with Adaptation Level Theory 

(Helson, 1947, 1948). While Ekman's model holds up in a variety 

of stimulus situations, it is less successful (KUnnapas. 1967, 

1968; KUnnapas et. al., 1964) for capturing similarity judgements 

which are obtained on "highly analysable" stimuli (Shepard, 

1964) • HClijer C1969a,b, 1970a), Sjoberg (1968), and Waern (1968), 
\ 

in comparative studies of alternative models, all question the 

general applicability of Ekman's model. 

For stimuli varying only in intensity and not in quality, 

Ekman's model may be written: 

where 

+ h 
q 

h ~ h p q 
[Eq. 6.2.1J 

p if q is the theoretical similarity between two 

percepts, p and q. 

and h , h are the magnitudes of the two percepts. 
p q 

Theoretical values of p ~ q are calculated from a matrix of ratio 

estimates prq ( = h /h ) obtained as independent judgement data. 
p q 

Ekman's experimental strategy is to relate two psychological 

variables, one being similarities (p ¢~q's), the other percept 

ratios, through Equation 6.2.1. 

An extension of Equation 6.2.1 is made to accommodate 

stimuli varying along more than one dimension (intensity and 

quali ty) : 
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psi q 
t + t 

= 
pq qp (r ~ h r ~ h ) 

pq q' qp P 
h + h 

P q 
[Eq. 6.2.2J 

where t is the part of percept p that is in 
pq 

and t II II " II " q II II " qp 

In this case, p and q are represented as,vectors separated by 

angle ;6'fX\.. so that: 

r 
p q := t /h pq q = h cos A /hq P ; ..... pq. [Eq. 6.2 .3J 

Therefore Equation 6.2.2 reduces to 

pJl q = 

t 
A matrix of (r x r)7 

p q q p 

[Eq. 6.2.4 J 

is shown to be equivalent 

to a matrix of cos 4 ,and factor analysis of this matrix / ..... pq 

reveals essentially identical sp~ces to those derived from a 

matrix of <I> tI IS 
P q 

Essentially, Ekman's model may be verbalised as 

"the ratio 
magnitude 
magnitude 

between the common subjective 
(2h ) and the total subjective 

(h ~ h )" 
p q 

q, 

p. 

an 

for the unidimensional case. This same philosophy of common/total 

subjective magnitude dictates the form of his multidimensional 

model. Restle's (1959) set theoretic similarity model is based on 

a similar rationale. 
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Some trouble is taken to describe Ekman's model, and some 

of its underlying features, since it is necessary to justify the 

present author's failure to test this model as one of the 

alternatives investigated in this thesis. Several reasons are 

held for rejecting Ekman's model in the present context. First, 

some misgivings are held about the Ekman model since its authors 

have never displayed i ts ability to capture p ¢ RI q 's of stimulus 

sets varying simultaneously along quantitative and qualitative 

dimensions. In the many studies reported, stimuli have varied 

only intensity within a single qualitative dimension, or varied 

only quality with intensity held constant. Ekman (1963) has 

advocated that investigations should be performed on stimuli 

covering a wider range of simultaneous variation in quality and 

quantity, but so far no such studies have been found from the 

Swedish group. Therefore the model's ability to handle the 

Sim II stimulus set is uncertain. 

Second, the independent task for judging percept ratios 

for entry to Equation 6.2.1 or 6.2.3 generates psychological data 

which is unsuitable for the present attempt to relate unidimension-

al and multidimensional scalings. No doubt, percept ratio data 

and unidimensional psychophysical data may be related by some 

transformation, but no research on this topic exists so far as 

this author is aware. Any attempt at such a relation would be 

tangential to the present interest, and would require exhaustive 

independent experimentation outside the scope of this work. 

Third, Ekman's model provides no means of predicting how 
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the components of stimuli (or their psychological correlates) 

might be combined in p~q's. In his model, detailed stimulus 

characteristics assume minor importance, since the model's input 

is a matrix of percept ratios. It is only in the post hoc 

identification of axes of derived structures that Ekman turns to 

stimulus characteristics. This strategy may also be used here, 

but stimulus components are also required as input to the models 

to be tested. This third reason is the most important for 

rejecting Ekman's model in the present: studies. 

Fourth, in practically all of the Swedish studies, only 

pooled data has been analysed, and different groups of Ss have 

been used for the ratio estimation and similarity judgement 

tasks. Gregson (1971b) states: 

" pooled data was used in many of the Stockholm 
experiments; the precise meaning of the 
parameters in the fitted equations is not 
therefore clear unless it is somewhat 
implausibly assumed that subjects are readily 
interchangeable." 

Chapter Four has already questioned pooling of unidimensional 

psychophysical data; Section 6.5 considers some of the 

multidimensional research published on this topic. The generality 

of Ekman's model at the individual l~vel is therefore unknown. 

Another Swedish model which has received close experimental 

attention is the multiplicative model of Waern (1968a,b, 1969) in 

which 
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p r/ q = 
n. 

cll (R. /R. ) :L 
:Lp :Lq 

(R. ~ R. ) :Lp lq [Eq. 6.2 .5J 

where R. ,R. are scale values of percepts p and q on :Lp :Lq 

dimension i. 

Waern finds that her model gives a closer fit than Ekman's to 

many similarities data. However, her model predicts that p JI q = 0 

whenever anyone dimension of the stimulus complex is reduced to 

zero; such a prediction could be nonsensical. For example, a 

series of stimuli might be made up of four chemical components 

varying in re~ative concentrations; but, if a particular mixture 

has one component reduced to zero concentration (i.e., a three-

component stimulus), Waern's model would predict zero similarity 

for comparisons of that stimulus with any of the four-component 

stimuli, even though the stimuli will have three components in 

common. Such a model seems unacceptable on intuitive grounds; 

the tendency for components of complex olfactory stimuli to 

synthesise phenomenologically (Chapter Five) leads this author to 

predict few zero similarity perceptions for odour mixture stimuli 

as described above. On these grounds, Waern's model seems 

inapplicable to the stimulus set chosen for Sim II for these same 

reasons, and was not considered further. 

Other variants of the Ekman model have been proposed 

(e.g. Backstrom and Goude, 1966), but a number of general 

criticisms have been made by Gregson (1971b), which lead to 

suspicions about the viability of any of these in the pres~nt 
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context. Gregson states: 

liThe major criticisms of the Stockholm studies ..• 
centre on the problem of goodness of fit of 
models to data. The models themselves are 
expressed in a deterministic rather than 
probabilistic form, so disparities between models 
and data are minimised by employing subjects whose 
judgement processes are hopefully stable and con
sistent, and by expressing departures from the 
model as residual error. The difficulties with 
the models have been frankly stated [by their 
authors]; they are only applicable to some 
stimulus situations, and they relate purely 
psychologically and not psychophysically across 
judgement tasks, so the identification of the 
precise locus of departures from observable 
behaviour in the models is to-Some extent 
arbi trary ••• 
••• the more obvious alternative models which are 
contenders in this field are not very dissimilar 
and so they are rarely excluded unless one model 
tested fits well, yet none are mentioned apart . 
from the factor analytic resolution of the 
dimensionality problem which is probably not 
legitimate here. It assumes metric space 
relations over similarity triples and higher 
order sequences which do not hold in the ratio 
model and •.• vector model without some 
additional axioms which are never formulated 
explicitly in the available published work ••• It 
is certainly not possible to compare the models 
on pooled data unless the statistical 
representation of the pooling process, indicating 
what error variance is supposed to be orthogonal 
to that taken up by the model and what between 
subject variance is tolerable, is made explicit 
••. The variation in goodness of fit is probably 
due as much to the inherent instability of the 
similarity judgement task as to the stimulus 
conditions used . 
••• it is never made clear which experiments 
are considered to be critical for a given model; 
if the stimulus heterogeneity-homogeneity is a 
crucial variable, and the models are only expected 
to fit at some point on this continuum, then 
certainly some studies are not critical. Without
quantifi~ation in some dimensionless sense, it is 
not precisely clear what is being claimed." 
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The distance models (e.g., Attneave, 1950; Kruskal, 1964a, 

b; Shepard, 19621,b) 'were not tested, although there may be 

monotonic transformations relating part~cular distance models 

to particular similarity simulation models tested here. 

6.2.2 The Present Simulation Models (Unweighted) 

As mentioned above the present interest concerns similarity 

simulation models which take psychological magnitudes of stimulus 

components (e.g., intensities) as input and combine these 

according to intuitively sensible rules to produce theoretical 

similarities, polq's. So far as is known, no other olfactory 

study has attempted comparisons between alternative models. Such 

comparisons are seen as an essential development for a thorough 

understanding of subjective strategies which may be adopted by Ss 

confronting complex odour mixtures. 

Four models were selected to represent subjective 

strategies which might be verbalised as "analytic", "very 

analytic", "information suppressing" and "synthetic", according 

to their rules for combining psychological magnitudes of 

components. The terms used in the algebraic formulations of the 

models are first defined: 

p,q 

x X 
p' q 

Y ,Y p q 

are the two stimuli being compared 

are the psychological intensities of component X 

(eugenol, say) in stimuli p and q. 

are the psychological intensities of component Y 

(propanol, say) in stimuli p and q. 
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the theoretical similarity between p and q, with 

boundary conditions imposed such that 

o ~ prlq ~ 1, the range spanned by p<p/q IS. 

The models discussed below are formulated for the present 

two-dimensional stimulus set; generalised formulae may be written 

easily. 

(i) RAMG-DAZ Model 

The first simulation model tested is Gregson's (1970b) 

equation which comprises one axiom of his Quadratic Similarity 

model for simultaneous comparisons of one referent stimulus with 

three referee stimuli (a relative similarity judgement task). The 

rule for combining psychological intensities here is: 

Min (X ,X) + Min(Y ,Y ) 
P q P q 

= [Eq. 6.2.6J 

Max (X ,X) + Max(Y ,Y ) 
P q P q 

In this model the subject is regarded as being capable of analysing 

each stimulus into its psychological attributes, but summates 

(synthesises) their maxima and minima before making the 

similarity assessment (represented by the division operation). This 

model is referred to as the RAMG-DAZ model (R.A.M. Gregson -

Dimensional Analysis, Zero weight model). Gregson (1970b) has 

formalised Equation 6.2.6 axiomatically in set theoretic terms, 

thereby exposing its formal mathematical characteristics. In 

subsequent studies Gregson (1971b,c) has compared this model, 
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which is non-metric, with an Euclidean distance function and has 

explored Monte Carlo fashion the information loss entailed in a 

non-metric scaling into metric space of the non-metric similarities 

generated by his model on artificial data. He advises caution in 

interpreting the results of analyses giving metric representations 

of non-metric data (see the quotation from Gregson (1971b) in 

Subsection 1.1.2) 

(ii) MJM-DAZ Model 

I 

While the RAMG-DAZ model implicitly credits S with analytic 

capabilities, this author wished to explor& a model which assumes 

slightly greater analytic powers. The "very analytic" MJM-DAZ 

model (M.J. Mitchell - Dimensional Analysis Zero weight model) is 

represented thus: 

0.5 
[

Min(X ,x ) 
p q 

Max(X ,x ) 
p q 

+ 
Min(yp,Yq )] 

Max(Y ,Y ) 
p q 

[Eq.6.2.7J 

Here a similarity assessment is made on each dimension separately, 

and the overall similarity is an average over separate dimensional 

similarities. Luce's (1959) comments are relevant to the 

conception of this model: 

"To deal with complicated decisions, it is 
usual to subdivide them into two or more 
stages: the alternatives are grossly 
categorised in some fashion and a first 
decision is made among these categories; 
the one chosen is further categorised and a 
second decision is made." 
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The MJM-DAZ model was inspired by the suggestions that 

olfaction is an analytic continuum (Ekman and Engen, 1962; 

Pfaffmann, 1961), and despite the questioning of the generality 

these assertions raised by the experimentation of Chapter Five, 

they seemed to demand a test through a "very" analytic model. The 

model as written above was devised by this author, but a precedent 

has been found in HHijer's (1969, 1970a,b) ratio model, which was 

shown to be non-metric (H~ijer, 1970b). 

(iii) MJM-SCZ Model 

It has been found in multidimensional scaling tasks that: 

" ••• one source of the subjective non-optimality 
of such decisions seems to be man's demonstrable 
inability to take proper account, simultaneously, 
of the various component attributes of the 
alternatives ••• In many practical decision 
problems, then, to collapse the various component 
dimensions into one over-all evaluative dimension 
may not in itself be amiss ••• in making an 
evaluative judgement a subject can take account 
of only a very limited number of factors at any 
one time". (Shepard, 1964b.) 

Swets (1964) also notes that Ss may virtually ignore certain 

dimensions as decision criteria. With comments of this sort in 

mind, a Strongest Component model (MJM-SCZ) is formulated thu$: 

= 
Min [Max(X ,Y ), Max(x ,Y ) J 

p p q q 
-------, [Eq. 6.2.8J 

Max [Max(X ,Y ), Max(x ,Y ) J 
p p q ~ 

Effectively, Equation 6.2.8 jettisons information about 

the weakest component of each stimulus so that the similarity 
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judgement is made only on the strongest component. This model 

~till assumes that S can analyse the complex stimulus into its 

components, but that not all information takes part in the overall 

assessment. However, qualitative differences between components 

are assumed to play minor roles here; 'the quantitative variable 

is the response determinant. Chapter Five seemed to indicate 

that some Ss might adopt strategies of this type; the Ss whose 

scale magnitudes were U-formed on target concentrations might have 

been switching from target to mask over the weaker target stimuli 

so that their responses were determined by the strongest component 

present. 

Incidentally, metric spaces in which distances take the 
\ 

form of Equation 6.2.8 are known as Supremum Metric Spaces, for 

which the Minkowski constant, r, approaches infi~ity in the 

general Minkowski equation for distances, d ,between pairs of 
x,y 

points (x and y). The Minkowski distance equation, for an n-

dimensional space (i = 1,2, •••• n) is: 

d = (E1xJ.' - yJ.' I r)1/r x,y [Eq. 6.2. 9J 

In discussions comparing various distance metrics including 

City-Block (r ~ 1), Euclidean (r = 2) as well as Supremum (r~OO), 

Hyman and Well (1967a,bj 1968), Wender (1968), and Sherman (1970) 

consider the properties of these metrics and their ability to 

represent any or all of the subjective data (mainly similarities) 

generated on complex multicomponent stimuli. Generalities are 

few, and often hinge on distinctions between "analysable" and 
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and "non-analysable" (heterogeneous/homogeneous) stimuli. The 

quotation from Gregson (1971b) above has pointed.to the 

inconclusive nature of the homogeneity/heterogeneity concepts 

through the failure of their adherents to define "analysability" 

in some dimensionless manner. 

(iv) MJM-TIZ Model 

Finally, a gestalt model is tested. This model represents 

an inability of Ss to analyse stimuli into their component 

attributes. Again, Chapter Five revealed Ss who might use such 

strategies; these were the Ss who showed virtually no discrimination 

of target stimuli in the presence of the masking odour; their 

psychophysical plots were almost horizontal. A suitable model 

for reflecting this sort of strategy is given by: 

Min [(X + Y ),(X + Y )J 
;p P q q [Eq.6.2.10J 

Max [(X + Y ),(X + Y )J P p. q q 

This is the MJM-T1Z (Total Intensity) model. In this case, each 

stimulus (p and q) is perceived as a gestalt through interaction 

of the stimulus components permitting no phenomenal decomposition 

into components. An analogy in colour vision occurs when two 

different monochromatic wavelengths are mixed. The resulting hue 

cannot be decomposed (phenomenologically), into its component 

hues. 

The four models chosen here for investigation are 

collectively referred to as the A2 transformation of Figure 6.1.1, 
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and the four matrices of theoretical similarities obtained from 

their application to B4 data are represented by Block B5. 

The models chosen are only four of many alternatives that 

might have been explored. No claims are made for their generality 

to other stimulus types, although RAMG-DA and MJM-DA models have 

been shown to capture high perceritages of the systematic variance 

in observed data, as noted above. There may be more appropriate 

ways of representing the author's intuitions regarding types of 

subjective strategy, although previously published statements and 

prior experimentation in this programme helped determine the 

formal structure of the models proposed. 

Although no attempts are made in these experiments to 

explore Question 1e (Subsection 1.2.1), by way of conclusion to 

this subsection, some comments are made on this topic. 

For example, a switching rule could be written into the 

MJM-SC model to take account of qualitative aspects as well as 

quantitative aspects of stimulus components. One switching rule 

might be "If the maximum perceived intensity is on the same 

component (X, say) in p and q then 

= 
Min(X ,X ) 

P q 

Max(X ,X ) 
P q 

" 
[Eq. 6.2.1J 

However, "if the maximum perceived intensity obtains for a 

different component in p (X, say) to that in q (Y say) then 
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Min(X ,Y ) 
p q " 

= 1 - [ Eq. 6. 2 • 1 2 ] 
Max(X ,Y ) 

p q 

As presented (Equation 6.2.8), the MJM-SCZ modsl takes no account 

of the second alternative. 
\ 

The formal structure of MJM-TI could also alter over 

different regions of the stimulus matrix to take account of 

phenomena such as compensation, synergy and so on; none of the 

models tested incorporate provisions for these processes, mainly 

because of the absence of published research on which rules for 

switching models might be based. Far more independent 

experimentation than is possible or called for in the mainstream 

of this programme would be required to establish bases for such 

an interest. However, departures from linearity or regression of 

r/ 's on q>J'. ' s might result from such processes not being taken 
p q p q 

into account in the models. The experiments of Chapter Five 

offered no workable guidelines in this respect. 

Rules could also be written for switching from one model 

to another. Such an approach would represent an attempt to 

capture the fluctuations iri S's judgement crite~ia, shifts ~f 

attention (Shepard, 1964a), and other systematic variations 

contingent upon stimulus conditions. Gregson (1969a) considered. 

criteria for writing switching rules into a computer program 

(SIMPLE SIMON) for simulating similarities. SIMPLE SIMON would 

apply one of two models, one a Component Attention model, the 
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other a Gestalt Attention model, according to feedback criteria 

obtained from a tentative play of one or other strategy. In the 

present context, criteria for writing such switching rules are 

lacking; again, very extensive independent experimentation would 

be necessary to establish such criteria, and a project of this 

size lies outside the present programme. 

Finally, common response biases seem to be (i) an 

avoidance of zero similarity ("completely different") judgements, 

and (ii) relatively few unity ("identity") judgements (even for 

p-p comparisons). Boundary dondj.tions could be imposed on the 

models so that 0 < p" q < 1 instead of 0 ~ p rlq ~ 1 as in the 

zero weighting models above. One of the effects of the weighting 

procedures overlaid on the above models is to reduce the range of 

rI I S in this manner. 
p q 

6.2.3 Weighted Similarity Simulation Models (Three Weights) 

A number of theoretical and/or empirical studies from the 

Canterbury laboratories have considered the effects of differential 

weighting procedures on the goodness of fit of simulation models 

to observed data (Gregson, 1964, 1965, 1966, 1968, 1969c,d, 1970b; 

Gregson and BUlow, 1970; Gregson and Russell, 1965). Generally, 

improvements in the goodness of fit are noted when weighting 

procedures are adopted. Other authors have commented on the 

differential weighting of di~ensions as a likely subjective strategy; 

the citations and comments in Subsection 6.2.2 from Luce (1959) 

Shepard (1964) and Swets (1964) are relevant to this topic, and 
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Shepard may be cited again: 

" ••• the general problem of combining separate 
factors to arrive at an overall decision really 
consists of two distinct subproblems: the 
subproblem of specifying an appropriate form 
for the rules of combination, and the subproblem 
of assigning appropriate weights to the component 
factors". 

The first subproblem here involves the formulation of the basic 

structure of the simulation models; the previous subsection dealt 

with this aspect. The second subproblem is the concern of this 

subsection. 

Differential dimensional weighting strategies have been 

observed or speculated about in various judgemental situations 

including signal detection (Swets, 1964), filter theory (Broadbent, 

1958), attention (Deutsch and Deutsch, 1963), context effects 

(Davison, 1962; Engel and Parducci, 1961), to name but a few. 

Shepard (1964) regarded the second subproblem as being the more 

difficult. However, in Gregson's various studies, differential 

weighting procedures have been exhaustively explored for similarity 

data on four-component gustatory stimuli. The present procedures 

have adopted some of Gregson's differential weighting procedures 

for incorporation in the simulation models under investigation 

here. 

The weights explored here are w ,wand G, where x y 

and 

w is the weighting of component X x 

w is the weighting of component Y 
y 

is a weighting for memory trace effects. 
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Because of the differing logical status of the four simulation 

lilodels, these weights are applied with slight variations from 

one model to another. 

(i) RAMG-DAT Model 

Under three (T) weights, the RAMG-DAT model becomes: 

w Min({1-9}X ,X ) + w Min({1-9}Y ,Y ) 
x P q Y P q 

= 
w Max({1-9}X ,X ) + wLMin({1-9}Y ,Y ) 

x P q ~ P q 

[Eq. 6.3.1 J 

fo~ p presented as first stimulus, otherwise X and Y would be 
q q 

weighted by 9. The same convention applies to the models below. 

(ii) MJM-DAT Model 

[

w Min({1-9}X ,X ) 
x p q 

w Max({1-9}X ,X ) 
x p q 

+ 
w Min({1-9}Y ,Y )] x P q 

w Min({1-9}Y ,Y ) 
x P q 

[Eq. 6.3.2J 

(iii) MJM-SCT Model 

Min[Max(w {1-9}X ,w {1-9}Y ),Max(w X ,w Y )J 
x P Y P x q Y q 

Max[Max(w {1-9}X ,w {1-9}Y ),Max(w X ,w Y )J 
x P Y p' x q y q 

[Eq. 6.3.3J 

(iv) MJM-TIT Model 

Here a component weighting would seem to contradict the 

logic of this gestalt, synthetic model. Therefore Wx and Wy 
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appear in Equation 6.3.4 as wp and Wq to indicate their 

application to stimulus wholes rather than components thereof. 

Min[w {1-Q}(X + Y ), w (X + Y )J p p p q q q 

Max[w {1-Q}(X + Y ), w (X + Y )J p p p q q q 

[Eq. 6.3.4J 

In all models, the final weights were not imposed a 

priori, but were determined by an iter~tive hill-climb procedure 

during the A5 regression on the B8 ¢~,~ to a least squares 
p q 

minimum residual solution. Therefore, on Figure 6.1.1 the four 

matrices of ~ 's from RAMG-DAT, MJM-DAT, MJM-SCT, and MJM-TIT p q 

are represented by Block B6, and are obtained through the A3/A5 

transformations of B4 psychological magnitudes of stimulus 

components. 

6.2.4 Weighted Similarity Simulation Models (Four ~eights) 

As a second weighting procedure, a fourth weight, &, was 

intro~lced into the hill-climb routines. This weight, called 

the Similarity Exponent, is best regarded as a weight to maximise 

the linearity of the A5 regression of p~q'S on p¢Rlq's. The 

RAMG-DAF (Four weights), MJM-DAF', MJM-SCF and MJM-TIF models 

need not be written in detail; Equations 6.3.1; 6.3.2; 6.3.3; 

and 6.3.4, when raised to a power &, assume the form tested. As 

for the T models, the final values of these weights are 

determined 

~ 's on 
p q 

at the least-squares, minimum residual regression of 

¢~ 'so The four matrices obtained in the A4/A5 
p q 
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transformations are represented as Block B7 of Figure 6.1.1. 

6.2.5 Concluding Comments 

These simulation procedures therefore generate, for every 

S, twelve matrices of ~ 's (four simulation models by three 
p q 

weighting models), for comparison with his matrices of ¢~ IS. 
P q 

Chapter Seven considers the results of these computations, and 

details the further analyses performed on selected matrices of the 

theoretical similarities. 

As concluding remarks to this subsection and as 

justification for the computations involved here, the studies of 

Hoffman (1960) and Pollack (1964) are relevant. They asked Ss 

not only to make an overall evaluation of stimuli, but also to 

judge the extent to which each attribute of the stimuli was 

sdbjectively weighted, on the average, in making these overall 

evaluations. There was little correspondence between subjective 

weights and multiple regression weights~ The latter procedure 

showed one or two attributes to be heavily weighted whereas 

subjective weights were more evenly spread over all attributes 

thereby giving too much importance to less important attributes 

and vice versa. In the present context, then, having Ss 

estimate the differential component, the trace decay, and non-

linearity weights may have been psychometrically interesting, but 

probably entirely misleading for modelling purposes. 
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6.3 OBSERVED SIMILARITIES 

6.3.1 General Description 

On each of the first eleven test sessions, each S generated 

a complete half-matrix (including leading diagonal) of all 

pairwise comparisons (36 in all) of the eight odour mixtures. As 

a balance for order effects, stimuli appeared within each 

replication equally often as fi"rst and second member of pairs. 

The overall presentation order reversed from session to session to 

give, over the eleven sessions, five p-q comparisons and six q-p 

comparisons. The order of presentation of stimulus pairs was 

randomised over each session for each S. 

For eight subjects and eleven replications, plus a pooled 

data matrix, a total of 96 matrices of 4>/ 's, represented by 
p q 

B8 in Figure 6.1.1~were obtained. 

6.3.2 Presentation Schedules, Instructions to Subjects 

" The presentation schedule for stimulus administration and 

response emission exactly followed the time cycles used in the 

unidimensional intensity scaling tasks. Subjects had written 

(Table 6.3.1) and diagrammatic instructions in the form of a 

labelled clock face to guide their jUdgements. ~able 6.3.1 lists 

the category scale labellings for the similarity and confidence 

ratings. The eleven verbal categories of the similarity scale 

were given numerical values in monotone sequence from 0 

("Completely Different") through 0.1, 0.2, •.• to 1.0 ("Identical") 
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which were recorded and analysed in this form. That is 

0 ~ p(jJ;/q ~ 1 

to match 

0 ~ p" q ~ 1 

as generated by the simulation models. 

Hopefully, the present task suffers from none of the 

consequences arising from a confusion between similarity and 

relative.similarity (j2) which Gregson (1969b) identifies in some 

studies. In his terminology, the logic of the present task is 

regarded as II -ostensive and what Ss are required to do is / • 

Gregson (1969b) states: 

"It has been found that if ,/ are elicited in 
an.J(, -ostensive paradigm, or vice v;rsa, then 
the resultant data taken as being ~ are 
found to be context-dependent in subsequent 
metric and non-metric multidimensional scaling". 

Gregson explores further undesirable consequences of such 

incompatibilities of task-logic and the task actually performed. 

The confidence judgements were also transformed to numerical 

values, but no detailed analyses were performed here. Generally 

Ss were more restricted in their range of confidence judgements 

than in their range of similarity jUdgements. In the absence of 

published precedents formally relating similarity judgements to 

rated confidence of those similarity judgements, no serious 

consideration was given to confidence rating data. 
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6.4 MULTIDIMENSIONAL SCALINGS 

The multidimensional scaling method chosen was Young's 

(1968a,b) TORSCA-9 program, developed from Young and Torgerson's 

(1967) TORSCA. Spence (1970), in a Monte Carlo study of real 

and artificial dissimilarities, compared TORSCA-9 with two 

other popular non-metric multidimensional scaling methods, 

M-D-SCAL (Kruskal, 1968) and SSA-I (Lingoes, 1965). All three of 

these programs are able to take non-metric (and-metric) data and 

represent it in a metric space solution. The validity of such a 

strategy is well documented and precisely formulated 

axiomatically in several studies (Shepard, 1962a,b, 1966; Kruskal, 

1964a,b). While Spence showed that there are no significant 

differences between the programs as regards the dimensionality 

and patterns of loadings of factors, TORSCA-9 gives fewest deviant 

solutions, and is least troubled by local minimum problems. 

TORSCA-9 is able to "step over" local minima with least difficulty, 

whereas M-D-SCAL is worst in this respect, often becoming trapped 

in local minima thereby generating false solutions. Spence also 

found that the metric construction deteriorates with increasing 

error in the dissimilarities, but that this is offset by increasing 

the numbers of points. Spence presents a simple set of rules for 

estimating the best-fit dimensional solutions. Klahr (1969), 

Stenson and Knoll (1969) and Young (1970b) also present criteria 

for the same purpose. 
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fORSCA-9 carries out the two operations represented in Figure 

6.1.1 by A6 and A7 through two algorithms which perform the 

following functions. 

The first semi-metric algorithm takes the original 

similarities, converts them to scalar products, factors the 

scalar products, reproduces the similarities (now called 

"Distances") using only the first n dimensions (specified by E) 

and finds the best monotone transformation of the Distances (to 

give "Disparities") which best fits the original similarities. The 

Disparities are the basis for a second factor analysis, and the 

process is repeated. After each cycle of the iterations an index 

of fit is computed. When the index stops increasing iteration 

ceases and the initial configuration for the second non-metric 

algorithm is prepared. 

The second algorithm works directly on the points in the 

n-dimensional configuration prepared in the first algorithm. At 

each iteration each point is moved to a new position, the extent 

and direction of the move depending on its original position 

relative to that of the other points, and on the size of the 

discrepancies between the Distances and the Disparities. The 

movement of the points attempts to reduce these discrepancies by 

imposing a correction vector on each point; a new configuration 

of "corrected" points is thereby produced. The closeness,of fit 

of this new configuration to the monotone properties of the 

original data is again computed, a new set of Distances calculated, 

and the Disparities that best fit these Distances are calculated by 
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the monotonic transformation algorithm. The cycle is repeated 

. ~ain until the index of fit is maximised, or until a maximum 

number of iterations (specified by E) is exceeded. 

The core of each algorithm is the computation of the 

monotonically transformed Disparities; Young (1968b) details these 

procedures. TORSCA-9 generates two indices of goodness of fit; 

a "Squariance Ratio" (see Young, 1968b), and Kruskal's (1964a,b) 

Stress. 

Input to TORSCA-9 includes E's specifications of the maximum 

number of iterations for each algorithm, the metric space in which 

solutions are to be sought, and the numbers of dimensions in that 

space for which solutions are required. The present analyses 

sought solutions in an Euclidean space (Minkowski Constant, r, 

in Equation 6.2.9 set = 2.0) because this enables compar ons to 

be made with published precedents which assume implicitly an 

underlying Euclidean metric. For any other metric, rotation to 

simple structure is inadmissible through the non-invariance of the 

inter-point distances as axes are shifted. TORSCA-9 automatically 

performs Varimax Rotation for solutions sought in Euclidean space. 

Four-dimensional, 3-D, 2-D and 1-D solutions were sought in Sim I. 

This would seem, a priori, to give reasonable coverage of the 

psychological dimensionality to emerge from comparisons of 

2-component stimuli; usage of all of the information potentially 

available on the components taken separately leads to a 2-D 

psychological space structure; an interaction (gestalt) effect 

making more information available leads to solutions of higher 
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dimensionality; collapsing or jettisoning of information leads 

to solutions in a space of fewer than 2-D. 

The output from TORSCA-9, for the present input 

sPecifir.ations includes: 

(1) The original similarities matrix (B5, B6, or B7 
data, as selected, and B8 data). 

(2) The frequency of violation of the triangular 
inequality axiom in (1), and the triads 
responsible. 

(4) 

(5) 

(6) 

For 
(a) 
(b) 
(0) 
(d) 
(e) 
(f) 

(g) 
(h) 
(1) 
(j) 

For 

For 

For 

the 4-D solution: 
Goodness of fit estimates 
The Disparities matrix 
Triangular inequality violations in 3b. 
The Distances matrix 
Triangular inequality violations in 3d. 
Unrotated configuration of factor loadings 
on each stimulus. 
Vari~ax rotated configuration of 3f. 
Plots of each factor vs. every other factor. 
Plot of 3b vs. 1. 
Plot of 3d vs. 1. 

the 3-D solution: 
As for 3a - 3j inclusive. 

the 2-D solution: 
As for 3a - 3j inclusive. 

the 1-D solution: 
As for 3a - 3f inclusive, 3i and 3j. 

From these results, E selects the solution of lowest dimension-

ality which may be accepted according to the goodness of fit 

criteria and the frequency of violation of triangular inequality 

axioms; the tabulations of Klahr (1969), Spence (1970, Stenson 

and Knoll (1960) and Young (1970b) may aid this selection of 

"best" solution, which is then interpreted. 
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Some controversy exists regarding the most appropriate 

metric space structure for representing similarity data, and 

"obvio'_wness", "heterogenei ty" or "analysabili ty" of stimuli 

has featured as a variable affecting metric representations. 

Despite the objections to these concepts made by Gregson (1971b, 

cited in Subsection 6.2.1), some comment on this dispute is 

relevant to the analytic strategy adopted here. The dichotomy has 

been between city-block metric, following Householder and Landahl 

(191+5) and Attneave (1950) for "analysable" stimuli, and Euclidean 

metric for "unanalysable" stimuli (Hake and Rodwan, 1966; Htlijer, 

1969a,b, 1970a,b; Hyman and Well, 1967, 1968; Indow and Kanazawa, 

1960; Micko and Fischer, 1970; Shepard, 1964; Torgerson, 1960, 

1965; Waern, 1968b, 1969; and many others). Several authors 

(Eisler, 1968; Htlijer, 1970b; and many of those just cited) feel 

that no one metric can ever capture similarity judgements because 

of fluctuations of attention, switching of strategies, and other 

biases inducing instability in response determinants. 

However, these controversies need not hinder the present 

analyses; the mappings accepted may not represent the "true" 

psychological structure just as no study ever published or to be 

published on "real" data (as opposed to artificially contrived 

data) can ever reveal "true" psychological structure, because no 

independent criteria exist for as,sessing "trueness". The present 

strategy is to take similarity data which may not be metric, and 

certainly not EUclidean metric, and force it through TORSCA-9 into 

a metric representation. The choice of Euclidean metric here did 
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not rest on prior conceptions of the suitability of Euclidean 

over other metrics, but was chosen to match the majority of knQwn 

olfactory studies which have so represented similarities data. 

In the present analyses, E obtains feedback about the goodness of 

fit which is unavailable In previous factor analytic studies 

which assume that Euclidean metric spaces underlie the observed 

data. Since many of the data sets analysed by traditional methods 

almost certainly violated metric space axioms, some doubt must be 

cast on the validity of the analyses performed, and the identifications 

of factors derived therefrom. The departures from metric 

requirements revealed in these analyses do not prevent the 

performance of the analyses, but they do suggest the degree of 

caution to be exercised in the post hoc identification of factors 

and other interpretative difficulties facing E. 

6.5 INDIVIDUAL DIFFERENCES 

Several references have already been made to the risk of 

information losses or invalid conclusions which may result from 

analyses of only data pooled oVer Ss. In the unidimensional 

scaling tasks of Chapter Four and of this experiment (Table 7.1.2) 

Ss are "internally consistent" and consistently different so that 

pooling data to form a single psychophysical regression plot 

before extracting power function parameters would seem a dubious 

procedure (Mitchell and Gregson, 1971). Similarly, questions have 

been raised in many multidimensional scaling studies regarding the 

wisdom or validity of pooling data over SSe Gregson (1971b) 
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~riticises the Stockholm studies on this point (cited in 

Subsection 6.2.1) and Tversky and Krantz (1969) strongly 

advocate individual analyses (cited in Subsection 1.1.8). As 

further support for the individual approach to be adopted here 

other quotations are relevant. For example, HHijer (1969a,b, 

1970b) encourages individual analyses, and states (1970a): 

" ••• We find it clear that similarity judgements 
are the outcome of cognitive processing of 
information. Cognitive processing implies 
individual differences in the jUdgements. If 
individual differences are expected to be 
operating, great care should be taken before 
an analysis based on group data is attempted". 

In the same vein, Torgerson (1965) writes: 

" ,.0 Ss can use different strategies and these 
can result in very different configurations. 
Therefore, before averaging we need to make 
sure that the subjects averaged over were doing 
the same thing". 

Tucker (1964) continues the argument: 

" ••• not only is the variable to be optimised a 
function of human judgements, subject to 
individual differences in values and preferences, 
but the perception of situations and possibly 
the conception of the nature of laws of relations 
are also subject to individual differences". 

This concern about the validity of pooling data without 

prior determination of possible consistent differences in 

subjective strategies is shared by Carroll and Chang (1970), 

Fenker and Brown-i1969), Green and Carmone (1971), Gulliksen (1964), 
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Helm (1964), Helm and Tucker (1962), Johnson (1968), Luce (1959), 

Shepard (1964) and many others. In more positive considerations 

of the problem, Silver, Landis and Messick (1966) and Tucker and 

Messick (1963) developed their "points of view" analyses which 

are rather more sophisticated versions of Cattell's Q analysis. 

The points of view analysis is a multidimensional scaling over 

Ss (rather than over stimuli) which may reveal subgroups of 

subjects. Consideration of the detailed characteristics of sub

groups so revealed circumvents two difficulties; first, the 

possible invalidity of pooling over all Ss tested is avoided, and 

second, the extensive and uneconomical task of analysing the data 

of every S is overcome by selecting one or a small number of Ss 

typical of each subgroup for detailed analysis. McGee (1968) and 

Stenson (1968) exemplify this approach, while Cliff (1968) has 

economised further by developing formal techniques for selecting 

"idealised" Ss to represent each of the revealed subgroups. 

Generalisations from detailed analyses of an idealised S are 

regarded as applicable to all members of his subgroup. Young and 

Pennell (1967) computerised a "points of view" analysis. Examples 

of applications of these methods include Cliff and Young (1968) 

and Young (1970a). Young's (1970a) analysis of individual's 

judgements of similarities of line lengths yielded a 3-D subject~ 

space. More detailed analyses by TORSCA of 6 idealised Ss 

revealed marked differences. 

The points of view analyses and idealised subject 

selections are economic and parsimonious means of dealing with 
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large samples. Since only eight Ss are tested in Sim I, there 

is less concern with questions of economics; detailed analyses 

are made of all data from all Ss. 

The analyses of Sim 1 which are detailed in Chapter Seven 

follow from all of the topics considered, and comments thereon, 

given in this chapter. 



FIGURE 6.1.1. 

SCHEME OF SIM I EXPERIMENTATION 

~ 
i 

BI 

POTtver B3 
Function par
ameters for 
pure chemicals 
chosen 

'A1 

B5 

Zero weighted 
theoretical 
similarities 

/! 
A2 I Chemical 

concentrations 
A1 PSYChOl0giC:~ IL 

~t--I --L-----, 

B2 

Odour mixture 
stimulus 
levels 

8 A8 <---- A8 ~~ 4?' 

BIO 
Psychological 

intensities of 
stimulus I 

I 

space I~A7 
Ivletric 
structure 

coordinates 

AS' 
/ 

B9 

/ 

/ 

/ 

./ 

B6 

Three weighte 
theoretical 
sinilarities 

B7 

Four weighted 
theoretical 
similarities 

A3~ M--------::i 

/ 

/ 

/ 

./ 

,AS' 

__ I 

/ 

/ ./ 

./ 

./ 
./ 

./ 

./ 
./ 

./ 

A5 A5 A5 

W 
B8 

AS __ ebserved 
similarities 

./ 
./ 

./ 



FIGURE 6.3.1 

INSTRUCTIONS TO. GUIDE UNSTRUCTURED SIMILARITY JUDGEMENTS 

In this experiment you are required to assess how similar the 
smell of one odour is to the smell of another. The odours are each 
made up of two components, eugenol and propanol. The odours will 
be presented in pairs with a few seconds between the first and 
second odour in the pair. The odours will come to you from the 
tube in front of your nose. 

To show how similar the two odours smell, use the keyboard 
in front of you. The scale beside the keys runs from "Identical" 
to "Completely Differentlt. You indicate the degree of similarity 
by pressing one of the keys. 

Stimuli will be presented to you according to a strict 
time schedule which will be signalled to you by the bank of lights 
in front of your hands. Make sure you know and understand this 
schedule before the main experiment begins. 

THE SEQUENCE OF EVENTS YOU MUST FOLLOW IS: 

1. A buzzer sounds to denote the beginning of a trial. 

2. The green light on the left comes on, followed shortly by the 
white lights; this means that the first odour is now present. 
Move your nose so that it is just in front of, but not touching 
the tube. Sniff gently. 

3. Carefully note how the first odour smells. 

4. Stop attending to the odour when the lights go off. Move your 
face a little away from the tube until the next stimulus. 

5. The green light comes on again, to warn you to get ready 
for the second odour in the pair. 

6. The white lights come on as well, indicating that the second 
odour is present. Sniff at the tube, carefully note how the 
second odour smells, then press a key corresponding to how 
similar the two odours appeared to you. You have only 5 
seconds to respond, and you may not make more than one 
response. If you wish to alter your ~esponse, say so clearly 
into the microphone. 

After each complete sequence, there is a break of about 15 seconds 
before the buzzer announces the beginning of the next trial. 



TABLE 6.3.1 

CATEGORY LABELLINGS FOR SIMILARITY RESPONSES 

Category Category Labelling Numerical 

Number , Equivalent 

1 IDENTICAL 1.0 

2 NEARLY IDENTICAL 0.9 

3 VERY SIMILAR 0.8 

4 SIMILAR 0.7 , 

5 SLIGHTLY SIMILAR 0"6 

6 MEDIUM SIMILARITY 0.5 

7 SLIGHTLY DISSIMILAR 0.4 

8 DISSIMILAR 0.3 

9 VERY DISSIMILAR 0.2 

10 EXTREMELY DISSIMILAR 0.1 

11 COMPLETELY DIFFERENT 0.0 
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C HAP T E R S EVE N 

FIR S T S I MIL A R I T Y E X PER I MEN T: 

D A T A, RES U L T S, DIS C U S S ION 

In this chapter, the data of the various experiments 

collectively called Sim I are presented, analysed and discussed. 

7.1 UNIDIMENSIONAL SCALING TASKS 

7.1.1, Stimuli 

The procedures outlined in Subsection 6.1.4 gave rise to 

the data of this subsection. Table 7.1.1 details the concent-

rations of the components of the odour mixture stimuli. These 

same concentrations were selected for the intensity scalings 

(RRCS2) of the separate chemicals. The anchor stimuli were 

median concentrations in both cases (0.243 mg/L for eugenol, 

0.177 mg/L for propanol). 

7.1.2, Power Function Parameters 

The power law parameters extracted from the intensity data 

are detailed on Table 7.1.2. Figure 7.1.1 and Equation 7.1.1 

show the least squares relation between a. and b .• 
_l _l 

a. = -0.96b. + 1.0 
l l 

The a. and b. are inversely related for each chemical, so that 
l l 

there is only one degree of freedom in the power law transformation, 

not two as the use of both a. and b. in the A1 transformation (of 
2- ..l-

Figure 6.1.1) implies. The high correlation between a: and b is 
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expected for Ss sharing a common p.s.e., which seems to be the 

case in all RRCS and anchored ME scalings in this thesis. The 

a. and b. are the B3 data for entry to the A1 power law trans-
l l 

formation of stimulus concentrations (Table 7.1.1) to psychological 

magnitudes (B4 d~ta) which are listed on Table 7.1.3. The B4 

vallE's enter the A2, A3 anJ A4 simulation model transformations 

for the genera tJon of rJ, s. 
p q 

Block B4 may also help to decipher 

the results of the multidimensional scalings. 

