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The (dynamic) frame model, originating in artificiatelligence and cognitive psychology, has relgent
been applied to change-phenomena traditionallyietudithin history and philosophy of science. Its
application purpose is to account for episodesooiceptual dynamics in the empirical sciences (alle-
gedly) suggestive of incommensurability as evideniog “ruptures” in the symbolic forms of histori-
cally successive empirical theories with similasisdes of applications. This article reviews thenfra
model and traces its development from the feaisterlodel. Drawing on extant literature, examplés o
frame-reconstructed taxonomic change are preseftas.occurs for purposes of comparison with an
alternative tool, conceptual spaces. The main cliairthat conceptual spaces save the merits of the
frame model and provide a powerful model for comgalpchange in scientific knowledge, since dis-
tinctions arising in measurement theory are nativilie model. It is suggested how incommensurgbilit
as incomparability of theoretical frameworks migbtavoided (thus comingn parwith a key-result of
applying frames). Moreover, as non(inter-)trandldity of world-views, it need not to be treated as
genuine problem of conceptual representation. Tas of lawsvis a vistheir dimensional bases as
well as diachronic similarity measures are (incasitlely) discussed.

Keywords: dimension, measurement, natural lawnsifie change, symbolic representation.

1. Introduction

Starting with Minsky (1975) and more widely recargd since Barsalou’s (1992) work, (dy-
namic)framesare a rather well-accepted tool for modeling cpieal knowledge. Beginning
with the predecessor model, tleature list(section 2), we trace its development into the (dy-
namic) frame model (2.1) by summarizing frame-retarcted episodes of taxonomic change
(2.2) as paradigmatic examples of recent applinatithin history and philosophy of science
(3) addressing the ‘incommensurability of framevedworld-views’ from a cognitive histori-
cal perspective (3.1). We hold that a frame is phsticated feature list, serving to support
the claim that historically successive taxonomiesa@mparable, but criticize that the frame
model seems to yield little insight beyond taxonowriiange. Introducingonceptual spaces
as an alternative model (4), dimensions (4.1)rtb@mnbinations (4.2), how to recover frames
(5) by analogue expressions (5.1), the notion iofilarity as geometric distance’ across di-
achronically varying spaces (5.2) and the statiscigitific laws (6) are discussed.

2. FeaturelLists

Its origins in Aristotelian philosophy (Taylor 2003he feature list model may count as the
most entrenched and, at the same time, the modategt tool for reconstructing conceptual
knowledge. Paradigmatically instantiated by taxomoknowledge (e.g. in biology), Kuukka-
nen usefully summarizes the classical view by tlasimptions:

(1) [T]he representation of a concept is a sumndascription of an entire class of instances that
fall under it; (2) the features that represent mcept are singly necessary and jointly sufficient t
define that concept; and (3) features are nestedhiet relations, i.e. if a concept C is a subiset
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concept Y, the defining features of Y are nestethase of C. For this reason, features are some-
times referred to as defining or essential. (Kundma2006: 88)

On the classical view, combinations of binary feasu(or attributes) define a thing which
falls under (or instantiates) a concdpand only ifthe features are present in (or true of) the
thing. Features are rendered in natural languagally by nouns or adjectives. As a clas-
sical exampleMAN may be analyzed as [+ biped, + rational, + animfd] a discrimination
iIssue, problems arise upon observing that a Payanit athlete may fail to instantiak®AN

— which is somewhat absurd. However, short of timgwndividually necessary and jointly
sufficient features over board, the problem iseadily remedied.

The model’s distinct merit is found in worlds clbrag patterns generated by features. The
choice of features may always be viewed as a matteonvention, particular conventions as
contingent upon contexts. E.g., to categodhampagngevodka fruit juice andsoda wateyr
why not borrow from chemistry and use: [+/-C6] dlof [+/-CO2] carbon-dioxide.

Barsalou and Hale (1993) demonstrate that, as septations of conceptual knowledge,
feature lists contain rich relational informatigorimarily with respect taruth (attributes
count as true or false of a thing). Secondly, weta feature names, if true of the thing, will
name one of iteaspects Thirdly, as set-members, a concept’s defininguies obey the logi-
cal relation ofconjunction just as several concepts olexclusive disjunctianFourthly,con-
tingentrelational information may be read off the featlisg allowing strict or probabilistic
predictions, e.g., “Consumers of items in the +@tgory (likely) need a designated driver”.
Finally, nesting of concepts accounts for #malytic character of “A bachelor is a man,” be-
causeBACHELOR, when analyzed as [+ man], [- married], is subcatk toMAN.

Exemplar and (weighed) prototype models are matheahaefinements of the feature
list model, seeking to remedy the absurdity of Baea-Olympic example, above. At least in
part, they are also motivated by empirical invesdtan into human categorization (Labov
1973, Rosch et al. 1976), strongly suggestingweatio not, invariably across contexts, cate-
gorizevia necessary and sufficient features. Whether alletsodperate at theymboliclevel,
l.e., presuppose an explicit language, may be ddbdit any rate, refined models “remain
grounded” in feature lists, but abandon the stestnby which (possibly weighed) presence
projects into category-membership. Thus, in prilggigonsiderations of similarity (rather
than identity) may govern concept boundaries (ssasd@ou & Hale 1993: 103-124).