7.1.3 other Features of Unidimensiona~ Scalings 

Spearman's correlation of the b. over chemica~G is high 
l 

(p = 0.845, d.L = 6, p < 0.0'1), confir'lling the fLl.dings of 

Chapter Four, and again indicating "internal consistency" of Ss 

and consistency of the differences between Ss. Subjects cannot 

be regarded as interchangeable on the intensity scaling task. 

The b. and F. tend to be directly rela~ed in magnitude as 
_l l 

Gregson (1968) found, and as was revealed in the previous 

unidimensional scalings of this thesis, particularly in the 

detailed discussion of this relation in Chapter Four. 

7.2 THEORETICAL AND OBSERVED SIMILARITIES 

7.2.1 Comparisons of 6 's and 11, J 's' p q p'Y q , Data Presentation 

Since there are extensive sets of data from the twelve 

simulation model weighting model combinations (12 x 83 s = 96 J p q 

rna tric es) and the twelve 1J;/ replica tiollfJ ( 11 replications + 1 
p q 
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pooled data set x SSs = 96 p ~J~ matrices), some condensation of 

material is necessary. Instead of presenting all of these raw 

data, only the results of the regressions of each SiS twelve 

J matrices agaixLSt his twelve ~g matrices are presented. 
p q p q 

Tables 7.2.1 to 7.2.12 detail the results of these regressions. 

Replica~ion 12 on these tables and elsewhere in this chapter 

refers to the pooled data matrix which is the average over 

replica t:i ons wi thin Ss of the 11 I 's. 
p~) q 

To give a representative 

picture of each S' s /' s and ~J I S a graph of a single p q p q , 

replication of ~J vs. each of his twelve 
p q 

;/ 
p q 

matrices is 

presented on Figure 7.2.1. The sin~le replication graphed was 

selected at random for each S from the eleven replications of 

~J 'so p q The 96 plots of Figure 7.2.1 may be read column by 

column to obtain a picture of the changes of Rf 's over the 
p q 

various simulation equations when plotted against the common base-

line, for each S, of a single replication of observed similarities. 

In addition, the 96 plots of Figure 7.2.2 display the same 

changes in eI, s over simuls. tion equa tiona againf3t the pooled 
p q 

data (Replication 12). 

7.2.2 Compariso:1s of J I sand 
p q 

~, IS: 
p q A5 Regression Analyses 

EVen a casual examinatior.. of anyone of Tables 7.2.1 to 

7.2.12 reveals high within-S consistency of the regression slope, 

b . , and ass ocia ~ ed F ratio, F' . , over the eleven replications. 
Slm Slm 

A single replication of the observed similarity data woald have 

been sufficient to establish without too much error (see Sub-
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section 7.2.4 for variability of ~~ IS) a reasonable estimate 
p q 

of each SIS response pattern. There is high within-subject 

consiAtency of similarity judgements, and consistent differences 

between subjects, as was found for the unidimensional scalings. 

Pooling of data over Ss would seem as invalid for the similarity 

scaling sit~attons as it was for the intensity data. 

The data pooled over replications within Ss (Replication 12) 

g enerally show an increase in b. and F . 
Slm Slm 

The effect of 

averaging over replications has been to stabilise the similarity 

estimates by reducing the variqtlon about the regression. line 

fOl~nd on single replications. The reduced spread of points in 

moving from single replications to Replication 12 is illustrated 

by comparing the plots of Figure 7.2.1 (single replication) and 

Figure 7.2.2 (Replication 12). While the single replication gives 

a good reflectio~ of all replications, repeated testing is 

adviAable to counter some of the variation likely to occur at 

each p - q comparison from trial to trial and session to session. 

A comparison between Ss of the spread of response 

magni tudes ( ~ e! 's) reveals at least two subgroups of Ss; Figure 
p q 

7.2.2 illustrates this spread (alone the abscissae of plots) for 

the pooled data. The first subgroup comprises §2 4, 5 and 6 who 

appear to use only three or four judgement categories in the lower 

supramedian range. The second subgroup are at the other extreme 

of response category usage; ~ 2 and 8 make use of at least ten 

of the eleven categories available (N.B., no S gave a response of 

"Completely Dissimilar"). The remaining §£, 1,3 and 7, are 
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intermediate between the two subgroups above, and are treated as 

a third subgroup. The three subgroups are not quite so clear-

cut on single replications (Figure 7.2.1), although there is still 

a di3cernible tendency for differential usage of similarity scale 

ca tegori8s. 

There is a close parallel between similarity and RRCS2 

scal~, usages; Ss 4, 5 and 6 have the lowest b. (Table 7.1.2) in 
..J-

the intensity scaling task, and tiis is in part 

their restricted usage of the RRCS2 categories. 

a consequRnce of 

The F. 
1 ....,. 

asso - iated with the b
i 

are also low for Ss 4, 5 an(~ :S, and are 

particularly low for the latter two Ss. Conversely, Ss 2 and 

8, tbe second subgroup, have relatively high b. and F. • The 
1 1 

memters of the third subgroup, Ss 1, 3 and 7, tend to fall between 

the other two subgroups, although some reversals of rank orderings 

rna,)' be seen. These individual differences in power law 

parameters lead to differential spreading of .J? IS, as illustrated p q 

by the spread of points along the ordinates of the plots of 
/ 

Figures 7.2.1 and 7.2.2; comparisons along anyone row of these 

figures reveals the effects of differential power law parameters 

on theoretical similarity simulations. 

7.2.3 The Best Fit Individual Simulation Model 

Selection of the combined simulatJ.on model/weighting 

procedure giving a best fit to the observed similarities is not 

easy. Such a 8election implies a specification of the 

subjective strategy employed by S in makug those jUdgements. 
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To facilitate selAction, Replication 12 data is collated on 

Table 7.2.13. The asterisks on this table, and on Figure 7.2.2 

denote the best-fit simulated data selected for further analyses 

(e.g., TORSCA-9). The criteria for making this selection were 

the outputs from the regression cal~ulations: 

(i) 

(ii) 

(iii) 

(iv) 

minimum residual error, 

regression slope, b . , Slm 

magnitude of intercept, a sim ' 

gooJ.ness of fit of regression line, F . . Slm 

Ideally, a perfect fit would entail the minimum-minimum residual 

error, = 0, a. = 0, b. = 1.0, and an F ratio = Slm Slm 
a: • In a small 

sample prone to error it is unlikely that any S meets all of these 

criteria, therefore som& compromises are made in selecting the best 

fit simulations. SelectioL proceeds according to four steps in 

the following order: 

(i) select the simulation conditions with regressioil slopes 

(ii) 

closest to' unity; as several conditions cluster near the 

same value closest to b. = 1.0, all within a range of 
SJ.m 

+ 0.10 are included for the next step; 

select from thooe chosen in (i) according to the closeness 

to zero of a . , again allowing for !!bunching"; Slm 

(iii) select fr::lm those remaining on the minimum residual criterion; 

and, 

(iv) break remaining ties usine; maximum F. as criterion. 
Slm 

Fortunately, SOlli~ trading relati::lns exist on these parameters, 

thereby slightly facilitating selection, although clear-cut 
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discriminatious between models are not obvlous for some Ss 

(Ss 4 and 7 for example). 

Subject 2 is the only § for whom one simulation model 

(RAMG-DAF) may be clearly selected on all criteria; h~ power 

law parameters (which show the largest between-chemical 

differences of all Ss) not only pr07ide clear separations of 

Rf' matricl'ls under t::le 'iTariow3 model:3, but also, under the p q 

RAMG-Dt\.F transforma t l JL1, gene rate rI', s which c los ely rna teh his p q . 

W,.., 'so p q 
In contrast other Ss (95 for example) have SL1Ch low 

power law parameters t~at ll~tle separatlor. of pJlq's emerges 

from the different models. The J 's of S5 corcsil3tently over-
p q -

estimate his 11,J pf 's, for all of the simulation models, an..:; the 
p q 

best fit RAMG-DAF model is still a very poor fit on the criteria 

above. 

The analytic models best fit the observed similarities of 

six §..p (RAMG-DAF for ~ 1, 2 and 5; RAHG-DAT for §4; MJM-DAF 

for [}6; MJM-DAT for s8) while the remai.ning two Ss C3 a!:ld 7) 

are best captured by the gestalt strategy, MJM-TIT. The subgroups 

:ii,:; tinguished in Subsec tion 7.2.2 on other criteria do not emerge 

from the analyses performed here. 

For all Sa the imposition of weights improves the fit of 

models, as discovered in previJuB studies from this laboratory 

and elsewhere (see references of Chapter Six). The magnitudes 

of the various weights are detailed where appropriate on Tables 

7.2.1 - 7.2.12. Under the DAT and sc'r models the di fferential 

component weights are such that generally w (propanol» w y x 
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(eugenol) while for the TIT model w (first stimulus) <w p q 

(second stimulus). The implications of these weightings are 

briefly mentioned again below, and are taken up in detail in 

Chapter Eight as criti~isms of the propanol/eugenol odour mixtures 

tested here. Generally, the effects of the T weightings have 

been to reduce the spread of J' values, and to shift the centroid p q 

of the J / ~, configurations closer to the media:'l coordinates 
p q p q 

(0.5, 0.5). The improvemen~ of fit has been at the expense of the 

boundary conditions on J', s so that in many cases, 0« if' «1. 
p q p q 

The trace decay weight, G, is generally small under the T 

weighting procedures, and may be assumed to play an insignificant 

role here. 

Under the F models, where the fourth weight, 0, also 

enters the hill-climb routines, there is less differential 

weighting of components, although 0 itself is generally close to 

unity. The component weightings are apparently overridden to 

some extent by 0, with the effec t that the spread of /' s about p q 

the regression line is reduced without shifting the centroid of the 

J / ~J plots far from its posi t:~on under the zero weighting p q p q 

regressions. 

There are three possible factors creating these difficulties 

in optimising the fit of models. First, the stimulus series may 

place a strong domination on the propanol component during the 

genera tion of ~'s ; the propanol c oe'_,entra tions of odour 
p q 

mixtures are generally higher than eugenol concentrations. This 

point is examined more closely in Chapter Eight, and the mixtures 
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are better controlled in Sim II. Second, intensity of components 

may not be the only dimension affecting the similarity judgements; 

other unidimensional judgement data such as overall intensity of 

mixtures, pleasantness of components, or overall pleasantness of 

mixtures might be more appropriate sources of input to the 

simulation models. Subject 5, for example, had near-zero 

response inform.-J.i .. -ton in his intensity judgements, but about 1.5 

bi ts (by crude inspection) of responBe infor%3. t l)\1 in hil;> similar'i ty 

judgeme~ts; obviously, intensity is not likely to capture 

similarity in such cases. Sim II investigates various al~ernati~e 

sources of unidimensional data for input to simulation models. 

Third, some Ss might be switching strategies (Gulliksen, 1964; 

Shepard, 1964; TorgersoL, 1965) over different regions of the 

stimulus matrix. As discussed in Chapter Six, switching rules 

could be written into the computing routines, but without 

criteria from independent experimentation to dictate when and where 

to switch, ~o attempt was made here to perform such analyses. 

With the above cautions in mind, one matrix of /' 's was p q 

selected for each S f~r further analysis by TORSCA-9. Hopefully, 

the multidimensional scalings of these best-fit theoretical 

similaritie~ derived from models whose metric or non-metric 

propLrties are known (Chapter Six), when compared with the' multi-

dimensional scalings of the observed similarities may help reveal 

the nature of the underlying structure of the latter data matrices. 



7 - 10 

7.2.4 Variability of Observed Similarities 

Ekman and Ktnnapas (1969) discovered an inverted U-formed 

relation between similarity judgements averaged ~ 57 Ss, and 

the standard deviations of those means. They explored in some 

detail the theoretical implications of this relation, and showed 

that ~ef,s were closely matched by ~ 's generated according to p q p q 

a binomial function. Their findings seem to indicate that Ss 

were doubly anchored in their category scale usage, although 

Ekman and Kunnapas took pains to discount end-effects as a 

possible causative factor. Despite this disagreement in inter-

pretation, an investigation of mean ~J' 's vs. a variability 
p q 

measure seemed worth performing on data pooled within Ss over 

the eleven replications. This analysis permits another view 

of individual variations in similarity jUdgements. 

Figure 7.2.3 details the relation between mean ~J' sand 
p q 

SD's of those means. The values are included on Tables 7.2.14a 

to 7.2.14h, (as well as the results of other calculations 

discussed in the next sUbsection). Subjects 1, 2 and 8 are the 

only three Ss displaying an inverted U-formed relation between 

mean similarity ratings and variability thereof, ~d for S1 this 

relation is less clearly defined than for the other two §§. 

The remaining five Ss all display non-systematic heteroscedasticity 

over mean ~ wP 's as there is no discernible trend in their data. 
p q 

The subgroupings distinguished in Subsection 7.2.2 do not emerge 

here, although §.e 2 and 8 again clearly "go together" and may be 

set apart from the ,remaining six ~. The interpretation of 
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these findings is: there exist differential influences of 

category scale anchorLlg effects, so that two 9§ (2 and 8) 

appear to adopt a scale anchored on near-extreme categories; 

one S (1) appears to be doubly anchored on a lower category, just 

below the median, and on an upper category in the mid-supramedian 

range; five Ss display no clearly definable anchor point. 

Given these individual differences, averaging over Ss as 

performed by Ekman and Klinnapas (1969) would seem inval~d for the 

present data. Inspection of the individual plots of Figure 

7.2.3 shows the effects such a pooling would have; obviously, 

pooled data would display an inverted U-formed relation as Ekman 

and KUnnapas discovered. Any interpretation of pooled data would 

have little generality in the present context since it would 

refer to fewer than half of the Ss texted. 

Although the analyses of this subsection generally failed 

to support Ekman and KUnnapas (1969), related questions of 

psychometric interest emerged and are considered in the next 

subsection. 

7.2.5 Scale-Stimulus Relations 

Tables 7.2.14a to 7.2.14h collate the wI,s of the 
p q 

separate relications into frequencies of category usage. The 

individual differences category usage, discussed in Subsection 

7.2.2, are more clearly revealed on these tables. The first 

column ("STIM CFIt) of these tables lists the stimulus comparisons 

made; the numbers refer to the code given the stimuli on Table 
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7.1.1. The column headed !!STIM SEp!! (stimulus separation) 

represents one attempt to quantify the stimuli in ~hysical 

termi3 by a singl~~ number. Equation 7.2.1 describes how STIM SEP 

is calcHlated: 

STIM SEP = Max (p , q ) - MIN (p , q) + Max (Py' qy) p q x x x x 

- Min (p q) 
y' y 

where STIM SEP is the separation between stimuli p and q, 
p q 

Px is the cOJ:centration of component x in stimulus p 

Py is the concentration of component y in stimulus p 

qx is the cOEcentration of component x in stimulus q 

qy is the concentration of component y in stimulus q. 

In a sense, Equation 7.2.1 describes stimuli in a city-

block dLst,ance metric. (Suitably modi f iJ.,d , an equa Lion 

analogous to Equation 7.2.1 could have been written as a 

simulation model for generating ;/ 'Si this was not done because 
p q 

the general interest here was with varieties of dimensional-ratio, 

not dimensional-subtractive simulation models). Equati~n 7.2.1 

generates a near-el~al interval scale of stimulus comparisons. 

A second attempt to specify stimuli (or, more accurately, 

stimulus comparisons) in objective terms is given in the column 

headed "STIM UNCERT" of Table 7.2.14a - 7.2.14h. STIM UNCERT 

derives from Gerner and Hake's (1951) concept of "stimulus 

uncertainty". STIM UNCERT is calculated according to Equation 

7.2.2: 
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STTM UNCERT = - ((Uncertainty of stimulus p) + (Uncertainty of 
p q 

stimulus q)1 ••• [Eq. 7.2.21 

where Uncertainty of stimulus p 

= (pxl (Px + PyJ ) .logl .(pxl {px + py1) 

+ (pyl {px + PyJ) logl (pyl {px + Pyj ) •.• (Eq. 7.2.3) 

where Px is the concentration of component x in stimulus p and 

Py is the concentration of component y in stimulus p. 

The "Uncertainty of stimulus q" is similarly defined. Effectively, 

Equation 7.2.3 means that a stimulus of only one component has zero 

uncertainty - all of the stimulus informatlon is carried by the 

single component present. In the case of the binary mixtures, 

uncertainty is non-zero positive. The point of this analysis is 

that not all p-p comparisons are identical, and the stimulus scale 

is not equal interval, as is found with STIM SEP stimulus 

speci fica tions .-) 

The explicit concern in this section with stimulus 

sp8cifications stems from a lack of consensus in published 

material about definitions of the effective stimulus in odour 

(mixture) comparisons. As far as this author was able to 

discover, no serious attention appears to have been devoted to 

this question per se. The two methods adopted here for 

specifying stimuli rest on intuitive grounds rather than established 

practices in olfactory research, although "stimulus uncertainty" 

has been well established as a useful concept elsewhere. In the 

present context, STIM UNCERT might be a better representation of 



differential time-order errors across the stimulus matrix. 

Figure 7.2. 1+ details mean ",J IS vs. STIM SEP for each ~ q .. 

subject. In every case there is an obvious linear trend, 

similarity judgements being inversely related to stimulus 

separation. Again subgroups of Ss are revealed; Ss 2 and 8 

have steepest slopes, Ss 4, 5 and 6 have shallowest slopes and 

Ss 1, 3 and 7 have slopes of intermediate steepness. The present 

subgroupings are a confirmat;nn of those found in Subsection 7.2.2; 

the same criterion, range of response category uSQge, was employed 

in both analyses to effect these subgroupings. The advantage of 

the present analysis is that STIM SEP provides an objective base-

line, identical for all Ss, against which individual similarity 

scales may be compared. 

Figure 7.2.5 plots SD's of mean 1JJd' 's vs. STIM SEP. No p q 

obvious trend relates these variables for any §; the variability 

of similarity judgements appears to be as great across comparisons 

of extreme stimuli as across comparisons of stimuli of close 

component ratios. This finding may be important for experimentation 

directed towards odour classification, for if the variability of 

similarity judgements is context-dependent, context being 

determined in part by the range of chemicals (qualitative types) 

investigated in the total experimental situation, and their order 

of presentation, then the variation so induced may swamp the 

systematic variation of interest. In other words, the qualitative 

clusterings of chemicals obtained post hoc may be context artifacts; 

" 
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disparities between published studies may be due to differential 

stimulus contexts and the differential error variation so induced. 

Figure 7 ~ 2.6 plots mean 1jJJ' s vs. STIM UNCERT. No 
P q 

systematic relation between these variables is discernible for 

any §. Nor is the variability over replications predictable 

from STIM UNCERT, as the graphs of Figure 7.2.7 reveal. stimulus 

Uncertainty, as calculated from Equation 7.2.3 is of dubious use 

for specifying odour mixture stimuli, and is not given further 

consideration in this thesis. STIM SEP seems a more appr~priate 

objective measure for specifying odour mixture stimuli to give a 

baseline against which similarity judgements may be scaled for 

between-§ comparisons, or for assessing the effects of independent 

variable manipulation on similarity scaling behaviour. 

7.3 MULTIDIMENSIONAL SCALINGS 

For each S two sets of data are analysed by TORSCA-9; the 

first is the matrix of mean 1jJ~ 's and the second the matrix of 
p q 

best-fitting J 's selected according to the criteria of 
p q 

Subsection 7.2.3. TORSCA-9 is instructed to generate solutions 

in Euclidean spaces of 4, 3, 2 and 1 dimensions. Intuitively, 

4D exceeds the expected dimensionality of perceived similarities 

of two-component stimuli. Conversely a collapse into 1D seems 

reasonable if Ss do not make use of all of the information 

potentially available in the complex stimuli. (The term 

"information" is used loosely here to refer to the chemical 

components and their variation in relative concentration). 
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Matrices of theoretical similarities are most likely to be captured 

in 2D solutions, since there are two independent sources of input 

(the two b. 's) to the simulation models generating .J' 'so 
l P q 

However, 1D solutions of J 's may emerge if there is little or 
p q 

no information in S's inputs to the simulation models. 

Table 7.3.1 lists the features of the TORSCA-9 output 

relevant to the discussions of the following subsections. 

7.3.1 Metricity of Similarity Data 

The metricity of the raw data may be inferred from the 

frequency of violation of the triangular inequality axiom, on 

Columns Band C of Table 7.3.1. Subjects 1, 4, 5 and 6 show no 

violations in either Rf 's or 
p q l/J I 's, wher..,as Ss 2 and 8 have 

p q -

high frequency of violation in both data blocks. Subject 3 has 

only a few violations in both matrices, while S7 is unique in that 

his l/J I 's have few viola tioll,s whereas his I, s have many 
p q p q 

violations. The varying degree of non-metricity in individual 

data wonld again preclude a pooling of data over Ss before 

multidimensional analysis. The invalidity of many published 

articles of oifactory research which have pooled over Ss prior to 

dimensional analysi, is a matter for speculation; usually the 

metricity of the individual or the pooled data remaill~ untested. 

D¢ving (1970) has re-analysed the raw data of several published 

studies by modern non-metric multidimensional scaling methods 

including TORSCA, and has shown most of these to hav3 high (even 

100%) frequency of violation of the triangular inequality axiom. 
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It is debatable whether the non-metric data of Ss 2 and 8, 

and the ~ data of S7 should be further analysed in a Euclidean 
p q 

m~tric space solutioh. However, in the interest of between-S 

comparisons, data from all Ss is identically analysed; the 

individual differences in metricity of input data may further reveal 

themselves in subsequent computations. Section 6.4 rationalised 

this strategy. 

From the TORSCA-9 outputs, two question.:::; have to be 
() 

answered. First, which of the solutions obtained is the most 

acceptable? That is, how many dimensions give the most 

parsimonious description of the similar-i ty matrices? Having 

decided how many dimensions, the second question concerns the 

psychological meaning (if any) that can be attached to these 

dimensions. Subsection 7.3.2 con~iJers the general criteria for 

deciding the first question, and Subsections 7.3.3, 7.3.4, and 

7.3.5 consider both questions with specific reference to the 

present data. 

7.3.2 Number of Dimensions 

Selection of the most parsimonious dimensional solution rests 

on four criteria: Young's (1968b) "Squariance Ration (Column E of 

Table 7.3.1); Kruskal's (1964a, b) "Stress" (Column F); the 

number of violations of triangular inequalities in the Disparities 

matrix (Column G) and the number of violations of triangular 

inequalities in the Distances matrix (Column I). 

Young (1968b) advises that his Squariance Ratio must exceed 
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0.999 for an acceptable solution. Kruskal 's Stress was here 

taken as 0.10 as a maximum permissihle criterion value. It is 

well known (Klahr, 1969; Speno e, 1970; Stenson and Knoll, 1969; 

Young, 1968b) that Stress decreases with increasing dimensionality, 

so that minimum Stress is not, of itself, a completely reliable 

criterion for determining dimensional~tJ. For this reason, 

Young introduced his Squariance Ratio as an added criterion for 

selecting solutions. The third and fOllrth cri teri~", are self-

explanatory, but an arbitrary criterion of six violations ( ~ 10% 

of the total of 56 simila~ity triples) of the triangular inequality 

axiom was taken here as the permissible maximum for an acceptable 

dimensionality. There were no viola t:;"orlS of the triangular 

inequality axiom in any of the Distances, so this criterion need 

not be considered further. The solution of lowest dimensionality 

complying with the above criteria is the one accepted for inter-

pretation. In Column D of Table 7.3.1, the solutio~s accepted 

are asterisked; the criteria on which solutions of next lowest 

dimensionality were unacceptable are circled. 

7.3.3 Dimensionality of Observed Similarities 

Three-dimensional solutions seem most appropriate for 

lJiJ 's of fu3 1, 3, 4, 5,6 and 7. p q 
For the remaining Ss, 2 and 

8, 2D solutions (matching the stimulus information) are the most 

parsimonious. Again, these two Ss emerge as a distinct subgroup 

(a reflection, perhaps, of the non-metricity of their data?). 

The hypothesis advanced here is that Ss 2 and 8 have the greatest 
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powers for discriminating olfactory stimuli, and were able to 

attend to the differential qual~ties of the components and the 

quantitative variation in each. The unidimensional scaling data 

pointed to this conclusion in that §..S 2 and 8 showed relatively 

high power law exponents. Subject 7 is the exception, having 

high power law exponents on unidimensional scalings but 3D 

solutions to multidimensional scalings of similarities. 

The present data and the analyses performed so far do not 

distinguish between the proposed hypothesis of difterential 

discriminability and an alternative hypothesis of differential 

!'extent of range of response category usage 11 • In unidimensional 

psychophysics these alternative hypotheses have been the subject 

off some debate, as reviewed in Chapter Four. The former 

hypothesis is favoured partly because of the formal introspective 

reports and spontaneous comments tendered by ~. Subjects 2 and 

8 consistently appeared able to analyse the stimuli and to attend 

to the components thereof. The remaining §§ rarely referred to 

the components of the stimuli when asked to introspect on their 

handling of the similarity judgement task. However, more 

convincing evidence supporting the differential discriminability 

hypothesis comes from the patterns of factor loadings; Subsection 

7.3.4 deals with this aspect of the data. 

Identification of Dimensions from ¢ Data p q 

Table 7.3.2 lists the Varimax-rotated factor loadings on 

each of the stimuli. For Ss 1, 3 and 7, interpretation of 
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Factor I (hereafter called FI) is relatively easy; the pattern 

of loadings is almost positive monotonic on propanol concentrations 

(Table 7.1.1) or individual power law transformations thereof 

(Table 7.1.3). For Ss 2 and 8, the relation is clear4r in that 

there are no deviations from positive monotonicity between FI 

loadings and propanol concentrations. For the remaining Ss, 4, 

5 and 6, FI loadings show no consistent relations to any stimulus 

characteristics or psychophysical transformations thereof. 

a pooling across Ss would have seemed invalid. 

Again 

The only common feature shared by all eight Ss is that the 

highest FI loading obtains for Stimulus 1, which is the maximum 

propanol/minimum eugenol mixture. Also, a lower, but not 

necessarily lowest FI loading occurs on Stimulus 8 (minimum 

propanol/maximum eugenol). FI is therefore tentatively labelled 

as an intensity factor for all Ss, and as a Propanol Intensity 

factor for Ss 1, 2,3, 7 and 8. 

The second factor, FII, is not readily labelled for most 

SSe For ~ 2 and 8, FIr loadings are positive monotonic on 

eugenol concentrations (Table 7.1.1) or power law transductions 

thereof (7.1.3), and FII may be labelled as a Eugenol Intensity 

factor for these ~. Subject 1 is the only other S with a pattern 

of FII loadings approaching those of Ss 2 and 8. Factor II must 

remain unidentified for the remaining SSe 

For those Ss captured in 3D solutions (Ss 1, 3, 4, 5, 6 

and 7), FIll loadings are idiosyncratic, lacking any general trend, 

and bear no obvious rela~ion to independent subjective or objective 
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measures; FIll is not labelled. 

In summary, the p~~q data of only two ~s (2 and 8) 

yield TORSCA-9 solutions for which identifications of factors can 

be made. These Ss are the only two who verffied the findings, 

based on pooled data, of Ekman and Engen (1962). They found 

patterns of FI and FII factor loadings of ~r/ 's (and PI 's 
p q p q 

derived from their vector model) were related in positive 

monotonic fashion to component concentrations of binary mixtures 

of heptanal and amyl acetate. The present findings are taken as 

support for the hypothesis, ventured in Subsection 7.3.3, claiming 

differential discriminability as an explanatory concept. While 

two §§ seem capable of amllysing the stimuli, the present 

computations do not support gener~l statements that olfaction is 

an analytic continuum (Ekman and Engen, 1962; Pfaffmann, 1951). 

7.3.5. Dimensionality of ~ 's, and Identification of Factors 
p q 

As expected, the most parsimonious solutions of ~ 's were 
p q 

2D for all Ss except §5 for whom a 1D solution was most acceptable. 

The power law exponents of ~5 were near-zero, thereby generating 

~ 's with little variation in magnitude over the matrix of 
p q 

stimulus comparisons. 

Factor I was readily identified for all §§ as a Propanol 

Intensity factor, there being a positive monotonic relation 

between propanol concentration and FI factor loadings (Table 7.3.1). 

Factor II, for Ss 2, 7 and 8 appears as a Eugenol Intensity 
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factor. For the remaining Ss, FII loadings show no clear 

relations with any of the independent measures available. The 

failure to generalise FII loadings under a single rubric is not 

surprising, since there are marked differences in the formal 

structure of the individual best fitting simulation models that 

were analysed here. 

The important aspect of the dimensionality and pattern of 

loadings of factors derived from these analyses of r;/ data lies 
p q 

not so much in the labelling of dimensions, as in the comparison 

of results of the same types of analyses of the ~~ IS. 
P q 

7.3.6 Comparisons of Multidimensional Scalings of W cI 's and 
p q 

J 's p q 

The acceptable solutions asterisked on Table 7.3.1 show for 

all !is except Ss 2 and 8, a disp;~.ri ty between the dimensionality 

of tP' and J' data. For Ss 1 , 3, 4, 6 and 7 ,tPI 's require p q p q - p q 

3D solutions while r! 's p q require 2D. This may be interpreted 

to mean that: 

(i) stimul us components blend or synthesise to produce more 

psychological dimensions than there are stimulus components, or, 

(ii) the two data sets may be differentially non-metric thereby 

generating spurious dimensions in the analyses. According to the 

frequency of violation of the triangular inequality axiom in the 

original data, tP I 's and J I S were closely matched for all· 
p q p q 

except 87; this latter interpretation may therefore be rejected. 

In the case of §5, who has 3D tPfli 's and 1D I IS, it P q p q 
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would appear that intensity carries virtually no information, and 

that no reasonable simulation model taking component intensities 

as input could ever generate /', s capable of matching his 1JJ '- 's. p q p q 

Whatever the strategy is that .§5 adopts in generating p 1JJ./q 's, 

intensity appears to play an insignificant role. 

Subjects 2 and 8 again "stand out tl in that both theoretical 

and observed similarities may be captured in 2D solutions. 

Furthermore, labelling of the factors retreived from both data 

sets was expedited by the close relation between factor loadings 

and independent chemical specifications or psychophysical measures. 

Where comparisons may be made, patterns .of rotated factor 

loadings from the two data sets afford a more critical examination 

of the present question. For FI, reasouably high positive rank 

order correlations obtain between 1JJ/ and J' loadings for Ss 
p q p q 

1,2, 3, 7 and 8, whereas these are low for §§ 4,5, and 6. On 

this basis, the subgroupings of Ss revealed in other analyses is 

again upheld to the extent that Ss 2 and 8 "go together" as do Ss 

4, 5 and 6. For FII, only ~ 2 and 8 display factor loadings from 

the two data sets giving high (p = +1) rank order correlations. 

These results are taken as further support for the hypothesis that 

ttanalytic" ~ can be matched by simulated data, whereas Ss of lower 

olfactory tldifferential sensitivity" and higher error variance are 

less readily simulated by the deterministic models of the type 

explored here. 
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7.4 CONCLUSJ.ONS 

By way of summary, the results of, and comments on the 

various analyses performed in this chapter are referred back to 

the questions posed in Chapter One, Section 1.2. 

7.4.1 Unidimensional Scalings 

Question 5a: "What is the within-S and between-S variation 
in the unidimensional judgement tasks?" 

The data obtained here generally confirmed the results of Chapter 

Four in which §§ were found to be internally consi8tent and 

consistently different in scaling performance. On these criteria, 

Ss of Sim I are not interchangeable; their data may not be pooled 

for calculation of group exponents. A subject-by-subject 

approach seemed the only valid analytic strategy. 

Question 5b: ttWhat is the between-chemical variation in 
unidimensional judgements?tI 

No significant difference was found between the scalings of eugenol 

and propanol, again verifying the findings of Chapter Four. 

7.4.2 Simulation Models 

Question 1a: IIWhat form of similarity simulation model, 
designed as an analogue of possible perceptual 
and/or cognitive judgement processes, gives 
a best fit to observed similarity data?~ 

No single generalisation applied here. Six Ss were best fitted 

by models simulating analytic processes, and 2 §§ were best 

fitted by synthetic models. None of the Ss was fitted by 

information-supressing (or information-jettisoning) models. 
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Question 1b: "What form of input (i.e., what sort of 
indepennent measures) to the similarity 
simulation models achieves the best fit 
to observed si.milA.ri~ies?1! 

This qUestion was not explored over a range of types of 

unidimensional judgement task; only intensity scalings of the 

separate components of the odour mixtures were obtain0d. For 

some ~, under appropriate tran,sformat ions, intensity parameters 

yielded RI,s giving close fits to '4JJ' IS. 
p q P q 

For others, fits 

were poor regardless of the combination of simulation procedure 

and weighting procedure tested. Transformed intensity scalings 

may sometimes be a good predictor of observed similarities, some-

times not. The appropriateness of alternati.ve scalings as input 

to simulation models cannot be assessed from Sim I. 

Questio'} 1c: "What weighting procedures improve the fit 
of simulated similarities to observed 
similarities?" 

In all instances, regardless of the form of the simulation model 

tested, the imposition of di£ferential weights improved the fit. 

In some cases, maximum improvement obtained from three weights, one 

for each of the two components and a third to counter memory trace 

decay effects. For others, a fourth weight to maximise the 

linearity of regression of theoretical similarities on observed 

similarities was necessary to obtain maximum improvement of fit. 

In general, these findings confirmed Gregson's (reviewed in Chapter 

Six) findings in a series of experiments involving gustatory mixtures. 

Question 1d: "What individual variat.ion exists in answers 
to 1 a, 1 band 1 c ? it 
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The commentaries above largely answer thi~ question. Subjects are 

not homogeneous with regard to the type of simulation model, good-

ness of fit of the best fit simulation model, appropriateness of 

intensity scalings as inputs to simulation models, or form of 

weighting procedure. Subjects are not interchangeable. 

The main features of the simulation model analyses have not 

been to elucidate judgement strategies per se, but to make salient 

the many and varied sources of complexity inherent in multivariate 

olfactory phychophysics. 

7.4.3 Stimulus Specificity 

Two attempts were made to find appropriate ways of 

specifying stimuli in objective terms, so that all Ss may be compared 

against a common baseline. One measure, Stimulus Separation, which 

is an additive-difference, city.block combination of stimulus 

components, seemed preferable. Observed similarities were 

inversely related to Stimulus Separation, with wide individual 

variation in the slopes of these regressions. No attempt was 

made to formaliBe this multivariate psychophysical relation in a 

form analogous to Stevens' or Weber's laws for univariate 

psychophysics. 

7.4.4 Metricity of Data 

Question 2a: "Wha t are the metric properties of the 
theoretical similarit18s which give the 
closest fit to the observed similarities?" 

The three simulation models giving best fits to observed 

similarities were RAMG-DA, MJM-DA and MJM-TI, and all three were 
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shown to be non-metric (Chapter Six). In the case of three Ss 

(2, 7 and 8), whose unidimensional scalings evidenced high 

discriminability, the non-metricity of the models was confirmed. 

However, for the remaining Ss of lo~er discriminability, theoretical 

similari~ies satisfied the triangular inequalitY,metric space axiom. 

Gregson (1971c) revealed the increasing metricity of theoretical 

similarities generated by his non-metric model as the amount of 

error in the input data was increased, Monte Carlo fashion. The 

present results become explioable in the light of his findings. 

Question 2b: tlWhat are the metric properti(')s of the observed 
similarities?!! 

Subjects who appeared to have greatest discrimination and least 

error on the similarity task (i.e. widely spread their responses 

over the response categories) showed most violations of the tri-

angular inequality axiom. Those Ss of lesser discriminability 

generated observed similarities of fewer or zero violations. Once 

again, as the error in data increases, it tends more and more towards 

non-violation of metric axioms. 

Question 2c: ItWhat individual differences exist in 2a and 2b?" 

The above comments provide some answer to this question. In both 

theoretical and observed similarities, Ss range from high frequency 

of violation of a matric axiom to no violations. With the 

exception of one ~ (~7), the two data sets a~e reasonably closely 

matched within Ss on metric properties. 

7.4.5 Psychological Space Structures 

Question 3a: ItWhat is the dimensionality of the psycho:" 
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logical space extracted from the best fit 
simulated similA.rities?" 

Question 3b: "What labels can be attached to the axes 
obtained in 3a?" 

These questions may be taken together. For all Ss except one (§5), 

extracted dimensionality from theoretical similarities matched that 

expected from the nature of the stimuli, binary mixtures; 2D 

solutions were the most parsimonious. The first factor was clearly 

labelled as a Propanol Intensity factor for all SSG The second 

factot' was less readily labell''3d; for three §.§>, FII was labelled 

as an Eugenol Intensity factor, but for the remaining Ss no clear 

definition of FII could be offered. 

Question 3c: "What is the dimensionality of the 
psychological space extracted from the 
observed similarities?" 

Question 3d: "What labels can be attached to the axes 
obtained in 3c?" 

The observed similarities of six Ss were represerited in 3D solutions, 

while 2D solutions best represented the data of the remaining Ss. 

The first factor was tentatively labelled as an Intensity factor 

for all fi..s, and as a Propanol Int ensi ty factor for fi ve ~. The 

second factor was interpretable as an Eugenol intensity factor for 

two ~s; FII was not identified for the remaining ~. For those Ss 

captured in 3D solutions, FIll was not identified. 

Question 3e: "Wha t is the individual varia -:'i')n in 3a, 3b, 
3c and 3d?" 

The previous comments answer many aspects of this question. Two Ss 

were closely matched on the dimensionality of theoretical and 

observed similarities, the pattern of loadincs on the two factors 
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extracted from each data set, and the labelling that could be 

attached to those factors. Other §§ were less predictable in 

all aspects, except for the labelling that could be attached to 

FI of each analysis. 

The most important feature of the between-subject differences 

in TORSCA-9 scalings is their consistency with the between-subject 

differences revealed in other analyses of the same or indepeniently-

obtained psychophysical data. For those Ss who had the highest 

discriminability (i.e. those who were "most analytic") and least 

error on the intensity scaling tasks displayed similar capacities 

on the similarity judgement task; multidimensional scalings of the 

observed similarities of these Ss revealed factor structures 

closely related to stimulus variat~ons. 

7.4.6 Classificatory Considerations 

The stimulus set of Sim I varied little in absolute (total) 

concentration; relative conceutration was the main independent 

variable manipulated. For this reason, not all of the questions 

of subsection 1.2.4 may be answered from these data. 

Question 4a: "Does intensity emerge as a factor in the 
m,ul tidimensional scaling of observed 
similarities?" 

For the majority of Ss, at least one factor, the first, was inter-

pretable as a Propanol Intensity factor. For a smaller number, 

the second factor was labelled as Eugenol Intensity. However, 

the represenation of intensity in the similarity space is not 

clearly specified by these analyses; only the first part of Question 
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4bii can be answered from the stimulus set of Sim I: 

Question 4bii: !tIs intensity represented in the similarity 
space by the length of vectors (with the 
origin at the centroid of the configuration 
or elsewhere)?" 

The results of the "analytic" Ss point to an affirmative answer 

to the first part of this question, thereby confirming the 

findings of Ekman and Engen (1962), which revealed intensity as a 

measure of quality. The origin of the intensity vector in the 

similarity space cannot be located by these analyses, and Wender 

(1968) saw this problem as being one of the most difficult to 

answer. 

Question 4bi: "Does intensity emerge as an independent 
dimension in the similarity space?" 

This question cannot be answered from comparisons over a stimulus 

set not varying in absolute concentration of stimuli. The stimuli 

of Sim II are selected to permit an examination of this question. 

Question 4c: "Does the impression of quality change with 
change in absolute concentration?" 

Again, no answer can be given to this question, not only because 

stimuli did not vary systematically in absolute concentration, but 

also because judgements were not oriented towards this question. 

7.4.7 Final Comment 

Sim I was a pilot experiment designed to consider several 

facets of odour mixture similarity scaling. The experiments and 

analyses revealed the restrictiveness of a stimulus series varying 

only in relative concentration of components for providing 

answers to pertinent questions of psychometric and classificatory 
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interest. Not all of the analyses performed led to meaningful 

psychological conclusions, thereby revealing: 

(i) those analyses roost fruitful for use in Sim II, 

(ii) those which can be discarded, and 

(iii) those which require other data sources for their 

implementation. 

On the basis of the various outcomes of Sim I, Sim II was designed. 



TABLE 7.1.1 

STIMULUS CONCENTRATIONS. 

Stimulus Eugenol Propanol 

Cone. (mg/L) Cone. (mg/L.) 