[A] few principled components underlie the featlise representation across a wide variety of ca-
tegorization models. All of these representatioss hinary features, with some allowing conti-
nuous values under a binary interpretation. Redatlg, all of these representations integrate fea-
tures with various relations, including ‘aspecttuth’, ‘and’, ‘or’, ‘compensates’, ‘implies’, and
‘predicts’. All of the feature list representatiotimt we have considered are built up from this
small set of components. (Barsalou & Hale 1993) 123

The above-cited relations give rise to freame-account of concepighich will be introduced
below. Generally, one may say that the frame-matia qualifies as aextensiorof the tra-
ditional feature list. This extension is reacheddlpwing non-binary features (e.g., large,
medium, small) and relations of constraint and rrarece.

2.1 From FeaturelListsto Simpleand Recursive Frames

In support of the claim that a frame model is naenthan a sophisticated extension of a fea-
ture lists, consider that, when (i) suspending allditional functions introduced by frames
and (ii) constraining attribute-values to binaryiops, the frame modebllapsesnto the fea-
ture list model, rather than some model analogougdture lists. This should become clear
when appreciating that, step-wise, frames may bergéed from feature lists.
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The first step beyond feature lists requires ustdeding a feature as thalue of some
attribute For example, [+ blue], [+ green] are values @& #ttribute ‘color’ and [+ long], [+
round] are values of the attribute ‘shape’. Theitmlthl structure (over that of feature lists)
consists in &etof values being used to define an attribute. Tlhese step is taken by mind-
ing that the values of a particular attribute maynon-binary. Thus, an additional relation
(which a feature list model does not allow to reprd) is that between an attribute and its
value(s), called the ‘type’-relation (informallyhé ‘is-a relation’), e.g., ‘square’ is a type of
shape, ‘blue’ is a color, etc. The third step isitmlerstand attributes as exhibitisiguctural
invariantswhich “specify relations between attributes tatnot vary ofteracross instances
of a concept” (Barsalou & Hale 1993: 125, italickled), whileconstraintsform relations be-
tween attribute values “which insteadry widelyacross the instances of a concept” (ibid.
125, italics added). In sum, we reach the notioa @mple framedefined as “a co-occurring
set of multi-valued attributes that are integrdigdtructural invariants” (ibid. 126).

Constraints hold across values and “produce sysiemariability in attribute values”
(Barsalou 1992: 37), e.g., a comparatively maspemson (relative to height) will likely not
be skinny. Together with invariants, constraintaegate structure for the purpose of repre-
senting a concept(-instance) — giving rise to tbkom ‘frame-pattern’ — and also play an im-
portant role in reconstructing scientific conceptteange (see section 5.1).

The advantage of frames over feature lists is ‘et addition of ‘attribute-value rela-
tions’ and ‘structural invariants’ increases thexpressiveness substantially” (ibid. 127), be-
cause we are provided with means by which to mbd#i stable and variable relations across
attributes and values. One may then regard theseptation of a concept to procgenmari-
ly via structural invariants and constraints. Strradtinvariants tell you which attributes (are
likely to) “collect” or “bind” into a concept, cotrained values identify concept instances.

In a final step, by recursion, one allows the congmds used in conceptual representation
(attributes values structural invariantsandconstraint3 to be represented not by words, but
by frames. “[T]his recursive process can contimaefinitely, with the components of these
more specific frames being represented in turirédynés themselves” (ibid. 133). Where con-
ceptual knowledge includes not just things, bub aédations (e.g., ‘is a part of or ‘requires’),
again, frames are employed recursively. Generglyt any level of analysis, for any frame
component, there is always the potential to note veriability across exemplars of the com-
ponent and capture it in a still more specific fedr{ibid. 134). Thus, there is no principled
limit to finding new attributes, “simply by notingariance across the component’s exemplars
and representing this variance with a new attrivatee structure” (ibid. 133f.).

Which attributes to include in a frame will nornyalie a result of querying subjects. It is
assumed that the choice of attributes is alwayaented by “goals, experience and intuitive
theories” (Barsalou 1992: 34). Hence, the exampldeame-representations discussed in the
literature count agpartial representations. This also holds for event frafadés. script9,
which are sequential adaptations of the object-&sdiscussed here. In the scientific case, the
identification of attributes, values, etc. will based on the (historical) material under study.

2.2 Motivated Conceptual Change

To appreciate the frame model, a simple examplebgilhelpful. Based on Chen (2002), it
comes from ornithology, does without iteration @&maploys binary features.