1 0.048 3.320 

2 0.099 2.880 

3 0.155 2.420 

4 0.217 1.999 

5 0.275 1.570 

6 0.335 1 .131 

7 0.396 0.704 

8 0.482 0.275 



TABLE 7.1.2 

INTENSITY SCALING PARAMETERS 

Subject 
Eugenol Propanol 

a. b. F. a. b. F. 
l l l l l l 

1 4.37 0.37 37.15 4.49 0.41 30.72 

2 0.23 1.68 161.32 1.68 1.06 83.36 

3 2.08 0.63 9.56 1 . 19 0.85 15.96 

4 5.28 0.27 33.77 7.19 0.19 28.28 

5 8.69 0.19 2.37 11.59 0.08 0.40 

6 2.72 0.43 7.27 3.74 0.21 3.03 

7 0.77 1.19 85.54 0.32 1.48 96.20 

8 1.27 1.02 64.21 0.57 1.12 70. OL~ 



TABLE 7.1.3 

PSYCHOLOGICAL INTENSITIES OF STIMULUS COMPONENTS 

S Chemical Stimulus 

Component 1 I 2 3 4 5 6 7 8 

1 Eugenol 0.18 0.24 0.28 0.32 0.35 0.38 0.40 0.43 

Propanol 1.25 1.18 1.10 1.01 0.92 0.80 0.66 0.45 

2 Eugenol 1.54 5.18 11.00 19.36 28.82 40.16 53.19 74.00 

Propanol 88.02 75.70 62.95 51.41 39.80 28.11 17.01 6.28 

3 Eugenol 0.24 0.38 0.50 0.62 0.72 0.81 0.90 1.02 

Propanol 11.70 10.37 8,.95 7.61 6.20 4.69 3.13 1.41 

4 Eugenol 0.15 0.18 0.21 0.23 0.24 0.25 0.27 0.28 

Propanol 0.34 0.33 0.32 0.31 0.29 0.27 0.25 0.21 

5 Eugenol 0.18 0.21 0.23 0.24 0.25 0.26 0.27 0.28 

Propanol 0.22 0.22 0.22 0.21 0.21 0.20 0.20 0.18 

6 Eugenol 0.14 0.20 0.24 0.28 0.30 0.33 0.36 0.39 

Propanol 0.21 0.20 0.19 0.18 0.18 0.16 0.15 0.12 

7 Eugenol 0.77 1.83 3.11 4.64 6.16 7.79 9.50 12.00 

Propanol 520.51 421.74 325.98 245.67 171.82 105.75 52.43 12.04 

8 Eugenol 0.66 1.38 2.18 3.07 3.91 4.78 5.67 6.93 

Propanol 95.77 80.75 65.53 52.10 38.99 26.30 14.89 4.82 

--



FIGURE 7.1.l. RELATION BETWEEN POWER LAW PARM~TERS 
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TABLE 7.2.1 

RAMG-DAZ THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Similarity Regression Similarity Regression 
Parameters Parameters 

Subj. Repl. Subj. Repl. 
Min.Res a sim b sim 

F sim Hin.Res. a sim b sim F sim 

1 1 1. 94 0.44 0.55 13.76 5 1 6.39 0.89 0.04 0.58 
*2 2.35 0.42 0.62 17.95 2 7.19 0.88 0.06 1.41 

3 1. 84 0.41 0.58 12.94 3 4.51 0.85 0.09 2.52 
4 1. 57 0.30 0.77 23.61 4 3.40 0.84 0.10 2.86 
5 1. 43 0.13 1.06 50.98 5 3.17 0.83 0.12 3.69 
6 1. 65 0.34 0.68 13.80 6 3.97 0.86 0.08 1. 84 
7 1. 34 0.22 0.86 20.99 *7 4.95 0.85 0.10 3.85 
8 1. 89 0.42 0.57 9.53 8 4.92 0.84 0.11 4.87 
9 1.18 0.26 0.80 33.51 9 2.73 0.89 0.03 0.28 

10 1. 66 0.4l 0.56 11.19 10 3.97 0.81 0.15 12.97 
11 2.02 0.42 0.58 15.66 11 3.56 0.83 0.11 5.11 

12 1. 34 0.06 1.15 46.16 12 2.74 0.59 0.50 26.05 

2 1 2.58 0.15 0.67 21. 84 6 1 4.90 0.76 0.08 0.49 
2 1. 92 0.17 0.76 37.68 2 3.53 0.84 -0.05 0.13 
3 1. 39 0.11 0.81 58.62 3 2.52 0.61 0.32 6.23 
4 2.52 0.13 0.67 27.20 4 2.67 0.71 0.14 0.99 
5 2.24 0.17 0.69 26.58 5 3.02 0.70 0.17 1. 62 
6 1. 79 0.09 0.75 52.09 6 2.52 0.66 0.23 2.23 

*7 2.08 0.14 0.68 46.09 7 3.45 0.61 0.34 6.85 
8 1. 76· 0.17 0.70 50.26 8 2.17 0.52 0.46 6.66 
9 2.54 0.23 0.61 28.16 9 3.24 0.64 0.29 3.61 

10 2.11 0.19 0.68 31·48 *10 3.70 0.70 0.20 1.53 
11 2.22 0.20 0.67 31.03 11 4.65 0.99 -0.32 4.68 

12 0.85 -0.04 1.03 106.45 12 2.23 0.08 1. 23 12.04 

3 *1 3.56 0.40 0.46 5.67 7 *1 4.10 0.21 0.54 3.78 
2 4.87 0.45 0.45 4.78 2 3.23 -0.02 0.94 11.55 
3 4.26 0.48 0.31 2.18 3 4.27 0.17 0.55 5.67 
4 2.97 0.34 0.58 14.57 4 4.32 0.05 0.69 8.04 
5 2.68 0.30 0.60 12.23 5 5.04 0.25 0.41 2.67 
6 3.22 0'.38 0.45 5.84 6 5.77 0.36 0.24 1.13 
7 2.66 0.31 0.62 15.24 7 5.49 0.31 0.31 1. 46 
8 2.76 0.33 0.53 10.79 8 3.76 0.07 0.71 10.92 
9 2.40 0.28 0.68 22.92 9 5.50 0.29 0.33 1. 64 

10 4.08 0.44 0.27 2.53 10 4.72 0.15 0.55 5.10 
11 3.17 0.36 0.45 9.42 11 5.94 0.39 0.17 0.36 

12 1.63 -0.21 1.57 55.00 12 3.40 -0.61 1.81 19.61 

4 1 1. 08 0.32 0.76 12.35 8 1 2.89 0.11 0.68 21. 44 
2 1.02 0.10 1.07 24.23 *2 2.28 0.15 0.67 37.71 
3 1.12 0.25 0.87 22.54 3 3.79 0.14 0.58 24.44 
4 0.89 0.27 0.80 11.66 4 2.82 0.07 0.69 48.68 
5 1. 06 0.07 1.12 49.53 5 2.90 0.16 0.60 38.80 
6 1. 01 0.21 0.92 35.93 6 2.35 0.18 0.64 39.73 
7 1. 44 0.49 0.53 8.15 7 2.87 0.12 0.65 29.14 
8 1. 20 0.43 0.61 20.85 8 2.22 0.16 0.67 37.70 

*9 1. 32 0.31 0.80 22.35 9 3.67 0.25 0.51 11.87 
10 2.96 0.56 0.50 25.93 10 2.46 0.11 0.70 29.61 
11 3.72 0.69 0.30 9.99 11 2.73 0.09 0.71 23.61 

12 1. 23 -0.04 1. 30 70.92 12 1. 68 0.00 0.87 57.54 



TABLE 7.2.2 

RAMG-DAT THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Weights I Similarity Regression Weights Similari"t7y Regression 
Subj. Repl. Parameters Subj. Rep1. Parameters 

Wx W 9 MinRes asim bsirn F sim Wx W 9 HinRes a sim b sim F sim y y 

1 1 0.80 1.25 0.05 .88 .13 .44 13.48 5 1 0.60 1.67 0.05 1.18 .33 .03 .55 
*2 0.75 1.33 0.05 .75 .10 .46 17.60 2 0.60 1.67 0.05 1.93 .33 .04 1.38 

3 0.80 1.25 0.05 .82 .11 .47 12.70 3 0.70 1.43 0.05 1. 75 .40 .06 2.51 
4 0.80 1.25 0.05 .57 .02 .62 23.30 4 0.75 1.33 0.05 1.36 .43 .08 2.86 
5 0.80 1.25 0.05 .32 .00 .85 50.51 5 0.75 1.33 0.05 1.28 .42 .09 3.58 
6 0.80 1.25 0.05 .69 .18 .55 13.51 6 0.70 1.43 0.05 1.69 .40 .05 1.81 
7 0.80 1.25 0.05 .55 .01 .68 20.74 *7 0.70 1.43 0.05 2.01 .40 .07 3.87 
8 0.80 1.25 0.05 .82 .13 .45 9.38 8 0.70 1. 43 0.05 2.00 .39 .07 4.86 
9 0.85 1.18 0.05 .53 .02 .68 33.20 9 0.80 1. 25 0.05 1. 59 .51 .03 .28 

10 0.80 1.25 0.05 .87 .11 .45 10.95 10 0.75 1.33 0.05 2.15 .41 .11 12.92 
11 0.75 1.33 0.05 .83 .10 .44 15.44 11 0.80 1.25 0.05 2.07 .47 .09 5.16 

12 0.80 1.25 0.05 .32 -.14 .92 45.04 12 0.70 1.43 0.05 .21 .22 .34 25.78 

2 1 1.00 1. 00 0.05 2.58 .15 .67 21.84 6 1 0.65 1.54 0.05 2.01 .35 .05 .47 
2 0.85 1.18 0.05 1. 62 .15 .65 37.42 2 0.75 1.33 0.05 1. 76 .48 -.04 .15 
3 0.95 1.05 0.05 1. 36 .10 .77 58.62 3 0.75 1. 33 0.05 1.20 .31 .24 6.16 
4 1.05 0.95 0.10 2.50 .14 .70 27.35 4 0.80 1.25 0.05 1.56 .42 .11 1. 02 
5 0.90 1.11 0.05 2.16 .15 .62 26.54 5 0.75 1. 33 0.05 1.52 .38 .13 1.63 
6 1. 05 0.95 0.05 1.75 .09 .79 52.09 6 0.75 1.33 0.05 1. 23 .35 .17 2.29 
7 1.05 0.95 0.10 2.03 .15 .71 46.01 7 0.70 1. 43 0.05 1. 08 .28 .24 6.77 
8 0.95 1.05 0.05 1. 76 .16 .67 50.29 8 0.75 1.33 0.05 .70 .24 .34 6.70 
9 0.90 1.11 0.05 2.45 .21 .55 27.96 9 0.70 1. 43 0.05 1.02 .30 .20 3.56 

10 0.90 1.11 0.05 1.99 .18 .61 34.30 *10 0.65 1.54 0.05 1.12 .30 .13 1.52 
11 0.90 1.11 0.05 2.06 .18 .60 30.89 11 0.65 1.54 0.05 1. 87 .49 -.21 4.78 

12 0.95 1.05 0.05 .82 -.03 .98 106.45 12 0.70 1. 43 0.05 .35 -.06 .85 11.89 

3 *1 0.70 1. 42 0.05 2.17 .14 .32 5.62 7 *1 0.80 1.25 0.05 3.54 .17 .43 3.79 
2 0.60 1.67 0.05 1.80 .13 .27 72 2 0.85 1.18 0.05 2.93 -.02 .80 11.49 
3 0.65 1. 54 0.05 2.41 .17 .20 2.15 3 0.90 1.11 0.05 4.12 .16 .50 5.65 
4 0.75 1.33 0.05 1. 95 .11 .43 14.59 4 0.95 1.05 0.05 4.32 .05 .66 8.04 
5 0.80 1. 25 0.05 1.91 .10 .48 12.17 5 0.90 1.11 0.05 4.94 .22 .37 2.65 
6 0.80 1. 25 O. as 2.45 .16 .36 5~ 85 6 0.85 1.17 O. as 5.52 .31 .20 1.12 
7 0.80 1.25 O. as 1.84 .10 .49 15.43 7 0.90 1.11 0.05 5.39 .28 .28 1. 46 
8 0.85 1.18 0.05 2.30 .14 .45 10.76 8 0.95 LOS 0.05 3.71 .07 .67 10 .92 
9 0.80 1.25 0.05 1.58 .08 .55 22.86 9 0.95 LOS 0.05 5.43 .28 .37 1.64 

10 0.95 1. as o. as 4.04 .28 .26 2.53 10 0.95 LOS O. as 4.69 .14 .52 5.10 
11 ·0.85 1.18 0.05 2.89 .17 .38 9.37 11 0.90 1.11 0.05 5.83 .35 .16 .36 

12 0.75 1. 33 O. as .76 -.39 1. 25 55.0 12 0.90 1.11 0.05 3.28 - .65 1.63 19.52 

4 1 0.85 1.18 0.05 .28 .10 .64 12.17 8 1 LOS 0.95 0.05 2.88 .12 .71 21.44 
2 0.80 1.25 0.05 .20 -.09 .85 24.41 *2 1. 00 1.00 O. as 2.28 .15 .67 37.71 
3 0.80 1.25 O. as .22 .03 .69 22.43 3 1.15 .87 0.05 3.48 .16 .67 24.44 
4 0.85 1.18 o. as .27 .04 .67 11.48 4 1.15 .87 0.05 2.36 • 08 .82 48.68 
5 0.80 1.25 O. as .13 -.02 .89 49.28 5 1.10 .91 0.05 2.72 .17 .67 38.80 
6 0.80 1. 25 0.05 .19 .00 .73 35.71 6 1. 00 1.00 0.05 2.35 .18 .64 39.73 
7 0.80 1.25 O. as .35 .23 .42 8. 00 7 LOS .95 0.05 2.78 .13 .72 29.14 
8 0.80 1. 25 0.05 .32 .17 .49 20.57 8 1.00 1.00 0.05 2.22 .16 .67 37.70 

*9 0.80 1.25 O. as .22 .08 .64 22.24 9 0.95 LOS O. as 3.64 .23 .48 11.87 
10 0.70 1. 43 O. as .46 .22 .35 25.67 10 1. 00 1.00 0.05 2.46 .11 .70 29.61 
11 0.70 1. 43 0.05 .94 .31 .21 9.98 11 1.05 0.95 0.05 2.72 • 09 .75 23.61 

12 0.80 1. 25 O. as .10 -.19 1. 04 69.89 12 1.05 0.95 0.05 1.64 -.01 .92 57.54 



TABLE 7.2.3 

RAMG-DAF THEORETICAL SH!ILARITIES VS PERCEIVED SIMILARITIES 

Weights Similarity Regression Weights Similari ty Regression 
Parameters Parameters 

Subj. Rep1. Sub. Rep Mw 
Wx W e 0 Res a sim b sim F sim Wx Wy e 0 Res asirn b sim F sirn y 

1 1 1.00 1.05 0.05 1. 00 1.50 0.41 0.53 13.77 5 1 1. 00 1.05 0.05 1. 00 5.29 0.B4 0.04 0.5B 
*2 1.00 1. 05 0.05 1.00 LBO 0.40 0.59 17.95 2 1. 00 1. 05 0.05 1.00 6.01 0.B3 0.06 1.41 

3 1.00 1. 05 0.05 1.00 1.41 0.39 0.55 12.94 3 1. 00 1.05 0.05 1.00 3.67 O. Bl O. DB 2.52 
4 1.00 1. 05 0.05 1. 00 1.14 0.2B 0.73 23.61 4 1. 00 1.05 0.05 1. 00 2.69 O.BO 0.10 2. B6 
5 1.00 1. 05 0.05 1. 00 0.9B 0.12 1.01 50.99 5 1.00 1.05 0.05 1. 00 2.49 0.79 0.11 3.69 
6 1.00 1.05 0.05 1.00 1. 23 0.33 0.65 13.80 6 1. 00 1.05 0.05 1. 00 3.22 0.82 0.07 1.84 
7 1.00 1. 05 0.05 1.00 0.97 0.21 0.81 20.99 *7 1. 00 1. 05 0.05 1.00 4.09 O.Bl 0.09 3. B5 
8 1. 00 1.05 0.05 1. 00 1.45 0.40 0.54 9.53 8 1. 00 1.05 0.05 1.00 4. 06 0.80 0.10 4.87 
9 1.00 1.05 0.05 1.00 0.85 0.24 0.76 33.51 9 1. 00 1. 05 0.05 1. 00 2.22 0.84 0.03 0.2B 

10 1.00 1.05 0.05 1. 00 1.29 0.39 0.54 11.19 10 1.00 1. 05 0.05 1. 00 3.31 0.77 0.14 12.9B 
11 1.00 1. 05 0.05 1. 00 1.55 0.40 0.55, 15.66 11 1.00 1. 05 0.05 1.00 2.96 0.79 0.10 5.11 

12 1.00 1. 05 0.05 1.00 0.91 0.06 1.09 46.16 12 1. 00 1.05 0.05 1.00 1.94 0.56 0.47 26.06 

2 1 1.00 1.00 0.05 1.'00 2.47 0.16 0.66 22.13 6 1 1.00 1. 05 0.05 1.00 4.12 0.72 0.08 0.49 
2 1.00 1. 05 0.05 1.00 1. 74 0.17 0.72 37.68 2 1. 00 1.05 0.05 1. 00 2.93 O.BO -0.05 0.13 
3 1.00 1. 00 0.05 1.00 1.36 0.12 0.80 59.64 3 1.00 1.05 0.05 1.00 2.01 0.58 0.30 6.23 
4 1.00 1. 00 0.05 1.00 2.41 0.15 0.66 27.42 4 1.00 1.05 0.05 1.00 2.21 0.68 0.13 1.02 
5, 1.00 1. 05 0.05 1. 00 2.17 0.16 0.66 26.54 5 1.00 1.05 0.05 1. 00 2.48 0.66 0.16 1.61 
6 1.00 1.00 0.05 1. 00 1.71 0.11 0.74 51'.24 6 1. 00 1.05 0.05 1.00 2.02 0.63 0.22 2.29 

*7 1.00 1.00 0.05 1. 00 2.00 0.15 0.67 46.78 7 1. 00 1.05 0.05 1.00 2.76 0.5B 0.33 6.B5 
8 1.00 1. 05 0.05 1. 00 1. 73 0.16 0.67 50.29 B 1.00 1.05 0.05 1.00 1.63 0.49 0.44 6.66 
9 1. 00 1.05 0.05 1.00 2.46 0.22 0.58 2B.16 9 1. 00 1. 05 0.05 1.00 2.57 0.61 0.28 3.61 

10 1.00 1.05 0.05 1. 00 2.01 0.18 0.65 34.48 10 1.00 1.05 0.05 1.00 2.97 0.66 0.19 1. 53 
11 1.00 1.05 0.05 1. 00 2.10 0.19 0.64 31.03 11 1. 00 1. 05 0.05 1.00 3.89 0.94 -0.31 4.68 

12 1.00 1.00 0.05 1.00 0.80 -0.01 1.02 108.18 12 1.00 1.05 0.05 1.00 1. 62 0.07 1.16 12.05 

3 *1 1.00 1.05 0.05 1.00 3.11 0.38 0.44 5.67 7 *1 1. 00 1.05 0.05 1.00 3.86 0.20 0.51 3.78 
2 1.00 1. 05 0.05 1. 00 4.18 0.43 0.43 4.78 2 1.00 1.05 0.05 1. 00 3.06 -0.02 0.90 11.55 
3 1.00 1.05 0.05 1.00 3.74 0.46 0.30 2.18 3 1.00 1.00 0.05 1. 00 4.11 0.19 0.55 5.73 
4 1.00 1. 05 0.05 1. 00 2-.59 0.31 0.55 14 .60 4 1.00 1.00 0.05 1.00 4.10 0.06 0.69 8.27 
5 1.00 1.05 0.05 1 :00 2.35 0.29 0.57 12.23 5 1.00 1.00 0.05 1.00 4.87 0.26 0.40 2.64 
6 1.00 1.05 0.05 1.00 2.90 0.36 0.43 5.B4 6 1.00 1.00 0.05 1.00 5.57 0.37 0.24 1.19 
7 1. 00 LOS 0.05 1.00 2.33 0.29 0.59 15.24 7 1. 00 1.00 0.05 1.00 5.29 0.32 0.31 1. 48 
8 1.00 1. 05 0.05 1.00 2.52 0.31 0.51 10.79 8 1.00 1.00 0.05 1.00 3.59 0.08 0.70 11. 04 
9 1;00 1.05 0.05 1. 00 2.07 0.27 0.65 22.92 9 1.00 1.00 0.05 1.00 5.29 0.30 0.33 1. 69 

10 1.00 1.00 0.05 1.00 3.95 0.46 0.27 2.53 10 1.00 1.00 0.05 1.00 4.49 0.16 0.55 5.32 
11 1.00 1.05 0.05 1.00 2.99 0.35 0.41 9.41 11 1.00 1.00 0.05 1.00 5.73 0.40 0.17 0.35 

12 1. 00 1. 05 0.05 1. 00 1.29 -0.20 1.49 55.00 12 1.00 1.00 0.05 1.00 3.22 -0.59 1. 80 20.03 

4 1 1.00 1.05 0.05 1.00 0.67 0.30 0.72 12.35 B 1 1.00 1.00 0.05 1.00 2.73 0.13 0.67 21.B4 
2 1.00 1. 05 0.05 1.00 0.61 0.09 1.01 24.24 *2 1.00 1.00 0.05 1.00 2.20 0.16 0.66 38.10 
3 1. 00 1.05 0.05 1.00 0.69 0.24 0.82 22.55 3 1.00 0.95 0.05 1.00 3.62 0.15 0.61 24.44 
4 1.00 1.05 0.05 1.00 0.55 0.26 0.76 11.66 4 1.00 0.95 0.05 1.00 2.59 0.07 0.72 4B.68 
5 1. 00 1.05 0.05 1. 00 0.63 0.07 1.07 49.57 5 1. 00 0.95 0.05 1.00 2.77 0.16 0.63 38.80 
6 1. 00 1. 05 0.05 1.00 0.60 0.20 0.B7 35.94 6 1. 00 1. 00 0.05 1.00 2.30 0.19 0.63 39.76 
7 1.00 1. 05 0.05 1. 00 0.97 0.47 0.50 8.16 7 1.00 1.00 0.05 1. 00 2.72 0.13 0.65 29.75 
B 1.00 1.05 0.05 1.00 0.7'7 0.40 0.5B 20. B6 B 1.00 1.00 0.05 1.00 2.16 0.4B 0.66 38.00 

*9 1.00 1.05 0.05 1.00 0.B4 0.29 0.76 22.35 9 1. 00 1.00 0.05 1. 00 3.5.7 0.26 0.50 11.95 
10 1. 00 1.05 0.05 1.00 2.21 0.53 0.48 25.93 10 1.00 1.00 0.05 1. 00 2.36 0.13 0.69 29.63 
11 1.00 1. 05 0.05 1. 00 2.92 0.65 0.2B 9.99 11 1. 00 1. 00 0.05 1.00 2.59 0.11 0.70 23.91 

12 1.00 1. 05 0.05 1.00 0.75 -0.03 1.24 70.93 12 1. 00 1.00 0.05 1. 00 1.56 0.01 0.86 58.50 



TABLE 7.2.4 

MJM-DAZ THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Similarity Regression Similarity Regression 
Parameters Parameters 

Subj. Repl. Subj. Repl. 
Min a sim b sim 

F sim Min a sim b sim F sim Res Res 

1 1 1. 73 0.40 0.61 20.68 5 1 6.44 0.89 0.04 0.51 
*2 2.19 0.40 0.65 24.51 2 7.24 0.88 0.06 1. 44 

3 1. 67 0.39 0.62 17.78 3 4.55 0.86 0.08 2.49 
4 1. 48 0.30 0.76 26.73 4 3.43 0.84 0.10 2.95 
5 1. 37 0.15 1. 03 54.69 5 3.22 0.84 0.11 3.40 
6 1. 47 0.31 0.74 20.06 6 4.02 0.87 0.07 1. 64 
7 1. 24 0.22 0.86 24.89 *7 4.99 0.85 0.09 3.87 
8 1.72 0.39 0.61 13.18 8 4.96 0.85 0.11 5.13 
9 1.13 0.27 0.77 35.07 9 2.75 0.89 0.03 0.26 

10 1. 46 0.38 0.62 16.32 10 4.03 0.82 0.14 12.58 
11 1. 87 0.41 0.61 20.33 11 3.59 0.84 0.10 5.21 

12 1.20 0.03 1.19 71.17 12 2.78 0.60 0.48 25.40 

2 1 3.02 0.11 0.65 19.57 6 1 5.02 0.78 0.07 0.35 
2 2.15 . 0.15 0.72 29.06 2 3.60 0.86 -0.08 0.31 
3 2.02 0.10 0.74 36.34 3 2.62 0.64 0.28 5.44 
4 3.44 0.14 0.59 17.78 4 2.65 0.72 0.14 1. 22 
5 2.82 0.16 0.63 18.57 5 3.06 0.71 0.16 1.64 
6 2.27 0.05 0.74 45.44 6 2.50 0.67 0.23 2.77 

*7 2.96 0.13 0.62 29.95 7 3.56 0.63 0.32 6.93 
8 2.40 0.16 0.64 32.30 8 2.23 0.55 0.42 6.31 
9 2.76 0.19 0.60 24.91 9 3.33 0.66 0.27 3.42 

10 2.63 9,18 9,61 22,94 *10 3.75 0.71 0.19 1.71 
11 2.75 0.19 0.61 20.86 11 4.68 0.99 -0.32 5.28 

12 1. 41 -0.04 0.96 60.17 12 2.29 0.15 loll 11. 21 

3 *1 2.97 0.39 0.52 10.32 7 *1 3.34 0.21 0.57 5.21 
2 4.48 0.45 0.51 8:46 2 2.46 -0.02 0.98 15.98 
3 3.68 0.47 0.39 4.54 3 3.52 0.19 0.56 6.92 
4 3.24 0.42 0.45 10.33 4 3.72 0.11 0.63 7.75 
5 2.56 0.37 0.53 11. 85 5 3.65 0.16 0.58 6.98 
6 3.33 0.48 0.32 3.43 6 5.22 0.40 0.19 0.89 
7 2.35 0.34 0.60 20.04 7 4.56 0.30 0.34 2.21 
8 2.57 0.38 0.48 10.91 8 3.27 0.13 0.64 10.34 
9 2.30 0.33 0.63 25.54 9 4.81 0.33 0.30 1.59 

10 3.69 0.50 0.22 2.09 10 4.33 0.24 0.43 3.55 
11 2.76 0.40 0.43 11. 60 11 5.27 0.44 0.12 0.22 

12 1. 39 -0.12 1. 46 69.87 12 2.67 -0.56 1.77 23.62 

4 1 1. 03 0.30 0.78 12.70 8 1 2.66 0.15 0.63 21. 21 
2 0.99 0.09 1. 06 22.81 *2 1. 84 0.16 0.66 49.35 
3 1. 08 0.24 0.88 22.33 3 3.89 0.20 0.51 19.96 
4 0.86 0.25 0.82 11. 87 4 2.81 0.11 0.63 44.22 
5 1.02 0.06 1.13 47.91 5 2.70 0.18 0.57 41. 99 
6 0.97 0.20 0.92 34.40 6 2.35 0.21 0.59 37.40 
7 1.39 0.38 0.55 8.49 7 2.26 0.11 0.67 41.29 
8 1.15 0.41 0.63 21. 50 8 1. 88 0.18 0.65 45.61 

*9 1. 28 0.30 0.81 22.00 9 2.90 0.23 0.55 17.92 
10 2.88 0.55 0.51 25.44 10 1. 79 0.10 0.72 45.44 
11 3.65 0.68 0.30 9.42 11 2.29 0.10 0.70 28.34 

12 1.19 -0.05 1. 32 69.05 12 1. 35 0.02 0.84 69.73 



TABLE 7.2,5 

MJM-DAT THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Weights Similarity Regression weights Similarity Regression 
Parameters Parameters 

Subj. Rep1. Sub. Rep. 
Wx W e Min asim 

b sim F siro Wx W e Min a sirn b sim F sim y Res y Res 

1 1 0.60 1.67 0.05 0.80 0.62 0.40 16.41 5 1 0.20 5.00 0.05 1. 86 0.96 0.00 0.01 
*2 0.50 2.00 0.05 0.72 0.60 0.46 18.60 2 0.15 6.67 0.05 1.97 0.93 0.02 0.51 

3 0.60 1. 67 0.05 0.76 0.61 0.48 14.52 3 0.35 2.86 0.05 1. 78 0.90 0.04 2.09 
4 0.60 1. 67 0.05 0.55 0.53 0.61 24.05 4 0.45 2.22 0.05 1.36 0.93 0.06 2.81 
5 0.55 1. 82 0.05 0.30 0.39 0.81 51.55 5 0.50 2.00 0.05 1.35 0.95 0.06 1. 90 
6 0.60 1. 67 0.05 0.63 0.55 0.56 15.98 6 0.45 2.22 0.05 1.72 0.95 0.04 1. 09 
7 0.65 1.54 0.05 0.51 0.43 0.70 22.70 *7 0.35 2.86 0.05 2.02 0.99 0.01 4.10 
8 0.60 1.67 0.05 0.76 0.61 0.47 11.02 8 0.35 2.86 0.05 2.03 0.99 0.05 4.57 
9 0.65 1.53 0.05 0.50 0.51 0.64 33.67 9 0.60 1.67 0.05 1.58 0.92 0.02 0.25 

10 0.65 1. 53 '0.05 0.78 0.62 0.48 13.45 10 0.50 2.00 0.05 2.23 0.93 0.09 11. 43 
11 0.55 1. 81 0.05 0.78 0.61 0.46 17.07 11 0.55 1. 82 0.05 2.05 0.96 0.08 5.76 

12 0.60 1.67 0.05 0.28 0.31 0.93 53.84 12 0.40 2.50 0.05 0.24 0.22 0.26 18.97 

2 1 1.05 0.95 0.05 3.01 0.11 0.67 19.72 6 1 0.25 4.00 0.05 2.02 0.98 0.01 0.04 
2 0.75 1. 33 0.05 1. 98 0.14 0.62 28.74 2 0.40 2.50 0.05 1.72 1.03 -0.09 1.16 
3 0.90 1.11 0.05 2.01 0.10 0.70 36.87 3 0.50 2.00 0.05 1.23 0.91 0.18 4.26 
4 1.05 0.95 0.05 3.43 0.14 0.61 17.59 4 0.50 2.00 0.05 1. 39 0.95 0.12 1.66 
5 0.85 1.18 0.05 2.75 0.15 0.58 18.85 5 0.45 2.22 0.05 1. 43 0.94 0.11 1.63 
6 1.20 0.83 0.05 2.15 0.05 0.82 45.74 6 0.50 2.00 0.05 1.03 0.93 0.19 3.82 

*7 1.15 0.87 0.05 2.92 0.14 0.66 29.29 7 0.35 2.86 0.05 1.11 0.94 0.17 4.90 
8 0.90 1.11 0.05 2.38 0.15 0.61 32.96 8 0.45 2.22 0.05 0.64 0.88 0.28 6.49 
9 0.90 1.11 0.05 2.73 0.19 0.56 24.82 9 0.35 2.86' 0.05 1.01 0.90 0.13 2.19 

10 0.85 1.18 0.05 2.64 0.18 0.56 22.22 10 0.30 3.33 0.05 1.03 0.97 0.04 1.43 
11 0.80 1.25 0.05 2.64 0.18 0.55 21.13 11 0.25 4.00 0.05 1.73 1.06 -0.21 8.36 

12 0.95 1.05 0.05 1.40 -0.03 0.94 60.47 12 0.40 2.50 0.05 0.28 -0.10 0.61 7.79 

3 *1 0.50 2.00 0.05 1. 85 0.49 0.37 8.11 7 *1 0.70 1.43 0.05 3.01 0.18 0.49 5.03 
2 0.25 4.00 0.05 1. 76 0.48 0.28 5.09 2 0.80 1.25 0.05 2.32 -0.02 0.87 15.39 
3 0.45 2.22 0.05 2.17 0.44 0.25 3.13 3 0.90 1.11 0.05 3.47 0.18 0.53 6.86 
4 0.50 2.00 0.05 1.99 0.49 0.38 12.30 4 1.00 1.00 0.05 3.72 0.11 0.63 7.75 
5 0.60 1.67 0.05 1.77 0.48 0.44 11.94 5 1. 00 1. 00 0.05 3.65 0.16 0.58 6.98 
6 0.55 1.82 0.05 2.43 0.54 0.28 4.27 6 0.80 1.25 0.05 5.08 0.36 0.18 0.91 
7 0.60 1.67 0.05 1.59 0.46 0.48 18.35 7 0.95 1.05 0.05 4.55 0.29 0.33 2.19 
8 0.70 1. 43 0.05 2.09 0.51 0.42 11. 00 8 0.95 1.05 0.05 3.26 0.12 0.63 10.37 
9 0.55 1. 82 0.05 1. 43 0.44 0.50 25.18 9 0.95 1. 05 0.05 4.79 0.32 0.29 1. 59 

10 0.90 1.11 0.05 3.67 0.67 0.21 2.12 10 0.95 1.'05 0.05 4.32 0.23 0.42 3.59 
11 0.75 1. 33 0.05 2.52 0.54 0.38 11.22 11 0.90 1.11 0.05 5.23 0.42 0.12 0.23 

12 0.60 1.67 0.05 0.56 0.08 1.19 65.17 12 0.90 1.11 0.05 2.63 -0.54 1.68 23.44 

4 1 0.65 1.54 0.05 0.27 0.51 0.60 11. 28 8 1 1.10 0.91 0.05 2.62 0.16 0.66 21.21 
2 0.65 1. 54 0.05 0.19 0.32 0.87 24.15 *2 1.10 0.91 0.05 1.79 0.17 0.70 50.17 
3 0.65 1.53 0.05 0.21 0.46 0.70 21.38 3 1.30 0.77 0.05 3.60 0.24 0.57 19.23 
4 0.70 1.43 0.05 0.28 0.49 0'.66, 10.68 4 1. 35 0.74 0.05 2.32 0.14 0.73 42.94 
5 0.65 1.53 0.05 0.14 0.31 0.91 45.97 5 1. 25 0.80 0.05 2.45 0.21 0.63 42.21 
6 0.65 1.54 0.05 0.18 0.42 0.74 32.74 6 1.05 0.95 0.05 2.35 0.22 0.60 37.33 
7 0.60 1.67 0.05 0.36 0.63 0.39 6.96 7 1. 25 0.80 0.05 2.01 0.13 0.75 43.34 
8 0.65 1.53 0.05 0.32 0.60 0.49 19.26 8 1. 05 0.95 0.05 1.88 0.18 0.67 45.86 

*9 0.60 1.67 0.05 0.22 0.50 0.62 20.93 9 1.05 0.95 0.05 2.89 0.23 0.56 18.16 
10 0.40 2.50 0.05 0.50 0.65 0.33 21.13 10 1.15 0.87 0.05 1.70 0.11 0.79 47.27 
11 0.35 2.86 0.05 0.94 0.71 0.19 9.06 11 1.15 0.87 0.05 2.22 0.11 0.75 28.82 

12 0.60 1.67 0.05 0.11 0.21 1.00 59.95 12 1.15 0.87 0.05 1.25 0.02 0.91 70.84 



TABLE 7.2.6 

MJM-DAF THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Weights Similarity Regression weights Similarity Regression 
Parameters Parameters 

~ubj. Repl. Sub. Rep. 
Wx W e 0 Hin asirn b sim F . Wx IVy e 0 Min asim b sim F sim .y Res 

s1m 
Res 

1 1 1. 00 1.05 0.05 1. 00 1.51 0.39 0.59 20.21 5 1 1.00 1.05 0.05 1. 00 5.89 0.87 0.04 0.49 
*2 1.00 1. 05 0.05 1.00 1.91 0.39 0.63 24.03 2 1.00 1.05 0.05 1.00 6.65 0.86 0.06 1.41 

3 1.00 1. 05 0.05 1.00 1.46 0.38 0.60 17.44 3 1. 00 1.05 0.05 1. 00 4.12 0.84 0.08 2.48 
4 1.00 1.05 0.05 1. 00 1.26 0.29 0.74 26.48 4 1.00 1.05 0.05 1. 00 3.06 0.82 0.10 2.94 
5 1.00 1.05 O. as 1.00 1.14 0.14 1.00 54.56 5 1.00 1.05 0.05 1. 00 2.87 0.82 0.11 3.28 
6 1.00 1.05 0.05 1.00 1. 26 0.30 0.72 19.62 6 1.00 1.05 0.05 1.00 3.63 0.85 0.07 1. 60 
7 1.00 1.05 0.05 1.00 1.05 0.22 0.84 24.63 *7 1.00 1. 05 0.05 1.00 4.55 0.83 0.09 3.89 
8 1.00 1. 05 O. 05 1. 00 1.50 0.38 0.60 12.95 8 1.00 1. 05 0.05 1.00 4.52 0.83 0.10 5.12 
9 1.00 1.05 0.05 1.00 0.95 0.27 0.75 3'4.9'6 9 1.00 1.05 0.05 1. 00 2.48 0.87 0.03 0.26 

10 1.00 1. 05 O. 05 1.00 1.28 0.37 0.60 l5.96 10 1.00 1.05 0.05 1. 00 3.69 0.80 0.14 12.52 
11 1. 00 1.05 O. 05 1. 00 1.63 0.40 0.59 20.05 11 1.00 1.05 0.05 1. 00 3.28 0.82 0.10 5.26 

12 1. 00 1.05 O. as 1.00 0.98 0.03 1.16 ,69.22 12 1. 00 1. 05 0.05 1.00 2.37 0.59 0.46 25.12 

2 1 1. 00 1.00 0.05 1.00 2.85 0.13 0.64 19.97 6 1 1. 00 1.05 O. as l.00 4.62 0.76 0.06 0.33 
2 1. 00 1.05 0.05 1.00 2.09 0.15 0.70 29.02 2 1.00 1.05 0.05 1. 00 3.29 0.84 -0.08 0.35 
3 1. 00 1. 00 0.05 1. 00 1.92 0.12 0.73 37.22 3 1. 00 1.05 0.05 1.00 2.36 0.63 0.27 5.36 
4 1.00 1. 00 0.05 1.00 3.26 0.16 0.59 18.01 4 1. 00 1.05 0.05 1.00 2.40 0.70 0.14 1. 25 
5 1.00 1.. 00 0.05 1. 00 2.70 0.18 0.62 18.92 5 1.00 LOS 0.05 1. 00 2.77 0.70 0.15 1. 64 
6 1.00 1.00 0.05 1.00 2.13 0.07 0.73 46. as 6 1.00 1.05 0.05 1. 00 2.23 0.65 0.23 2.85 

*7 1.00 1. 00 0.05 1.00 2.81 0.15 0.61 30.54 7 1. 00 1. 05 0.05 1.00 3.20 0.62 0.31 6.84 
8 1.00 1. 00 0.05 1.00 2.31 0.18 0.64 33.08 8 1. 00 1. 05 0.05 1. 00 1.95 0.54 0.41 6.33 
9 1.00 1.00 0.05 1.00 2.71 0.21 0.58 24.81 9 1. 00 1.05 0.05 1.00 2.98 0.65 0.25 3.36 

10 1. 00 1.00 0.05 1.00 2.64 0.20 0.60 22.46 *10 1. 00 1.05 0.05 l. 00 3.38 0.69 0.19 l. 70 
11 1.00 1. 00 0.05 1.00 2.68 0.21 0.60 21.23 11 1. 00 1.05 0.05 l.00 4.29 0.97 -0.31 5.39 

12 1.00 1.00 0.05 1.00 1.30 -0.02 0.95 61. 63 12 1. 00 1.05 0.05 1.00 1.97 0.16 1.07 11.02 

3 *1 1.00 1.05 0.05 1.00 2.75 0.38 0.51 10 .14 7 *1 1. 00 1.00 0.05 1.00 3.23 0.23 0.57 5.23 
2 1. 00 1. 05 0.05 1.00 4.13 0.44 0.50 8.30 2 1. 00 1.00 0.05 1.00 2.33 -0.01 0.97 16.46 
3 l.00 1.05 0.05 1.00 3.42 0.46 0.38 4.44 3 1. 00 1. 00 0.05 l.00 3.37 0.21 0.55 6.93 
4 1. 00 1. as 0.05 1.00 3.01 0.41 0.45 10.49 4 1. 00 1.00 0.05 1.00 3.50 0.13 0.62 7.97 
5 1.00 1. 05 0.05 1. 00 2.38 0.35 0.52 1l.87 5 1.00 1. 00 0.05 1.00 3.48 0.18 0.57 7.02 
6 1.00 1. 05 0.05 1. 00 3.13 0.46 0.31 3.50 6 1.00 1.00 0.05 1.00 5.02 0.41 0.20 0.94 
7 1.00 1. as 0.05 1. 00 2.17 0.33 0.59 19.88 7 1.00 1. 00 0.05 1. 00 4.36 0.32 0.34 2.24 
8 1.00 1.05 0.05 1. 00 2.43 0.37 0.47 10.93 8 1.00 1.00 0.05 1.00 3.10 0.15 0.63 10.53 
9 1.00 1.05 0.05 1.00 2.11 0.32 0.61 25.55 9 1.00 1.00 0.05 1. 00 4.59 0.34 0.29 1. 63 

10 1. 00 1.00 0.05 1.00 3.59 0.52 0.22 2.09 10 1. 00 1.00 0.05 1.00 4.10 0.25 0.43 3.73 
11 1.00 1. as o. as 1.00 2.67 0.39 0.42 11.54 11 1.00 1.00 0.05 1. 00 5.05 0.45 0.12 0.22 

12 1.00 1. 05 0.05 1.00 1.20 -0.12 1. 42 69.53 12 1.00 1.00 0.05 1.00 2.49 -0.54 1.75 24.34 

4 1 1.00 1.05 0.05 1.00 0.83 0.30 0.75 12.55 8 1 1. 00 1.00 p.05 l.00 2.51 0.17 0.62 21.72 
2 1.00 1. as 0.05 1. 00 0.78 0.09 1.04 23.01 *2 1.00 1.00 0.05 l.00 1.77 0.18 0.65 50.35 
3 1.00 1. 05 0.05 1. 00 0.86 0.23 0.85 22.26 3 1.00 1.00 0.05 l.00 3.71 0.22 0.50 20.18 
4 1. 00 1. as 0.05 1. 00 0.68 0.25 0.79 11.71 4 1.00 1.00 0.05 1. 00 2.63 0.13 0.62 45.74 
5 1.00 1.05 0.05 1.00 0.80 0.06 1.10 47.82 5 1. 00 1. 00 0.05 l. 00 2.59 0.20 0.57 42.94 
6 1.00 1. as 0.05 1. 00 0.76 0.20 0.90 34. 28 6 1. 00 1.00 0.05 1.00 2.31 0.23 0.58 37.72 
7 1.00 1.05 0.05 1.00 1.15 0.47 0.53 8.34 7 1.00 1.00 0.05 1.00 2.12 0.14 0.66 42.49 
8 1. 00 1.05 0.05 l. 00 0.93 0.40 0.61 21.25 8 1. 00 1.00 0.05 1.00 1.83 0.20 0.64 46.26 

*9 1.00 1. as 0.05 1.00 1.03 0.29 0.79 21.93 9 1.00 1. 00 0.05 1. 00 2.79 0.25 0.54 18.22 
10 1.00 1.05 0.05 1.00 2.50 0.54 0.49 25.25 10 1.00 1.00 0.05 l. 00 1. 69 0.12 0.72 46.09 
11 1.00 1.05 O. as 1.00 3.24 0.67 '0.29 9.42 11 1.00 1.00 0.05 1. 00 2.15 0.12 0.69 28.95 

12 1.00 1. 05 0.05 1.00 0.94 -0.04 1.28 68.23 12 1.00 1.00 0.05 1.00 1.24 0.04 0.83 71.77 



TABLE 7.2.7 

MJM-SCZ THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Similarity Regression Similarity Regression 
Parameters Parameters 

Subj. Repl. Min a b F Subj. Rep. Min a b F 
Res sim sim sim 

Res sim sim sim 

1 1 2.21 0.46 0.49 7.60 5 1 6.73 0.92 0.00 0.00 
*2 2.57 0.45 0.55 10.08 2 7.46 0.90 0.04 0.64 

3 2.10 0.44 0.51 7.25 3 4.70 0.87 0.07 1. 74 
4 1. 73 0.30 0.74 15.62 4 3.65 0.88 0.05 0.81 
5 1.51 0.10 1. 09 36.95 5 3.44 0.88 0.06 1. 01 
6 1. 91 0.39 0.60 7.47 6 4.10 0.87 0.07 1. 82 
7 1. 52 0.23 0.83 14.32 *7 5.29 0.89 0.05 1. 07 
8 2.10 0.44 0.51 5.84 8 5.26 0.88 0.06 1. 58 
9 1. 32 0.24 0.81 24.34 9 2.80 0.90 0.03 0.27 

10 1.95 0.45 0.48 5.95 10 4.18 0.83 0.13 10.53 
11 2.20 0.43 0.55 10.20 11 3.61 0.84 0.11 7.19 

12 1. 54 0.10 1. 07 23.79 12 2.96 0.69 0.35 11. 05 

2 1 3.57 0.63 0.24 6.28 6 11. 4.91 0.76 0.08 0.46 
2 5.69 0.68 0.19 3.61 2 3.53 0.84 -0.05 0.14 
3 4.82 0.67 0.19 4.24 3 2.53 0.61 0.32 6.11 
4 4.41 0.70 0.12 1. 65 4 2.75 0.73 0.11 0.62 
5 4.91 0.69 0.15 2.43 5 3.10 0.72 0.14 1.11 
6 3.46 0.60 0.29 12.62 6 2.54 0.67 0.22 2.06 

*7 5.38 0.72 0.10 1.39 7 3.65 0.66 0.27 3.90 
8 5.47 0.67 0.19 5.18 8 2.06 0.47 0.54 9.88 
9 5.30 0.65 0.23 8.77 9 3.37 0.67 0.23 2.15 

10 5.45 0.67 0.19 4.75 *10 3.87 0.74 0.11 0.48 
11 5.77 0.70 0.15 2.76 11 4.60 0.97 -0.30 3.97 

12 3.67 0.62 0.28 6.73 12 2.28 0.17 1. 07 8.55 

3 *1 3.76 0.39 0.45 4.72 7 *1 4.22 0.19 0.56 3.89 
2 5.05 0.45 0.41 3.48 2 3.47 -0.02 0.92 10.23 
3 4-.51 0.48 0.27 1. 51 3 4.50 0.17 0.54 5.22 
4 2.95 0.31 0.61 14.97 4 4.58 0.05 0.68 7.40 
5 2.85 0.29 0.61 10.92 5 5.36 0.26 0.38 2.19 
6 3.31 0.35 0.48 5.99 6 6.01 0.36 0.23 1.00 
7 2.87 0.30 0.61 12.92 7 5.70 0.30 0.31 1. 43 
8 2.93 0.31 0.54 10.09 8 3.99 0.07 0.70 10.12 
9 2.48 0.26 0.70 21. 43 9 5.7B 0.30 0.31 1. 43 

10 4.37 0.42 0.28 2.41 10 4.96 0.14 0.55 4.79 
11 3.41 0.35 0.44 8.30 11 6.13 0.38 0.18 0.40 

12 1. 80 -0.22 1. 57 44.61 12 3.63 -0.60 1. 78 17.62 

4 1 1. 67 0.60 0.45 15.52 8 1 2.96 0.11 0.67 20.59 
2 1. 66 0.51 0.58 22.88 *2 2.43 0.15 0.66 34.17 
3 1. 82 0.58 0.49 24.29 3 3.84 0.14 0.58 24.24 
4 1. 39 0.59 0.45 11.99 4 2.95 0.07 0.68 45.29 
5 1. 79 0.46 0.66 71.19 5 3.04 0.16 0.60 36.09 
6 1. 68 0.50 0.59 76.37 6 2.40 0.18 0.63 38.58 
7 2.15 0.70 0.32 10.35 7 3.05 0.13 0.64 26.14 
8 1. 98 0.69 0.33 18.30 8 2.33 0.17 0.66 34.88 

*9 2.13 0.64 0.41 17.58 9 3.82 0.25 0.49 10.83 
10 4.28 0.74 0.31 39.25 10 2.57 0.11 0.69 27.55 
11 5.05 0.81 0.19 15.31 11 2.84 0.10 0.70 22.12 

12 2.03 0.39 0.77 110.38 12 1. 79 0.00 0.86 52.48 



TABLE 7.2.8 

MJM-SCT THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Weights Similarity Regression Weights Similarity Regression 
Parameters Parameters 

Subj. Rep1. Sub. Rep. 
\;x W 8 Min a sim b sirn F siro Wx Wy 8 Min a siro b 

sim Fsim y Res Res 

1 1 0.80 1. 25 0.05 1. 20 0.25 0.35 6.12 5 1 0.60 1. 67 0.05 1. 97 0.39 0.00 0.01 
*2 0.75 1. 33 0.05 >1.01 0.21 0.38 8.80 2 0.60 1.67 0.05 2.13 0.37 0.03 0.64 

3 0.80 1.25 0.05 1.07 0.22 0.39 6.98 3 0.70 1.43 0.05 1.73 0.38 0.06 3.50 
4 0.80 1.25 0.05 0.71 0.10 0.60 17.08 4 0.75 1.33 0.05 1.52 0.46 0.01 0.10 
5 0.80 1.25 0.05 4.54 -0.06 0.82 33.26 5 0.75 1.33 0.05 1.33 0.44 0.06 2.33 
6 0.80 1.25 0.05 1. 00 0.21 0.42 5.82 6 0.75 1.33 0.05 1.60 0.44 0.07 4.58 
7 0.80 1.25 0.05 0.74 0.05 0.64 14.07 *7 0.70 1.43 0.05 2.17 0.42 0.02 0.65 
8 0.80 1.25 0.05 1. 04 0.22 0.39 5.64 8 0.70 1. 43 0.05 2.19 0.40 0.02 0.65 
9 0.85 1.18 0.05 0.64 0.06 0.68 26.35 9 0.80 1. 25 0.05 1.61 0.50 0.01 0.10 

10 0.80 1.25 0.05 1.11 0.21 0.39 6.68 10 0.75 1. 33 0.05 2.30 0.46 0.10 10.52 
11 0.80 1.25 0.05 1. 04 0,21 0.42 9.55 11 0.80 1.25 0.05 2.20 0.50 0.10 7.19 

12 0.80 1.25 0.05 0.54 -0.04 0.82 22.36 l;! 0.70 1.43 0.05 0.33 0.36 0.14 3.95 

2 1 0.80 1.25 0.05 2.67 0.38 0.16 5.25 6 1 0.65 1.54 0.05 2.01 0.36 0.04 0.34 
2 0.65 -1.54 0.05 2.92 0.35 0.13 3.60 2 0.75 1.33 0.05 1.67 0.48 -0.03 0.07 
3 0.75 1.33 0.05 3.10 0.38 0.12 3.28 3 0.80 1.25 0.05 1.18 0.36 0.24 6.28 
4 0.80 1.25 0.05 3.53 0.43 0.08 1.30 4 0.80 1. 25 0.05 1.53 0.44 0.09 0.84 
5 0.75 1.33 0.05 3.11 0.39 0.09 1. 89 5 0.75 1. 33 0.05 1. 64 0.42 0.06 0.47 
6 0.85 1.18 0.05 2.67 0>.37 0.24 14.47 6 0.80 1. 25 0.05 1.27 0.43 0.12 1.17 

*7 0.80 1.25 0.05 4.33 0.44 0.07 1.31 7 0.70 1. 43 0.05 1.22 0.34 0.16 3.19 
8 0.75 1.33 0.05 3.65 0.37 0.13 4.90 8 0.75 1.33 0.05 0.58 0.22 0.39 11. 52 
9 0.70 1.43 0.05 3.41 0.36 0.18 8.77 9 0.70 1.43 0.05 1.10 0.35 0.13 1.72 

10 0.70 1.43 0.05 3.25 0.34 0.13 4.98 *10 0.70 1.43 0.05 1.19 0.38 0.07 0.47 
11 0.70 1.43 0.05 3.29 0.35 0.11 3.52 11 0.70 1.43 0.05 1.71 0.51 -0.16 2.61 

12 0.75 1.33 0.05 2.08 0.32 0.18 6.25 12 0.75 1.33 0.05 0.35 0.04 0.71 7.71 

3 1 0.70 1.43 0.05 2.39 0.18 0.33 4.72 7 *1 0.80 1. 25 0.05 3.58 0.16 0.42 3.78 
2 0.60 1.67 0.05 2.02 0.16 0.22 2.86 2 0.85 1.18 0.05 3.00 -0.02 0.77 10.94 
3 0.70 1. 43 0.05 2.58 0.22 0.19 1.60 3 0.90 1.11 0.05 4.10 0.15 0.48 5.41 
4 0.75 1.33 0.05 1.98 0.11 0.44 14.96 4 1. 00 1. 00 0.30 4.01 0.02 0.72 10.04 
5 0.80 1.25 0.05 2.14 0.13 0.45 9.65 5 0.95 1. 05 0.40 4.52 0.19 0.41 3.84 
6 0.80 1.25 0.05 2.43 0.14 0.39 6.82 6 0.90 1.11 0.05 5.56 0.31 0.21 1.16 
7 0.80 > 1.25 0.05 1.95 0.11 0.48 13.90 7 0.95 1.05 0.05 5.46 0.29 0.28 1. 41 
8 0.85 1.18 0.05 2.41 0.14 0.45 10.27 8 0.95 1.05 0.20 3.75 0.09 0.64 9.76 

*9 0.80 1.25 0.05 1.72 0.10 0.53 19.75 9 0.95 1.05 0.30 5.05 0.23 0.37 2.62 
10 0.95 1.05 0.05 4.27 0.29 0.25 2.32 10 1.00 1.00 0.35 4.18 0.08 0.61 7.80 
11 0.90 1.11 0.05 3.08 0.20 0.39 8.27 11 0.95 1.05 0.35 5.35 0.29 0.25 1. 04 

12 0.80 1.25 0.05 0.92 -0.25 1.20 41. 53 12 0.90 1.11 0.05 3.33 -0.60 1. 60 19.49 

4 1 0.80 1.25 0.05 0.20 0.34 0.25 6.06 8 <1 1.05 0.95 0.15 2.74 0.13 0.68 22.06 
2 0.80 1.25 0.05 0.15 0.28 0.33 8.9l *2 1. 00 1.00 0.10 2.38 0.17 0.67 34.25 
3 0.80 1. 25 0.05 0.20 0.29 0.32 13.31 3 1.15 0.87 0.15 3.34 0.18 0.66 24.99 
4 0.80 1.25 0.05 0.18 0.33 0.26 5.55 4 1. 20 0.83 0.10 2.37 0.10 0.77 45.52 
5 0.75 1. 33 0.05 0.12 0.15 0.53 71.21 5 1.10 0.91 0.10 2.81 0.19 0.66 36.12 
6 0.80 1.25 0.05 0.13 0.21 0.44 51. 21 6 1.00 1. 00 0.10 2.39 0.19 0.64 38.02 
7 0.75 1.33 0.05 0.24 0.30 0.25 11.67 7 1.10 0.91 0.15 2.75 0.15 0.67 28.04 
8 0.80 1.25 0.05 0.44 0.42 0.14 3.93 8 1.00 1. 00 0.10 2.28 0.17 0.64 35.33 

*9 0.75 1.33 0.05 0.27 0.30 0.33 17.59 9 0.95 1.05 0.05 3.78 0,24 0.47 10.83 
10 0.65 1.53 0.05 0.60 0.31 0.22 39.23 10 1.00 1.00 0.15 2.43 0.13 0.69 28.22 
11 0.65 1.53 0.05 0.98 0.32 0.11 11.79 11 1. 05 0.95 0.15 2.59 0.10 0.71 24.12 

12 0.75 1.33 0.05 0.11 0.18 0.43 25.37 12 1. 05 0.95 0.15 1.67 0.02 0.89 51. 68 



TABLE 7.2.9 

MJM-SCF THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Weights Similarity Regression Weights Similarity Regression 
Parameters Parameters 

Subj. Rep1. Sub. Rep. 
Wx W e c Hin a sim 

b sim F siro Wx w e c Min a sim b sirn Fsim y Res y Res 

1 1 1. 00 1. 05 0.05 1. 00 1. 94 0.50 0.35 3.91 5 1 1.00 1. 05 0.05 1. 00 5.01 0.83 0.02 0.10 
*2 1. 00 1. 05 0.05 1.00 2.00 0.46 0.43 6.61 2 1. 00 1.05 0.05 1. 00 5.97 0.86 -0.03 0.24 

3 1. 00 1. 05 0.05 1. 00 1.70 0.47 0.39 4.43 3 1. 00 1. 05 0.05 1.00 3.58 0.82 0.04 0.45 
4 1. 00 1. 05 0.05 1.00 1.31 0.33 0.61 11. 20 4 1. 00 1. 05 0.05 1. 00 2.95 0.88 -0.05 0.47 
5 1. 00 1.05 0.05 1. 00 1.12 0.19 0.85 19.70 5 1. 00 1. 05 0.05 1.00 2.27 0.75 0.13 3.42 
6 1.00 1. 05 0.05 1. 00 1. 48 0.38 0.52 6.24 6 1. 00 1.05 0.05 1. 00 2.89 0.77 0.11 2.84 
7 1. 00 1. 05 0.05 1. 00 1.18 0.29 0.65 9.15 *7 1.00 1.05 0.05 1.00 4.24 0.84 0.00 0.00 
8 1. 00 1.05 0.05 1.00 1. 61 0.44 0.43 4.48 8 1. 00 1. 05 0.05 1.00 4.26 0.84 0.00 0.00 
9 1.00 1.05 0.05 1. 00 0.91 0.23 0.74 23.02 9 1. 00 1.05 0.05 1.00 1. 89 0.76 0.11 2.45 

10 1. 00 1. 05 0.05 1.00 1.56 0.45 0.40 4.43 10 1. 00 1.05 0.05 1.00 3.55 0.79 0.10 3.33 
11 1. 00 1.05 0.05 1.00 1. 78 0.46 0.42 6.22 11 1. 00 1. 05 0.05 1. 00 3.14 0.81 0.07 1.44 

12 1.00 1. 05 0.05 1.00 1.14 0.18 0.85 14.30 12 1. 00 1.05 0.05 1. 00 1. 93 0.73 0.17 1.41 

2 1 1. 00 1. 05 0.05 1. 00 3.28 0.62 0.16 3.09 6 1 1. 00 1. 05 0.05 1. 00 3.61 0.69 0.09 0.78 
2 1. 00 1.05 0.05 1. 00 5.00 0.67 0.09 0.90 2 1.00 1. 05 0.05 1.00 2.47 0.74 0.01 0.00 
3 1. 00 1. 05 0.05 1. 00 4.33 0.65 0.11 1. 56 3 1.00 1.05 0.05 1.00 1.92 0.60 0.22 3.47 
4 1. 00 1.05 0'.05 1.00 4.18 0.68 0.05 0.35 4 1. 00 1.05 0.05 1. 00 2.13 0.70 0.06 0.24 
5 1.00 1.05 0.05 1.00 4.44 0.68 0.06 0.47 5 1.00 1.05 0.05 1. 00 2.54 0.72 0.02 0.04 
6 1. 00 1.05 0.05 1. 00 3.11 0.57 0.23 9.94 6 1. 00 1. 05 0.05 1.00 1.93 0.67 0.12 0.71 

*7 1. 00 1. 05 0.05 1.00 5.06 0.68 0.05 0.41 7 1.00 1.05 0.05 1.00 2.82 0.67 0.13 1. 05 
8 1. 00 1. 05 0.05 1. 00 4.90 0.65 0.13 2.75 8 1.00 1. 05 0.05 1. 00 1.22 0.42 0.51 11.18 
9 1.00 1.05 0.05 1. 00 4.82 0.63 0.06 4.37 9 1.00 1.05 0.05 1.00 2.56 0.69 0.08 0.32 

10 1. 00 1.05 0.05 1. 00 4.48 0.63 0.17 4.38 *10 1.00 1.05 0.05 1.00 2.67 0.67 0.12 0.70 
11 1. 00 1. 05 0.05 1.00 4.90 0.66 0.11 1.65 11 1.00 1. 05 0.05 1. 00 3.24 0.85 -0.19 1.83 

12 1. 00 1.05 0.05 1.00 3.15 0.62 0.18 3.17 12 1.00 1. 05 0.05 1.00 1. 39 0.30 0.73 4.40 

3 *1 1. 00 -1.05 0.05 1.00 3.29 0.40 0.33 3.10 7 *1 1.00 1. 05 0.05 1.00 3.57 0.16 0.55 4.81 
2 1. 00 1.05 0.05 1. 00 4.03 0.43 0.35 2.98 2 1.00 1. 05 0.05 1.00 3.18 0.02 0.77 8.93 
3 1. 00 1. 05 0.05 1.00 3.45 0.42 0.30 2.33 3 1. 00 1.05 0.05 1.00 4.22 0.20 0.48 4.67 
4 1. 00 1. 05 0.05 1. 00 2.58 0.31 0.51 12.16 4 1. 00 1.05 0.05 1. 00 4.60 0.12 0.58., 5.56 
5 1. 00 1.05 0.05 1.00 2.69 0.31 0.50 7.92 5 1. 00 1. 00 0.05 1.00 5.12 0.30 0.31 1.62 
6 1.00 1. 05 0.05 1.00 2.61 0.31 0.47 7.57 6 1.00 1. 00 0.05 1.00 5.71 0.38 0.18 0.72 
7 1.00 1. 05 0.05 1. 00 2.36 0.28 0.54 12.45 7 1.00 1.00 0.05 1.00 5.26 0.28 0.34 1. 93 
8 1.00 1.05 0.05 1. 00 2.76 0.31 0.44 7.86 8 ~. 00 1. 00 0.05 1.00 4.06 0.12 0.60 7.68 
9 1. 00 1. 05 0.05 1.00 2.04 0.24 0.65 21.42 9 1.00 1.00 0.05 1.00 5.00 0.24 0.39 2.67 

10 1. 00 1. 05 0.05 1. 00 4.45 0.47 0.22 1. 52 10 1.00 1.00 0.05 1.00 4.67 0.12 0.55 5.54 
11 1. 00 1.05 0.05 1. 00 3.42 0.36 0.35 6.02 11 1.00 1. 00 0.05 1.00 5.17 0.27 0.34 1.63 

12 1. 00 1.05 0.05 1.00 1. 37 -0.14 1. 32 33.29 12 1.00 1.00 0.05 1.00 3.20 -0.55 1. 69 18.76 

4 1 1.00 1.05 0.05 1.00 1.01 0.61 0.34 3.35 8 1 1.00 1. 00 0.05 1.00 3.04 0.15 0.61 17.48 
2 1. 00 1.05 0.05 1. 00 1. 07 0.72 0.19 0.74 *2 1.00 1.00 0.05 1.00 2.58 0.18 0.60 29.21 
3 1. 00 1.05 0.05 1. 00 1.18 0.70 0.22 1. 60 3 1.00 1.00 0.05 1.00 3.87 0.16 0.56 22.34 
4 1.00 1.05 0.05 1.00 0.88 0.73 0.17 0.68 4 1.00 0.95 0.05 1.00 2.97 0.08 0.68 41.01 
5 1. 00 1.0'5 0.05 1. 00 1.19 0.69 0.23 1. 56 5 1.00 1. 00 0.05 1.00 3.15 0.18 0.56 32.87 
6 1. 00 1.05 0.05 1. 00 1.05 0.58 0.39 6.37 6 1.00 1.00 0.05 1.00 2.58 0.20 0.58 32.84 
7 1. 00 1. 05 0.05 1. 00 1.41 0.73 0.18 1.31 7 1. 00 1. 00 0.05 1. 00 3.12 0.16 0.59 23.26 
8 1. 00 1. 05 0.05 1.00 1.50 0.78 0.13 1.00 8 1. 00 1. 00 0.05 1. 00 2.50 0.20 0.60 29.33 

*9 1.00 1. 05 0.05 1.00 1. 41 0.73 0.19 1. 28 9 1.00 1.00 0.05 1.00 3.94 0.29 0.43 0.75 
10 1.00 1.05 0.05 1.00 3.25 0.78 0.13 1. 78 10 1.00 1. 00 0.05 1.00 2.70 0.15 0.63 23.07 
11 1.00 1.05 0.05 1. 00 3.74 0.76 0.16 4.27 11 1.00 1. 00 0.05 1.00 2.92 0.14 0.63 18.60 

12 1. 00 1.05 0.05 1. 00 1.31 0.60 0.37 3.47 12 1.00 1.00 0.05 1.00 1.90 0.04 0.79 43.50 



\ 

TABLE 7.2.10 

MJM-TIZ THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Similarity Regression Similarity Regression 
Parameters Parameters 

SUbj. Rep. Subj. Rep. 
Min a 

sim 
b sim 

F sim Min a sim b sim 
F 

sim Res Res 

1 1 3.32 0.71 0.26 5.47 5 1 7.51 0.93 0.05 2.87 
*2 4.02 0.69 0.31 8.08 2 5.51 0.93 0.05 2.21 

3 3.11 0.69 0.28 5.73 3 5.54 0.93 0.05 2.54 
4 2.80 0.60 0.43 13.65 4 4.31 0.92 0.05 2.17 
5 2.72 0.48 0.64 32.04 5 3.93 0.88 0.11 11.46 
6 2.80 0.66 0.33 5.75 6 4.85 0.92 0.06 3.22 
7 2.34 0.56 0.48 12.59 *7 6.12 0.93 0.05 2.40 
8 3.05 0.70 0.28 4.39 8 6.07 0.92 0.06 4.55 
9 2.27 0.56 0.48 22.58 9 3.32 0.95 0.02 0.21 

10 2.76 0.70 0.26 4.51 10 5.07 0.90 0.08 10.96 
11 3.41 0.68 0.31 8.34 11 4.54 0.93 0.04 1. 79 

12 2.59 0.49 0.61 18.58 12 3.74 0.76 0.30 29.78 

2 1 5.66 0.85 0.11 8.30 6 1 6.30 0.85 0.09 1.36 
2 8.96 0.89 0.06 1. 85 2 4.23 0.85 0.06 0.44 
3 7.58 0.88 0.07 2.68 3 3.65 0.75 0.23 8.44 
4 6.26 0.90 0.02 0.31 4 3.66 0.87 0.04 0.18 
5 7.44 0.89 0.05 1.51 5 4.15 0.83 0.10 1. 27 
6 5.90 0.84 0.12 12.80 6 3.70 0.85 0.06 0.39 

*7 7.23 0.90 0.04 0.93 7 5.03 0.76 0.23 8.25 
8 8.46 0.88 0.07 3.99 8 3.36 0.73 0.26 5.05 
9 8.73 0.88 0.08 4.83 9 4.60 0.77 0.22 5.38 

10 8.59 0.89 0.06 2.56 *10 5.16 0.82 0.13 1.57 
11 8.71 0.89 0.05 1. 89 11 5.50 0.96 -0.11 1.36 

12 6.34 0.86 0.10 4.53 12 3.41 0.37 0.88 17.09 

3 *1 3.69 0.46 0.41 5.37 7 *1 3.87 0.23 0.52 3.78 
2 5.24 0.51 0.41 5.54 2 2.95 0.00 0.93 11.22 
3 4.37 0.53 0.28 2.09 3 3.96 0.19 0.55 5.85 
4 3.13 0.40 0.53 14.82 4 3.96 0.08 0.68 8.32 
5 2.73 0.37 0.55 12.24 5 4.65 0.26 0.41 2.92 
6 3.14 0.43 0.42 6.15 6 5.43 0.38 0.24 1.19 
7 2.81 0.37 0.56 14.78 7 5.13 0.33 0.30 1. 49 
8 2.73 0.39 0.49 10.78 8 3.45 0.09 0.70 11.23 
9 2.61 0.35 0.62 22.42 9 5.12 0.31 0.32 1. 73 

10 3.65 0.50 0.25 2.53 10 4.36 0.17 0.54 5.23 
11 3.13 0.43 0.40 9.09 11 5.56 0.41 0.16 0.35 

12 1. 69 -0.09 1. 43 53.50 12 3.06 -0.57 1. 79 20.57 

4 1 2.46 0.93 0.06 0.90 8 1 2.34 0.18 0.63 23.11 
2 2.46 0.90 0.10 1. 91 *2 1. 97 0.21 0.63 41. 25 
3 2.66 0.88 0.13 5.15 3 3.18 0.21 0.54 25.68 
4 2.11 0.95 0.03 0.21 4 2.25 0.14 0.64 53.27 
5 2.70 0.89 0.11 3.12 5 2.50 0.22 0.56 42.05 
6 2.61 0.92 0.07 1. 84 6 2.14 0.24 0.59 42.46 
7 3.04 0.94 0.03 0.44 7 2.33 0.19 0.61 32.10 
8 2.89 0.93 0.05 1.58 8 1. 98 0.23 0.63 40.73 

*9 3.01 0.88 0.12 5.67 9 3.20 0.30 0.48 12.91 
10 5.74 0.95 0.03 0.99 10 2.00 0.18 0.66 32.50 
11 6.49 0.95 0.03 1. 67 11 2.18 0.16 0.67 25.58 

12 2.99 0.88 0.12 3.43 12 1.23 0.07 0.82 64.48 



TABLE 7.2.11 

MJM-TIT THEORETICAL SIMILlIRITIES VS PERCEIVED SIMILlIRITIES 

Weights Similarity Regression Weights Similarity Regression 
Parameters Parameters 

Subj. Rep1. Sub. llep1. 
W W e Min 'a sim b sim F sim W Wq e Hin a b Fsim P q Res p Res sim sim 

1 1 0.70 1.43 0.05 0.96 0.41 0.19 5.66 5 1 0.60 1.67 0.05 1.75 0.33 0.03 3.03 
*2 0.65 1.54 0.05 0.86 0.36 0.21 8.30 2 0.55 1.82 0.05 1.92 0.29 0.02 2.14 

3 0.70 1.43 0.05 0.84 0.40 0.21 5.90 3 0.65 1.54 0.05 1.79 0.37 0.03 2.59 
4 0.70 1.43 0.05 0.59 0.33 0.31 13.91 4 0.70 1.43 0.05 1.40 0.42 0.04 2.09 
5 0.70 1.43 0.05 0.32 0.24 0.46 32.63 5 0.70 1.43 0.05 1.24 0.39 0.08 11.47 
6 0.75 1.33 0.05 0.68 0.41 0.25 5.93 6 0.70 1.43 0.05 1.67 0.42 0.04 3.16 
7 0.75 1.33 0.05 0.47 0.33 0.37 12.82 *7 0.65 1.54 0.05 2.10 0.38 0.03 2.43 
8 0.70 1.43 0.05 0.75 0.40 0.20 4.53 8 0.65 1.54 0.05 2.08 0.37 0.04 4.72 
9 0.75 1.33 0.05 0.55 0.33 0.37 22.91 9 0.75 1.33 0.05 1.55 0.48 0.01 0.20 

10 0.75 1.33 0.05 0.85 0.44 0.20 4.66 10 0.70 1.43 0.05 2.35 0.41 0.05 10.72 
11 0.70 1.43 0.05 0.87 0.39 0.22 8.53 11 0.75 1.33 0.05 2.23 0.41 0.03 1.68 

12 0.70 1.43 0.05 0.35 0.24 0.44 19.14 12 0.65 1.54 0.05 0.27 0.28 0.21 29.77 

2 1 0.70 1.43 0.05 2.55 0.36 0.10 12.97 6 1 0.60 1.67 0.05 1. 76 0.30 0.05 1.40 
2 0.55 1.82 0.05 2.92 0.27 0.05 3.47 2 0.70 1.43 0.05 1. 24 0.39 0.04 0.49 
3 0.65 1.53 0.04 3.09 0.35 0.06 4.71 3 0.70 1. 43 0.05 1.08 0.32 0.16 8.49 
4 0.70 1.43 0.05 3.39 0.41 0.03 0.67 .4 0.70 1.43 0.05 1.41 0.30 0.02 0.16 
5 0.65 1.54 0'.05 3.00 0.36 0.05 2.53 5 0.70 1.43 0.05 1.36 0.30 0.06 1.25 
6 0.70 1.43 0.05 3.12 0.19 0.10 15.08 6 0.70 1.43 0.05 1.14 0.39 0.04 0.34 

*7 0.70 1.43 0.05 4.12 0.42 0.04 2.04 7 0.65 1.54 0.05 1.04 0.29 0.15 8.22 
8 0.60 1.67, 0.05 3.83 0.31 0.05 5.34 8 0.70 1.43 0.05 0.60 0.31 0.17 4.98 
9 0.60 1.67 0.05 3.82 0.31: 0.06 6.61 9 0.65 1.54 0.05 0.86 0.26 0.14 5.42 

10 0.60 1.67 0.05 3.45 0.31 0.05 3.96 *10 0.60 1.67 0.05 0.96 0.29 0.07 1.56 
11 0.60 1.67 0.05 3.35 0.31 0.05 4.07 11 0.60 1.67 0.05 1.30 0.36 -0.06 1. 27 

12 0.65 1.54 0.05 2.14 0.36 0.08 7.25 12 0.65 1.54 0.05 0.13 0.04 0.55 17.16 

3 *1 0.70 1.43 0.05 2.00 0.18 0.29 5.34 7 *1 0,80 1.25 0.05 3.32 0.19 0.42 3.78 
2 0.55 1.82 0.05 1.69 0.14 0.22 4.49 2 0.85 1.18 0.05 2.66 0.00 0.79 12.13 
3 0.65 1.53 0.05 2.19 0.20 0.18 2.06 3 0.90 1.11 0.05 3.83 0.17 0.49 5.83 
4 0.75 1.33 0.05 1.84 0.16 0.40 14.83 4 1.00 1.00 0.05 3.96 0.08 0.68 B .32 
5 0.75 1.33 0.05 1. 73 0.13 0.42 12.18 5 0.95 1.05 0.05 4.57 0.25 0.39 2.92 
6 0.75 1.33, 0.05 2.18 0.21 0.34 6.15 6 0.85 1.18 0.05 5.10 0.34 0.21 1.19 
7 0.75 1.33 0.05 1.72 0.14 0.42 14.70 7 0.95 1.05 0.05 5.04 0.31 0.29 1.49 
8 0.80 1.25 0.05 2.09 0.17 0.39 10.76 8 0.95 1.05 0.05 3.41 0.09 0.66 11.23 
9 0.75 1.33 0.05 1.50 0.12 0.47 22.38 9 0.95 1.05 0.05 5.05 0.29 0.31 1. 73 

10 0.95 1.05 0.05 3.57 0.33 0.24 2.53 10 0.95 1.05 0.05 4.33 .0.16 0.51 5.23 
11 0.85 1.18 0.05 2.69 0.22 0.35 9.06 11 0.95 1.05 0.05 5.47 0.39 0.16 0.35 

12 0.75 1.33 0.05 0.57 -0.18 1.08 53.10 12 0.90 loll 0.05 2.96 -0.60 1.61 20.43 

4 1 0.75 1. 33 0.05 0.22 0.52 0.03 0.33 8 1 1.00 1.00 0.05 2.34 0.18 0.63 23.11 
2 0.75 1.33 0.05 0 • .17 0.47 0.07 1.66 *2 1.00 1.00 0.05 1.97 0.21 0.63 41.25 
3 0.75 1.33 0.05 0.23 0.45 0.09 4.53 3 1.10 0.91 0.05 2.96 0.23 0.59 25.68 
4 0.75 1.33 0.05 0.20 0.53 0.01 0.05 4 1.15 0.87 0.05 1.90 0.16 0.74 53.27 
5 0.75 1.33 0.05 0.22 0.48 0.08 2.64 5 1.05 0.95 0.05 2.40 0.25 0.62 42.05 
6 0.75 1.33 0.05 0.28 0.50 0.05 1.57 6 1.00 1.00 0.05 2.14 0.24 0.59 42.46 
7 0.70 1.43 0.05 0.33 0.48 0.02 0.19 7 1.05 0.95 0.05 2.28 0.19 0.65 32.10 
8 0.75 1.33 0.05 0.47 0.51 0.03 1.00 r 8 0.95 1.05 0.05 1.96 0.22 0.59 40.73 

*9 0.70 1.43 0.05 0.26 0.43 0.08 5.07 9 0.95 1.05 0.05 3.14 0;29 0.45 12.91 
10 0.60 1.67 0.05 0.78 0.38 0.02 0.73 10 1.00 1.00 0.05 2.00 0.18 0.66 32.50 
11 0.60 1.67 0.05 1.15 0.38 0 .. 02 1. 75 11 1.00 1.00 0.05 2.78 0.16 0.67 25.58 

12 0.70 1. 43 0.05 0.18 0.42 0.08 2.66 12 1.05 0.95 0.05 1.23 0.07 0.86 64.48 



TABLE 7.2.12 

MJM-TIF THEORETICAL SIMILARITIES VS PERCEIVED SIMILARITIES 

Weights similarity Reg;ession Weights Similarity Regression 
Parameters Parameters 

~ubj • Rep1. Sub. Rep1. 
W IV e 0 Min a sim b sim F sim IV IV e 0 Min asim b sim Fsirn p q Res p q Res 

1 1 1.00 1.05 0.05 1.00 2.53 0.66 0.26 5.67 5 1 1. 00 1.05 0.05 1. 00 6.22 O.BB 0.05 2.B7 
*2 1. 00 1.05 0.05 1. 00 3.0B 0.65 0.30 8.31 2 1.00 1.05 0.05 1.00 7.13 O. B9 0.04 2.21 

3 1. 00 1.05 0.05 1.00 2.33 0.65 0.28 5.90 3 1. 00 1.05 0.05 1.00 4.51 0.88 0.05 2.54 
4 1.00 1.05 0.05 1. 00 2.03 0.56 0.42 13.91 4 1. 00 1. 05 0.05 1.00 3.41 O. B8 0.05 2.17 
5 1.00 1. 05 0.05 1. 00 1.91 0.44 0.63 32.64 5 1.00 1.05 0.05 1.00 3.07 0.84 0.11 11.45 
6 1.00 1.05 0.05 1. 00 2.05 0.62 0.32 5.93 6 1.00 1.05 0.05 1. 00 3.91 0.B7 0.06 3.22 
7 1.00 1.05 0.05 1.00 1. 64 0.52 0.47 12.82 *7 1.00 1.05 0.05 1. 00 5.05 0.88 0.04 2.40 
B 1. 00 1.05 0.05 1.00 2.27 0.65 0.27 4.53 B 1.00 1.05 0.05 1.00 5.00 0.87 0.06 4.56 
9 1.00 1.05 0.05 1.00 1.59 0.52 0.47 22.91 9 1.00 1.05 0.05 1.00 2.64 0.90 0.02 0.21 

10 1. 00 1.05 0.05 1.00 2.05 0.66 0.26 4.66 10 1. 00 1. 05 0.05 1. 00 4.20 0.B6 O.OB 10.96 
11 1.00 1.05 0.05 1.00 2.58 0.64 0.30 B.53 11 1.00 1.05 0.05 1.00 3.74 0.B8 0.04 1. 79 

12 1.00 1.05 0.05 1.00 1. Bl 0.45 0.60 19.14 12 1. 00 1.05 0.05 1.00 2.75 0.73 0.29 29.76 

2 1 1.00 1.05 0.05 1. 00 4.53 0.7B 0.14 12.97 6 1 1.00 1. 05 0.05 1. 00 5.22 0.80 O.OB 1.36 
2 1.00 1.05 0.05 1.00 7.41 0.83 0.08 3.47 2 1.00 1. 05 0.05 1. 00 3.37 0.81 0.06 0.44 
3 1.00 1.05 0.05 1.00 6.23 0.B2 0.09 4.71 3 1.00 1. 05 0.05 1.00 2.85 0.71 0.22 8.44 
4 1.00 1.05 0.05 1.00 5.24 O. B5 0.03 0.67 4 1.00 1.05 0.05 1.00 2.92 0.82 0.03 O.lB 
5 1. 00 1.05 0.05 1.00 6.14 0.83 0.07 2.53 5 1.00 1.05 0.05 1. 00 3.32 0.79 0.09 1.27 
6 1.00 1.05 0.05 1.00 4.88 0.78 0.13 15.08 6 1.00 1.05 0.05 1.00 2.91 0.81 0.06 3.BB 

*7 1. 00 1.05 0.05 1.00 6.10 0.83 0.05 2.04 7 1.00 1. 05 0.05 1.00 4.03 0.72 0.22 B.25 
8 1.00 1. 05 0.05 1.00 7.12 0.82 0.08 5.34 B 1.00 1.05 0.05 1.00 2.54 0.70 0.25 5.06 
9 1. 00 1.05 0.05 1. 00 7.34 0.82 0.09 6.61 9 1.00 1.05 0.05 1. 00 3.63 0.73 0.21 5.39 

10 1. 00 1.05 0.05 1. 00 7.17 0.B3 O.OB 3.97 *10 1.00 1.05 0.05 1. 00 4.13 0.7B 0.12 1. 57 
11 1. 00 1.05 0.05 1.00 7.20 0.B3 o .OB 4.07 11 1.00 1.05 0.05 1.00 4.47 0.91 -0.11 1.36 

12 1. 00 1.05 0.05 1. 00 5.05 O.BO 0.12 7.25 12 1.00 1.05 0.05 1. 00 2.51 0.35 O. B3 17 .09 

3 *1 1. 00 1.05 0.05 1.00 3.17 0.43 0.39 5.34 7 *1 1. 00 1.05 0.05 1.00 3.63 0.22 0.50 3.7B 
2 1. 00 1.05 0.05 1.00 4.47 0.4B 0.39 4.49 2 1.00 1.05 0.05 1. 00 2.7B 0.00 0.89 12.22 
3 1.00 1.05 0.05 1. 00 3.7B 0.51 0.27 2.09 3 1.00 1.00 0.05 1.00 3.Bl 0.21 0.54 5.91 
4 1. 00 1.05 0.05 1.00 2.6B 0.37 0.51 14.B3 4 1.00 1.00 0.05 1. 00 3.74 0.09 o .6B B.53 
5 1.00 1.05 0.05 1.00 2.34 0.35 0.53 12.24 5 1.00 1.00 0.05 1.00 4.4B 0.28 0.41 2. B9 
6 1.00 1. 05 0.05 1. 00 2.77 0.41 0·.40 6.15 6 1.00 1.00 0.05 1.00 5.24 0.39 0.24 1. 24 
7 1.00 1.05 0.05 1.00 2.40 0.35 0.53 14.70 7 1.00 1.00 0.05 1. 00 4.93 0.34 0.30 1. 51 
8 1.00 1.05 0.05 1.00 2.43 0.37 0.46 10.7B B 1.00 1.00 0.05 1.00 3.29 0.11 0.69 11.35 
9 1. 00 1.05 0.05 1.00 2.20 0.33 0.59 22.3B 9 1.00 1.00 0.05 1. 00 4.90 0.32 0.32 1.77 

10 1. 00 1. 00 0.05 1. 00 3.55 0.51 0.24 2.53 10 1.00 1.00 0.05 1.00 4.14 o .1B 0.54 5.44 
11 1. 00 1. 05 0.05 1.00 2.88 0.41 0.3B 9.09 11 1. 00 1.00 0.05 1.00- 5.35 0.43 0.16 0.34 

12 1.00 1.05 0.05 1. 00 1. 2B -0.09 1.36 53.50 12 1. 00 1.00 0.05 1.00 2. B9 -0.56 1.77 21. 00 

4 1 1. 00 1.05 0.05 1.00 1.67 0.B8 0.06 0.90 B 1 1.00 1.00 0.05 1.00 2.23 0.20 0.62 23.4B 
2 1. 00 1.05 0.05 1.00 1. 66 0.85 0.09 1. 92 *2 1.00 1.00 0.05 1.00 1.93 0.23 0.62 41. 63 
3 1.00 1.05 0.05 1.00 1. 83 0.83 0.02 5.17 3 1.00 0.95 0.05 1.00 3.03 0.22 0.56 25.6B 
4 1.00 1.05 0.05 1. 00 1.39 0.90 0.03 0.21 4 1.00 0.95 0.05 1.00 2.06 0.15 0.67 53.2B 
5 1. 00 1.05 0.05 1.00 1. B6 O. B5 0.10 3.13 5 1.00 0.95 0.05 1.00 2.41 0.23 0.59 42.05 
6 1. 00 1. 05 0.05 1. 00 1. 81 O. B7 0.07 1. B5 6 1.00 1. 00 0.05 1.00 2.14 0.26 0.5B 42.51 
7 1. 00 1.05 0.05 1. 00 2.16 0.90 0.03 0.44 7 1. 00 1. 00 0.05 1. 00 2.22 0.20 0.60 32.67 
8 1.00 1.05 0.05 1.00 2.07 0.88 0.05 1.5B B 1.00 1.05 0.05 1. 00 1.96 0.22 0.59 40.73 

*9 1.00 1.05 0.05 1. 00 2.13 0.84 0.12 5.6B 9 1.00 1.00 0.05 1. 00 3.13 0.32 0.47 12.9B 
10 1. 00 1.05 0.05 1.00 4.53 0.90 0.03 0.99 10 1. 00 1.00 0.05 1. 00 1.94 0.20 0.65 32 .54 
11 1.00 1.05 0.05 1.00 5.23 0.90 0.05 1.6B 11 1. 00 1.00 0.05 1.00 2.08 O.lB 0.65 25. B7 . 