In the late 18th century, ornithologists discoveaestrange creature from South America by the
common name of ‘screamer’ (). A peculiar feature of screamers is that theyehaebbed feet

like ducks but a pointed beak like chickens. Thmloimation of these two features, which were
supposed to be incompatible according to the Ragniamy, caused confusion. The constraint
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betweerfoot andbeakin the Ray taxonomy required that these two atteédie used together in
classification. Thus, the discovery of screamernéadiately generated problems, because orni-
thologists did not know how screamers should besified according to the cluster fafot and
beak Eventually, this anomaly forced them to alterfitaene ofbird and the associated taxonomy,
because it made a very important constraint reldtweeriootandbeakinvalid. (Chen 2002: 7)

The diagrams below are partial frame representatidrihe earlier taxonomy by Ray (1678)
in Fig.1 and of the revised taxonomy by SundevE88Q) in Fig. 2. Ray uses the attributes
beak(values: round or pointed) aroot (webbed or clawed), connected by a structural inva-
riant (double-headed arrow), to distingui¥TER andLAND-BIRD (Chen 2002: 5J.
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Fig. 1: Partial Frame for Ray’s (1678) concept @afdo(Chen 2002)
Here, constraints are thought toibgosed bystructural invariants, functioning as follows:

[D]ue to the constraints between the value setegdp..) property combinations are conceptually
impossible, such asund beakwith clawed footandpoint beakwith webbed footThe results are
only two property combinationgqund beakwith webbed footand pointed beakwith clawed
foot), which form two subordinate conceptswvater-bird andland-bird. In this way, the frame
specifies the contrastive relations between theswlamrdinate concepts. (Chen 2002: 6)

Compare Fig. 1, then, with Sundevall’'s taxonomy(R).
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Fig. 2: Partial frame for Sundevall’'s (1889) contep bird (Chen 2002)

1 “In the Ray taxonomy, for example, the attribubesikand foot are not independent. There are correlations betifezn
value ofbeakand that offoot webbed feet are usually associated with a roweakband clawed feet with a pointed beak.
These are physical constraints imposed by natuebbed feet and round beaks are adapted to theoameént in which wa-
ter-birds live, but clawed feet and pointed beaksiled be a hindrance in water. Because of these rainistelations, the
attributesbeakandfoot must be used together as a cluster in classifitafdhen 2002: 6).
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The transition between the representations in Fend Fig. 2 amounts to a redefinition of the
conceptBIRD. To a frame-theorist, the point of this examplehigt it allows reconstructing
change to a scientific taxonomy amativatedrevision

Sundevall’'sbird no longer entails a constraint relation betwbeakandfoot, instead, new con-
straint relations are formed betwei®ot andplumage as well as betwedioot andleg covering
[T]hese are physical constraints imposed by natasajlting from the adaptation to the environ-
ment. The new superordinate concept inevitablysttee taxonomy by expanding the conceptual
field at the subordinate level. (Chen 2002: 8)

Now contrast Fig. 2 with the yet later taxonomy®gdow (1893) in Fig. 3, the transition to
which might be seen to instantiatenareradical shift than the transition from Ray’s to Sun-
devall's, because “Darwin discovered that specresrmt constant, and therefore affinity
among species must be founded on their commonndrighen 2002: 123.Add to this that
Gadow’s taxonomy was developed in response to Safdehaving “emphasized the dissi-
milarities between screamers and waterfowl” (idid), rather than their similarities.
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Fig. 3: Partial frame for Gadow's (1893) conceptlifd (Chen 2002)

Except for the attribute ‘feathering arrangeme@gdow’s taxonomy employs attributes de-

signating radically different morphological featsirfsom those shown in Fig. 1 and Fig. 2.

Moreover, all attributes are connected by “Darwiativated” constraints. What remains con-

stant over the three taxonomies is the use of Ipadig. These can be motivated by their cog-
nitive salience (Tversky and Hemenway 1984, seen@062: 16f.).

3. Framesin theHistory and Philosophy of Science

As an exercise in history and philosophy of sciemeeonstructing taxonomies as partial
frames, then contrasting them, is carried out wathard to Kuhn's (1970) incommensurabi-
lity of taxonomies. A frame-reconstruction is stadprovide some form of comparability.

We have (...) seen taxonomic change like the one fr@rSundevall system to the Gadow sys-
tem, where the two taxonomies were incommensuiaideno compatible lexical structures exist-
ed. But with the help of frame representations thgiose the internal structures of the super-
ordinate concepts involved in the taxonomic chamgefind that the attribute lists embedded in
these two incommensurable taxonomies remained dibrfgggChen 2002: 18)

2 “Influenced by Darwin’s evolutionary theory, ommiogists realized that many morphological charactised as classifica-
tion standards in previous taxonomies were arlyitrand they began to search for new classificatiiteria that could dis-
play the origins of birds” (Chen 2002: 12).
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Chen’s claim is two-fold: Firstly, the frame methfattilitates a representation by which one
may explain why the Sundevall and the Gadow taxgnara incommensurable, in the sense
that this pair violates Kuhn’s ‘no overlap prin@pfor kind terms (Kuhn 1993, Chen 1997).
The principle is rendered as: “[Cloncepts belongioghe same subordinate group cannot
overlap in their referents” by Barker et al. (20@26).