12 1.00 1. 05 0.05 1.00 2.10 O. B4 0.12 3.44 12 1.00 1.00 0.05 1.00 1.16 0.09 0.80 65.45 



TABLE 7.2.13 

THEORETICAL SIMILARITIES VS MEAN PERCEIVED SIMILARITIES 

Subject Model Min Res a siro b siro F sim Subject Model Min Res a sim b siro F siro 

1 RAMG-DAZ 1. 34 0.06 1.15 46.16 5 RAl1G-DAZ 2.74 0.59 0.50 26.05 
RAMG-DAT 0.32 -0.14 0.92 45.04 RAMG-DAT 0.21 0.22 0.34 25.78 
RAMG-DAF* 0.91 0.06 1.09 46.16 RAMG-DAF* 1.94* 0.56 0.47 26.06 
MJM-DAZ 1.20 0.03 1.19 71.17 MJM-DAZ 2.78 0.60 0.48 25.40 
MJM-DAT 0.28 0.31 0.93 53.84 MJM-DAT 0.24 0.22 0.26 18.97 
MJM-DAF 0.98 0.03 1.16 69.22 MJM-DAF 2.37 0.59 0.46 25.12 
MJM-SCZ 1. 54 0.10 1. 07 23.19 MJM-SCZ 2.96 0.69 0.35 11. 05 
MJM-SCT 0.54 -0.04 0.82 22.36 MJM-SCT 0.33 0.36 0.14 3.95 
MJM-SCF 1.14 0.18 0.85 14.30 MJM-SCF 1. 93 0.73 0.17 1. 41 
MJM-TIZ 2.59 0.49 0.61 18.58 MJM-TIZ 3.74 0.76 0.30 29.78' 
MJM-TIT 0.35 0.24 0.44 19.14 MJM-TIT 0.27 0.28 0.21 29.77 
MJM-TIF 1. 81 0.45 0.60 19.14 MJM-TIF 2.75 0.73 0.29 29.76 

2 RAMG-DAZ 0.85 -0.04 1. 03 106.45 6 'RAMG-DAZ 2.23 0.08 1. 23 12.04 
RAMG-DAT 0.82 -0.03 0.98 106.45 RAMG-DAT 0.35 -0.06 0.85 11. 89 
RAMG-DAF* 0.80 -0.01 1.02 108.18 RAMG-DAF 1.62 0.07 1.16 12.05 
MJM-DAZ 1. 41 -0.04 0.96 60.17 MJM-DAZ 2.29 0.15 1.11 11. 21 
MJM-DAT 1. 40 -0.03 0.94 60.47 MJM-DAT 0.28 -0.10 0.61 7.79 
MJM-DAF 1. 30 -0.02 0.95 61. 63 MJM-DAF* 1. 97 0.16 1. 07 11. 02 
MJM-SCZ 3.67 0.62 0.28 6.73 MJM-SCZ 2.28 0.17 1. 07 8.55 
MJM-SCT 2.08 0.31 0.18 6.25 MJM-SCT 0.35 0.04 0.71 7.71 
MJM-SCF 3.15 0.62 0.18 3.17 MJM-SCF 1. 39 0.30 0.73 4.40 
MJM-TIZ 6.34 0.86 0.10 4.53 ~lJM-TIZ 3.41 0.37 0.88 17.09 
MJM-TIT 2.14 0.35 0.08 7.25 MJM-TIT 0.13 0.04 0.55 17.16 
11JM-TIF 5.05 0.80 0.12 7.25 !1JM-TIF 2.51 0.35 0.83 17.09 

3 RAMG-DAZ 1. 63 -0.21 1. 57 55.00 7 RAMG-DAZ 3.40 -0.61 1. 81 19.61 
RAMG-DAT 0.76 -0.39 1.25 55.00 RAMG-DAT 3.28 -0.65 1. 63 19.52 
RAMG-DAF 1. 29 -0.21 1. 49 55.00 RAMG-DAF 3.22 -0.59 1. 80 20.03 
MJM-DAZ 1. 39 -0.12 1. 46 69.87 MJM-DAZ 2.67 -0.56 1.77 23.62 
MJM-DAT 0.56 0.08 1.19 65.17 MJM-DAT 2.63 -0.54 1. 68 23.44 
MJM-DAF 1. 20 -0.12 1.42 69.53 MJM-DAF 2.49 -0.54 1. 75 24.34 
MJM-SCZ 1. 80 -0.22 1. 57 44.61 MJM-SCZ 3.63 -0.60 1. 78 17.62 
MJM-SCT 0.92 -0.25 1. 20 42.53 MJM-SCT 3.33 -0.60 1. 60 19.49 
MJM-SCF 1. 37 -0.14 1. 32 33.29 MJM-SCF 3.20 -0.55 1. 69 18.76 
MJM-TIZ 1. 69 -0.09 1. 43 53.50 MJM-TIZ 3.06 -0.57 1. 79 20.57 
MJM-TIT* 0.57 -0.18 1. 08 53.10 MJM-TIT* 2.96 -0.60 1. 61 20.43 
MJM-TIF 1.28 -0.09 1. 36 53.50 MJM-TIF 2.89 -0.56 1. 77 21. 00 

4 RAMG-DAZ 1. 23 -0.04 1. 30 70.92 8 RAMG-DAZ 1. 68 0.00 0.87 57.54 
RAMG-DAT* 0.10 -0.19 1.04 69.89 RAMG-DAT 1. 64 -0.02 0.92 57.54 
RAMG-DAF 0.75 -0.03 1. 24 70.93 RAMG-DAF 1.56 0.01 0.86 58.50 
MJM-DAZ '1.19 -0.05 1.32 69.05 MJM-DAZ 1. 35 0.02 0.84 69.73 
MJM-DAT 0.11 0.21 1. 00 59.95 MJM-DAT 1. 25 0.02 0.98 70.84 
MJM-DAF 0.94 -0.04 1. 28 68.23 MJM-DAF 1. 24 0.04 0.83 71. 77 

, MJM-SCZ 2.03 0.39 0.77 110.38 MJM-SCZ 1. 79 0.00 0.86 52.48 
MJM-SCT 0.11 0.18 0.43 25.37 MJM-SCT 1. 67 0.02 0.89 51. 68 
MJM-SCF 1. 31 0.60 0.37 3.47 MJM-SCF 1. 90 0.04 0.79 43.50 
MJM-TIZ 2.99 0.88 0.12 3.43 MJM-TIZ 1. 23 0.07 0.82 64.48 
MJM-TIT 0.18 0.42 0.08 2.66 MJM-TIT 1. 23 0.07 0.86 64.48 
MJM-TIF 2.10 0.84 0.12 3.44 MJM-TIF 1.16 0.09 0.80 65.45 



FIGURE 7.2.3 SD OF SHULARITY JUDGEMENTS VS HEAN PERCEIVED SHULARITY 
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TABLE 7.2. 14a (SUBJECT 1) 

STIMULUS SPECIFICATIONS, FREQUENCY OF CATEGORY USAGE, 

MEAN OBSERVED SIMILARITIES, RESPONSE VARIATION. 

SIl1ILARITY SCALE CATEGORIES I 
STIlI STIM STHI 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 pljJ./q s.d. CF UNCERT SEP 

1-1 0 0.000 2 4 5 .73 .075 
1-2 1.21 0.491 6 5 .75 .050 
1-3 2.[17 1.071 1 3 3 4 .68 .119 
1-4 2.77 1.490 2 1 3 2 2 1 .54 .155 
1-5 3.38 1.977 1 5 3 1 1 .48 .140 
1-6 3.99 2.476 4 5 2 .38 .072 
1-7 4.65 2.964 1 10 .39 .029 
1-8 5.47 3.475 1 9 1 .40 .043 

2-2 2.42 0.000 2 2 3 4 .68 .111 
2-3 3.28 0.514 2 1 7 1 .64 .130 
2-4 3.98 0.999 5 1 3 2 .62 .119 
2-5 4.59 1.486 1 4 3 1 1 1 .50 .141 
2-6 5.20 1.985 5 2 2 1 1 .52 .134 
2-7 5.86 2.473 1 6 3 1 .44 .077 
2-8 6.88 2.988 1 6 4 .43 .062 

3-3 4.14 0.000 1 1 1 8 .75 .099 
3-4 4.84 0.483 1 3 1 3 3 .64 .137 
3-5 5.45 0.970 7 2 2 .59 .124 
3-6 6.06 1.469 2 2 2 5 .66 .143 
3-7 6.72 1.957 4 5 1 1 .49 .090 
3-8 7.54 2.472 1 5 2 2 1 .57 .114 

4-4 5.54 0.000 3 2 2 4 .66 .123 
4-5 6.15 0.487 1 4 3 3 .67 .096 
4-6 6.76 0.986 1 2 5 3 .69 .090 
4-7 7.42 1.474 1 2 1 3 4 .66 .137 
4-8 8.24 1.989 6 2 1 2 .59 .116 

5-5 6.76 0.000 1 1 3 5 1 .74 .107 
5-6 7.39 0.499 7 4 .74 .048 
5-7 8.03 0.987 2 2 3 4 .68 .111 
5-8 8.85 '1.502 2 2 4 3 .67 .105 

6-6 7.98 0.000 4 7 .76 .048 
6-7 8.64* 0.488 2 3 6 .74 .077 
6-8 9.46 1.003 2 4 5 .73 .075 

7-7 9.32 0.000 1 4 6 .75 .066 
7-8 10.12 0.515 2 9 .78 .039 

8-8 10.94 0,000 4 6 1 .77 .062 
-



TABLE 7.2.14b (SUBJECT 2) 

STIl1 STIM STIM 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 p¢dq s.d. CF UNCERT ,JEP 
0 

1-1 0 0.000 1 2 3 5 .91 .099 
1-2 1.21 0.491 1 1 4 5 .90 .123 
1-3 2.07 1.071 1 1 1 6 2 .86 .115 
1-4 2.77 1.490 1 1 5 1 3 .72 .164 
1-5 3.38 1.977 3 2 2 1 3 .32 .195 
1-6 3.99 2.476 2 2 2 2 2 1 .34 .197 
1-7 4.65 2.964 5 2 2 1 1 .23 .154 
1-8 5.47 3.476 5 5 1 .16 .064 

2-2 2.42 0.000 1 2 3 5 .91 .100 
2-3 3.28 0.514 2 3 3 3 .86 .107 
2-4 3.98 0.999 3 3 2 1 2 .76 .143 
2-5 4.59 1.486 4 1 1 1 2 1 1 .37 .260 
2-6 5.20 1.985 3 7 1 .18 .058 
2-7 5.86 2.473 4 3 1 2 1 .31 .258 
2-8 6.68 2.988 6 2 2 1 .22 .164 

3-3 4.14 0.000 1 4 3 3 .86 .137 
3-4 4.84 0.483 1 1 2 1 2 2 2 .59 .264 
3-5 5.45 0.970 2 2 2 2 1 2 .36 .210 
3-6 6.06 1.469 1 3 4 1 1 1 .31 .138 
3-7 6.72 1.957 4 3 3 .26 .246 
3-8 7.54 2.472 4 3 3 .23 .142 

4-4 5.54 0.000 2 1 1 1 1 5 .80 .230 
4-5 6.15 0.487 2 2 2. 3 2 .64 .250 
i+_6 6.76 0.986 1 1 2 2 1 2 2 .68 .262 
4-7 7.42 1.471f 2 3 4 1 1 .28 .159 
4-8 8.24 1.989 1 3 5 1 1 .34 .231 

5-5 6.76 0.000 2 2 3 2 2 .76 .197 
5-6 7.39 0.499 2 1 1 1 1 1 2 2 .66 .250 
5-7 8.03 0.987 1 5 1 1 2 1 .46 .235 
5-8 8.85 1.502 3 2 1 1 2 1 1 .54 .296 

6-6 7.98 0.000 1 1 1 1 6 1 .81 .168 
6-7 8.64 0.488 2 1 3 3 2 .78 .199 
6-8 9.46 1.003 3 1 5 2 .86 .108 

7-7 9.32 0.000 1 2 2 4 2 .79 .202 
7-8 10.12 0.515 1 3 6 1 .86 .099 

8-8 10.94 0.000 1 6 4 .91 .108 



TABLE 7.2.14c (SUBJECT 3) 

STHl STIM STIM 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 p¢J q s.d. CF UNCERT SEP 

1-1 0 0.000 1 2 2 3 3 .76 .257 
1-2 1.21 0.491 -I 3 1 1 1 4 .75 .246 
1-3 2.07 1.071 2 1 2 2 1 1 1 1 .60 .222 
1-4 2.77 1.490 1 2 2 1 3 1 1 .48 .269 
1-5 3.38 1.977 2 3 1 2 1 1 1 .36 .242 
1-6 3.99 2.476 2 3 1 3 1 1 .35 .243 
1-7 4.65 2.964 4 4 1 2 .21 .108 
1-8 5.47 3.475 3 2 1 4 .33 .245 

2-2 2.42 0.000 1 3 1 1 2 3 .73 .226 
2-3 3.28 0.514 1 1 1 2 1 3 2 .66 .281 
2-4 3.98' 0.999 2 3 1 2 2 1 .66 .210 
2-5 4.59 1.486 2 3 3 3 .36 .107 
2-6 5.20 1.985 1 2 2 1 4 1 .55 .294 
2-7 5.86 2.473 3 2 1 4 1 .28 .140 
2-8 6.68 2.988 3 1 2 1 3 1 .33 .176 

3-3 4. ~4 0.000 2 4 1 2 1 1 .64 .201 
3- 'f 4.84 0.483 2 4 1 1 2 1 .64 .210 
3--5 5.45 0.970 1 2 4 1 1 1 1 .56 .231 
3-6 6.06 1.469 -I 4 3 1 1 1 .45 .178 
3-7 6.72 1.957 3 1 1 2 1 1 2 .43 .299 
3-8 7.54 2.472 1 1 4 2 1 1 1 .40 .205 

4-4 5.54 0.000 1 2 1 2 1 3 1 .68 .233 
4-5 6.15 0.487 3 1 1 2 1 2 1 .66* .210 
4-6 6.76 0.986 1 1 5 1 1 2 .56 .197 
4-7 7.42 1.474 1 1 3 4 1 1 .48 .180 
4-8 8.24 1.989 1 6 1 1 1 1 .52 .190 

5-5 6.76 0.000 1 1 2 2 2 2 1 .56 .219 
5-6 7.39 0.499 1 1 4 1 1 2 1 .50 .195 
5-7 8.03 0.987 1 1 1 4 1 2 1 .52 .241 
5-8 8.85 1.502 1 4 4 1 1 .47 .142 

6-6 7.98 0.000 3 3 2 3 .66 .197 
6-7 8.64 0.488 1 4 2 1 2 1 .50 .186 
6-8 9.46 1.003 3 1 -I 1 2 3 .61 .247 

7-7 9.32 0.000 1 1 5 1 2 1 .58 .180 
7-8 10.12 0.515 1 1 1 2 5 1 .67 .222 

8-8 10.94 0.000 1 1 1 1 2 1 2 2 .71 .228 



TABLE 7.2.14d (SUBJECT 4) 

STIM STIM STIM 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 "IFf s.d. 
CF UNCERT SEP P <;j 

1-1 0 0.000 1 1 3 6 .73 .096 
1-2 1. 21 0.491 2 2 7 .75 .078 
1-3 2.07 1.071 5 6 .76 .050 
1-4 2.77 1. 490 1 3 6 1 .69 .067 
1-5 3.38 1.977 1 6 3 1 .63 .096 
1-6 3.99 2.476 1 1 1 6 2 .54 .155 
1-7 4.65 2.964 2 1 8 .56 .078 
1-8 5.47 3.475 1 1 8 1 .57 .086 

2-2 2.42 0.000 3 7 1 .78 .058 
2-3 3.28 0.514 1 4 6 .75 .066 
2-4 3.98 0.999 1 3 7 .75 .066 
2-5 4.59 1. 486 3 3 5 .59 .124 
2-6 5.20 1. 985 1 8 2 .59 .100 
2-7 5.86 2.473 1 7 2 1 .62 .094 
2-8 6.68 2.988 1 1 6 3 .58 .119 

3-3 4.14 0.000 1 2 8 .76 .064 
3-4 4.84 0.483 1 2 3 5 .71 .100 
3-5 5.45 0.970 1 8 2 .71 .051 
3-6 6.06 1. 469 2 2 5 2 .62 .159 
3-7 6.72 1. 957 2 4 4 1 .62 .119 
3-8 7.54 2.472 2 4 5 .61 .108 

4-4 5.54 0.000 4 4 3 .69 .093 
4-5 6.15 0.487 2 6 3 .71 .067 
4-6 6.76 0.986 1 1 6 3 .70 .085 
4-7 7.42 1. 474 2 7 2 .69 .067 
4-8 824 1. 989 1 3 5 2 .66 .107 

5-5 6.76 0.000 3 4 4 .71 .079 
5-6 7.39 0.499 2 3 5 1 .75 .089 
5-7 8.03 0.987 1 2 3 5 .69 .144 
5-8 8.85 1. 502 3 5 3 .70 .074 

6-6 7.96 0.000 3 7 1 .78 .058 
6-7 8.64 0.488 1 3 7 .75 .089 
6-8 9.46 1. 003 7 4 .75 .050 

7-7 9.32 0.000 1 1 9 .77 .062 
7-8 10.12 0.515 1 10 .79 .029 

8-8 10.94 0.000 1 3 6 1 .76 .077 



TABLE 7.2.14e (SUBJECT 5) 

STH! STU1 STIM 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 "tv! s.d. CF UNCERT SEP P q 

1-1 a O. 000 1 1 1 3 2 3 .61 .178 
1-2 1. 21 0.491 1 1 1 1 1 1 2 3 .62 .272 
1-3 2. 07 1.071 1 1 4 4 1 .61 .235 
1-4 2.77 1. 490 2 3 1 4 1 .65 .192 
1-5 3.38 1. 977 1 4 2 3 1 .38 .134 
1-6 3.99 2.476 1 1 1 1 2 1 4 .59 .207 
1-7 4.65 2.964 1 2 2 1 3 1 1 .39 .243 
1-8 5.47 3.475 3 2 2 2 1 1 .42 .153 

2-2 2.42 0.000 1 2 4 2 2 .81 .138 
2-3 3.28 0.514 1 3 2 3 1 1 .62 .233 
2-4 3.98 0.999 1 2 2 4 2 .60 .263 
2-5 4.59 1. 486 1 1 1 1 1 1 1 2 2 .66 .271 
2-6 5.20 1. 985 2 3 3 1 2 .61 .144 
2-7 5.86 2.473 2 1 1 3 4 .65 .300 
2-8 6.68 2.988 1 1 1 4 2 2 .62 .217 

3-3 4.14* 0.000 1 2 2 4 2 .77 .249 
3-4 4.84 0.483 3 2 1 2 3 .68 .241 
3-5 5,45 0.970 1 2 2 3 ,,! 1 .76 .144 
3-6 6.06 1. 469 1 2 2 3 2 1 .65 .162 
3-7 6.72 1. 957 1 2 1 1 1 3 2 .58 .278 
3-8 7.54 2.472 1 1 3 1 'I 3 1 .59 .219 

4-4 5.54 0.000 1 3 2 3 2 .64 .227 
4-5 6.15 0.487 1 1 3 1 4 1 .68 .147 
4-6 6.76 0.986 1 2 4 2 2 .79 .151 
4--7 7.42 1. 474 1 1 1 1 6 1 .71 .168 
4-8 8.24 1. 989 1 1 3 1 2 3 .66 .235 

5-5 6.76 0.000 1 1 2 2 3 1 1 .66 .211 
5-6 7.39 0.499 3 1 2 4 1 .79 .138 
5-7 8.03 0.987 2 1 1 2 2 1 2 .62 .300 
5-8 8.85 1. 502 1 4 4 2 .72 .134 

6-6 7.96 0.000 1 4 2 2 1 1 .71* .144 
6-7 8.64* 0.488 2 1 1 1 2 2 2 .58 .300 
6-8 9.46 1. 003 1 2 1 l 1 2 2 1 .59 .300 

7-7 9.32 0.000 3 2 3 3 .80 .160 
7-8 10.12 0.515 1 2 1 2 4 1 .74 .192 

8-8 10.94 0.000 1 1 2 1 2 4 .66 .201 



TABLE 7.2.14f (SUBJECT 6) 

STIM STIM STIM 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 ,¥.d s.d. CF UNCERT SEP P q 

1-1 0 0.000 3 1 1 1 4 1 .59 .288 
1-2 1. 21 0.491 3 3 1 1 3 .56 .250 
1-3 2.07 1.071 1 3 1 1 1 3 1 .54 .242 
1-4 2.77 1. 490 1 3 2 1 4 .58 .190 
1-5 3.38 1.977 1 1 1 2 1 1 4 I .58 .208 
1-6 3.99 2.476 3 4 2 1 1 .44 .123 
1-7 4.65 2.964 1 1 2 2 2 2 1 .52 .175 
1-8 5.47 3.475 4 2 1 1 1 1 1 .50 .209 

2-2 2.42 0.000 3 2 1 3 2 .59 .151 
2-3 3.28 0.514 2 2 4 2 1 .51 .156 
2-4 3.98 0.999 1 6 1 3 .58 .140 
2-5 4.59 1. 486 5 3 2 1 .52 .140 
2-6 5.20 1. 985 1 1 3 1 3 2 .59 .156 
2-7 5.86 2.473 2 6 1 1 1 .54 .115 
2-8 6.68 2.988 1 1 5 2 2 .55 .183 

3-3 4.14 0.000 4 1 3 3 .65 .123 
3-4 4.84 0.483 1 1 1 3 5 .66 .172 
3-5 5.45 0.970 1 2 4 2 2 .55 .178 
3-6 6.06 1. 469 1 1 1 3 2 3 .62 .159 
3-7 6.72 1. 957 2 4 5 .71 .108 
3-8 7.54 2.472 2 4 5 .62 .170 

4-4 5.54 0.000 3 1 2 3 2 .60 .148 
4-5 6.15 0.487 1 2 1 6 1 .66 .206 
4-6 6.76 0.986 1 1 2 2 5 .65 .178 
4-7 7.42 1. 474 2 2 1 1 5 .65 .162 
4-8 8.24 1. 989 1 2 2 1 1 4 .60 .181 

5-5 6.76 0.000 2 2 1 4 2 .61 .178 
5-6 7.39 0.499 1 1 1. 1 2 5 .66 .173 
5-7 8.03 0.987 3 1 2 15 .65 .173 
5-8 8.85 1. 502 2 1 3 1 2 2 .56 .173 

6-6 7.96 0.000 2 1 1 4 3 .60 .226 
6-7 8.64 0.488 1 2 8 .76 .088 
6-8 9.46 1. 003 2 2 4 1 2 .52 .170 

7-7 9.32 0.000 1 3 2 1 4 .64 .143 
7-8 10.12 0.515 2 1 4 3 1 .67 .160 

8-8 10.94 0.000 1 3 1 1 5 .66 .150 



TABLE 7.2.14g (SUBJECT 7) 

STIM STIM STH! 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 '¥J s.d. CF UNCERT SEP P q 

1-1 0 0.000 1 3 2 1 4 .67 .186 
1-2 1. 21 0.491 1 1 1 1 1 1 2 3 .72 .272 
1-3 2.07 1. 07 1 2 1 4 2 1 .53 .186 
1-4 2.77 1. 490 3 2 1 5 .70 .213 
1-5 3.38 1.977 3 4 1 1 2 1 .48 .190 
1-6 3.99 2.476 1 1 1 2 4 1 1 .70 .205 
1-7 4.65 2.964 2 3 4 1 1 .26 .115 
1-8 5.47 3.475 2 2 3 2 1 1 .35 .215 

2-2 2.42 0.000 2 1 1 2 2 2 1 .68 .225 
2-3 3.28 0.514 1 1 3 3 3 .82 .199 
2-4 3.98 0.999 1 2 5 2 1 .53 .171 
2-5 4.59 1. 486 3 2 1 3 1 1 .60 .165 
2-6 5.20 1. 985 1 3 2 4 1 .61 .116 
2-7 5.86 2.473 3 3 1 1 2 2 1 .54 .250 
2-8 6.68 2.988 1 2 1 3 1 1 2 .51 .193 

3-3 4.14 0.000 3 2 4 2 .75 .108 
3-4 4.84 0.483 1 1 2 5 2 .70 .222 
3-5 5.45 0.970 1 3 2 2 3 .63 .136 
3-6 6.06 1.469 3 2 3 1 2 .55 .178 
3-7 6.72 1. 957 1 1 4 3 1 1 .46 .206 
3-8 7.54 2.472 3 2 2 3 1 .47 .136 

4-4 5.54 0.000 1 1 5 2 2 .70 .165 
4-5 6.15 0.487 1 2 2 1 2 2 1 .67 .242 
4-6 6.76 0.986 1 2 3 2 1 1 1 .66 .172 
4-7 7.41 1. 474 4 3 3 1 .64 .187 
4-8 8.24 1. 989 1 4 1 1 1 3 .56 .183 

5-5 6.76 0.000 3 1 1 5 1 .70 .141 
5-6 7.39 0.499 1 1 3 1 5 .63 .181 
5-7 8.03 0.987 1 2 2 2 2 2 .66 .197 
5-8 8.85 1. 502 1 3 1 2 1 2 1 .61 .228 

6-6 7.96 0.000 3 1 1 1 3 2 .67 .218 
6-7 8.64 0.488 5 1 4 1 .56 .156 
6-8 9.46 1. 003 1 2 3 4 1 .70 .165 

7-7 9.32 0.000 1 4 1 1 2 1 1 .66 .188 
7-8 10.12 0.515 1 1 1 3 3 2 .76 .231 

8-8 10.94 0.000 1 2 1 1 2 2 2 .69 .261 



( 

TABLE 7.2.14h (SUBJECT 8) 

STIM STIM STIM 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 "fJ s.d. CF UNCERT SEP P q 

1-1 0 0.000 1 3 7 .94 .065 
1-2 1. 21 0.491 6 5 .95 .050 
1-3 2.07 1.071 1 1 1 1 1 3 3 .76 .246 
1-4 2.77 1. 490 1 3 2 4 1 .76 .197 
1-5 3.38 1.977 2 1 2 1 2 3 .46 .264 
1-6 3.99 2.476 3 5 1 1 1 1 .24 .143 
1-7 4.65 2.964 1 8 1 1 .21 .120 
1-8 5.47 3.475 8 3 .13 .045 

2-2 2.41 0.000 1 3 1 6 .91 .108 
2-3 3.28 0.514 1 1 3 1 5 .85 .202 
2-4 3.98 0.999 4 2 5 .91 .090 
2-5 4.59 1. 486 3 4 1 1 2 .27 .176 
2-6 5.20 1. 985 2 5 1 2 1 .26 .123 
2-7 5.86 2.473 5 4 2 .17 .075 
2-8 6.68 2.988 6 3 1 1 .17 .096 

3-3 4.14 0.000 2 2 4 3 .87 .105 
3-4 4.84 0.483 1 1 1 3 1 2 2 .71 .228 
3-5 5.45 0.970 1 1 1 1 1 2 1 3 .59 .281 
3-6 6.06 1.469 2 2 1 3 1 2 .57 .290 
3-7 6.72 1.957 2 4 4 1 .30 .171 
3-8 7.54 2.472 1 5 3 2 .29 .156 

4-4 5.54 0.000 2 3 5 1 .83 .121 
4-5 6.15 0.487 1 1 2 1 2 2 2 .71 .254 
4-6 6.76 0.986 1 1 1 1 2 3 2 .76 .227 
4-7 7.42 1. 474 4 1 4 1 1 .38 .221 
4-8 8.24 1. 989 3 3 2 1 1 1 .40 .213 

5-5 6.76 0.000 1 1 2 5 2 .84 .149 
5-6 7.39 0.499 1 1 1 1 5 2 .77 .238 
5-7 8.03 0.987 2 2 1 1 3 2 .60 .295 
5-8 8.85 1. 502 1 2 1 2 2 3 .76 .253 

6-6 7.96 0.000 3 1 7 .94 .088 
6-7 8.64 0.48& 1 3 7 .96 .066 
6-8 9.46 1.003 1 5 5 .94 .064 

7-7 9.32 0.000 2 9 .98 .039 
7-8 10.12 0.515 1 10 .99 .029 

8-8 10.94 0.000 11 1. 00 .00 



FIGURE 7.2.4. ]\1El'I..N PERCEIVED SIMILARITY VS STU'l SEP 
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FIGURE.7.2.S. SD OF SIMILARITY JUDGEMENTS VS STIM SEP 
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FIGURE 7.2.6. HEAl\! PERCEIVED SIMILARITY VS STIM UNCERT 
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FIGUHE 7.2.7. SD OF SnULARITY JUDGEI:'IENTS VS STH, UNCERT 
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TABLE 7.3.1 

GOODNESS OF FIT PARAMETERS FROM TORSCA-9 NULTIDIMENSIONAL SCALING 

I A B C D E F G H I J A B C D E F G H I J 

Subj .1 
Data Type Dispari ties ')istances Data Type 

I 
Dispari ties Distances 

Triangular Number of Young's Triangular Triangular Triangular Nwnber of I Young's 
Triangular TrJ.ang'l1~ar 
Inequality Inequality Inequality Dimen- Squariance Kruskal l s Inequality Inequa1i ty Inequality Dimen- Squariance Kruska1 '5 
Violations Violations 

I 

Violations sions Ratio stress Violations Violations Violations sions Ratio Stress , 
No , No % No % No. % 

No. % No. 

1 , 
4 0.99990 0.020 1 1. 79 0 0 5 4 0.99980 0.028 0 0 0 0 

: 
pMq 0 0 *3 0.99979 0.029 2 3.59 0 0 pf/q 0 0 *3 0.99909 0.060 0 0 0 0 

2 CO.99809) 0.087 6 10.71 0 0 2 (0.99512) (0.139) 6 10.71 0 0 
1 0.99743 0.101 24 42.85 0 0 1 0.98008 0.279 17 30.36 0 0 

I 
4 1.0000 0.001 0 0 0 0 4 1. 0000 0.002 0 0 0 0 

pdq 0 0 3 1. 0000 0.002 0 0 0 0 pI q 0 0 3 l.0000 0.002 0 0 0 0 
*2 0.99999 0.008 5 8.93 0 0 2 0.99995 0.014 4 7.14 0 0 

i( RAl1G- DAF) 1 0.99999 0.007 (14) 25.00 0 0 (RAMG-DAF) *1 1.0000 0.000 4 7.14 0 0 

2 4 0.99985 0.024 0 0 0 0 6 
p'fdq 

4 0.99980 0.028 0 0 0 0 

i p~/q 21 37.50 3 0.99928 0.054 2 3.57 0 0 0 0 *3 0.99900 0.069 2 3.57 0 0 
*2 0.9990 0.075 6 10.71 0 0 2 (0.99315) (0.165) 3 5.36 0 0 

1 (0.99655) (0.117) (27) 48.21 0 0 1 0.96862 0.349 15 26.79 0 0 

4 0.99999 0.005 0 0 0 0 
p/q 

4 1.0000 0.001 0 0 0 0 

~Jq 32 57.14 3 1.0000 0.002 0 0 0 0 0 0 3 1.000 0.001 0 0 0 0 
*2 0.99999 0.005 1 1. 79 0 0 *2 0.99996 0.012 1 1. 79 0 0 

(RAMG-DAF) 1 1.00000 0.003 (21) 37.50 0 0 (MJM-DAF) 1 0.99999 0.005 ( 9) 16.07 0 0 

3 4 0.99987 0.023 0 0 0 0 7 
p</,/q 

4 0.99995 0.014 0 0 0 0 
p'f/q 4 7.14 *3 0.99953 0.043 1 1. 79 0 0 5 8.93 *3 0.99900 0.070 1 1. 79 0 0 

I 
2 0.99923 0.053 ( 8) 14.29 0 0 2 (0.99640) (0.120) (7) 12.50 0 0 

I 
1 0.99206 0.178 19 33.93 0 0 1 0.9845 0.244 22 39.29 0 0 

I 4 1. 0000 0.001 0 0 0 0 
p.fq 

4 1.0000 0.002 0 0 0 0 
pd'q 7 

1
'2

•
50 3 1.0000 0.001 0 0 0 0 32 57.14 3 0.99999 0.003 0 0 0 0 

*2 1. 0000 0.004 5 8.93 0 0 *2 0.99999 0.008 4 7.14 0 0 
(MJM-TIT) 1 0.99999 0.005 (20) 35.71 0 0 (MJM-TIT) 1 0.99995 0.014 (16) 28.57 0 0 

4 

prlq 
4 0.99998 0.009 0 0 0 0 8 

p<PIq 
4 0.99995 0.014 0 0 0 0 

0 P *3 0.99987 0.023 0 0 0 0 30 53.57 3 1. OOODO 0.003 0 0 0 0 
2 (0.99845) 0.047 3 5.36 0 0 *2 0.99962 0.039 4 7.14 0 0 
1 0.99531 0.137 22 39.59 0 0 1 (0.99745) (0.101) (23) 41.07 0 0 

pJq 
4 1.0000 0.001 0 0 0 0 4 1. 0000 0.001 0 0 0 0 

I 0 0 3 1. 0000 0.002 0 0 0 0 prlq 25 44.64 3 1.0000 0.004 0 0 0 0 

I 
*2 0.99995 0.013 3 5.36 0 0 *2 1. 0000 0.002 0 0 0 0 I lRAMG-DAT) 1 0.99999 0.006 (13) 23.21 0 0 (MJM-DAT) 1 1.0000 0.001 18) 32.14 0 0 

,_ ........ 



TABLE 7.3.2 

ROTATED FACTOR LOADINGS FROM TORSCA-9 MULTIDIMENSIONAL SCALINGS 

K L M K' L' M' K L M K' L' M 

Perceived .Similarit- Theoretical Similar- Pe~ceived Similarit Theoretical Similar-
ies Data ities Data ies Data ities Data 

Stimulus Subject Rotated Factor Load- Rotated Factor Load- Subject Rotated Factor Load Rotated Factor Load-
ings ings ings ings 

FI FU FUl FI FII FUI FI FU FIII FI FII FlU 

1 1 0.631 -0.747 -0.012 0.802 -0.302 5 0.816 0.023 0.086 1.115 
2 0.477 -0.294 0.534 0.560 -0.259 0.1'66 0.508 0.012 0.668 
3 0.481 0.019 -0.098 0.311 -0.335 -0.039 0.073 0.562 0.374 
4 -0.115 -0.001 0.293 0.170 -0.146 0.181 -0.349 -0.220 0.080 
5 -0.101 0.021 -0.474 -0.012 0.024 -0.395 -0.091 0.200 -0.214 
6 -0.047 0.606 -0.064 -0.109 0.431 0.021 -0.513 0.199 -0.388 
7 -0.671 0.198 -0.080 -0.539 0.364 -0.253 0.270 -0.583 -0.682 
8 - 0.656 0.198 -0.099 -1.185 0.274 -0.496 0.078 -0.256 -0.975 

1 2 0.680 -0.432 0.860 -0.218 6 0.833 0.169 0.038 1.032 -0.231 
2 0.636 -0.420 0.640 -0.229 -0.017 0.030 0.822 0.721 -0.005 
3 0.558 -0.246 0.453 -0.073 -0.392 -0.391 -0.137 0.304 -0.043 
4 0.023 -0.144 0.246 -0.196 0.086 0.004 0.050 0.005 -0.289 
5 -0.080 0.091 -0.065 0.097 0.094 0.570 -0.233 -0.173 -0.046 
6 -0.401 0.211 -0.348 0.150 , -0.465 0.279 0.050 0.449 -0.145 
7 -0.570 0.482 -0.647 0.186 0.249 -0.013 -0.385 -0.542 0.255 
8 -0.695 0.653 -1.090 0.264 -0.510 -0.648 -0.205 -0.889 0.504 

1 3 0.834 0.236 0.012 0.803 -0.082 7 0.801 -0.083 -0.130 0.834 -0.231 
2 0.541 -0.067 -0.449 0.600 -0.099 0.151 0.121 -0.551 0.595 -0.228 
3 0.250 0.444 -0.154 0.460 0.056 0.068 0.658 -0.151 0.418 -0.167 
4 0.005 -0.015 -0.106 0.272 0.078 0.246 0.089 0.440 0.208 -0.149 
5 -0.332 0.432 0.110 -0.011 0.221 -0.276 0.110 -0.054 -0.011 -0.114 
6 -0.098 -0.515 -0.090 -0.249 -0.055 -0.166 -0.464 -0.091 0.184 0.271 
7 -0.842 -0.121 0.193 -0.602 -0.156 -0.542 -0.007 0.520 -0.593 0.275 
8 -0.359 -0.394 0.483 -1.296 0.038 -0.615 -0.425 0.018 1. 265 0.282 

1 4 0.836 -0.365 0.011 0.981 0.091 8 0.844 -0.334 0.960 -0.531 
2 0.424 0.494 0.113 0.604 -0.133 0.803 -0.247 0.466 -0.418 
3 -0.609 0.014 -0.221 0.298 -0.378 0.339 -0.219 0.257 -0.267 
4 0.001 -0.279 0.137 0.033 -0.290 0.244 -0.083 0.070 -0.103 
5 -0.027 0.553 -0.094 -0.182 -0.316 -0.229 0.104 0.058 0.122 
6 0.476 -0.447 -0.128 -0.421 -0.035 -0.423 0.299 -0.249 0.289 
7 -0.682 0.060 0.200 -0.563 0.356 -0.778 0.338 0.416 0.402 
8 -0.685 0.064 -0.131 -0.750 0.705 -0.800 0.502 0.970 0.506 
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CHAPTER E I G H T 

SEC 0 N D S I MIL A R I T Y E X PER I MEN T 

8.1 CRITICISMS OF SIM I 

Criticisms can be made of certain aspects of Sim I, 

particularly with regard to the stimulus series tested and the 

unidimensional psychophysical tasks investigated. In this 

section criticisms are made explicit and Section 8.2 details 

the steps taken in Sim II to try to overcome these difficulties. 

8.1.1. Concentrations of Stimuli 

The stimuli tested in Sim I were made up of Eugenol levels 

from a narrower concentration range than that of the propanol 

stimuli. While closely comparable intensity scaling parameters 

were obtained within Ss for the separate components over the 

ranges tested, these estimates w~re somewhat misleading because 

they came from relative olfactory intensity scaling paradigms 

(RRCS2) • By "relative" is meant "compared to a standard stimulus" 

which was a median concentration in both cases. These data may 

not represent equi-intensity matches across stimulus settings; 

that is, the highest concentration of propanol which was about four 

times greater than the highest eugenol concentration probably 

elicited higher perceived intensity, in absolute, not relative 

terms, than the higher eugenol concentration. The concentration 

differences between components were inflated by tha A1 transformation 

to psychological intensities; Table 7.1.3 reveals the higher 
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magnitudes for propanol than eugenol for most SSe In the MJM-SC 

model, propanol would dominate in most p - ~ stimulus comparisons; 

it is possible that the MJM-SC model gave poorest matchings to 

1/Jd 's for this reason. 
p q 

The differential component weights obtained in the A5 regressions 

of ¢/, s on 1/JJ' s were generally higher for propanol than for 
p q p q 

eugenol, again revealing the domination of this component. Finally, 

TORSCA-9 analyses of 1/J/' s consil3tently revealed Propanol Intensity 
p q 

as a first factor. (The first factor derived from the ~ 's was 
p q 

also Propanol Intensity, but this is not surprising considering the 

higher psychological magnitudes of propanol components from the A1 

transformation, as mentioned above). The consistency of this 

pattern of loadings is again taken as evidence of domination by the 

propanol component in the similarity judgement situation. 

The stimulus set of Sim I may therefore be criticised for 

predetermining a domination by one component, propanol, in the 

similarity judgement situation. Ekman and Engen (1962) took pains 

to avoid this sort of difficulty by ensuring that levels of 

components were matched for intensity, and mixtures were made up 

to ensure that total intensity remained constant over the stimulus 

set (as typical of the stockholm experiments, stimuli were carefully 

selected to vary only qualiJ~atively, not quantitatively, overall). 

To counte~ the criticisms of Sim I, what is required is a stimulus 

set in which the components not only span the same intensity range 

in relative terms, as in Sim I, but also in absolute terms. 

Because of the lack of calibration data on the flow meter/float 
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combinations necessary to obtain eugenol and propanol stimuli at 

concentrations which are more closely matched, it was decided to 

replace propanol with acetophenone which has physical properties 

(vapour pressure, molecular weight, etc., see Table 2.5.2) closer 

to eugenol, but is qualitatively distinct (Table 2.5.1). 

8.1.2 Suitability of Stimuli 

In Chapter One a number of questions were posed, and 

unequivocal answers to these demanded certain aimulus character

istics. The stimulus set of Sim I was inadequate for exploring 

such questions as discussed in Section 7.4. If it is accepted 

for the moment that all eight stimuli of Sim I were matched for 

overall intensity (which is probably untrue, as discussed in the 

previous subsection), then, how could such a set reveal the role 

that absolute intensity might play in determining similarity 

estimates? In other words, Sim I suffered from the same criticisms 

that were made in Chapter Six of the Stockholm experiments, in that 

the stimuli had only qualitative variation. For critical answers 

to, or at least explorations of, all questions of Chapter One, a 

much larger stimulus set was required, giving variation not only 

in relative concentration of components (relative psychological 

magnitudes of dimensions) but also in overall concentration 

(absolute psychological magnitudes of stimuli). 

Furthermore, for a more sensitive test of the simulati.on 

models an extended stimulus range was needed; a range which 

included zero concentrations of one or other component was seen as 
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particularly useful. Table 8.1.1 compares the four unweighted 

simulation models for their predictions of zf 's over different 
p q 

regions of a~imulu8 matrix which permits variations in both quality 

and quantity, with occasional single component stimuli (i.e., zero 

concentration on one component or other). 

8.1.3 Simulation Model Predictions with Single-Component Stimuli 

For single component stimuli, the MJM-DA model (Equat:i.o): 

6.2.7) needs special consideration. Equa tioI" 6.2.7: 

~Min (X , X ) Min (y , 
Yq)] 

rEq. 6.2.7J palq = 0.5 
p q 

+ 
p 

Max eX , Xq) Max (y , Y ) 
p p q 

would reduce to Equation 8.1.1 when 

p == q, X = X = 0, and Y = Y > o· 
P q P q 

, 

[Min 
(y 

p' Yq )] 
p Iq = 0.5 Max (y , Y ) 

P q 
[Eq. 8.1.1 J 

which is equal to 0.5, since Min (y , Y ) = Max (y , Y ). 
p q p q 

That is, 

according to Equation 8.1.1 a theoretical similarity of 0.5 would 

result from a comparison of a single component stimulus with 

itself. Such a prediction is nonsensical, and is reminiscent 

of the conceptual difficulties found with Waern's (1968a,b) 

dimensional-multiplicative model. To avoid such predictions, a 

testing procedure is written into the MJM-DA model so that if 

X = X = 0, then / ::: 1, where J' is the similarity between p q p x q p x q 

stimuli p and q on component (dimension) X. This testing procedure 

is confined to the two components of the stimulus set explored; a 

general set theoretic model would demand such a restricting axiom 
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to avoid testing over the infinite set of trivial cases. The 

predictions from the different simulation models for selected "key" 

comparisons within a stimulus set with the above-described 

characteristics are summarised on Table 8.1.1. 

8.1. Lf Unidimensional Judgement Tasks 

In Sim I power law parameters were obtained only for the 

intensity scaling of each chemical component. Consequently, only 

one type of data was available as input to the simulation models, 

or as aids to the post hoc identification of the axes of psycho~ 

logical spaces derived from the observed similarity jUdgements. 

In Sim II a wider variety of unidimensional scaling tasks are 

performed, thereby offering more potential sources of information 

for simulation or identification purposes. These tasks not only 

tested the components separately as in Sim I, but also included 

tests on the mixttires in toto, and on components of the mixtures 

(as in the Chapter Five masking experiments), for perceived 

pleasantness as well as perceived intensity. 

8.1.5 Multidimensional Judgement Tasks 

Unstructured similarity judgements (1. e., overall similarity 

without specified criteria to guide jUdgements) were the only type 

of multidimensional data obtained in Sim I. In Sim II, structured 

similarity judgements are also obtained. In the structured tasks, 

Ss are required to make similarity judgements with respect to the 

perceived intensity or with respect to the perceived pleasantness 

of the stimulus pairs. Regression analyses of structured vs. 
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unstructured similarities are seen as a further means of elucidating 

the nature of the unstructured judgements, the main interest of this 

thesis. 

8.2 SECOND SIMIL~RITY EXPERIMENT, SIM II 

In this section the steps taken in Sim II to overcome the 

criticisms of Sim I are outlined. Reference is made to Figure 

8.2.1 which is an expansion of Figure 6.1.1; where appropriate, 

explanation is made of the operations not performed during Sim I 

experiments or analyses. 

as before. 