Secondly, a more important claim is raised: Inadeping a consensus on the superiority
of Gadow’s taxonomy (which reportedly relied on mtitan 40 classification criteria and was
based on rich empirical evidence) over that of ®wal, the community of ornithologist
could chose rationally, because — or so the reconstructiethod is said to support — both
Gadov’s and Sundevall’s criteria were spatial fe=@ubody parts). Contrary to the incom-
parability-interpretation of ‘incommensurable’ — s the mature Kuhn rejected (Chen 1997,
Kuhn 1983, Hoyningen-Huene 1993) —, criteria cdhdgte been rationally compared.

[T]he compatible attribute lists, rooted in thefprence for body parts, or more general, the pre-
ference for spatial features in attribute selec¢tomuld have functioned as a cognitive platform for
the rational comparison of the Sundevall and thdaasystems and resulted in the quick and
smooth taxonomic change. (Chen 2002: 18)

The frame model shows: Incommensurable taxonomigg ecat nature along different, but
spatial features. Such cuts need not result iomaliy incomparable taxonomies, although
violating Kuhn’s no-overlap principle. Frame anaythus has a potential use in “making
good on history.” This is meant in the following yvaistorical transitions thgtrima facie
support the incommensurability thesis (becausedmeparison of taxonomies appears to un-
dercut choice-rationality)nay— namely upon comparing them as frame reconstngtiobe
reconcilable with standard maxims of choice rati@tdion, e.g., the mini-max principle. This
result, Chen suggests, draws on a distinaignitiveplatform for rational comparison.

[T]laxonomic change is rooted deeply in the cogaitivechanisms behind the processes of classi-
fication and concept representation. These cognitiechanisms determine the process of mutual
understanding and rational comparison during taxroaehange. In fact, the cognitive platforms
for rational comparison identified in our histoficases, that is, compatible contrast sets and
attribute lists, were the products of such cogaitmechanisms as the relational assumptions
adopted in classification and the preference falybparts developed in concept representation.
(Chen 2002: 19)

Further applications of the frame model to scientthange are found, amongst others, in
Andersen, Barker and Chen (1996), Chen, AndersdnBamker (1998), Chen (2003, 2005),
Chen and Barker (2000), Nersessian and Baker (1888)the book-length Andersen, Barker
and Chen (2006). Next to taxonomic change, casggeriitom the waves the particle theory
of light over astronomy and nuclear physics to tifa@sition from Maxwell’s to Einstein’s
electro-dynamic action.

The last example will briefly be discussed in set6. First, we turn to the critical recep-
tion of applications of the frame account in higtand philosophy of science.

®  “Consequently, communication obstacles were bdarmtcur between the followers of the two systeTire followers

of the Ray taxonomy, for example, would regard igtares’ from the Sundevall taxonomy as incommegisie; because
they could not find an equivalent native term wigfierents that do not overlap those of the foreiga. Both ‘water-bird’
and ‘land-bird’ from the old taxonomy overlap ‘dedbres,” which includes water-birds like heronsnadl as landbirds like
storks. On the other hand, the followers of the d&wall taxonomy would regard ‘water-bird’ from tRay taxonomy as
confusing, because they could not find an equitahative term without violating the non-overlaprmiple. Sundevall's
‘natatores’ overlaps Ray’'s ‘waterbird’; specificalthe former is included by the latter, but theg aot in species-genus
relations” (Chen 2002: 9).
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3.1 Incomparability, Non-Translatability and the Cognitive Historical Approach

In a recent review of Andersen, Barker and Cher0§20who prefer the term ‘dynamic
frame’, Thagard (2009: 844) points out: “[A]lthoutire attribute-value account of represent-
ationcontinues to be influential, there are several o#pproachethat suggest that the dy-
namic frame account of concepts usgdAndersen, Barker and Chen is at best incomplete
and at worst seriously inaccurate”. Exclusive uséhe frame-model risks recycling an out-
dated model. To what extent computer-implementathectionist models, e.g., Thagard’'s
(1999) ECHO have “broken free” from feature lisssa matter of debate. As computing pow-
er increased exponentially, such models easily apjoehave become more powerful. At any
rate, Thagard (2009: 845) favorailti-modalconceptual representation over frames.

In an earlier review, Stanford (2008) observes thatthough (presumably) fine for de-
scriptive purposes — frames do in no good senseowepour understanding of incommensur-
able world-views as cognitive phenomena.

[T]he tools imported from contemporary cognitivéesce prove more effective in describing
central aspects of Kuhn's account of science thaxplaining how they arise or how we respond
to them. The feeling one gets is of being engagesbimething of an extended translation exer-
cise. If we are willing to follow the authors in bracing Barsalou’s ‘dynamic-frames’ theory of
concepts, our reward is a description in the teomghat theory of what a Kuhnian anomaly
would be, what incommensurability would be, whatotationary science would be, and so on.
This may indeed show that contemporary cognitiverse is capable of countenancing Kuhnian
cognitive phenomena, but it does not do much tpele®ur understanding of their causes or con-
sequences. (Stanford 2008: 116)

A slightly more drastic consequence might obtaip:eBploying frames, incommensurability
as incomparability of world-views is seemingly restructed awaywhile incommensur-
ability as non-(inter)translatability of world-viesns reconstructively confirmed. The undeni-
able fact seems to be: Using a frame-model, onetaidy reaches a state of representation at
which a rational comparison of the conceptual $tmecof two (or more) ‘views of the world’
consists in nothing but a comparison of two (p8rframes. This allows tracing the requisite
constraint violation and observing iffhow anomakes resolved in a different frame.

One may use this fact in at least two ways. Orimoppresumably preferred by Stanford,
is to object that applying the frame-model doeshnotg forth insight into the genesis and the
effects of incommensurable world views: Frames gi#yd a different view on the non-trans-
latability-side of the problem. This much then wbgpeak against what Nersessian (1995)
dubbed the ‘cognitive historical approach’.

[S]tarting from the Kuhnian idea that a particutdrenomenon is an anomaly because its exis-
tence is not permitted by a given scientific concélpe further information that, in dynamic
frames terms, anomaly is a matter of a phenomenmojzerties violating a concept’s constraints
on the assignment of values to attributes, ortti@ianomaly might be resolved by revising such
constraints, seems to add little explanatory insaghpower to Kuhn's original proposal. (Stan-
ford 2008: 16)

A second option is to undercut this conclusion arglie: Because the cognitive historical re-
construction renders the allegedly incommensurahlesition between taxonomies rationally
comparable, incommensurability as incomparabisitiaiseas a claim regarding the cognitive
representation of concepts. And one might contitfugtsights into causes and effects of the
incommensurability of world-views are needed, theas far as a cognitive account of con-
ceptual representatios concerned -such insights might just as well lie outside of it.

In pursuing this option, one suggests that caasdseffects of this phenomenon (which,
on the view ascribed to Stanford, is not capturngdhle frame-model in an enlightening way)
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are located altogether beyond issues of concepgpatsentation. Instead, incommensurabili-
ty as non-(inter)translatability of world-views @arcommunication breakdown) might be
straightforwardly explained by human imperfecti@me may cite psychological deficits, in
the sense of having remained or become unable dpta@nd switch between) different
views, or as strong, perhaps quasi-religious bjarebe sense of no longer considering, e.g.,
that claims toone ultimate ontology (‘final description of the wotjdnay be dogmatic, or
group-sociological/institutional, e.g., actors lgenationally uncompelled to consider alterna-
tive views while investing in or after having ptefil from a particular research program.

This option may not sit well with everybodyis a visthe comparability claim, which can
be supported by the frame-model, | find it hardresist. If comparability can be secured,
translatability is a less pressing issue. | taleeftame model to support that, as a thesis on the
rational incomparability of conceptual structuressommensurability is a false claim. As a
claim on the non-(inter-)translatability of worldews, the plausibility of incommensurability
can — largely, perhaps not entirely — be accoufaety drawing on factors other than those
pertaining to conceptual representation.

For a more upbeat review of Andersen Barker anch@®@06), see Botteril (2007).

4. Conceptual Spaces

The expressive power that frames gain over fedisise though notable, is rather meager. In
support of this claim, frames will now be compateadonceptual space@ardenfors 2000).
The latter appears (to me) to be more useful itigmpn to scientific concepts, as it incorpo-
rates the measurement theoretic considerationglyimdenominal ordinal, interval, andra-

tio scales It should therefore sit much better with the itauns of working scientists. From
the point of view of conceptual spaces, referenaenty oneempirical world is of lesser im-
portance; ontological finality is not implied, nprecluded. If a measurement structure “picks
out” a ‘real structure’, is rather not a pressingstion (see section 6).

Conceptual spaces providggaometricandtopologicalaccount of concept representation.
An assumption which seems basic to the frame medeaimely: concepts must be represented
in symbols —, is discarded. Rather, informationmigdeled at a levdbetweenthe symbolic
and the subconceptual one. So, symbolic forms agadhe laws of mathematical physics are
not seen as representing concepts, but as spegifgethematical relational structures’.

Past Stevens’ (1946) influential work (to which #i®ove classification of differentially in-
formative measurement scales goes back), in “matoeasurement theory, mathematical re-
lational structures are normally understood as dp@&@mbeddable into empirical relational
structures, i.e., principally projectable into dtinmate ontology (structures may therefore be
calledreal). Stevens did not, in any detail, treat condititimst empirical structures should
satisfy (Diez 1997a: 180). However, from a concapspaces point of view, this is fine. After
all, the dimensions postulated in a conceptualespaen’t “out there” either.

Importantly, some mathematical relational structumee claimed to beonstitutiveof em-
pirical relational structures or (methodologicallypriori (Friedman 2001). This Neo-Kantian
aspect is briefly taken up in section 5. Now foltoes non-technical summary of conceptual
spaces. Rigorous treatments are Aisbett & Gibb60X2or Adams & Raubal (2009).