Otherwise, the operations are defined 

8.2.1 Selection of Stimuli: An Initial Exploration 

A preliminary experiment was performed to compare the levels 

of the stimulus components, eugenol and acetophenone, for their 

absolute (not relative as in RRCS2) perceived intensity. This 

experiment, represented by B1* on Figure 8.2.1, involved present

ation of a particular concentration of one component, eugenol say, 

as a standard followed by one of a range of concentrations of the 

other component, acetophenone; Ss were to report !!stronger" or 

"weaker"·to the second stimulus. Equi-intensity matches were 

derived by the usnal procedures. This experiment was performed 

over twenty Ss not used elsewhere in this thesis. Subjects 

performed this task in two ways, the order being randomised for 

each S; 

(i) five eugenol concentrations were selected as standards and 
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each was compared on~eparate trials with a range of acetophenone 

concentrations and five presentations were made of each 

acetophenone stimulus compared with each eugenol standard; 

(ii) a repeat of this task, but using five acetophenone 

concentrations as standards. Time schedules followed those 

previously adopted. 

Figure 8.2.2 summarises the results of this pilot experiment. 

The abscissa and ordinate represent concentrations of the two 

chemicals, and the points are equi-intensity matches, pooled over 

all Ss (following an initial inspection of individual data pooled 

over estimates to each standard). Pooling seems valid on these 

data since the between-S variation was low; the highest SD 

obtained for a particular standard is 0.08 mg/L. Most important, 

the slope of the line fitted by eye to the points of Figure 8.2.2 

is almost exactly unity, and it extrapolates to zero. Since the 

axes are labelled in identical concentration values, it may be 

assumed that within the concentration ranges tested here eugenol 

and acetophenone are equally intense at identical concentra~ion 

values - a fortuitous finding. 

8.2.2 Selection of Stimuli: Concentrations of Odour Mixtures 

Following the B1* pre-testing, odour mixtures were 

selected to span a range of relative and absolute concentrations 

necessary to provide a stimulus set capable of exploring most 

questions of Chapter One, and to counter the criticisms of the 

Sim I stimulus set. Table 8.2.1 details the flow meter settings 
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and concentrationscl components. Stimulus selection was dictated 

by three considerations. First, some stimuli with zero concentration 

on one or other component were required; these are indicated by the 

code !!100/01! and 110/100 11 on Table 8.2.1. Second, six levels of 

relative concentration from 100/0 through to 0/100 were needed; 

that is, qualitative changes ranging from the quality of pure 

eugenol through four intermediate mixtures to the quality of pure 

acetophenone were selected. Third, four levels of absolute (total) 

concentration at every relative concentration level were wanted. 

Twenty-four stimuli are necessary to meet the above 

requirements; these are coded on Table 8.2.1 as follows. The 

code C1, C2, C3 and c4 refers to the levels of absolute concentratio~, 

while the ratios 100/0, 80/20, ..•• ,0/100 refer to eugenol/ 

acetophenone ratib at each C level (eugenol concentration is 

always the first figure in these ratios). Thus, flC3-40/60 1l refers 

to the stimulus of 40% eugenol, 60% acetophenone at the third level 

of absolute concentration. For Sim II then, stimulus variation 

covers six qualitative levels, each at four quantitative levels. 

There are slight departures from the coded concentrations which are 

unavoidable through use of integer flowmeter settings; the Weber 

fraction for olfactory intensity suggests no great influence from 

these small deviations. 

All pair-wise comparisons of twenty-four stimuli (half~matrix 

plus leading diagonal) yield a stimulus comparisons matrix of 300 

cells, in which there are 2024 different similarity triples (for 

triangular inequality testing). The similarity judgements made on 
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these 300 comparisons of the B2 (Figure 8.2.1) stimuli are 

represented by the observed similarity data blocks, B8, B8*, and 

B8** (B8* representing the structured ttintensity similarities!! and 

B8** the structured tthedonic similarities tt ). 

This stimulus set meets the objections to Sim I that are 

outlined in Subsections 8.1.1 and 8.1.2. 

8.3 EXPERIMENTAL PROCEDURES OF SIM II 

In this section procedural details of Sim II are presented, 

taking up in detail the preliminary commentaries of Subsections 

8.1 .4, and 8.1.5. 

8.3.1 Subjects 

Five Ss, not tested elsewhere in this thesis, served in all 

experimental conditions of Sim II. Every S was examined over 

fifty-eight one-hour sessions, sessions being separated by at least 

twenty-four hours. Subjects were senior students, secretarial and 

technical staff of the Psychology Department, and were paid $1 per 

session on a sliding scale l beginning at 5 cents per session, to 

maintain motivation. While their psychological sophistication 

was greater than that of other Ss in this thesis, none had served 

previously in any sort of formal olfactory scaling experiment, and 

none was made aware, by E, of the psychological theorising involved 

in the experimentation. All Ss were tested in the same order of 

tasks as presented on Table 8.3.1. 
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8.3.2 Unidimensional Scaling Tasks 

Ta~ks 4 to 11 of Table 8.3.1 are collectively referred to 

as Block B3. Details of the particular unidimensional tasks are 

summarised below: 

(i) Task 4, Total Intensity of Mixtures 

Stimuli: Block B2, the 24 odour mixtures. 

Standard: A mixture of median concentration having eugenol 

= 0.155 mg/L and ~cetophenone = 0.162 mg/L. 

Scaling Method: RRCS2, Ss to judge the total intensity of 

the mixtures relative to the intensity of the 

standard. 

Number of Replications: 4 (2 per session) judgements on 

each variable stimulus. 

Analyses: (i) mean relative scale values of each stimulus 

(ii) psychophysical power law parameters as 

calculated previously. 

All analyses on data pooled over replications 

within SSe 

(ii) Task 5, Intensity of Eugenol in Mixtures 

Stimuli: Block B2. 

Standard: A median concentration of eugenol = 0.31 mg/L. 

Scaling Method: RRCS2, Ss to judge the intensity of the 

eugenol component in the mixtures relative to the 

intensity of the standard. 

Number of Replications: 4 (2 per session). 

Analyses: (i) Mean relative scale values of each stimulus 
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(ii) psychophysical power law parameters taking 

eugenol concentrations as abscissa (as per 

instructions to S). 

(iii)psychophysical power law parameters taking 

total concentration as abscissa (as a post 

hoc check on Sst analytic capabilities). 

(iii) Task 6, Intensity of Acetophenone in Mixtures 

Stimuli: Block B2. 

Standard: A median concentra~ion of acetophenone = 0.322 mg/L. 

In all respects, Task 6 is identical to Task 5, except that 

acetophenone is here the target component. Tasks 5 and 6 are 

adaptations of the Mitchell and McBride (1971) experiment of 

Chapter Five. 

(iv) Task 7, Intensity of Pure Eugenol 

Stimuli: Eugenol only, in 7 concentrations from 0.075 mg/L 

to 0.512 mg/L. 

Standard: A median eugenol concentration of 0.273 mg/L. 

Scaling Method: RRCS2. 

Number of Replications: 12 (6 per session) judgements on 

each of the 7 variable stimuli. 

Analyses: (i) mean relative scale values of each stimulus 

(ii)psychophysical power law parameters. 

(v) Task 8, Intensity of pure Acetophenone 

Stimuli: Acetophenone only in 7 concentrations from 0.027 

mg/L to 0.503 mg/L. 

Standard: A median acetophenone concentration of 0.255 mg/L. 
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Otherwise Task 8 is identical to Task 7. Data of the sort 

derived from Tasks 7 and 8 were the only unidimensional data 

gathered in Sim I. 

(vi) Task 9, Pleasantness of Mixtures 

The stimuli, procedures and analytic details of Task 9 are 

identical to those of Task 4, except that relative hedonic, rather 

than relative intensity, judgements are required of SSe 

(vii) Task 10, Pleasantn~ss of Eugenol 

I 
Task 10 is identical to Task ~, except that Ss here judge 

relative pleasantness. 

(viii) Task 11, Pleasantness of Acetophenone 

Task 11 is identical to Task 8, except that Ss judge relative 

pleasantness. 

The suitability of the data from these various unidimensional 

tasks as inputs to stimulation models was determined past hoc. 

Chapter Nine details the analyses of the unidimensional data and 

comments on their implications for this programme and other research. 

8.3.3 Multidimensional Scaling Tasks 

(i) Unstructured Similarities 

Tasks 1, 2, 3, 12 and 13 are the unstructured similarity 

judgement tasks which follow exactly the procedural details of 

Sim I. Since 300 pairwise comparisons constitute a full replication 

of the 24 x 24 stimulus matrix, completion of a replication had to be 

spread over six sessions (50 judgements per session). Tasks 1, 2 

and 3 were performed without any deliberate guidance of Ss on 



8 - 13 

judgement criteria; Itsimilaritylt was to be according to Ss' own 

definitions, if any. Tasks 12 and 13 were .. also unstructured, and 

were performed to assess the effects that might obtain from the 

interpolation of the unidimensional judgement tasks, Tasks 4 to 11. 

(i~) Structured Similarities 

A single replication was performed on each of the structured 

similarity judgement tasks (Tasks 1~ and 15). The procedural 

details here matched those of the unstructured similarity tasks, 

except that Ss were to judge similarity with respect to intensity 

(Task 14) or pleasantness (Task 15); instructions were framed 

appropriately. In all of these tasks, prantice trials preceded 

the formal stimulus presentations and data collections and Ss had 

opportunity to clarify points of difficulty and confusion; few were 

encountered after the initial session. 

The data, results and discussions of Sim II are presented 

in Chapter Nine. 
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TABLE 8.2.1 

S1M II ODOUR ~IIXTURE STHlUL1 

Stimulus Code Eugenol Component Acetophenone Component 

Total 

Absolute Ratio of FloVimeter A. Cone. Flowmeter B. Cone. Cone. 
Cone. Cone. of Setting (in mg/L) Setting (in mg/L) 

(A + B) Components 

100/0 8 0.155 0 0 0.155 

80/20 7 0.126 4 0.027 0.153 

C1 60/40 6 0.096 5 0.049 0.145 

40/60 5 0.067 7 0.094 0.161 

20/80 4 0.038 8 0.116 0.154 

0/100 0 0 10 0.162 0.162 

100/0 12 0.273 0 0 0.273 

80/20 10 0.214 5 0.049 0.263 

C2 60/40 8 0.155 7 0.094 0.249 

40/60 6 0.096 10 0.162 0.258 

20/80 5 0.067 12 0.208 0.275 

0/100 0 0 15 0.278 0.278 

100/0 16 0.394 0 0 0.394 

80/20 13 0.304 6 0.072 0.376 

C3 60/40 11 0.243 10 0.162 0.405 

40/60 8 0.155 13 0.232 0.387 

20/80 6 0.096 16 0.299 0.395 

0/100 0 0 21 0.369 0.369 

100/0 20 0.512 0 0 0.512 

80/20 17 0.422 7 0.094 0.516 

c4 60/40 13 0.304 12 0.208 0.512 

40/60 10 0.214 16 0.299 0.513 

20/80 8 0.155 20 0.345 0.500 

0/100 0 0 25 0.503 0.503 
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'1' ABLE 8.3. 1 

SCALING TASKS OF SIM II 

Description 

Unstructured Similarities; Replication 

tI " It 

tI " tI 

Total Intensity of Mixtures 

Eugenol Intensity in Mixtures 

Acetophenone Intensity in Mixtures 

Intensity of Pure Eugenol 

" II " Acetophenone 

Pleasantness of Mixtures 

" II Pure Eugenol 

" II " Acetophenone 

Unstructured Similarities; Replication 

It II " 
Structured Similarities; Intensity 

" " Pleasantness 

Session 

1 1 - 6 

2 7 - 12 

3 13 - 18 

19 - 20 

21 - 22 

23 - 24 

25 - 26 

27 - 28 

29 - 30 

31 - 32 

33 - 34 

4 35 - 40 

5 41 - 46 

47 - 52 

53 - 58 
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SEC 0 N D 

D A T A, 

C HAP T E R N I N E 

S I MIL A R I T Y E X PER I MEN T: 

RES U L T S, DIS C U S S ION. 

In this chapter the data of Sim II are presented and the 

results of analyses discussed. Throughout this chapter reference 

is made to the various judgement tasks of Sim II which have been 

summarised on Table 8.3.1 and described in Subsections 8.3.2 and 

9.1 UNIDIMENSIONAL SCALING TASKS 

9.1.1 Unidimensional Scalings of Odour Mixtures 

The log mean relative scale values generated under the 

unidimensional scaling tasks, Tasks 4, 5, 6 and 9 (all on the 

odour mixtures) are collated on Table 9.1.1. Table 9.1.1 also 

lists five ways of specifying stimuli as log ratios of the 

standard concentration; these stimulus specifications are denoted 

as rows (i) to (v). Row A specifies stimuli according to the 

logic of the instructions of Tasks 4 and 9, while rows (ii) and 

(iii) refer to the logic of the instructions of Tasks 5 and 6 

respectively. Rows (iv) and (v) specify stim~li not according 

to the logic of the instructions of any of the tasks, but were 

calculated as alternative bases for the regression of Task 5 and 6 

scalings, as discussed below. 
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Table 9.1.2 lists log mean relative scale values from Tasks 

7, 8, 10 and 11, and log relative stimulus concentrations of the 

seven single-component stimuli tested on these tasks. 

For ease of exposition the unidimensional data and 

analyses are discussed task by task. The purposes to which these 

data might be put in subsequent analyses are considered according 

to various a priori and a posteriori validating criteria. 

(i) Task 4, Total intensity of mixtures 

As is obvious from Table 9.1.1, there is wide individual 

variation in spread of Task 4 scale values over'the stimuli, 

although one consistent feature is the slight differentiation 

between the response magnitudes to C1 and C2 mixtures. No 

consistent trends appear over all Ss to suggest that compenDation 

of any other interaction of components has occurred. This 

paradigm has failed to support some of the findings at the 

NUFFIC/NATO Summer School, 1970, at which data collected by 

T. Engen, F. N. Jones and E. P. Koster suggested that compensation 

might occur near 70/30 mixtures of eugenol and acetophenone. This 

failure might stem from two features of the present experiment: 

first, interaction effects occur most frequently at low 

c.oncentrations, and the present stimuli might be outside this 

range; second, the standard stimulus here was itself a binary 

mixture, also susceptible to interaction of components. Generally, 

free modulus paradigms seem to have been the basis for revealing 

interaction phenomena. 
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The appropriate stimulus inputs to a regression against 

Task 4 scale values involves row (i) stimulus specifications of 

Table 9.1.1. Column "Task 4" of Table 9.1.3 summarises the 

power law parameters obtained from this log/log regression. 

Subjects display wide variRtion in b. and F. as expected from 
1 1 

inspection of the scale values. The logic of Task 4 permits no 

quantiIiGation of the contribution of the separate components to 

! 
the scale values generated, and these data are therefore 

inappropriate as inputs to simulation models of the form being 

tested here. However, Task 4 scalings may serve as an independent 

data source for aiding the interpretation of psychological spaces 

derived from the similarities. 

Tasks 5 and 6, Perceived intensity of components in mixtures 

Rows (ii) and (iii) of Table 9.1.1 specify stimuli 

according to the logic of the instructions of Task 5 and 6 

respectively. Here Ss are required to judge the intensity of the 

components of the mixtures. There is an obvio~s lack of systematic 

relation between mean relative scale values of most Ss and these 

stimulus measures, and the power law parameters (Table 9.1.3, 

"Task 5a" and "Task 6a") reveal near-zero b. and F .• It appears 
1 1 

that Ss are unable to perfor~ the task as instructed; their 

"analytic ll powers are called into question. Columns "Task 5b" 

and "Task 6b" of Table 9.1. 3 repJ~esent al terna ti ve power law 

parameters obtained from linear regressions of Task 5 and Task 6 

scalings against total concentration ratios (rows (iv) and (v) 
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respectively of Table 9.1.1). These stimulus specifications 

con:ravene the logic of the instructions of Tasks 5 and 6, but 

if Ss are responding to a gestalt and not to the components of 

the odour mixtures, as instructed, then these stimulus measures 

might be more appropriate bases against which subjective 

magnitudes are to be regressed. Chapter Five commentaries have 

already alluded to the possibility of alternative strategies, 

contrary to instructions, occurring in the masking experiments 

performed therein. 

The parameters derived from this alternative analysis 

show marked increases in b. and F. over those derived in the 
_l l 

"log.Lcal" analyses. With the exception of Ss 1 and 2, regression 

parameters of Tasks 5b and 6b analyses closely match those of 

Task 4 which was performed under an explicitly defined (in 

instructions to Ss) Total Intensity task. In effect, then, 

Tasks 5 and 6 which are designed to inquire into the analytic 

nature of subjective strategies seem to indicate an almost total 

lack of such a~ ability; s4 was the only respondent displaying 

limited analytic capabiliti~s under both tasks. These 

findings are regarded as being of psychometric importance and of 

relevance to previous assertions of other authors claiming 

olfactory analytic capacities. 

These two alternative analyses serve to throw doubt on the 

suitability of these data and analyses as inputs to the simulation 

models. The latter computational strategy explored here was 

only an intuition; other stimulus specifications not tried might 
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be even more appropriate reflections of what Ss are actually 

doing. These data and analyses have served to highlight the 

intrinsic complexity of odour mixture phenomena, and to point 

out the difficulty of revealing subjective processes. 

(iii) Tasks 7 and 8. Intensities of pure chemical components 

Scale values for Tasks 7 and 8, which are the traditional 

unidimensional intensity scaling tasks, are listed on Table 9.1.2; 

the regression parameters are listed on Table 9.1.3 in columns 

"Task 7" and "Task 8". Inspection of Table 9.1.2 reveals 

positive monotonic psychophysical relations, consistent over all 

stimuli, for Ss 4 and 5 only. For Ss 2 and 3, there is less 

consistency in psychophysical relations, while for S1 the scale 

values are almost U-formed on concentration. These trends are 

consistent over both tasks, and over replications of each task. 

As expected from these scalings, psychophysical regression 

analyses reveal high between-subject variation as before, but 

higher between-chemical (i.e., within-S) variation than 

previously noted. Parameters for acetophenone are generally higher 

than for eugenol; no explan:>.tion is offered for this difference 

which was not noted in the preliminary experiments of Chapter Four, 

nor in the stimulus selection experiments of Subsection 8.2.1. 

Although fitting of Stevens' power law model to some of these 

data may be questionable sufficient precedents are noted and the 

analysis was performed as before to give the parameters on Table 

9.1.3. Data of the type generated by S1 might be better fitted by 

Waern's (1970) adaptation of Coombs' (1964) unfolding model, or some 
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other non-linear function. However, for purposes of between-S 

comparisons, all individual data are analysed by the same 

procedures - Stevens' power law. 

Parameters from the regression analyses of the data of 

Tasks 7 and 8 are taken as input to the simulation models; in 

Sim I the inputs to the model were derived from unidimensional 

scaling paradigms of this type. 

(iii) Task 9, Pleasantness of mixtures 

The log mean relative scale values for the hedonic ratings 

of Task 9 are listed on Table 9.1.1. Like Task 4, Task 9 permits 

no assessment of the relative contributions of components to the 

overall judgements, so that these data are not suitable as inputs 

to simulation models, but may aid in the post hoc identification of 

factor structures. 

Scale values for hedonic ratings generally span a narrower 

range than intensity ratings (compare Tasks 4 and 9 of Table 

9.1.1) and with the exception of S4, all Ss perceived almost all 

stimuli as being less pleasant than the standard; Row (i) of 

Table 9.1.1 specifies stimulus concentratiohs according to the 

logic of Task 9, but only s4 generates hedonic scale values 

following the same magnitude ordering as the stimuli. The 

psychophysical regression analyses for Task 9 (calculated as for 

Task 4) must therefore be regarded as being of questionable 

validi~y. The present paradigm completely failed to capture the 

trend noted by Engen and McBurney (1964) in which hedonic ratings 
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were found to span a much wider range than intensity ratings; 

the extent to which chemical types and/or experimental paradigm 

confuses the comparison of studies cannot be determined from the 

data available. Only s4 approaches their general findings, as 

evidenced by her high exponent (b. ~ 2.06). Regression analyses 
l 

of all other 5s generated near-zero or negative exponents. 

(iv) Tasks 10 and 11, Hedonic scaling of components 

Scale values of Tasks 10 and 11, on Table 9.1.2, follow 

much the same trend as those of Task 9, in that only s4 made 

extensive use of the available response categories, and ordered 

her hedonic judgements in the same direction as stimulus 

concentrations. Remaining Ss employed mainly near-median 

categories, and often perceived pleasantness as being inversely 

related to stimulus concentration; many near-zero or negative 

exponents are obtained in the regression analyses (Table 9.1.1). 

Once more, Stevens' psychophysical power law model seems inappropriate 

for scaling these data; Waern's (1970) unfolding model might be 

more appropriate for scaling purposes, but would ~e unsuitable 

for generating inputs to simulation models. Therefore, Task 

10 and 11 data are not considered further in this thesis. 

9.1.2 Summary of Unidimensional Data 

These experiments have again revealed wider variation 

between individuals than within individuals on intensity scaling 

data. Consistencies within Ss also exist on hedonic scaling 

tasks, and with one exceptipn hedonic scalings were not 
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monotonically related to stimulus concentrations. Subject 4 

generally showed response category usage spanning the widest 

range, on all tasks, and had the least response variation at 

each ~ array, as evidenced by high F. on most tasks. 
l -

Tasks 5 and 6, which were adaptations of Mitchell and 

McBride's (1971) experiment again cast doubt on the supposed 

analytic nature of olfaction. 

While the unidimensional scaling tasks were seen, a 

priori, as demanding investigation for their potential applicability 

as sources of input to simulation models and/or interpretation of 

multidimensional scalings of ¢;/ IS, most of these have proved 
p q 

unsuitable for the former purpose and of dubious value for the 

second. Only the data of Tasks 7 and 8, derived from the usual 

intensity scaling over several levels of a single chemical type, 

seem suitable for simulation purposes. Table 9.1.4 lists the 

psychological magnitudes of odour mixture components calculated 

via individual power function parameters. The values of Table 

9.1.4 are combined according to the simulation model/weighting 

model equations for computation of ~ 'so p q 

9.2 THEORETICAL AND OBSERVED SIMILARITIES 

The large matrix of stimulus comparisons of Sim II lead 

to less extensive data presentations and analyses than were made 

in Sim I. Exploratory investigations of observed similarities 

reveal consistencies wit~in Ss over replications and no marked 



9 - 9 

differences exist between the first three replications of 

unstructured ~~ 's (Tasks 1, 2 and 3) and the second two 
p q 

(Tasks 12 and 13). Consequently, only data averaged over all five 

replications are analysed herein, and the results tabulated, not 

graphed. 

9.2.1 I / th fl Regression Analyses 
p q p'l'eI 9. 

mean 

Table 9.2.1 lists the results of regression analyses of 

¢I 's vs. J' s derived from the 12 simulation model/ p q p q 

weighting model combinations. Preliminary calculations revealed 

the Same order of between-S consistent differences as found in 

Sim, I ¢J 's. 
p q 

The most imnediately obvious feature of the computations is 

the extremely poor fit of any of the simulation models; generally, 

regression slopes are low, residuals are high, and! ratios are 

low. Very little improvement in fit obtains from the weighting 

procedures. The differential component weights, wand ware 
...3 ..x 

generally disparate (compared to the Sim I analyses), with 

acetophenone given highest weighting in all cases. The trace 

decay parameter, ~, is generally near-zero as before, although 

isolated instances occur on which Q attains atypically high 

values at the minimum residual solution. The introduction of the 

fourth weight, 5, which often deviates far from unity (again 

atypical of Sim I), generally serves to enhance the difference 

between the component; some trading relation exists on these 

weights. Under four-weight routines solutions are generally 
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"worse" than under zero-weighting procedures on all criteria 

except minimum residua~ .• 

There are several possible reasons for the failure of 

Sim II data to meet the criteria indicative of a good fit of 

observed and theoretical similarities. First, for Ss 1, 2 and 

3, inputs to the simulation models (Stevens' parameters of 

Tasks 7 and 8) were so low that little discrimination obtained 

over stimulus components, as the psychological intensities reveal 

(Table 9.1.4). When introduced to the analytic models, these 

inputs generated ~ 's in three clusters near zero, 0.5, and 
p q 

1.0, with little spread into intermediate values. For the 

synthetic models, I 's were clustered in the range 0.7 to 1.0. 
p q 

Second,¢Ri 's for these same Ss were generally in the median t.o . p q 

mid-supramedian categories, with high variability at most stimulus 

comparisons (Subsection 9.2.3). Obviously, the fit of the two 

data sets is unlikely to meet the criteria established in this 

thesis, given the deterministic nature of the simulation models 

explored here; only by the introduction of stochastic and error-

processes to the simulation models (Gregson, 1971, personal 

communication), at the combinatorial operation, and/or the weighting 

operation, would ~ 's be likely to spread further into the 
p q 

subranges covered by ¢,/ '"s. In contrast, Ss 4 and 5 have 
p q 

greater separation of stimulus components when transformed via 

Stevens' model, thereby giving rise to J 's spread more evenly p q 

over the range 0,1. Alao, in making similarity judgements, these 

two Ss made wider use of the available categories. Regression fits 
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of .J" s to q;J 's were generally "better" for Ss 4 and 5, but 
P q P q 

were still far removed from an optimum solution. As in Sim I, 

Ss are consistent in their extent of category usage and their 

variability therein, whether the tasks be unidimensional or 

multidimensional. 

Third, no S gives similarity judgements of zero, whereas 

the analytic models generated p" q matrices "studded" with 

zeros whenever 100/0 - 0/100 stimuli were compared. Although Ss 

were familiarised at the beginning of each session with the 

separate components, and were made aware of the range of variation 

of components over the stimulus set, even the most "distant" 

(physically speaking) pairwise comparisons were perceived as 

having non-zero similarity. Ss were not guided by instructions 

_ towards giving zero responses to such comparisons. The possible 

effects of explicit instructions for zero responses in such cases 

is unknown, but remains a question of potential psychometric 

interest and of obvious relevance for classificatory theory; the 

importance of instructions in similarity scaling has been referred 

to earlier. 

In conclusion it would appear that the Sim II stimulus set 

is too finely specified, thereby exceeding Ss' abilities to 

discriminate adjacent, or even more distant, stimuli. As already 

noted, some of the unidimensional scaling tasks hinted at a 

"swamping" effect. This is not surprising considering the high 

Weber fraction and low transmitted information found in olfactory 

intensity (Engen and Pfaffman, 1959). It seems that an impasse 
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has been reached: to answer questions regarding subjective 

strategies in odour mixture perception or regarding the role of 

intensity in qualitative classificatory systems, an extensive 

stimulus set like that of Sim II is required. Unfortunately, SQch 

a stimulus set is likely to swamp Ss' discriminatory capacities, 

and worse still, through context effect may bias even 

"discriminable" stimuli towards greater error (Le., variability 

of category selection, or mismatching) than would occur with those 

same stimuli when presented in a less taxing context. It seems 

that these questions may be intractable in a general sense, although 

simpler stimulus situations (e.g. Sim I stimQlus sets) may yield 

interpretable data. The importance of context-dependency has 

already been discussed in Subsection 7.2.5. Some consideration 

was given to a re-analysis of selected sub-sets of Sim II data, 

selection being dictated by stimulus considerations so that only 

data from comparisons between widely separated (physically) stimulus 

pairs would be analysed. However, inspections of selected 

data gave no indication that the results of the analyses 

performed so far would be greatly contested; no trends of 

qualitative or quantitative difference to those already obtained 

seemed likely to emerge from alternative analyses. Consequently 

a repetition of the protracted analyses on sub-sets of data was 

not considered worth the extensive computi~g time that would be 

necessary. 
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9.2.2 Unstructured vs. Structured Similarities 

Table 9.2.2 details the results of regression of Tasks 

14 (intensity similarity) and Task 15 (hedonic similarity) 

against the pooled unstructured similarities. The four 

regression parameters may be taken as criteria for assessing the 

closeness of matching of the data sets. A perfect fit would be 

indicated by Residual = 1, Intercept = 0, Slope = 1.0 and 

F ratio =~. None of the Ss achieved perfect fits, but in terms 

of degree of deviation from criterion values, the same subgrouping 

of Ss as discerned in the previous analyses again emerged. 

Subjects 1, 2 and 3 gave reasonable matches of the data sets under 

the different instructions, whereas Ss 4 and 5 did not. It may be 

inferred that Ss differ not only in ability to attend to components 

of complex odour stimuli, but also to the different global 

psychological dimensions (qua~ity, intensity, pleasantness) of the 

stimuli as a whole (gestalt), For three Ss, "similarity undefined", 

"intensity similarity" and "hedonic Gimilarity" all mean the same 

thing in that no discernible differential response strategies 

emerge from the three instruction sets. For Ss 4 and 5, some 

differentiation in response tendencies is induced by the 

instructions to make different sorts of similarity assessment. 

9.2.3 Variability of Observed Similarities 

Standard deviations of the mean (over five replications) 

observed similarities were calculated and plotted for inspection 

by IBM 360/44 and Calcomp Auto-Plotter/1620 computer facilities , 
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Because of the large matrices involved, these results are not 

presented here. Three Ss displayed non-systematic 

heteroscedasticity over stimulus comparisons; no systematic trend 

was observed. Subjects 4 and 5 displayed slight tendency for an 

inverted U-formed relation of SD magnitudes to mean ¢" 's, the p q 

trend being most obvious for s4. In no case ~as the trend as 

obvious as for Ss 2 and 8 of Sim I. No conclusions of any import 

can be derived from this analysis, except that further support is 

gained for the view that Ss are differentially "analytic", and that 

the Sim II stimulus set seems to bias response tendencies towards 

greater error than was found in Sim I. The analyses in the next 

subsection also support this view. 

9.2.4 Stimulus Specifications 

The stimulus specification, STIM SEP, was also calculated 

and plotted by machine as abscissa against mean ¢~ IS. The 
p q 

inverse linear relation between these variables was obvious 

only for Ss 4 and 5, the slope being steepest for the former 

subject. The other three Ss displayed very shallow negative slopes 

of similarities against this objective measure with wide "scatter" 

about the fitted line. These results are also taken as support 

for the above contentions regarding the context dependency of 

similarity jUdgements and their stability. 
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9.3 MULTIDIMENSIONAL ANALYSES 

Only the observed similarities of Sim II were scaled by 

TORSCA-9. Considerations of computing time, and the poor 

regression fits of simulated data were reasons for not performing 

mul t.ldimensional scalings of Jl 's as well. Also, since Sim I 
p q 

analyses of ~ 's revealed that TORSCA-9 outputs closely p q , 

recaptured the dimensionality and structure of the simulation 

model inputs, there is no reason to suspect otherwise for Sim II 

simulated data; analyses of these would be redundant. 

Metricity of ¢~ 's 
p q 

Table 9.3.1 summarises the main features of the TORSCA-9 

scalings. All Ss display high freqJency of violation of the 

triangular inequality axiom, Ss 4 and 5 having the highest 

frequency. Consequently, the factor structures derived from these 

non-metric data must be viewed and interpreted with caution. 

9.3.2 Dimensionality of Similarity Spaces 

In all cases even 8D solutions are unacceptable on the 

criterion of Young's (1968a,b) Squariance Ratio which is less than 

0.999. Obviously, satisfa~tory solutions may be obtained only 

exploring 9D or 10D spaces. The analyses were not extended beyond 

those listed on Table 9.3.1 for a number of reasons. First, the 

non-metricity of the raw data casts doubt on the validity of the 

solutions sought in any dimensionality. Second, considering the 

properties of the stimulus set, there is little likelihood of 
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attaching psychological sense to more than a few of the factors 

extracted. Third, young's index increases with increasing 

dimensi.onality (and Kruskal's Stress decreases), so that 

spurious dimensions are more and more likely to emerge as 

dimensionality is increased. 

In short, the criterion measures of Table 9.3.1 imply that 

<j>J 's are mainly "hash", and are not worth further comment. 
p q 

Largely this seems true for all dimensional solutions and patterns 

of factor loadings therein, with the exception of the unrotated 

first factor. In all dimensionalities from 3D to 3D, and for all 

Ss, a consistent pattern emerges; the loadings on FI from the 7D 

solution are presented on Table 9.3.2 for examination of this 

trend. (This choice of solution is entirely arbitrary, any other 

of the dimensionalities display the same tendency.) For all Ss, 

the unrotated FI loadings range from high positive over C1 stimuli 

to low negative over c4 stimuli. This trend is more clearly seen 

on Table 9.3.3 in which entries are FI loadings averaged over the 

six stimuli witiin each concentration block; there is a negative 

monotonic relation between ab~olute concentration and FI loading, 

and FI may therefore be labelled as a Total Concentration factor. 

This relation is also displayed on Figure 9.3.1 which graphs 

average FI loadings vs. average concentration within blocks. 

Furthermore, FI may be labelled as a Total Intensity factor, as 

intercorrelations (Pearson Prodl1ct Moment) between Task 4 scalings 

(Table 9.1.1) and FI loadings reveal on Table 9.3. 1t. The highest 

coefficients obtain for Ss 4 and 5, although those of Ss 1 and 3 are 
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also significant at p < 0.01. For S2 the relation is not 

significant. Subjects 4 and 5, who display greatest discriminab

ility on most unidimensional tasks again stand out from the 

remaining three Ss, on these analyses. 

9.4 CONCLUSIONS 

The role of total intensity revealed in these findings 

confirms Wender's (1968) findings from dissimilarity judgements 

of four chemicals presented at four concentration levels. She 

found high positive correlatio~s between FII loadings and 

(a) stimulus concentration, and (b) perceived intensity. A 

similar role is claimed here, despite the non-metricity of the 

data analysed, by virtue of the unanimity over Ss of general FI 

structure. Intensity has emerged as a dimension from several 

factor analytic studies (Eyferth, 1966; Schutz, 1964; 

Yoshida, 1964a,b,c) of perceived similarities and other subjective 

data. 

Apart from the psychometric interest of these findings, 

important implications for classificatory theory can be drawn. 

Many studies have attempted to classify odours into a small range 

of qualitative types, taking perceived similarity as subjective 

data, and using multidimensional analyses to reveal structure. 

In some instances little, if any, attempt appears to have been 

made to control for intensity variations (or to manipulate 

intensity variations which may be the more important independent 
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variable). The present experiments show that intensity has an 

important role to play in perceived similarity, and the extent to 

which qualitative classifications are confounded by intensity 

variables is often unknown. Contradictions between different 

authors may emanate from differential control of intensity 

variation over various studies. Instructing Ss to ignore intensity 

aspects of stimuli, as some authors demand, in judging qualitative 

similarity is no guarantee that Ss can respond accordingly, as 

the masking exp~riments and unstructured/structured comparisons 

reveal. 

Many of the published studies reveal a hedonic factor as a 

basis for qualitative assessment, but the extent to which 

perceived pleasantness is itself contingent upon perceived 

intensity is still unknown. The present experiments failed to 

reveal hedonics as an important variable; stimulus variation 

may have spanned too narrow a range to reveal any hedonic effect 

which is able to be generalised to the broader stimulus contexts 

investigated by most classificatory theorists. 



TABLJ;; 9.1.1 

LOG MEAN RELATIVE SCALE VALUES FROM UNIDIMENSIONAL SCA~ING TASKS 4. 5, 6 AND 9 

stimuli 

C1 C2 C3 C, 

og Relative Stimuh!3 100/0 80/20 60/40 40/60 20/80 0/100 100/0 80/20 60/40 40/60 20/80 0/100 100/0 30/20 00/40 40/60 20/80 0/100 10d/O 80/20 60/40 ",0/60 20/80 0/100 
oncentrations 

(l)(total)re 0.155/0.162 
atd 0.69 0.68 0.66 0.71 0.59 0.71 0.94 0.92 0.90 0.91 0.89 0.94 1.09 1.07 1.11 1.09 1.09 1.04 1.21 1.21 1.21 1.21 1.17 1.20 

(to (Eu)re 0.317/0 std 0.69 0.60 0.48 0.33 -0.60 0.0 0.94 0.83 0.69 0.48 0.08 0.0 1.09 0.98 0.88 0.69 0.33 0.0 1.21 1.12 0.98 0.83 0.48 0.0 
(iiL) (Ac)re 0/0.322 std 0.0 -0.03 0.18 0.47 0.56 0.70 0.0 0.18 0.47 0.70 0.81 0.94 0.0 0.35 0.'/0 0.86 1.00 1.03 0.0 0.47 0.81 0.97 1.06 1.19 
(tv) (total)re 0.317/0 std 0.69 0.68 0.66 0·71 0.59 0.71 0.94 0.92 0.90 0.91 0.89 0.9!1 1.09 1.07 1.11 1.09 1.09 1.04 1.21 1.21 1.21 1.21 1.17 1.20 
eV) (total)re 0/0322 std 0.68 0.68 0.65 0.70 0.59 0.70 0.93 0.91 0.89 0.90 0.88 0.94 1.09 1.07 1.10 1.08 1.08 1.03 1.20 1.20 1.20 1.20 1.16 1.19 

ubject 
1.30 1.11 1.04 1.00 '1.20 0.85 0.86 0.99 1.07* 1.13 0.85 0.60 1.28 0.gel 1.28 U.';:I': 1."15 1.16 1.26 1.22 1.11 1.31 1.41 1.45 

1 0.89 0.95 0.94 0.80 0.79 0.76 0.47 0.69 0.74 0.78 0.81 0.76 1.04 1.17 1.13 0.81 1.05 1.10 1.15 1.28 1.13 1.17 1.30 1.10 
6 1.11 1.19 1.23 1.18 1.21 0.99 1.07 0.98 0.96 1.05 1 • .13 0.99 1.01 1.15 1.00 1.20 1.11 1.14 1.12 1.09 1.31 1.35 1.21 1.12 
9 0.30 0.60 0.65 0.44 0.53 0.60 0.68 0.60 0.74 0.85 0.64 0.78 0.68 0.95 0.78 0.42 0.30 0.42 0.85 0.95 0.88 0.42 0.30 -0.12 

4 1.34 1.08 1.21 1.06 1.18 1.16 1.04 1.04 1.03 1.05 1.03 1.00 1.00 0.98 1.05 1.15 0.98 1.31 1.26 1.15 1.18 1.32 1.29 1.35 
2 5 1.11 1.06 0.92 10.4 1.10 0.93 1.05 1.09 1.14 1.15 0.97 1.28 1.18 1.09 1.27 1.26 1.24 1.48 1.09 1.35 1.33 1.40 1.53 1.55 

6 1.19 1.10 0.99 0.96 0.96 0.94 0.97 0.92 1.05 1.03 1.10 1.26 1.13 1.10 1.18 1.05 1.18 1.39 1.18 1.15 1.24 1.42 1.33 1.50 
9 0.77 0.90 0.78 0.78 0.65 0.96 0.88 0.96 0.70 0.71 0.70 0.67 0.78 0.72 0.86 0.66 0.75 0.60 0.67 0.79 0.76 0.46 0.43 0.52 

'+ 1.03 0.87 1.11 0.72 0.95 0.90 0.91 0.98 0.85 0.95 0.87 0.83 1.15 0.83 1.08 1.03 1.26 1.16 1.26 1.21 1.17 1.21 1.40 1.42 
3 5 0.98 0.92 1.05 0.83 1.05 1.00 0.92 0.95 0.98 1.00 0.98 1.28 1.15 1.05 1.07 1.35 1.26 1.24 1.28 1.21 1.26 1.47 1.35 1.55 

6 0.75 0.98 1.00 0.54 1.00 0.78 0.90 0.92 0.73 1.01 0.90 1.04 1.00 0.92 1.09 1.03 1.16 1.21 1.11 1.17 1.18 1.40 1.42 1.35 
9 0.72 0.96 1.09 1.05 0.91 0.80 0.96 0.61 1.05 0.91 0.78 0.79 0.71 0.62 0.17 0.91 0.52 0.63 0.70 1.05 0.62 0·90 1.00 0.21 

4 0.72 0.65 0.64 0.89 0.75 0.64 0.78 0.84 0.86 1.03 0.78 0.77 0.94 1.00 1.31 1.25 1.24 1.33 1.19 1.29 1.15 1.36 1.45 1.56 
4 5 0.82 0.69 0.56 0.57 0.35 0.62 0.95 0.75 1.00 1.03 0.97 1.16 1.03 1.09 1.15 1.26 1.42 1.55 1.38 1.38 1.37 1.42 1.62 1.60 

6 0.49 0.54 0.48 0.46 0.10 0.23 0.79 0.64 0.74 0.82 0.83 0.77 0.80 0.98 0.90 0.95 1.05 0.99 1.33 1.10 1.04 1.37 1.43 1.56 
9 0.43 0.00 0.36 0.46 -0.32 -0.02 0.71 0.44 0.70 0.70 0.64 0.69 1.11 0.66 1.17 1.28 1.18 1.28 1.11 1.23 1.18 1.12 1.G7 1.28 

4 0.87 0.79 0.68 0.69 0.82 0.68 0.81 0.89 0.89 0.86 0.83 1.04 1.05 0.96 1.05 1.03 1.16 1.26 1.03 1.08 1.17 1.24 1.35 1.31 
5 5 0.87 0.86 0.55 0.79 0.82 0.84 0.80 0.88 0.91 1.03 0.86 0.99 1.01 0.98 1.07 1.05 1.13 1.19 1.16 1.13 1.21 1.21 1.39 1.31 

6 0.85 0.69 0.79 0.80 0.76 0.93 0.82 0.96 0.90 0.79 0.80 0.83 0.96 0.84 1.08 0.96 1.01 1.01 1.03 0.98 1.05 1.09 1.21 1.15 
~ 0.85 0.95 0.85 1.05 0.95 0.95 0.79 0.85 0.96 0.66 0.88 0.75 0.79 0.91 0.68 0.86 0.56 0.62 0.53 0.57 0.52 0·53 0.56 0.26 



TABLE 9.1.3 

PSYCHOPHYSICAL POWER FUNCTION PARAMETERS FROM UNIDH!ENSIONAL SCALING DATA 

Task 4 Task 5a Task 6a Task 5b Task 6b 

Subject 

a. b. F. a. b. F. a. b. F. a. b. F. a. b. F. 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 5.75 0.36 3.40 7.59 0.13 1.96 12.30 0.05 0.89 2.09 0.66 '14.86 11.48 0.06 0.28 

2 11.22 0.09 0.46 15.49 0.00 0.02 10.47 0.22 9.85 3.89 0.62 21.96 4.57 0.50 15.26 

3 2.82 0.61 17.24 13.49 0.00 0.01 7.42 0.28 8.96 2.95 0.69 26.72 2.14 0.73 21.72 

4 0.76 1.18 56.56 9.12 0.21 1.66 4.27 0.40 5.25 0.33 1.61 104.88 0.19 1.64 110.78 

5 1.54 0.82 52.65 9;'12 0.08 0.58 6.76 0.18 8.29 1.67 0.81 57.50 2.63 0.53 38.04 

Task 7 Task 8 Task 9 Task 10 Task 11 

Subject 

a. b. F. a. b. F. a. b. F. a. b. F. a. b. F. 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 15.49 -0.04 0.10 20.89 -0.06 0.10 3.55 0.04 0.03 6.03 0.27 31.37 8.13 -0.01 0.01 