4.1 Dimensions

A conceptual space is built up from a number ofligudimensions. Examples atempera-
ture, weight brightnesspitch and the three ordinary spatial dimensidmsight width, depth.
However, there are also quality dimensions of astrabt non-sensory character, erggss
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force energy introduced by scien. The notion of a dimension can takenliterally. Each of
the quality dimensions sssumed to bendowed with certaigeometricalstructures.

As a first example, Figd illustrates theweight-dimension (one-thensdonal with a zero
point). It is isomophic to the hatline of the nomegative numbers. A basic constraint, -
monly made in science, is that there arinegative weights.

0
1 N\
/7

Fig. 4: The weight dimension

Far from trivial, the nomegativity of the weight dimension is a historicahtingencyAs an
ad hocassumption, the firsubstancephlogiston(a theoretical entityjvasassumed to have
negative weightin the late 1™ century giving way to thexygenaccoun{McCann 197¢.

As a second exampl&llowing Munsell (1915)the canitive representation of colican
be described by three dingan: (Fig. 5). The first ihug represented by the familicolor
circle (redvia yellow to greenblue and back to redYhe topological striture of this dimen-
sion is different from the dimensions representinge or weght (both isomorphic to the re
line). The second psyclagical dimension of cor is saturation(or chromaticity, ranging
from grey (zero colointensity) to increasingly greater intensitieisl dmension is iso-
morphic to an interal of the real line. The third dimension brightnes that varies from
white to black and is thus méar dimension with end poin

Together, these three dimensions, one with circamal two with linee structure, consti-
tute the colodomain which is a subspace of ourcegual conceptual space. This domai
often illustrated by the scalledcolor spindle(two cones attacheat their bass). Brightness
iIs shown on the vécal axis. Saturation is represented as the dist#omthe centre of the
spindle. Finally, hués represented by the positions along the perinudténe central circls
The circle at the cear of the spindle is tilted so that the distaneeveen yelow and white is
smaller than the diance between blue and wh

Value Munsell Color System

Yellow-Red

Green-Yellow
~

Puple-Blue BIUe

Glue-Green

Fig. 5: The Munsell color systém

4 Image referencéttp://en.wikipedia.org/wiki/File:Munse-system.svgrublic domaip.
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4.2 Combinations

A conceptual spacean now be defined as a collection of quality disiens. However, the
dimensions of a conceptual space should not be aeéotally independent. Rather, they are
correlatedin various ways since the properties of the objesbdeled in the space co-vary.
For example, in the domain of fruits the ripeness the color dimensions co-vary.

It is impossible to provide a complete list of tipeality dimensions involved in the con-
ceptual spaces of humans. Some of the dimensia@ns gebannateand to some extent hard-
wired in our nervous system, as for example cgddch, force and probably also ordinary
space. Other dimensions are presum&ayned some are introduced by science.

In modeling a scientific concept, the requisite elmsions have to be identified and the re-
spective values, i.e., metric (see Berka 1983: 93), must be assigned. If ibtspossible to
assign a value on one dimension without also asgjgm value on another, then the dimen-
sions are said to biategral, otherwise they are callegskparable E.g., an object cannot be
given a brightness value without also giving ittehthe pitch of a sound always goes along
with its loudness. In Newtonian mechanics, an dhigdully described only when it is as-
signed values on eight dimensions (3-D space, itnB, {3-D force, 1-D mass).

Using this distinction, the notion ofdomaincan be defined as a set of integral dimen-
sions separable from all other dimensions. Moreipety, domains C and D are separable in
a theory, if the transformations of the dimension< do not involve dimensions from D.
E.g., until the rise of relativity theories in plgs the three spatial dimensions were separable
from the time dimension. So, the spatial coordimatey, z are separable frorh (the time
coordinate) in Galilean, but not in Lorentz tramafations. Moreovemassis separable from
everything else in Newton’s theory, but no longeparable fronenergyin special relativity.

As the criterion for identifying a domain, we prgeothe independence of the respective
measurement procedures (Diez 1997a: 183f.). Fanpbea in classical mechanics, the mea-
surement of distance and duration (trigonometry @m@dnometry) are independent, as light
signals are tacitly assumed to propagate instaoteherather than at finite speed.

For criticism, primarily as to the necessity of piog such spaces, see Decock (2006).

5. FramesRecovered in Conceptual Spaces

A comparison between frames and conceptual spacesages of taxonomic knowledge is
straightforward. It consists of transposing thenti@ology of the former into that of the latter
model. The notiongttribute value structural invarianceandconstraint(see section 2) can
be provided with analogues. Our claim is that framm&n be recovered rather easily within the
conceptual spaces model. In particular, the stratiavariants and constraints of a frame
arise naturally from the geometry of the concep$pace (e.g., category membership is prin-
cipally a matter of occupying regions of a space).

Using one or the other modeling tool may be reghadenatter of convenience and thus re-
lated to the complexity of a representation. To ei@aaxonomic knowledge, conceptual spac-
es appear over-powerful. Alternatively, represenknowledge with binary features is under-
complex. In section 6, we discuss limits of frarapresentations.