2 10.00 0.09 2.23 10.00 0.14 1.38 10.47 -0.30 5.58 13.49 0.03 0.20 13.80 -0.23 0.82 

3 11.75 0.08 0.96 6.17 0037 2.97 17.78 -0.49 4.30 19.05 -0.25 5. 28 18.20 -0.22 7.84 

4 3.89 0.52 7.77 0.42 1.44 76.69 0.06 2.06 104.83 3.39 0.64 21.98 1.29 1.01 17.15 

5 7.08 0.15 64.32 2.24 0.64 163.12 29.51 -0.75 34.86 12.02 -0.07 2.62 4.27 0.53 25.09 



TABLE 9.1.4 

PSYCHOLOGICAL NAGNITUDES OF STIl1ULUS CONPONENTS 

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 
Stimulus 

Eu' Acl Eu Ac Eu Ac Eu Ac Eu Ac 

100/0 12.7 0.0 15.7 0.0 17.6 0.0 53.6 0.0 15.1 0.0 
80/20 12.8 17.1 15.5 11.4 17.3 20.9 48.1 48.4 14.6 18.5 

C1 60/40 12.9 16.5 15.1 11.7 16.9 26.0 41.8 114.1 14.0 27.0 
40/60 13.1 15.9 14.6 12.0 16.5 33.1 34.6 291.4 13.3 41.0 
20/80 14.2 15.7 12.1 12.1 13.9 35.8 11 .5 394.5 9.7 46.9 

0/100 0.0 15.4 0.0 12.3 0.0 40.5 0.0 638.2 0.0 58.1 

100/0 12.4 0.0 16.6 0.0 18.4 0.0 71.9 0.0 16.4 0.0 
80/20 12.5 16.5 16.2 11.7 18.1 26.0 63.4 114.1 15.8 27.0 

C2 60/40 12.7 15.9 15.7 12.0 17.6 33.1 53.6 291.4 15.1 41.0 
40/60 12.9 15.4 15.1 12.3 16.9 40.5 41.8 638.2 14.0 58.1 
20/80 13.4 15.2 13.9 12.4 15.7 44.5 25.8 914.7 12.2 68.2 

0/100 0.0 14.9 0.0 12.5 0.0 49.5 0.0 1388.9 0.0 82.1 

100/0 12.2 0.0 17.1 0.0 19.0 0.0 87.0 0.0 17.4 0.0 
80/20 12.3 16.2 16.7 11 .9 18.6 30.0 76.0 198.5 16.7 34.6 

C3 60/40 12.4 15.4 16.4 12.2 18.2 40.5 67.7 638.2 16.1 58.1 
40/60 12.7 15.1 15.7 12.4 17.6 46.3 53.6 1070.4 15.1 73.1 
20/80 13.1 14.8 14.6 12.6 16.4 52.3 34.6 1716.2 13.3 90.2 

0/100 0.0 14.7 0.0 12.7 0.0 53.6 0.0 1895.4 0.0 94.3 

100/0 12.1 0.0 17.5 0.0 19.4 0.0 99.7 0.0 18.0 0.0 
80/20 12.2 15.9 17.2 12.0 19.1 33.1 90.2 291.4 17.5 41.0 

c4 60/40 12.3 15.2 16.7 12.4 18.6 44.5 76.0 914.7 16.7 68.2 
40/60 12.5 14.8 16.2 12.6 18.0 50.9 63.4 1542.5 15.8 86.0 
20/80 12.9 14.7 15.1 12.7 16.9 55.0 41.8 2088.2 14.0 98.4 

0/100 0.0 14.4 0.0 12.8 0.0 61.6 0.0 3262.2 0.0 120.0 

* Eu denotes eugenol 

;1 AC denotes acetophenone 



TABLE 9.2.1 

THEORETICAL SIMILARITIES VS MEAN PERCEIVED SIMILARITIES 

Weights Similarity Regression Weights Similarity Regression 
Parameters Parameters 

Sub. Model Sub Model 
Wp W e 0 Min a sim b sim F' . W Wq e 0 Min asim b sim 

F sim q 
Res S'ln p Res 

RAMG-DAZ 35.82 0.64 0.10 1.35 RAMG-DAZ 41.19 0.17 0.37 29.90 
RAMG-DAT 0.80 1.25 0.05 28.28 0.51 0.08 1.29 RAMG-DAT 0.95 1. 05 0.05 40.88 0.16 0.36 29.90 
RAMG-OAF 0.70 1.43 0.07 0.70 23.68 0.56 0.05 0.84 RAMG-DAF 0.55 1.82 0.05 0.40 24.76 0.40 0.22 21.17 
MJM-DAZ 35.47 0.63 0.11 1.76 MJM-DAZ 34.14 0.28 0.28 20.40 
~lJM-DAT 0.65 1.54 0.05 29.15 0.53 0.08 1.25 MJM-DAT 0.90 1.11 0.05 33.96 0.26 0.21 21.00 

1 MJM-DAF 0.55 1. 82 0.05 0.70 25.93 0.60 0.06 0.68 4 MJM-DAF 0.50 2.00 0.05 0.55 25.97 0.41 0.20 . 15.85 
MJM-SCZ 34.24 0.89 0.04 3.47 MJM-SCZ 39.61 0.20 0.37 28.75 
MJM-SCT 0.70 1.43 0.05 11.75 0.60 0.04 7.44 MJM-SCT 0.90 1.11 0.05 37.87 0.18 0.31 28.64 
MJM-SCF 0.75 1.33 0.05 1. 05 11.78 0.63 0.04 5.87 MJM-SCF 0.50 2.00 0.05 0.40 19.87 0.42 0.22 33.45 
MJM-TIZ 30.27 0.68 0.12 2.72 MJM-TIZ 37.21 0.21 0.38 30.98 
MJM-TIT 0.80 1. 25 0.05 21.53 0.54 0.09 2.60 MJM-TIT 0.95 1.05 0.05 36.69 0.20 0.36 30.98 
MJM-TIF 0.70 1. 43 0..05 0.70 16.83 0.59 0.07 2.43 MJM-TIF 0.60 1.67 0.05 0.45 20.88 0.41 0.25 33.91 

RAMG-DAZ 35.55 0.69 0.02 0.04 RAMG-DAZ 31.12 0.26 0.41 13.16 
RAMG-DAT 0.70 1.43 0.05 21. 09 0.48 0.01 0.03 RAMG-DAT 1.00 1.00 0.05 31.12 0.26 0.41 13.16 
RAMG-DAF 0.65 1.54 0.05 0.80 18.51 0.52 0.00 0.00 RAMG-DAF 0.65 1. 54 0.05 0.40 15.75 0.49 0.25 9.79 
MJM-DAZ 36.30 0.69 0.00 0.00 MJM-DAZ 26.77 0.31 0.38 12.59 
MJM-DAT 0.50 2.00 0.05 24.71 0.55 -0.04 0.22 ~IJM-DAT 0.95 1.05 0.05 26.64 0.31 0.37 12.66 

2 MJM-DAF 0.45 2.22 0.05 0.85 23.72 0.61 -0.05 0.32 5 MJM-DAF 0.60 1.67 0.05 0.50 16.14 0.48 0.28 11. 46 
MJM-SCZ 39.12 0.88 0.02 0.35 MJM-SCZ 23.92 0.28 0.45 19.41 
MJM-SCT 0.65 1.54 0.05 8.09 0.58 0.00 0.00, MJM-SCT 0.95 1.05 0.30 20.74 0.39 0.27 9.24 
MJM-SCF 0.65 1.54 0.05 1.05 8.18 0.56 0.00 0.00 MJM-SCF 0.65 1.54 0.10 0.45 9.08 0.55 0.21 16.20 
MJM-TIZ 30.66 0.72 0.08 1.00 MJM-TIZ 24.07 0.32 0.42 16.01 
MJM-TIT 0.70 1. 43 0.05 13.55 0.51 0.05 0.94 143M-TIT 0.95 1.05 0.05 23.48 0.31 0.40 16.01 
MJM-TIF 0.70 1.43 0.05 0.95 13.05 0.51 0.05 0.94 MJM-TIF 0.95 1.05 0.05 1.05 23.48 0.31 0.40 16.01 

RAMG-DAZ 34.53 0.56 0.08 1.05 
RAMG-DAT 0.85 1.18 0.05 31.94 0.51 0.07 1. 05 
RAMG-DAF 0.95 1.05 0.05 1.05 32-90 0.54 0.07 1.05 
MJM-DAZ 35.13 0.59 0.06 0.55 
MJM-DAT 0.75 1.33 0.05 31.91 0.51 0.05 0.55 

3 MJM-DAF 0.55 1. 82 0.05 0.65 27.02 0.62 0.00 0.00 
MJM-SCZ 22.97 0.59 0.18 9.76 
MJM-SCT 0.85 1.18 0.05 19.09 0.53 0.12 6.67 
MJM-SCF 0.80 1. 25 0.05 0.85 17.43 0.55 0.10 6.30 
MJM-TIZ 31. 02 0.66 0.08 1'.38 
MJM-TIT 0.80 1.25 0.05 24.49 0.56 0.67 1.38 
MJM-TIF 0.70 1.43 0.05 0.70 19.84 0.57 0.04 1.04 



TABLE 9.2.2 

PARAMETERS FROM REGRESSION OF STRUCTURED SIMILARITIES ON MEAN UNSTRUCTURED SIMILARITIES 

Intensity Similarities Hedonic Similarities 
Subject 

Residual Intercept Slope F Ratio Residual Intercept Slope F Ratio 

1 2.15 0.08 0 • .88 20.33 3.41 0.13 0.81 11.74 

2 2.55 0.20 0.83 33.96 3.01 0.11 0.78 23.98 

3 4.58 0.17 0.87 23.40 3.28 0.10 0.85 28.04 

4 6.03 0.22 0.63 3.48 9.73 0.23 0.60 2.08 

5 9.12 0.29 0.58 4.19 5.99 0.24 0.61 3.22 



TABLE 9.3.1 

GOODNESS OF FIT PARAMETERS FROM TORSCA-9 MULTIDIMENSIONAL SCALINGS 

Mean Perceived Dispari ties Disparities 
Similarities 

Young's 
Subject Triangular Inequality Number of Squariance Kruskal's Triangular Inequality Triangular Inequality 

Violations Dimensions Ratio Stress Viola tions Violations 

No. % No. , % No. % 

8 .99852 .077 0 0 0 0 
7 .99817 .085 0 0 0 0 
6 .99695 .110 0 0 0 0 

1 454 22.43 5 .99584 .129 4 0.20 0 0 
4 .99304 .166 4 0.20 0 0 
3 .98809 .217 15 0.74 0 0 
2 .97965 .282 115 5.68 0 0 
1 .95767 .403 488 24.11 0 0 

8 .99837 .081 0 0 0 0 
7 .99786 .092 0 0 0 0 
6 .99637 .120 0 0 0 0 

2 289 14.28 5 .99501 .141 0 0 0 0 
4 .99256 .172 2 0.10 0 0 
3 .98764 .221 10 0.49 0 0 
2 .97684 .301 46 2.27 0 0 
1 .94808 .444 316 15.61 0 0 

8 .99839 .080 0 0 0 0 
7 .99762 .097 0 0 0 0 
6 .9965(5 .117 0 0 0 0 

3 204 10.08 5 .99532 .136 0 0 0 0 
4 .99227 .175 0 0 0 0 
3 .98743 .223 12 0.59 0 0 
2 .979'57 .283 139 6.87 0 0 
1 .95680 .407 477 23.57 0 0 

8 .99869 .072 0 0 0 0 
7 .99827 .083 0 0 0 0 
6 .99705 .109 0 0 0 0 

4 911 45.21 5 .99627 .122 0 0 0 0 
4 .99441 .149 0 0 0 0 
3 .99054 .194 19 0.94 0 0 
2 .98300 .259 17'7 8.75 0 0 
1 .96446 .370 636 31.42 0 0 

8 .99809 .087 0 0 0 0 
7 .99778 .094 0 0 '0 0 
6 .99608 .125 0 0 0 0 

5 833 41.11 5 .99533 .136 0 0 0 0 
4 .99253 .172 0 0 0 0 
3 .98721 .225 0 0 0 0 
2 .97701 .300 63 3.11 0 0 
1 .94946 .438 319 15.76 0 0 



TABLE 9.3.2 

LOADINGS OF UNROTATED FIRST FACTOR FROM 7D TORSCA-9 SCALING OF MEAN PERCEIVED SIMILARITIES 

Stimuli Subject 1 Subject 2 Subject 2 Subject 3 Subject 4 

100/0 0.186 0.215 0.334 0.399 0.402 
80/20 0.334 0.400 0.220 0.366 0.358 

C1 60/40 0.477 0.380 0.348 0.491 0.465 
40/60 0.404 0.353 0.295 0.314 0.409 
20/80 0.337 0.431 0.273 0.365 0.419 

0/100 0.160 0.198 0.402 0.377 0.071 

100/0 0.250 0.119 0.124 0.301 0.214 
80/20 0.095 -0.077 0.262 0.326 0.217 

C2 60/40 0.271 0.130 0.142 0.221 0.310 
40/60 0.100 -0.020 0.011 -0.038 -0.031 
20/80 0.146 0.054 -0.038 0.064 0.078 
0/100 0.116 0.089 0.050 -0.014 -0.066 

100/0 -0.122 -0.115 0.073 -0.090 -0.022 
80/20 -0.042 0.005 0.141 -0.044 -0.036 

C3 60/40 0.010 -0.071 -0.124 -0.245 -0.360 
40/60 -0.107 0.077 0.035 -0.202 -0.057 
20/80 -0.263 -0.309 -0.328 -0.238 -0.181 

0/100 -0.223 -0.169 -0.284 -0.343 -0.201 

100/0 -0.296 -0.194 -0.122 -0.080 -0.369 
80/20 -0.135 0,034 -0.247 -0.313 -0.163 

c4 60/40 -0.307 -0.247 -0.135 -0.464 -0.292 
40/60 -0.342 -0.310 -0.386 -0.347 -0.283 
20/80 -0.519 -0.491 -0.487 -0.425 -0.525 

0/100 -0.531 -0.485 -0.559 -0.384 -0.357 



TABLE 9.3.3 

UNROTATED FI LOADINGS AVERAGED OVER ABSOLUTE CONCENTRATION LEVELS 

Absolute Conc. Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 
Levels 

C1 0.316 0.330 0.312 0.385 0.354 

C2 0.163 0.049 0.092 0.143 0.120 

C3 -0.125 -0.097 -0.081 -0.194 -0.143 

c4 -0.355 -0.282 -0.323 -0.336 -0.332 
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TABLE 9.3.4 

INTERCORRELATIONS OF INDIVIDUAL FI 

LOADINGS WrrH INDIVIDUAL TASK 4 INTENSITY SCALINGS 

Subject 1 Subject 2 Subject 3 Subject 4 Subject 

-0.536 -0.305 -0.779 -0.910 -0.854 

rcrit ep < 0.05, df = 22) = - o. 

rcrit ep <0.01, df=22) = o. 5 

5 
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C HAP T E R TEN 

SUM MAR Y AND FIN A L COM MEN T S 

10.1 SUMMARY OF THE PRESENT EXPERIMENTS 

Kester (1971) states: 

"Ignorance of the nature of the olfactory 
stimulus is by far the most important problem 
which the research worker in the field of 
olfaction has to face. It is still 
impossible to predict with any precision 
whether a chemical compound will have an odour 
and if so, wh~t qualitative properties this 
odour will have. The only thing known, is that 
the perceived intensity of the odour impression 
increases with the concentration of the 
odorous substances in the air which reaches 
the olfactory epithelium in the nose. 

In many ways investigators have tried to 
solve this problem and to understand the 
criti~al variables which govern the perceived 
quality of the molecule ••• " 

While accepting Kester's summary of a major concern of many 

olfactory research workers, the present author believes that 

knowledge is also lacking about the subjective processes and 

strategies employed by Ss in many of the judgement situations 

explored by olfactory research wor~ers, and further believes this 

to be a more fundamental deficiency. The aim of this thesis was 

to obtain data on the topic that is known (perceived intensity), 

operate on it using established psychophysical relationships 

(Stevens' power law), according to sets of combinatorial rules 
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having precedence in mathematical psychological writings, in an 

attempt to clarify processes which might be operating in odour 

classificatory experiments based on perceived similarity. Although 

only a restricted range of qualitative types was explored in 

these experiments, the odour mixture stimuli not only permitted 

some insights into the above questions but also permitted a close 

examination of another major field of interest in olfactory 

research, the interaction between components of complex odours. 

The scope of these aims demanded preliminary investigations of 

stimulus specification, scaling methods and analytical procedures, 

response stability and masking effects. 

Chapter One summarised some of the literature from the 

various fields of interest relevant to the above programme, 
I 

synthesised where possible the points of overlap between these 

fields and considered some of the conceptual difficulties posed by 

the methods and assertions of olfactory theorists and other 

research workers. From this discussion emerged a set of questions 

of relevance to both psychometric and classificatory interests, 

and a description of the research programme devised to attack the 

problems posed. Finally, terminology and abbreviations adopted 

throughout the thesis were defined. 

The second chapter considered some of the problems of 

stimulus specification and control. The selection of a particular 

olfactometric device was rationalised, its mode of construction 

and that of ancillary equipment described, the calculations of its 

theoretical flow characteristics outlined, and the physical, 
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chemical and psychophysical calibrations detailed. In addition 

the chemicals selected for study in this thesis were described, 

and the steps taken to ensure their purity were noted. 

Chapter Three was devoted to comparisons of a variety of 

psychophysical measurement ~ethods for scaling olfactory 

intensity. The independent variables tested in these experiments 

included: (i) type of scaling procedure (category judgement or 

magnitude estimation); (ii) type of category scale labelling; 

(iii) presence or absence of anchor stimuli (i.e., free modulus 

or fixed modulus paradigms); and (iv) position of anchor 

relative to the variable stimuli. On the basis of several 

criteria including minimum between-S variation in power law 

parameters, maximum goodness of fit of psychophysical regressions, 

and minimum deviations of pos.e. from perceived anchor magnitude, 

a ratio-range category scale in a fixed-modulus, constant-stimulus 

paradigm was selected for the unidimensional scaling experiments 

of Sim I and Sim II. This scale, RRCS2, of eleven categories, 

each spanning a range of integer values, was useful in that an 

eleven-category verbally-labelled similarity scale was used in 

Sim I and Sim II, thereby permitting some standardisation over 

judgement tasks of category scale size. 

The wide variation found in group exponents of power 

functions over scale types and procedures for a single chemical 

type would seem to invalidate attempts to relate exponents (or 

other intensity parameters) to physico-chemical variables. The 

studies of Cain (1969), Dravnieks and Laffort (1970) and Laffort 
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(1969, 1970) must be viewed as confounded by scaling method effects 

and/or non-consensus of stimulus specifications. Control of these 

variables may define away the problem they posed. 

Chapter Four was an exploration of the between-subject, 

within-subject and between-chemical variation in perceived 

intensity under fixed modulus paradigms. Between-subject variation 

was high while within-S and between-chemical variations were low. 

These results have implications for traditional methods of scaling 

intensity data, and seriously question the assumptions underlying 

I 

Stevens methods and his interpretations of the results of 

psychophysical analyses. His notions of modality-specificity of 

power function exponent magnitudes (and his further assumption 

that these derive from idiosyncratic features of sensory transducer 

action) must be regarded as entirely fallacious. 

Chapter Four further demolished the assertions of Cain 

(1969), Dravnieks and Laffort (1970) and Laffort (1969, 1970) by 

revealing the stability of power law exponents over chemical types 

when stimuli are matched for concentration relative to an anchor 

stimulus. 

The most important aspect of the Chapter Four experiments 

was the conclusion that intensity data may not be pooled over Ss 

prior to calculation of group exponents; analyses of individual 

data are necessary. 

The fifth chapter considered the masking effects of 

propanol on the perceived intensity of eugenol. It has been 

asserted that olfaction is an analytic sense, but the description 
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of "analysis" given appears to refer to the detection of 

qualitative differences at a global (gestalt) level. However, 

in many disciplines, (analytic chemistry for example) "analysis" 

refers to "separation into components, and quantitative assessments 

on the components so separated". Chapter Five was an exploratory 

study to consider human analytic capacities, "analysis" being 

defined as in the latter sense above, towards odour mixture stimuli. 

Several auditory and visual experiments have been performed under 

paradigms which seem to demand analysis as defined here; these 

data act as a baseline against which olfactory phenomena may be 

compared. On pooled data, olfactory analysis appeared not to 

occur, although some individuals did display shifts in response 

magnitudes consistent with analytic discriminability. In general, 

although Pfaffmann's (1951) claim was challenged by these results, 

the individual differences noted led to a retention of analytic 

simulation models in Sim I and Sim II. 

Chapters 6 and 7 together constituted the first similarity 

experiment, Sim I, which was largely a pilot study to explore a 

number of procedural methods and computational techniques. However 

some information of psychometric interest did emerge. First, 

simulation models which calculated theorBtical similarities best 

fitting observed similarities could be selected without too much 

trouble. Wi thin-S variation was low and between-S variation was high on 

the selection criteria adopted. Individuals varied in the type of 

best-fitting simulation model, implying individual differences in 

subjective strategies underlying similarity generation. Second, a 
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suitable means of specifying stimuli for psychophysical scaling 

of similarity judgements was developed. Third, multidimensional 

scaling of observed similarities revealed that relative 

concentration of stimulus components played a major role in 

perceived intensity for some SSG Fourth, wide individual 

differences in analytic discriminability were again noted, and 

this degree of analytic capacity was evident In both unidimensional 

and multidimensional judgement data. 

Chapter Eight criticised Sim I, mainly for the 

restrictiveness of the stimulus set used, and on the paucity of 

unidimensional data available for various purposes. Procedural 

aspects of Sim II were described in this chapter, detail being 

given to those aspects devised to circumvent the criticisms of 

Sim I. Preliminary experiments to aid selection of the stimulus 

set of Sim II were reported in Chapter Eight. 

Chapter Nine presented the Sim II data, and the results of 

analyses thereon. In many respects Sim II failed to achieve the 

aims set out in the introductory comments of Chapters One, Seven 

and Eight. First, the unidimensional scaling of one component of 

the odour mixtures seemed beyond the analytic capacities of most 

Ss (as for most Ss of Chapter Five), In terms of power law 

parameters, discrimination appeared to have been determined by 

total intensity, not component intensity as instructions required. 

These results cast such doub~ on the validity of these data for 

simulation purposes that they were discarded. These results 

also added to the reservation held about the supposed analytic 
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nature of olfaction; only rare individuals displayed limited 

analytic capacities meeting the present operational definition 

of "analysis". 

The traditional unidimensional intensity scaling again 

revealed wide between-S variation with distinct subgroups of Ss 

being revealed. The subgroupings apparent on these tasks were 

largely upheld on all of the unidimensional scaling tasks, and 

on most of the similarities tasks, and analyses thereof against 

various physical and psychophysical measures. 

Second, the attempts to reveal the role of hedonics met with 

little success under the unidimensional scaling paradigms employed. 

With the exception of one S, perceived pleasantness did not follow 

stimulus concentration in the manner expected of a prothetic 

continuum. A priori, hedonics seemed to be a possible determinant 

of perceived similarity, and therefore suitable as inputs to the 

simulation processes. However, the scalings obtained were devoid 

of any discernible trend suitable for this purpose. In the 

absence of any psychophysical models (of as wide an acceptance 

as Stevens' power law model for scaling intensity) for scaling 

hedonic judgements, .attempts to use the hedonic data were 

abandoned. 

Third, none of the simulation models could be accepted, on 

the regression criteria adopted, as closely representing the 

subjective strategies Ss might have adopted in generating 

similarities. In the absence of explicit instructions to guide 

judgements, no zero responses were obtained to pure eugenol/pure 
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acetophenone comparisons, whereas the analytic models generate 

theoretical similarities of zero in such cases. For three Ss, 

whose inputs to simulation equations had almost zero information, 

xl 's spanned narrow subranges in different scale regions to 
p q 

the ¢jJ 's which also spanned narrow ranges of response 
p q 

categories. The remaining two Ss covered wider scale ranges in 

both ~ 's and ¢~ 's and generally showed better fits of the 
p q p q 

two data blocks, but again, no one simulation model could be 

accepted in preference to the others. In essence, these conclusions 

from behavioural data are a confirmation of those of Gesteland 

et. ale (1968) who observed electrophysiological recordings from 

single neurons. They state: 

"The olfactory code is non-linear. Responses 
to mixtures cannot be predicted from the 
separate responses to the elements of the 
mixture. Further, the response is strongly 
contingent upon the recent history of the 
ac ti vi ty of the cell". 

The second sentence in the above quotation is relevant to the 

discussion below about context effects. 

Fourth, regression comparisons of structured similarities 

with unstructured similarities generally revealed close fits of 

the data blocks, which was surprising, considering the disparate 

results of the unidimensional hedonic and intensity scalings. It 

appeared that (i) instructions to make similarity jUdgements 

without further directives to S, (ii) instructions to make 

similarity judgements on the basis of intensity, ignoring other 
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dimensions, and (iii) instructions to make similarity judgements 

on the basis of pleasantness, ignoring other dimensions (llother 

dimensions" not being explicitly identified for Ss), all induce 

the same response strategy. In the present stimulus context, 

"quality" was "intensity" was "pleasantness II was "quality" ••• ; 

Ss appeared no more able to differentiate these psychological 

dimensions (as specified by E) of the stimuli as wholes, than 

they were able to perform the analytic judgements of components 

required in the unidimensional masking type of experiment. Only 

two Ss displayed slight tendency towards differential response 

strategies under the three similarity paradigms. 

Fifth, mean observed similarities vs. SD's revealed an 

inverted U-formed relation for two Ss, and lack of systematic 

relation for the other three. This relation is interpreted to 

mean that differential category scale anchoring effects exist. 

Sixth, inverse linear relations between mean observed 

similarities and a stimulus measure, STIM SEP, obtained for 

all Ss, but there was wider heteroscedasticity at each ¢ array 

than was noted in most individual plots of the Sim I analyses of 

this sort. 

Seventh, the multidimensional scalings of ¢J' 's showed 
p q 

that the data of all Ss was non-metric. Psychological space 

solutions required at least 9 dimensions to meet the adopted 

criteria, and most of the factors so revealed could not be 

identified. The multidimensional scalings, like many of the 

analyses of Sim II indicated that ~I 's were extensively error
p q 
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laden. Only the first factor, labelled Total Intensity consistently 

emerged over all SSe The question about the role of intensity 

in similarity judgements, unable to be explored in Sim I through 

the restrictive stimulus set used therein, was here answered in 

the affirmative; total intensir.y does playa role in subjective 

slmilarity. This finding was regarded as having important 

implications for classificatory theory. 

10.2 FINAL COMMENT ON THE PRESENT EXPERIMENTS. 

The failures of Sim II experiments to answer all of the 

questions posed in preliminary discussions, or to extend the 

generalisations derived from the results of Sim I analyses, are 

themselves important. The stimulus set of Sim II, while 

regarded as having properties necessary to explore all of the 

areas of interest, extensively exceeded Sst response capabilities 

in two ways. First, in terms of Weber's Law, adjacent binary 

mixtures within absolute concentration levels, were probably 

less than 1 j.n.d. apart. Similarly, more "distant" stimulus 

pairs might have been inseparable, phenomenologically. Second, 

eugenol and acetophenone were possibly less distinct, qualitatively, 

than other pairs of chemicals that might have been chosen. The 

response biases so induced by such a set of stimuli, leading to a 

higher expectation of near-identity perceptions than was induced 

by Sim I type of stimuli, may have spread to all stimulus comparisons 
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of Sim II, so that ¢~ 's spanned narrow subjective ranges, and 
p q 

intensity perceptions were similarly truncated. In other words, 

the perceived similarity between one pair of odour stimuli is 

not an event independent of other comparisons Ss have to make 

within an experimental session. There is a context effect inherent 

in these judgements, this effect being generated by the total 

stimulus set from which E draws stimuli for presentation on 

each trial. Gregson (1971a) has formalised in a discussion of 

non-metric scaling of qualitative odour similarities data, the 

consequences of stimulus selectivity on spatial representation of 

similarities. The existence of context effects is important for 

classificatory theorists interested in categorising many different 

~ 

chemicals into a small number of odorous qualitative types. 

Such theories, to be of value, would demand that the perceived 

similarity of a particular pair of chemicals be invariant not only 

over Ss, within Ss, over intensity levels, and over response modes, 

but also over stimulus contexts, (including the number of chemicals 

tested). However, these experiments lead to doubts about the 

invariance of similarities over some of these independent variables, 

which seem capable of inducing wide shifts in mean perceived 

similarity judgements and heteroscedasticity thereof, both within-

and between-Sse In short, perceived similarity of odours might 

be an entirely inappropriate basis for classificatory theory. 

Perceived similarities or dissimilarities have been 

questioned as being appropriate data for classificatory theory 

by virtue of supposed cultural influences on qualitative 
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appreciation (Koster, 1971; Harper, 1968a). However, it is unclear 

whether the cultural influences pertain to receptor functioning 

and/or central nervous system processing, per se, of the odour 

event or to the language differences in descriptive terminology for 

odours; presQmably the reference is to the latter. It is not 

necessary that similarity judg~ments be elicited in terms of verbal 

labels, so the language problem may be minimised. Nor is it 

necessary that odours be present in the similarity jud~ement situation; 

verbal labels may themselves be judged for their similarity. Both 

types of judgement task are possible (e.g., Simmonds, 1971) and 

the data so obtained representable in mulitidimensional space 

solutions. Paradigms in which these two types of task are confounded, 

or one type is confused with the other, may yield intractable data, 

or give rise to spurious solutions. The objections of Koster and 

Harper can be met; it is on the more fundamental influence from 

factors like context effects (outlined above) that this author 

questions the classificatory value of perceived similarities; 

these effects may elicit wide variations in response strategy from 

one experimental situation to a~other within a single cultural 

setting, under paradigms devoid of language confoundings. This is 

a more serious objection. 
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10.3 COMMENTS ON SELECTED CLASSIFICATORY RESEARCH 

There have been numerous attempts to classify odours in a 

spatial representation, beginning with Henning's (1915) intuitive 

approach. Subsequently, multidimensional analyses (usually 

factor analysis) have been perform8d on a variety of types of 

subjective data including bipolar semantic differential ratings, 

unipolar ratings of descriptive adjectives, similarity ratings, 

intensity ratings, threshold measurements, preference ratings and 

electrophysiological recording data (Amoore and Venstrom, 1967; 

Dpving, 1966, 1970; Ekman, 1963; Engen, 1964; Eysenck, 1944; 

Harper, 1970, Harper et. al., 1968a,b; HsU, 1946; Jones, 1957; 

Pilgrim and Schutz, 1957; Woskow, 1964; Wright and Michels, 1964; 

Yoshida, 1964a,b,c). Most of these analyses involve strong metric 

assumptions and an Euclidean distance representation; Wender (1968) 

and Gregson (1971a) are the only known studies showing explicit 

concern for these data properties. In the study just cited and 

another (1971c) Gregson clearly exposes the consequences of treating 

data as if the above assumptions hold when in fact they do not. 

Even with modern non-metric scaling algorithms which permit a 

scaling of non-metric data into metric space representations, 

extreme caution must be exercised in interpreting the solutions 

so derived. Gregson (1971a) states: 

liThe prior conditions for data to be represented 
in metric space have been formally given by Beals, 
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Krantz and Tversky (1968) and others, so that tests 
of data properties should be made and their results 
given in conjunction with any multidimensional 
scalings ••• 

Unless these conditions are met odour scaling 
models do not repay construction or post hoc 
examination, they are simply not scalings ••• if 
data with non-metric properties are forced 
procrustean fashion into a metric space 
representation ••.• supernumery dimensions may 
appear ••• II 

without strong prior information about the 
nature both of the stimulus dimensions and the 
form of the similarity gen~rating mechanism, 
considerable caution must be exercised in 
interpreting dimensions and coordinates in 
multidimensional scalings based on similarity 
judgements [and, presumably, other data types] 
which have not been shown, by a separate 
experiment comparing the goodness of fit of 
alternative models to be metri c ". 

Dpving's (1970) analyses of his own data, and that of 

Amoore and Venstrom (1967), Ekman (1954), HsU (1946), Leveteau 

and Macleod (1969), Woskow (1964) and Wright and Michels (1964), 

generally revealed high frequency (up to 100%) of violation of the 

triangular inequality axiom in all data sets except Woskow's and 

Wright and Michels'. In no case apparently, has an attempt been 

made by independent experimentation to obtain prior information 

about the nature of both the stimulus dimensions and the form of 

the mechanisms underlying the generation of the subjective data. 

Hopefully, the experimental strategies adopted in this 

thesis for the problem of odour mixture perception might form the 

bases for similar procedures with suitable modifications for 
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examining the broader problems of interest to classificationists, 

thereby enabling some of the present criticisms of published 

articles to be countered. 



REF ERE N C E S 

AMOORE, J.E. The stereochemical specificities of human olfactory 

receptors. Perfum. Essent. Oil. Rec., 1952, 43, 321 - 330. 

AMOORE, J.E. Current status of the steric theoryof odor. Ann. N.Y. 

Acad. Sci., 1964, 116, 457 - 476. 

AMOORE, J.E. Specific anosmia: a clue to the olfactory code. 

Nature, London. 1967, 214, 1095 - 1098. 
-- I 

AMOORE, J.E. and VENSTROM, D. Correlations between stereoc~emical 

assessments and organoleptic analysis of odorous compounds. 

In Olfaction and Taste, Vol. 2. Hayashi, T. (Ed.) Oxford: 

Pergamon, 1967. 

AMOORE, J.E., VENSTROM, D., and DAVIS, A.R. Measurements of 

specific anosmia. Percept. Mot. Skills. 1968, 26, 143 

164. 

ARONSOHN, E. Experimentelle Untersuchungen zur Physiologie des 

Geruchs. Archiv. f Anat. und Physiol., 1886, Physiol 

Abt. 321 - 357. Cited by KBster, 1971. 

ASHWORTH, K., and MITCHELL, M.Jo. Olfactory intensity scaling: II. 

Inter-modal, within-subject variations in intensity 

jUdgements. Unpublished departmental research report. 

(1970) • 

ATTNEAVE, F. Dimensions of similarity. Amer. J. Psychol., 1950, 

63, 516 - 556. 

BACKMAN, E.L. Experimentalla undersBkningar Buer luktsinnets 

fysiologi. Uppsala L~karf Bren FBrk, 1917, 22, 319 - 464. 



Smell in Vertebrates. G.E.W. Wolstenholme and J. Knight 

(Eds). London; J. & A. Churchill, 1970. 

BERGLUND, B., BERGLUND, U., ENGEN, T., and EKMAN, G. Psychophysical 

fupctions for 28 odorants. Report from the Psychological 

Laboratories, University of Stockholm, 1970, No. 291. 

BERGMAN, G., and SPENCE, K.W. The logic of psychophysical 

measurement. Psychol. Rev., 1944, Ll, 1 - 24. 

BIENFANG, R. The Subtle Sense. Oklahoma: University of Oklahoma 

Press, 1946. 

" BJORKMAN, M., and STRANGERT, B. \ The relationship between ratio 

estimates and stimulus dispersion. Reports from the 

Psychological Laboratories. University of Stockholm, 

1960, No. 81. 

BROADBENT, D.E. Perception and Communication. London: Pergamon, 

1958. 

CAIN, W.S. Physicochemical characteristics and supraliminal 

odor intensity: Reply to Mitchell. Perceptionand 

Psychophysics. 1970, In Press. 

CAIN, W.S. Odor intensity: dtfferences in the exponent of the 

psychophysical function. Perception and Psychophysics, 

CAIN, W.S. Odor intensity after self-adaptation and cross-

adaptation. Perception and Psychophysics, 1970, Z, 

271 - 275. 

CAIN, W.S., and ENGEN, T.Olfactory adaptation and the scaling of 

odor intensity. In Olfaction and Taste, C. Pfaffmann 



(Ed.), Rockefeller University Press, 1969. 

CARROLL J D d CHANG J J Ana· lysis of individual differences , .. , an , .. 

in multidimensional scaling via an N-way generalisation 

of 'Eckart-Young Decomposition'. Psychometrika, 1970, 

35, 283 - 319. 

CATTELL, R.B. Factor Analysis. Harper: New York, 1952. 

CHEESEMAN, G.H., and MAYNE, S. The influence of adaptation on 

absolute threshold measurements 

Quarterly J. Exp. Psychol., 1J53, 

of olfactory stimuli. 

2" 22 - 30. 

CHEESEMAN, G.H., and TOWNSEND, M.J. Further experiments on the 

olfactory thresholds of pure chemical substances, using 

the 'sniff-bottle" method. Quarterly J. Exp. Psychol., 

1956, §., 8 - 14. 

CLIFF, N. The 'idealised individual' interpretation of individual 

differences in multidimensional scaling. Psychometrika, 

1968, 33, 225 - 323. 

CLIFF, N. and YOUNG, F.W. On the relation between unidimensional 

judgements and multidimensional scaling. Organisational 

Behavior and Human Performance. 1968, l, 269 - 285. 

COOMBS, C.H. A Theory of Data. New York: Wiley, 1964. 

COXON, J.M. Department of Chemistry, University of Canterbury. 

Personal Communications, 1968, 1970. 

CROCKER, E.C., and HENDERSON, F.L. Analysis and classification 

of odors. Amer. Perfumer, 1927, 22, 3 - 10. 

DAVIDON, R.B. Relevance and category scales of judgement. Brit. 

J. Psychol., 1962, 53, 373 - 380. 



DAVIES, J.T., and TAYLOR, F.H. The role of absorbtion and 

molecular morphology in olfaction: The calculation of 

olfactory thresholds. Biol. Bull., 1959, 117, 222 - 238. 

DEUTSCH, J.A., and DEUTSCH, D. Attention, some theoretical 

considerations. Psychol. Rev., 1963, 70, 80 - 91. 

D0VING, K.B. Analysis of odour similarities from electrophysiological 

data. Acta Physiol. Scand., 1966, 68, 404 - 418. 

D0VING, K.B. Electrophysiological studies on sensory relatedness. 

In Theories of Odor and Odor Measurement. N. Tanyolac 

(Ed.), Istanbul: Robert College, 1968. 

D0VING, K.B. Experiments in olfaction. In Taste and Smell in 

Vertebrates. Wolstenholme, G.E.W., and Knight, J., (Eds). 

London: Churchill, 1970. 

D0VING, K.B., and LANGE, A.L. Comparative studies of sensory 

relatedness of odours. Scand. J. Psychol., 1967, ~, 47 - 51. 

DRAVNIEKS, A. Properties of receptors through molecular parameters 

of odorivectors. In Olfaction and Taste II, Hayashi, T., 

(Ed.), London: Pergamon, 1967. 

DRAVNIEKS, A., and LAFFORT, P. Odor intensity function in adult 

humans: physicochemical correlates of slope for single 

odorants. Unpublished manuscript, I IT Research Institute, 

1970. 

EISLER, H. Similarity in the continuum of heaviness, with some 

methodological and theoretical considerations. Scand. J. 

Psychol., 1960, 1, 69 - 81. 

EISLER, H. On the problem of category scales in psychophysics. 



Scand. J. Psychol., 1962, 2, 81 - 87 Ca). 

EISLER, H. Empirical {est of a model relating magnitude and 

category scales. Scand. J. Psychol., 1962, 2, 89 - 96 (b) 

EISLER, H. How prothetic is the continuum of smell? Scand. J. 

Psychol., 1963, 70, 243 - 253 Ca). 

EISLER, H. A general differential equation in psychophysics: 

derivation and empirical test. Scand. J. Psychol., 1963, 

i, 265 - 272 Cb). 

EISLER, H. Magnitude scales, category scales, and Fechnerian 

integration. Psychol. Rev., 1963, 70, 243 - 253 (c) 

EISLER, H. The connection between magnitude and discrimination 

scales and direct and indi,rect scaling methods. 

Psychometrika, 1965, 30, 271 - 289 (a). 

EISLER, H. On psychophysics in general and the general psycho

physical equation In particular. Scand. J. Psychol., 

1965, .§., 85 - 102 (b). 

EISLER, H. Multidimensional similarity: An experimental comparison 

between the vector, set theoretical and distance models. 

Mi~~y.gFa.p~ed manuscript, University of Stockholm, 1967. 

EISLER, H., and EKMAN, G. A nechanism of subjective similarity. 

Acta Psychologia, 1959, .l§., 1 - 10. 

EKMAN, G. Reports from the Psychological Laboratories, University of 

Stockholm, 1954, No. 10 (a). 

EKMAN, G. Dimensions of c dlour vision. cT. Psychol., 1954, 2~' 

467 - 474 (b) .. 

EKMAN, G. Dimensions of emotion. Acta Psychologica, 1955, 12, 



279 - 288. 

EKMAN, G. A direct method of multidimensional ratio scaling. 

Psychometrika, 1963, 28, 33 - 41. 

EKMAN, G. Two methods for the analysis of perceptual dimensionality. 

Perceptual and Motor Skills, 1965, 20, 557 - 572. 

EKMAN, G. The effect of instructions on similarity scalings. 

Personal communication to R.A.M.Gregson, 1969. 

(l 

EKMAN, G., and AKESSON, C. Saltness, sweetness and preference: 

a study of quantitative relations in individual subjects. 

Scand. J. Psychol., 1965, £, 241 - 253. 

EKMAN, G. and ENGEN, T. Multidimensional ratio scaling and multi-

dimensional similarity in olfactory perception. Reports 

from the Psychological Laboratories, University of 

Stockholm, 1962, No. 126. 

t1 

EKMAN, G., ENGEN, T., KUNNAPAS, T., and LINDMAN, R. A quantitative 

principle of qualitative similarity. J. Exp. Psychol., 

1964, 68, 530 - 536. 

EKMAN, G., GOUDE, G., and WAERN, Y. Subjective similarity in two 

perceptual continua. J. Exp. Psychol., 1961, £2, 222 - 227. 

EKMAN, G., HOSMAN, B., LINDMAN, R., LJUNSBERG, L., ZKESSON, C. 

Interindividual differences in scaling performance. 

Reports from the Psychological Laboratories. University of 

Stockholm, 1967, No. 241. 

EKMAN, G., HOSMAN, B., LINDMAN, R., LJUNGBERG, L., AKESSON, C. 

Interindividual differences in scaling performance. 

Perceptual and Motor Skills, 1968, 26, 815 - 823. 



EKMAN, G., HOSMAN, J., and LINDSTROM, B. Roughness, smoothness, 

and preference: a study of quantitative relations in 

individual subj ects. J. Exp. Psychol., 1965, 70, 18 - 26. 

EKMAN, G., and KUNNAPAS, T. Distribution function for similarity 

estimates. Perceptual and Motor Skills. 

EKMAN, G., and LINDMAN, R. Multidimensional ratio scaling and 

multidimensional similarity. Reports from the Psychological 

Laboratory, University of Stockholm, 1961, No. 103. 

" EKMAN, G., and SJOBERG, L. Scaling. Ann. Rev. Psychol., 1965, 

16, 451 - 474. 

EKMAN, G., and WAERN, Y. A second-order ratio scale. Acta 

Psychologica, 1959, 22, 78 - 80. 

ELSBERG, C.A. The sense of smell VIII. Olfactory fatigue. 

Bull. Neurol. Inst., 1935, ±, 479 - 495. 

ELSBERG, C.A. and LERY, I. The sense of smell. A new and simple 

method of ~uantitative olfactometry. Bull. Neurol. Inst. 

N.Y. 1956, ±(5), 1935 - 1936. 

ENGEL, G. and PARDUCCI, A. Value of background in the specification 

of the stimulus for jUdgements. Amer. J. Psychol., 1961, 

54, 569 - 577. 

ENGEN, T. Direct scaling of odor intensity. Reports from the 

Psychological Laboratories, University of Stockholm, 

1 961 , No. 106 . 

ENGEN, T. The psychophysical similarity of the odors of aliphatic 

alcohols. Reports frDm the Psychological Laboratories, 



University of Stockholm, 1962, No. 127. 

ENGEN, T., Direct scaling of odor intensity. Reports from the 

Psychological Laboratories, University of Stockholm. 

1963, No. 153 (a) 

ENGEN, T. Cross-adaptation to the aliphatic alcohols. Amer. J. 

Psychol., 1963, 76, 96 - 102 (b). 

ENGEN, T. Psychophysical scaling of odor intensity and quality. 

Ann. N. Y. Acad. Sci., 1961+, 116, 504 - 516. 

ENGEN, T., and BOSACK, T.N. Facilitation in olfactory detection. 

J. Compo Physiol. Psychol., 1969, 68, 320 - 328. 

ENGEN, T., and LEVY, N. The influence of standards on psychophysical 

jUdgements. Perceptual and Motor Skills, 1955, ~, 193 - 197. 

ENGEN, T., and LINDSTROM, C.O. The effect of adaptation on odor 

mixtures. Reports from the Psychological Laboratories, 

University of Stockholm, No. 138, 1962. 

ENGEN, T., and LINDSTROM, C.O. Psychophysical scales of the odor 

intensity of amyl acetate. Scand. J. Psydhol., 1963, 

!±, 23 - 28. 

ENGEN, T., and McBURNEY, D. H. Magnitude and category scalfls of the 

pleasantness of odours. J. Exp. Psychol., 1964, 68, 435 -

440. 

ENGEN, T., and PFAFFMANN, C. Absolute judgement of odor intensity. 

J. Exp. Psychol., 1959, 58, 23 - 26. 

ENGEN, T., and ROSS, B.M. Effect of reference number on magnitude 

estimation. Perception and Psychophysics, 1966, 2, 74 -

76. 



ERIKSSON, E.a. The shape slant invariance hypothesis in static 

perception. Scand. J. Psychol., 1967, ~, 193 - 208. 

" EYFERTH, K. Uber die Abhgngigkeit der Unteile tiber olfaktorische 

Qualitgten von der Empfindung der Reizintensitgt. 

z. expo angew. Psychol., 1965, ~, 209 - 222. 

EYFERTH, K. Die chemischen Sinne des Menschen. In: W. Metzger 

(Hrsg), Handbuch der Psychologie, Bd. I., Allgemeine 

Psychologie, 1. Halbband, S250-277. Gettingen: Hogrefe 

1966. 

EYMAN, R.K., and KIM, P.J. A model for partitioning judgement 

error in psychophysics. Psychol. Bull., 1970, 74, 35 - 46. 

EYSENCK, M.D. An experimental and statistical study of olfactory 

preference. J. Exp. Psychology, 1944, 34, 246 - 252. 

FENKER, R.M., and BROWN, D.R. Pattern perception, conceptual 

spaces and dimensional limitations on information 

processing. Multivariate Behavioural Research, 1969, ~, 

257 - 269. 

GALANTER, E.H., and MESSICK, S. The relation between category 

and magnitude scales of loudness. Psychol. Rev., 1961, 

68, 363 - 372. 

GARNER, W.R. A technique and a scale for loudness measurement. 

J. Acoust. Soc. Amer., 1954, 26, 73 - 88 (a). 

GARNER, W.R. Context effects and the validity of loudness scales. 

J. Exp. Psychol., 1954, 48, 218 - 224 (b). 

GARNER, W.R. Half-loudness judgements without prior stimulus 

context. J. Exp. Psychol., 1958, 55, 482 - 485. 



GARNER, W.R., and HAKE, M.W. The amount of information in absolute 

jUdgements. Psychol. Rev., 1951, 58, 446 - 459. 

GESTELAND, R.C., LETTVIN, J.Y., PITTS, W.H., and CHUNG, S-H. 

A code in the nose. In Cybernetic Problems in Bionics, 

Oestricher, H.L., and Moore, D.R. (Eds.) New York: 

Gordon and Breach, 1968. 

GLASSTONE, S. Textbook of Physical Chemistry. Macmillan: London, 

1960. 

" GOTLIND, E. Stimulus meaning. Theoria, Swede J. Phil. Psychol., 

1963, 29, 93 - 114. 

GREEN, P.E., and CARMONE, F.J. The effect of task on intra-

individual differences in similarities jUdgements. Paper 

presented at the Third Annual Attitude Research Conference, 

Mexico City, February / March, 1970. 

GREGSON, R.A.M. Fitting a linear trace decay model to taste 

comparison and preference judgements. Brit. J. Statist. 

Psychol., 1964,11, 137 - 151. 

GREGSON, R.A.M. Representation of taste mixture cross-modal 

matching in a Minkowski r-metric. Austral. J. Psychol., 

1965, 11, 195 - 204. 

GREGSON, R.A.M. Theoretical and empirical multidimensional 

scalings of taste mixture matchings. Brit. J. Math. 

Statist. Psychol., 1966, 12, 59 - 75. 

GREGSON, R.A.M. Simulating perceived similarities between taste mixtures 

having mutually interacting components. Brit. J. Math 

Statist. Psychol., 1968, ~, 117 - 130 (a). 



GREGSON, R.A.M. A note on the estimation of the exponent of 

psychophysical power functions. Unpublished Departmental 

Research Report. University of Canterbury, 1968 (b). 

GREGSON, R.A.M. SIMPLE SIMON, a computer simulation of a decision-

making perceiver who makes similarity judgements between 

pairs of complex stimuli. Paper presented at Annual 

Conference of the New Zealand Psychological Society, 

Hamilton, N.Z. August, 1969 (a). 

GREGSON, R.A.M. Metric relative similarities and non-metric 

similarities. Department of Psychology and Sociology, 

University of Canterbury. Research Project, No. 20, 

1969 (b). 

GREGSON, R.A.M. Induced variants on quadratic similarity jUdgements. 

University of Canterbury, Department of Psychology and 

Sociology. Research Project No. 16, 1969 (c). 

GREGSON, R.A.M. A comparison of two models representing taste 

mixture similarities in a cross-modal matching task. 

Multivariate Behavioural Research, 1969, ~, 147 - 158. 

GREGSON, R.A.M. A non-metric scaling of Amoore and Venstrom's 

(1967) olfactory similarities data. Personal communication, 

1970 (a). 

GREGSON, R.A.M. Quadratic similarities. Brit. J. Math. Statist. 

Psychol., 1970, 23, 53 - 68 (b). 

GREGSON, R.A.M. Odour similarities and their multidimensional 

metric representation. In\Press, 1971 (a). , 

\ 
GREGSON, R.A.M. _A_sAP_e_c_t_s __ o_f ___ t_h_e_~qhometrics 

I; 
of Similarity. 

\ 
\ 



Manuscript in preparation, 1971 (b). 

GREGSON, R.A.M. A note on information loss in the non-metric 

scaling into metric space of some non-metric similarities. 

In Press, 1971 (0). 

" GREGSON, R.A.M., and BULOW, G.B. The application of a quadratic 

similarity model to relative interpersonal perception. 

Reports from the Psychological Laboratori~s, University of 

Stockholm, No. 292, ,1970. 

GREGSON, R.A.M., MITCHELG, M.J., SIMMONDS, M.B. and WELLS, J.E. 

Relative olfactory intensity perception as mediated by 

ratio-range category scale responses. Perception and 

Psychophysics, 1969, ~, 133 - 136. 

GREGSON, R.A.M., and RUSSELL, P.N. Problem and results in the 

scaling of intermodal and intramodal complex taste 

similarities by D* metrics. Research Project Reports, 

Dep~rtment of Psychology and Sociology, University of 

Canterbury. 1965, No.7. 

GULLIKSEN, H. The structure of individual differences in 

optimality jUdgements. In E. M. Shelley and G. L. Bryan 

(Eds.) Human Judgements and Optimality. New York: 

Wiley, 1964. 

HAKE, H.W., and RODWAN, A.S. Perception and recognition. In 

J. B. Sidowski (Ed.) Experimental Methods and Instrumentation 

in Psychology. New York: McGraw-Hill, 1966, 331 - 381. 

HARING, H.G. 1969. Cited by Koster, E.P., 1969b. 

HARING, H.G. Vapour pressure measurement. Paper presented at 



NUFFIC Summer School, Utrecht, Aug. - Sept., 1970. 

HARPER, R. Assessment of odour quality. Paper presented at NATO/ 

NUFFIC Summer School, Utrecht, Holland, August, 1970. 

HARPER, R., BATE SMITH, E.C., and LAND, D.G. Odour Description and 

Odour Classification. London: J.A. Churchill, 1968(a). 

HARPER, R., BATE SMITH, E.C., LAND, D.G., and GRIFFITHS, NERYS, M. 

A glossary of odour stimuli and their qualities. Perfumery 

and Essential Oil Record. London, January, 1968 (b). 

HARPER, R. and STEVENS, S,S. Subjective hardness of compliant 

materials. Quart. J. Exp. Psychol., 1964, 26, 204 - 215. 

HELLAUER, D. Die Sti~kraft von Zyklamat. Z. BioI., 1966, 115, 

313 - 316. 

HELM, C.E. Multidimensional ratio scaling analysis of perceived 

color relations. J. Opt. Soc. Amer., 1964, 54, 256 - 262. 

HELM, C.E., MESSICK, S. and TUCKER, L.R. Psychological models for 

relating discrimination and magnitude estimation scales. 

Psychol. Rev., 1961, 68, 167 - 177. 

HELM, C.E. and TUCKER, L.R. Individual differences in the structure 

of color perception. Amer. J. Psychol., 1962, 75, 437 -

444. 

HELSON, H. Adaptation level as a frame of reference for prediction 

of psychophysical data. Amer. J. Psychol., 1947, 60, 1 - 29. 

HELSON, H. Adaptation level as a basis for a quantitative theory 

of frame of reference. Psychol. Rev., 1948, 55, 297 - 313. 

HENNING, H. Psychologisch studien am Geruchsinn. In: 

E. Abderhalden (Hrsg) Handouch der Biologischen Arbeits-



methoden. Abt. VI, Teil A. Berlin u. Wien: Urban and 

Schwazenberg, 1927. 
11 

HERMANIDES, J. Uber die Konstanten der in der Olfaktologie 

gebrMuchlicher neun StandardgerUche. Thesis. Utrecht, 

1909. Cited by Kester, 1971. 

HOFFMAN, P.J. The paramorphic representation of clinical 

judgement. Psychol. Bull., 1960, 57, 116 - 131. 
11 

HOIJER, B. Mechanisms of cognitive jUdgements. Report from the 

Department of Psycholo&y, University of Uppsala, Sweden. 

1969, No. 67 (a). 
tI 

HOIJER, B. On testing metric and non-metric models of multi-

dimensional similarity. Report from the Depa~tment of 

Psychology, University of Uppsala, Sweden. 1969, No. 68 (b). 
tI 

HOIJER, B. Isosimilarity contours of two-dimensional cognitive 

jUdgements. Report from the Department of Psychology, 

University of Uppsala, 1970, No. 79 (a). 

tI 

HOIJER, B. On the consistency of similarity jUdgements. Report 

from the Department of Psychology, University of Uppsala, 

Sweden. 1970, No. 77 (b). 

HOSMAN, J. The method of free numerical assignment. Report from 

the Psychological Laboratories, University of Stockholm. 

1968, No. 261. 

HOSMAN, J. University of Stockholm, Sweden. Personal Communication. 

HOSMAN, J. and BORG, G. The mean and standard deviation of cross-

modality matches: a study of individual scaling behavior. 

Reports from the Institute of Applied Psychology, University 



of Stockholm, 1970, No.3. 

HOUSEHOLDER, A.S., and LANDAHL, H.D. Mathematical Biophysics of th~ 

Central Nervous System. Bloomington, Indiana: Principia 

Press, 1945. 

11 
HSU, E.H. A factor analysis of olfaction. Psychometrika, 1946, 

11, 31 - 42. 

HYMAN, R., and WELL, A. Perceptual separability and spatial models. 

Paper presented at the meeting of the Western Psychological 

Association, San Francisco, California, May 5, 1967 (a). 

HYMAN, R., and WELL, A. JUdgements of similarity and spatial models. 

Perception and Psychophysics, 1967, ~, 233 - 248 ("b). 

HYMAN, R., and WELL, A. Perceptual separability and spatial models. 

Perception and Psychophysics, 1968, L' 161 - 165. 

IRELAND, C., and MITCHELL, M.J. Olfactory intensity scaling: I, RRCS3. 

Unpublished Departmental Research Report, 1969. 

INDOW, T., and KANAZAWA, K. Multidimensional mapping of Munsell 

colors varying in hue and chroma. J. Exp. Psychol., 1960, 

59, 330 - 336. 

INDOW, T., and UCHIZONO, T. Multidimensional mapping of Munsell 

colors varying in hue and chroma. J. Exp. Psychol., 1960, 

59, 321 - 329. 

IRWIN, J. Personal Communication to the author. N.Z.Ps.Soc. 

Conference, Auckland, 1968. 

IRWIN, R.J., and CORBALLIS, M.C. On the general form of Steven's 

law for loudness and softness. Perception and PsychophysiGs, 



JOHNSON, S.C. Clustering tasks and individual differences. Paper 

presented at First Mathematical Psychology Conference, 

Stanford University, California, 1968. 

JONES, F.N. A test of the validity of the Elsberg method of 

olfactometry. Amer. J. Psychol., 1953, 66, 81 - 85. 

JONES, F.N. An analysis of individual differences in olfactory 

thresholds. Amer. J. Psychol., 1957, 70 , 227 - 232. 

JONES, F.N. Scales of subjective intensity for odors of diverse 

chemical nature. Amer. J. Psychol., 1958(a), 21, 305 - 310. 

JONES, F.N. Subjective scales of intensity for three odors. Amer. 

J. Psychol., 1958(b), Zl, 423 - 425. 

JONES, F.N., and MARCUS, M.J. The subject effect in judgements of 

subjective magnitude. J. Exp. Psychol., 1961, £1, 40 '- 44. 

JONES, F.N., and WOSKOW, M.H. On the intensity of odor mixtures. 

Ann. N.Y. Acad. Sci., 1964, 116, 484 - 494. 

KENDALL, D.A. FI~vor potentiators. Paper presented at 7th Annual 

Poultry and Egg Further Processing Conference, May 11, 1970. 

KENDALL, D.A. and NEILSEN, A.J. Sensory and chromatographic analysis 

of mixtures formulated from pure odorants. J. Food Sci., 

1966, 21, 268 - 274. 

KENDALL, M.G., and STUART, A. The Advanced Theory of Statistics. 

Vol. I, (1961), Vol. II (1963). London, Griffin. 

KENNETH, J.H. An experimental study of affects and associations 

due to certain odors. Psychol. Monog., 1927, 37, 1 - 64. 

KLAHR, D. A monte Carlo investigation of the statistical significance 

of Kruskal's non-metric scaling procedure. Psychometrika, 



KOH, S.D., and TEITHBAUM, P. Absolute behavioural taste thresholds 

in the rat. J. Compo Physiol. Psychol., 1961, 54, 223 - 229. 

KOMURO, K. L'Olfactometrie dans l'air parfum:. Arch. Nterl. de 

Physiol., 1922, £, 58 - 76. Cited by Kester, 1971. 

" KOSTER, E.P. Relative intensity of odour mixtures at suprathreshold 

level. Report from the Psychological Laboratorz. Utrecht 

University. No. 6701, 1967. 

" KOSTER, E.P. Cross-adaptation of odors. Material Eresented at the 

International Symposium, KungHlv, Sweden. September, 1968 (a). 

" KOSTER, E.P. Intensi ty in mixtures of, odorous substances. Report 

from the Psychological Laboratories, Utrecht University, 

No. 6806, 1968 (b). 

" KOSTER, E.P. Relative intensity of odour mixtures at suprathreshold 

level. Olfactologia, 1969, 1, 29 - 41 (a). 

" KOSTER, E.P. Odour mixing and odorous qualities. ReEort from the 

Psychological Laboratories, Utrecht University. No. 6902, 

1969 (b). 

" KOSTER, E.P. Psychologische Laboratorium, Rijksuniversiteit, 

Utrecht, Holland. Personal Communication, 1970. 

" KOSTER, E.P. AdaEtation and Crnss-adaptation in Olfaction. 

Ph.D. Dissertation, Rijksuniversiteit Te Utrecht, 1971. 

Bronder-Offset N.V.: Rotterdam. 

KRUSKAL, J.B. Multidimensional scaling by optimising goodness of 

fit to a non-metric hypothesis. Psychometrika, 1964, 29, 

1 - 27 (a). 



KRUSKAL, J.B. Nonmetric multidimensional scaling: A numerical 

method. Psychometrika, 196 LI-, 29, 115 - 129 (b). 

KRUSKAL, J.B. How to use M-D-SCAL, a program to do multi-

dimensional scaling and multidimensional unfolding. 

Unpublished manuscript, Bell Telephone Laboratories, 

Murray Hill, N~w Jersey, 1968. 

" KUNNAPAS, T. Measurement of subjective length in the vertical-

horizontal illusion. Acta Psychologica.. 1958, ~, 371 -

374. 
If 

KUNNAPAS, T. Visual perception of capital letters; multidimensional 

ratio scaling and multidimensional similarity. Scand. J. 

Psychol., 1966, Z, 189 - 196. 

" KUNNAPAS, T. Note on ratio estimation. Scand. J. Psychol., 1967, 

§., 77 - 80Ca). 

11 
KUNNAPAS, T. Visual memory of capital letters; multidimensional 

ratio scaling and multidimensional similarity. Perceptual 

and Motor Skill~ 1967, 25, 345 - 350(b). 

If 
KUNNAPAS, T. Acoustic perception and acoustic memory of letters; 

multidimensional ratio scaling and multidimensional 

similarity. Acta Psychologica, 1968, 28, 161 - 170. 

If 
KUNNAPAS, T., and JANSON, A. Multidimensional similarity of 

letters. Perceptual and Motor Skills, 1969, 28, 3 - 12. 

If " KUNNAPAS, T., MAL HAMMAR , G., and SVENSON, O. Multidimensional 

ratio scaling and multidimensional similarity of simple 

geometric figures. Scand. J. Psychol., 1964, 2, 249 -

256. 



LAFFORT, P. A linear relationship between olfactory effectiveness 

and identified molecular characteristics, extended to 

fifty pure substances. In C. Pffaffman (Ed.) Olfaction 

and Taste III. New York: Rockefeller University, 1969. 

Pp . 150 - 1 57 . 

LAFFORT, P. The prediction of olfactory thresholds and slopes of 

odor intensity. Unpublished manuscript, lIT Research 

Institute, 1970 (a). 

LAFFORT, P. An approach to a physico-chemical model of olfactory 

stimulation in vertebrates, by single components. Paper 

read at NUFFIC Summer School, Utrecht, Holland, AU6ust, 1970 

(b). 

LAFFORT, P. Personal Communication to the author. NUFFIC/NATO 

Conference, Utrecht, Holland. August/September, 1970 (c). 

LE MAGNEN, J. Etude d'une methode d'analyse qualitative de 

l'olfaction. L'Annee Psychologie, 1942/43 - 47, 43/44,249-264. 

LE MAGNEN( J.' _Analyse d'odeurs complexes et homologues par 

fatigue. C.r. Hedb. Seance Acad. Sci., Paris, 1948, 226, 

753 - 754. 

LEVETEAU, J., and MACLEOD, P. La discrimination des odeurs par 

les glomerules olfactifs du lapin: influence de la 

concentration du stimulus. J. de Physiol., 1969, .§2, 

5 - 16. 

LINGOES, J.C. An IBM 7090 program for Gutlman-Lingoes smallest 

space analysis 1. Behavioural Science, 1965, 12, 

183 - 184. 



LORENZO, A.J.D.de. Studies on the ultra structure and histo-

physiologie of cell membranes, nerve fibres and synaptic 

junctions in chemoreceptors. In Olfaction and Taste, 

Vol. I., Y. Zotterman (Ed.), London: Pergamon, 1963. 

LUCE, R.D. Individual Choice Behaviour. New York: Wiley, 1959. 

LUCE, R.D. A choice theory analysis of similarity jUdgements. 

Psychometrika, 1961, 26, 151 - 163. 

LUCE, R.D., BUSH, R.R., and GALANTER, E. Handbook of Mathematical 

Psychology, Vol. I., New York: Wiley, 1963. 

LUCE, R.D., and MO, S.S. Magnitude estimation of heaviness and 

loudness by individual subjects. Brit. J. Math. Statist. 

Psychol., 1965, ..l£, 159 - 174. 
I / 

MACLEOD, P. Interaction dans un melange d'odeurs - Etude 

{lectrophysiOlogique. Olfactologia, 1968, 1, 25 - 27. 

MACLEOD, P. Electrophysiology at the glomerular level. Paper 

presented at NUFFIC Summer School, Utrecht, Holland, 

August - September, 1970. 

McCARTNEY, W. Recent advances in the study of odoQr. Soap, 

Perfumery and Cosmetics, 1965, 38, 152 - 154. 

McCULLOUGH, W.S. The brain as a computing machine. Electronic 

Eng., June, 1949. 

McGEE, V.E. Multidimensional scaling of N sets of similarity 

measures: A non-metric individual differences approach. 

Multivariate Behavioural Research, 1968, L, 233 - 248. 

MASHHOUR, M. Note on the validity of the power law. Scand. J. 

Psychol., 1965, ~, 220 - 224. 



MASHHOUR, M. and HOSMAN, J. On Stevens' !!Psychophysical Law": A 

validation study. Reports from the Psychological 

Laboratories, University of Stockholm, 1968, No. 249 (a). 

MASHHOUR, M. and HOSMAN, J. On the new !!Psychophysical Law": A 

validation study. Perception and Psychophysics, 1968, 

L' 367 - 375 (b). 

MICKO, H.C. and FISHER, W. The metric of multidimensional 

psychological spaces as a function of the differential 

attention to subjective attributes. J. Math. Psychol., 

1970, Z, 118 - 143. 

MITCHELL, M.J. The effects of background odour on olfactory 

intensity scaling. Paper addressed to N.Z.Ps.Soc. Annual 

Conference, Auckland, N.Z., 1968. 

MITCHELL, M.J. Olfactory power law exponents and water solubility 

of odorants: A note on Cain's (1969) study. Perception and 

Psychophysics, 1970, In Pr~ss. 

MITCHELL, M.J., BALDOCK, M.D., and WATSON, D.O. Olfactory intensity 

scaling III: Auditory analogues to olfactory mechanisms 

under masking stimuli. Unpublished departmental research 

report, 1969. 

MITCHELL, M. J., and GREGSON, R.A.M. Interrelations of perceptual 

reports of smell, taste, and irritance over the near

threshold range, for members of the N-aliphatic monohydric 

alcohol series. Perception and Psychophysics, 1968, ~, 

13 - 18 (a). 

MITCHELL, M.J., and GREGSON, R.A.M. Psychophysical power law 



exponent value for the olfactory intensity of Eugenol. 

Perceptual and Motor Skills, 1968, 26, 270 (b). 

MITCHELL, M.J. and GREGSON, R.A.M. A re-examination of the 

value of the olfactory power law exponent. Quart. J~. 

Psychol., 1970, 22, 301 - 304. 

MITCHELL, M.J., and GREGSON, R.A.M. Between-subject variation 

and within-subject consistency of olfactory intensity 

scaling. J. Exp. Psychol., Accepted for publication, 

December, 1970. In Press, 1971. 

MITCHELL, M.J., and McBRIDE, R.L. Some methodological and inter

pretative aspects of olfactbry intra-sensory masking 

experiment~. Departmental Research Project, University of 

Canterbury, 1970, No. 18. 

MITCHELL, M.J., and McBRIDE, R.L. Effects of propanol masking 

odor on the olfactory intensity scaling of eugenol. 

J. Exp. Psychol., 1971, 87, 309 - 313. 

MONCRIEFF, R.W. Olfactory adaptation and odor likeness. J. 

Physiol., 1956, 133, 301 - 316. 

MONCRIEFF, R.W. Olfactory adaptation and odor intensity. Amer. J. 

Psychol., 1957, 70, 1 - 20. 

MRAK, V., AMERINE, M.A., OUGH, C.S., and BAKER, G.A. Odor 

difference test with applications to consumer preferences. 

Food Research, 1959, 24, 574 - 578. 

NAGEL, W. Handbuch der Physiologie des Menschen. Braunschweig, 

1903, Cited by Kester, 1971. 

OHMA, S. La classification des odeurs aromatiques en sous-classes. 



Arch. N{erl. de Physiol., 1922, £, 567 - 590. 

OUGH, C.S., and STONE, H. An olfactometer for rapid and critical 

odor measurement. J. Food Sci., 1961, 26, 452 - 456. 

PAGE, E.B. Ordered hypotheses for multiple treatments: a 

significance test for linear ranks. J. Amer. Statist. 

Assoc., 1963, 58, 216 - 230. 

PARDUCCI, A. Range-frequency compromise in jUdgements. Psychol. 

Monog., 1963, 77 (2, Whole No. 565). 

PARDUCCI, A. Category judgements: A range-frequency model. 

Psychol. Rev., 1965, 72, 407 - 418. 

PARDUCCI, A., CALFEE, R.C., MARSHALL, L.M., and DAVIDSON, L.P. 

Context effects in judgement: Adaptation level as a 

function of mean, midpoint, and median of the stimuli. 

J. Exp. Psychol., 1960, 60, 65 - 77. 

PFAFFMAN, C. Taste and smell. In S.S. Stevens (Ed.) Handbook of 

Experimental Psychology. New York: Wiley, 1951. 

PILGRIM, F.J. and SCHUTZ, H.G. Measurement of the qualitative and 

quantitative attributes of flavor. Chemistry of natural 

food flavors. Nat. Acad. Sci. - National Res. Council 

Symp., Quartermaster Food Container Inst., Chicago, 1957. 

POLLACK, 1. Action selection and the Yntema - Torgerson "Worth" 

function. Paper read at the 1962 meeting of the Eastern 

Psychological Association, April 27, 1962. Cited by 

Shepard, R.N., 1964. 

POULTON, E. C. The new psychophysics: six models for magni tilde 

estimation. Psychol. Bull., 1968, 69, 1 - 19. 



PRYOR, G.T., STEINMETZ, G., and STONE, H. Changes in absolute 

detection threshold and in subjective intensity of 

suprathreshold stimuli during olfactory adaptation 

and recovery. Perception and Psjchophysics, 1970, ~, 

331 - 335. 

REESE, T.S., and STEVENS, S.S. Subjective intensity of coffee 

odor. Amer. J. Psychol., 1960, 73, 424 - 428. 

RESTLE, F. Ametric and an ordering on sets. Psychometrika, 

1959, 54, 207 - 220. 

RESTLE, F. Psychology of Judgement and Choice. New York: Wiley, 

1961. 

ROSEN, A.A., PETER, J.B., and MIDDLETON, F.M. Odor thresholds of 

mixed organic chemicals. J. Water Pollution Control 

Federation, 1962, 35, 7 - 14. 

ROSS, J., and DiLOLLO, V. A vector model for psychophysical 

judgement. J. Exp. Psychol., 1968, 77, Monog. Supple 

ROSS, J., and DiLOLLO, V. A consistent failure of the power law 

for lifted weight. Perception and Psychophysics, 1970, ~, 

289 - 290. 

RUSSELL, G.F. Personal communication to the author while visiting 

Dr Russell, University of Davis; California, September, 1970. 

SANDUSKY, A., and PARDUCCI, A. Pleasantness of odor as a function 

of the immediate stimulus context. Psychon. Sci., 1965, 2, 

231 - 232. 

SAVAGE, C.W. Introspectionist and behaviourist interpretations of 

ratio scales. Psychol. Monog., 1966, 80, No. 19 (627). 



SCHUTZ, H.G. A matching-standards method for characterising odor 

qualities. Ann. N.Y. Acad. Sci., 1964, 116, 517 - 526. 

SHE~ARD, R.N. The analysis of proximities: Multidimensional 

scaling with an unknown distance function I. Psychometrika, 

1962, 27, 125 - 140 (a). 

SHEPARD, R.N. The analysis of proximities: Multidimensional 

scaling with an unknown distance function II. Psychometrika, 

1962, 219 - 246 (b). 

SHEPARD, R.N. Attention and the metric structure of the stimulus. 

J. Math. Psychol., 1964, 2, 54 - 87 (a). 

SHEPARD, R.N. On subjectively optimum selection among multiattribute 

alternatives. In E. M. Shelley and G. L. Bryan (Eds.) 

Human Judgements and Optimality. New York: Wiley, 1964 (b). 

SHEPARD, R.N. Metric structures in ordinal data. J. Math. Psychol., 

SHERMAN, C.R. Non-metric multidimensional scaling: the role of 

the Minkowski metric. Report from the L.L. Thurstone 

Psychometric Laboratorl, University of North Carolina, 1970, 

No. 82. 

SILVER, C.A., LANDIS, D., MESSICK, S. Multidimensional analysis 

of visual form: An analysis of individual differences. 

Amer. J. Psychol., 1966, 79, 62 - 72. 

SIMMONDS, M.B. Verbal factors modifying similarity jUdgements. 

Unpublished Ph.D. Dissertation, University of Canterbury, 

New Zealand, 1971. 

" SJOBERG, L. Unidimensional similarity revisited. Scand. J. Psychol., 



1966, Z, 115 - 120. 

" I SJOBERG, L. A comparative study of three direct psychophysical 

scaling methods. Unpublished manuscript, University of 

Stockholm, 1968. 

SKRAMLIK, E.v. Handbuch der Physiologie der niederen Sime, Bd. 1.: 

Die Physiologie des Geruchs - und Gesmackssinns, Leipzig: 

Thieme, 1926. 

SPENCE, I. Multidimensional scaling: An Empirical and Theoretical 

Investigation. Ph.D. Dis~ertation, Department of Psychology, 

University of Toronto, 19700 

STEINBERG, J.C., and GARDNER, MoB. The dependence of hearing 

impairment on sound intensity. J. Acoust. Soc. Amer., 

1937, ,2,11 - 23. 

STENSON, H.H. The psychophysical dimensions of similarity among 

random shapes. Perception and Psychophysics, 1968, L, 

201 - 214. 

STENSON, H.H., and KNOLL, R.L. Goodness of fit for random rankings 

in Kruskal's nonmetric scaling procedure. Psychol. Bull., 

1969, 11, 122 - 126. 

STEVENS, J.C. A comparison of ratio scales for the loudness of 

white noise and the brightness of white light. Ph.D. 

Dissertation, Harvard University, 19570 Cited by Stevens, 

S. S., (1966). 

STEVENS, J.C., and GUIRAO, M. Individual loudness functions. 

J. Acoust. Soc. Amer., 1964, 36, 2210 - 2213. 

STEVENS, S.S. The direct estimation of sensory magnitude - loudness. 



Amer •. J. Psychol. I 1956, 69, 1 - 25. 

STEVENS, S.,S. On the psychophysical l~w. Psychol. Rev., 1957, 

64, 153 - 181. 

STEVENS, S.S. Problems and methods of psychophysics. Psychol. 

Bull., 1958, 55, 177 - 196. 

STEVENS, S.S. Ratio scales, partition scales, and confusion scales. 

In H. Gulliksen and S. Messick (Eds.) Psychological Scaling: ./ 

Theory and Applications. New York: Wiley, 1960. 

STEVENS, S.S. The psychophysics of sensory function. In: 

W.A. Rosenblith (Ed.) Sensory Communication, p 1 - 33, 

Cambridge, M.I.T. Press, 1961. 

STEVENS, S.S., Scaling of apparent viscosity. Science, 1964, 144, 

1157 - 1158. 

STEVENS, S.S. A metric for the sooial consensus. Science, 1966, 

151, 530 - 541 (a). 

STEVENS, S.S. Power-group transformations under glare, masking and 

recruitment. J. Acoust. Soc. Amer., 1966, 39, 725 - 735 (b). 

STEVENS, S.S., and DIAMOND, A.L. Effects of glare angle on the 

brightness function for a small target. Vision Research, 

1965, 2, 649 - 659. 

STEVENS, S.S., and GALANTER, E.H. Ratio scales and category scales 

for a dozen perceptual continua. J. Exp. Psychol., 1957, 

54, 377 - 411. 

STONE, H. Behavioral aspects of absolute and differential 

olfactory sensitivity. Ann. N.Y. Acad. Sci., 1964, 116, 

527 - 534. 



STONE, H. Factors affecting behavioural ~esponses to odor discrim

inatioh - a review. J. Food Sci., 1866,22, 748 - 790. 

STRANGERT, B. A validation study of the method of ratio estimation. 

Report from the Psychological Laboratories, University of 

Stockholm, 1961, No. 95. 

STUIVER, M. Biophysics of the sense of smell. Groningen (Holland): 

Excelsior, 1958. 

STULL, D.R. Vapour Pressure of pure substances. Industrial and 

Engineering Chemistry, 1947, 39, (4), 517 - 550. 

SUPPES, P., and ZINNES, J.L. Basic measurement theory. In: Handbook 

of Mathematical Psychologz, R.D. Luce et ale (Eds.) New York: 

Wiley, 1963. 

SVENSON, O. On the estimation of darkness by direct scaling methods. 

Reports from the Psychological Laboratories, University of 

Stockholm, 1967, No. 234. 

SVENSON, O. On biased estimates and individual behaviour in ratio 

estimation. Reports from the Psychological Laboratories, 

University of Stockholm, 1968, No. 250. 

SWETS, J.lt. Signal Detection and Recognition by Human Observers. 

New York: John Wiley and Sons, 1964. 

TORGERSON, W.S. Multidimensional scaling: I. Theory and method. 

Psychometrika, 1952, 22, 401 - 419. 

TORGERSON, W.S. Theory and Methods of Scaling. New York: John 

Wiley and Sons, 1958. 

TORGERSON, W.S. Quantitative judgement scales. In H. Gulliksen 

and S. Messick (Eds.), Psychological Scaling: Theory and 

Applications. New York: Wiley, 1960. 



TORGERSON, W.S. Multidimensional scaling of similarity. 

~sychometrika, 1965, 30, 379 - 393. 

TREISMAN, M. Sensory scaling and the psychophysical law. Q. J. 

Exp. Psychol., 1964, 1£, 11 - 22 (a). 

TREISMAN, M. What do sensory scales measure? Q. J. Exp. Psychol., 

1964, 1§, 388 - 391 (b). 

TUCKER, L.R. Systematic differences between individuals in 

perceptual judgements. In E. M. Shelley and G. L. Bryan 

(Eds.) Human JUdgements and Optimality, New York: Wiley, 

1964. 

TUCKER, L. R ., and MESSICK, S. An individual differences model 

for multidimensional scaling. Psychometrika, 1963, 28, 

333 - 367. 

TVERSKY, A., and KRANTZ, D. Similarity of schematic faces: a 

test of interdimensional additivity. Perception and 

Psychophysics, 1969, 2, 124 - 128. 

TVERSKY, A., and KRANTZ, D. The dimensional representation and the 

metric structure of similarity data. Department of 

Psychology Research Report. University of Michigan, 1969, 

No. MMPP 69-7. 

VASCHIDE, N. Recherches exp6rimentales sur la fatigue olfactive. 

J. de l'Anatomie et de la Physiologie, 1902, 38, 85 - 103. 

Cited by KBster, 1971. 

WAERN, Y. A model for multidimensional similarity. Reports from 

the Psychological Laboratories, University of Stockholm. 

1968, No. 256 (a). 



WAERN, Y. Multidimensional scaling with a priori dimensions. 

Reports from the Psychological Laboratories, University of 

Stockholm, 1968, No. 270 (b). 

WAERN, Y. Multidimensional similarity, an analysis of "analysability". 

Reports from the Psychological Laboratories, University of 

Stockholm, 1969. No. 280. 

WAERN, Y. Preference and perception: A study on individual 

subjects of the unfolding model. Report from the Psychological 

Laboratories, .Uni versi ty of Stockholm, 1970, No. 309. 

WARREN, R.M., and WARREN, R.P. A critique of S. S. Stevens' "New 

Psychophysics". Perceptual and Motor Skills, 1963, 1£, 

797 - 810. 

WENDER, I. Intensitgt und Qualitgt in der Geruchswahrehmung. 

Psychologische Forschung, 1968, 32, 244 - 276. 

WENDER, K. Interpretation of Minkowski metrics in ordinal 

multidimensional scaling. Paper read at the 2nd Annual 

Meeting of the Gruppe Mathematische Psychologie, in 

Marburg/Lahn, April, 1968. 

WENZEL, B.M. Olfactometric method utilising natural breathing in 

an odor-free "environment". Science, 1955, 121, 802. 

WOSKOW, M.H. Multidimensional scaling of odors. Ph.D. Dissertation, 

University of California, 1964. 

WRIGHT, R.H. Odor and chemical constitution. Nature (London) 1954, 

183, 831. 

WRIGHT, R.H. Odor and molecular vibration. Nature (London) 1966, 

209, 571 - 573. 



WRIGHT, R.H., and MICHELS, K.M. An evaluation of far infra-red 

relations to odors by a standards similarity method. 

Ann. N.Y. Acad. Sci., 1964, 116, 535 - 551. 

YOSHIDA, M. 

III. 

YOSHIDA, M. 

IV. 

YOSHIDA, M. 

V. 

YOUNG, F.W. 

Studies in the psychometric classification of odors. 

Japanese J. Psychol., 1964, §, 1 - 17 (a). 

Studies in the psychometric classification of odors. 

Japanese J. Psychol., 1964, §, 115 - 124 (b). 

Studies in the psychometric classification of odors. 

Japanese J. Psychol., 1964, §, 145 - 154 (c). 

TORSCA-9, a FORTRAN IV program for non-metric 

multidimensional scaling. Behavioral Science, 196'8, .:!L, 

343 - 344 (a). 

YOUNG, F.W., A FORTRAN IV program for non-metric multidimensional 

scaling. Report from the L.L. Thurstone Psychometric 

Laboratory, University of North Carolina. 1968, No. 56 (b). 

YOUNG, F.W. Non-metric scaling of line length using latencies, 

similarities and same-different jUdgements. Report from the 

Psychometric Laboratory. University of North Carolina, 

1970 , No. 81 (a). 

YOUNG, F.W. Non-metric mmtidimensional scaling: Recovery of metric 

information. Psychometrika, 1970, 35, 455 - 473 (b). 

YOUNG, F.W., and PENNELL, R.J. An I.B.M. System/360 program for 

points of view analysis. Behavioral Science, 1967, ~, 166. 

YOUNG, F.W., and TORGERSON, W.S. TORSCA, A FORTRAN IV program for 

Shepard-Kruskal multidimensional scaling analysis. 

Behavioral Science, 1967, ~, 498. 



II 

ZWAARDEMAKER, H. Uber die Proportion der Geruchskompensation. 

Arch. Anat. Physiol. (Leipzig), 1907, 21, Supple 59 - 70. 

ZWAARDEMAKER, H. Odorat, 1925, Paris. 

ZWAARDEMAKER, H. Prtifung des Geruchsinnes lind der Geruche. In 

E. Abderhalden (Hrsg.), Handbuch der biologischen 

Arbeitsmethoden. Abt. V. Teil. I. Berlin u. Wien: 

Urban und Schwarzenberg, 1930. 


	ACKNOWLEDGEMENTS
	ABSTRACT
	CONTENTS
	CHAPTER ONE
	1.1 HISTORICAL CONSIDERATIONS
	1.2 QUESTIONS OF INTEREST TO THE PRESENT STUDY
	1.3 DESIGN OF THE SIMILARITY EXPERIMENTS
	1.4 DEFINITIONS

	CHAPTER TWO
	2.1 ASPECTS OF STIMULUS PRESENTATION
	2.2 DESCRIPTION OF OLFACTOMETER
	2.3 CALCULATED OLFACTOMETER CALIBRATIONS
	2.4 PHYSICO-CHEMICAL CALIBRATIONS OF OLFACTOMETER
	2.5 THE CHEMICALS TESTED

	CHAPTER THREE
	3.1 COMPARISONS OF CATEGORY AND MAGNITUDE ESTIMATION SCALES
	3.2 OTHER INTENSITY SCALING EXPERIMENTS
	3.3 CONCLUDING COMMENTS
	3.4. IMPLICATIONS FOR OTHER RESEARCH

	CHAPTER FOUR
	4.1 WITHIN-SUBJECT AND BETWEEN-SUBJECT VARIATIONS
	4.2 FURTHER EXPERIMENTATION ON RESPONSE STABILITY
	4.3 CONCLUDING COMMENTS

	CHAPTER FIVE
	5.1 INTRODUCTION
	5.2. EXPERIMENT XIII: A MASKING EXPERIMENT
	5.3 CONCLUSIONS

	CHAPTER SIX
	6.1 EXPERIMENTAL DESIGN AND BACKGROUND MATERIAL
	6.2 SIMILARITY SIMULATION MODELS
	6.3 OBSERVED SIMILARITIES
	6.4 MULTIDIMENSIONAL SCALINGS
	6.5 INDIVIDUAL DIFFERENCES

	CHAPTER SEVEN
	7.1 UNIDIMENSIONAL SCALING TASKS
	7.2 THEORETICAL AND OBSERVED SIMILARITIES
	7.3 MULTIDIMENSIONAL SCALINGS
	7.4 CONCLUSIONS

	CHAPTER EIGHT
	8.1 CRITICISMS OF SIM I
	8.2 SECOND SIMILARITY EXPERIMENT, SIM II
	8.3 EXPERIMENTAL PROCEDURES OF SIM II

	CHAPTER NINE
	9.1 UNIDIMENSIONAL SCALING TASKS
	9.2 THEORETICAL AND OBSERVED SIMILARITIES
	9.3 MULTIDIMENSIONAL ANALYSES
	9.4 CONCLUSIONS

	CHAPTER TEN
	10.1 SUMMARY OF THE PRESENT EXPERIMENTS
	10.2 FINAL COMMENT ON THE PRESENT EXPERIMENTS
	10.3 COMMENTS ON SELECTED CLASSIFICATORY RESEARCH

	REFERENCES