5.1 Analogue Expressions

An ‘attribute’ corresponds to a single ‘dimensi@n’to combinations thereof. E.g., each color
can be represented as a sub-region of the spanaespay the three dimensiohse satura-
tion andbrightnessrather than by natural language color terms ¢seg&on 4).
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The ‘value’ of an attribute corresponds to a pointo an interval on one or several dimen-
sions. The metric of the dimensions will mimic #i&ibutes’ values. E.g., on the assumption
of being an equal distance apart, the values ‘higgdium’ and ‘small’ of the attribute ‘size’
will yield an interval (else an ordinal) scale. elthe conceptual spaces model — where “be-
ing-in-between” is meaningful by virtue of the dinsgons’ geometric properties —, nothing in
the frame modelepresentsin a motivated way, that ‘medium’ is between ‘'tagd ‘small’.
Model users know as much, the model does not.

The purpose of a ‘constraint’ is to rule out (orkaainlikely) some among logically many
attribute-value combinations. Constraints resuifrthe particular selection of attribute val-
ues that define a subordinate category. To mimsgithconceptual spaces, where instances of
a concept are represented as points or vectors mdamensional space, one may speak of
sub-regions of a conceptual space being emptyofoparatively unpopulated).

The notion ‘structural invariance’ corresponds tooarelation of dimensions. This means
no more than that a number of dimensions reprgsentty. In the frame-model, structural
invariants have been interpreted to represgnthetic a prioriknowledge, i.e., knowledge
about the empirical world which originates in ax@@omic) structure not based in experience,
but constitutive of it. For example, structural amiants are claimed to account for susgim-
thetic a prioriknowledge claims as: “There are no [normal] bindth legs that attach to their
necks” (Barker, Chen & Anderson 2003: 225f.). Denfathis claim may lead a hearer to the
assumption that a speaker does not understanative@BIRD. Thesynthetic a prioristatus
of such knowledge can, in principle, be saved inceptual spaces, assuming that one has
somehow identified it. At the same time, it is wal (to me) if singling out some (and not
other) elements ag/nthetic a prioris helpful or necessary.

An influential attempt at securing an importantseeof ‘rational’ across scientific changes
is Friedman’s (2002, 2008) Neo-Kantian account, retieeoretical may principles be identi-
fied asmethodological a priorpropositions, e.g., ‘Space is (not) Euclidian’cByrinciples
are said to enable the measurement-experiencesssie within a given theoretical frame-
work by means of laws (e.g., the law of gravita}iddis tri-partition separates (i) empirical
laws, (ii) constitutivelya priori principles making these laws possible, and (kijigsophical
meta-paradigms which “provide a basis for mutuahcwnication (...) between otherwise
incommensurable (and therefore non-intertranslajadientific paradigms” (2002: 189).

The meta-paradigmatic level seems to primarily séne purpose of leaving the historical
dynamics ofa priori principles rationally discussable. This level and, Friedman can easily
accept symbolic disruptiveness (aka. symbolic namtiouity) at level (ii). However, it is un-
clear what above avoiding, in a principled way, asgble communication breakdown be-
tween scientists applying different frameworks (eriews) might be cited in support of
Friedman’s conception. See also Howard (2009) hedbtief discussion in section 3.1.

5.2 Similarity as Distance across Space
Reconsider Sundevall’'s taxonomy (Fig. 2). The ladiies and their values in brackets are:

beak (round, pointed)
plumage (course, dense)
feather (absent, present)
leg (skinned, scutate)

foot (webbed, clawed)
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We treat each attribute as a dimension. All vahresbinary, so each dimension gives rise to a
scale with two ranks. In table 1, capital lettdobraviate attributes, lower case letters values.
This yields five integral dimensions at ordinaldév

Natarotes BE+o, PL-de, FE-ab, LE-sk, FO-we swans, geese, ducks
Grallatores  BE-po, PL-de, FE-ab, LE-sk, FO-we herons, scezanstorks
Gallinae BE-po, PLeo, FE-pr, LEsc FO<I chickens, turkeys, quails

Table 1. Comparison of Dimensions in Sundevalket@my

Note thatNatarotesandGrallatoresaresimilar up to the beak-dimension (BE-vs. BE-po).
This similarity remains rather hidden in the frameeel, but is immediate in a feature list or
a conceptual space. Moreover, in a frame and arieést model, it is not clear how to meas-
ure — by virtue of the tool — the comparative dista betweerNatarotes Grallatores and
Gallinae In the idiom of conceptual spaces, Gallinaeregion is maximally distant from the
Natarotesregion and differs on four dimensions frdbnallatores That this distance cannot
be expressed more informatively is a result of eyipl binary features. Note that, when ex-
pressing taxonomic difference as distance, coneéppaces have implicitly been applied.

In Gadow’s taxonomy (Fig. 3), since the attrib@démension)featheris retained with
identical values, one may describe the change fsBaimdevall’'s to Gadow’s taxonomy as a
replacement or revision of four dimensiogsrfiinvariants and constraints). This yield#ia
vial, but correct reconstruction of conceptual changehSs easier to accept when incom-
mensurability of world-views is not seen as a peabbf representation (see section 3.1).

The partial frame of Gadow’s new taxonomy features dimensions, not all of which
take binary values. One may therefore say that txitp (as measured by the number and
scale-strength of dimensions) is not constant. @aakses founewdimensions. Featuring al-
SO one region less, in this respect, his taxonamngimpler than Sundevall’'s. On the other
hand, the types ahtestines(Type 3 and 5) suggest that complexity increa3de same
seems to hold for thendondimensionPrima facie these still constitute ordinal scales.

Generally, by defining change-operations on theetisions and their mode of combina-
tion, the conceptual spaces model may also beeapgiinamically. In increasing order of se-
verity of revision, these operations are: (i) additdeletion of laws, (ii) change in scale, (iii)
change in integrality/separation of dimensions,) @ddition/deletion of dimensions, (V)
change in importance (or salience) of dimensiorégd@nfors & Zenker 2010).

A more informative reconstruction might employ tt@mparative distance between tax-
onomic items (pre- vs. post-change). Thus, relatisance between reconstitutions of di-
mensional points within (regions of) spaces woulehsure if, e.g., screamers have (not) be-
comemoresimilar to ducksSeverity of scientific changeen comes out as ‘distance between
spaces’, i.e., as a function of the above changeatipns and a distance measure.

Below, we exploit this idea, offering it as a piemg mode of addressing the (alleged)
incommensurability of theoretical frameworks. Wewiscientific laws as symbolic expres-
sion of constraints on conceptual spaces. On thg,\historical transitions to new spaces are
in principle alwaysontinuouslyreconstructable, leaving no room for incommenstitab

6. Scientific Laws as Constraints on Dimensions

Frame representation almost exclusively uses nddamguage. Attributes and values are ul-
timately linguistic entities. This may be fine whegpresenting changes in taxonomic know-
ledge. That taxonomies mostly employ binary featunay be motivated by the historical fact
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that “better tools” were not available. The foundas for a theory of measurement (in the
modern sense) arise with Helmholtz (1887), are idem/with (some say, insufficient) syste-
matizion by Stevens (1946), then developed by Krdnice, Suppes & Tversky (1971, 1989,
1990). For an overview and the caveat in Stevenikwsee Diez (1997a,b), Hand (2004).
When dimensions are fine grained, we approach sioatly exact measurement. Here,
shortcomings in the information conveyed by thenieamodel’s attribute-value structure may
be observed, suggesting a revision of this modedittibute values are not bi-, batary,
there is no decent way to model ordering relatiith frames. Any attempt presumably in-
curs a revision towards conceptual spaces. Whaegepting a scientific concept (and, even-
tually, the conceptual space spanned by an emiiheary), e.g., in physics, dimensions tend
to beratio-scales One will want to make sense of the fact that eirgdi theories and their
(mathematical) laws depend on and give rise to areagent results at this level of scale. In
brief, frames seem not well-equipped to represantedge beyond the taxonomic level.
Moreover, it has perhaps been overlooked that agatrtry to motivate theymboliccha-
racter of scientific laws by virtue of the represdional tool. Thus, Andersen and Nersessian
(2000) clearly state, they “believe that [frameglysis can be extended to represent the simi-
larity class of problem situations faomicconcepts” (ibid. 230), i.e., those obeying lawelik
generalizations. In their electromagnetism exanfplg. 6), the Lorentz force-treatment is
distinguished from the electromotive force-treatiméiname-style”, the attributesonductor
ether and magnet(values:moving or at resf) are coordinated to the respective force laws.
Symbolic forms differ strikingly — and implausibép, as the application situation is identical.
(In modern terms, applications pertain to th&tive motion of a magnetis a visthat of a
conductor.) Recall that, “in Maxwellian electrodymas, although the resultant electromag-
netic induction is the same whether it is the magmehe conductor that is moving and the
other at rest, these are interpreted asdifferent kindsof problem situations” (ibid. 23Ttal-
ics addedl The point of their example is: Suspending thakatte ether, Einstein’s revision
of Maxwell’s electrodynamics removed a “total oagri (ibid.) between the two treatments.

Lorentz force
F=q(E+vxB)

B Electromotive force
fE-dl«0

Fig. 6 “Partial Frame for Maxwellian ‘electrodynamiaction™
Andersen & Nersessian (2000: S238)

In Andersen and Nersessian’s use of frames, lazvggpended, rather than motivated by the
frame structure. It therefore seems (to me) trehés apply to scientific lawsithout provid-
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ing insight into their status as symbolic genesrdlans. Strikingly different formulae, which
evidence the “symbolic rupture” (allegedly incuryéa radical scientific change, can also be
viewed as the symbolic expressions of constraiokdiing over different conceptual spaces. In
fact, scientific laws may be viewed asthing butthe symbolic forms of constraints on a
space. Note that ontological qualms in theory ckam@y also be explicated with respect to
the dimensions of an empirical theory — one nedgimothis to the laws or the axioms.

This move no doubt demotes the importance of lawscientific changeis a visthe do-
minant view (e.g., Dorato 2005). On the dominametwifor example, any continuity of ma-
thematical structure achieved by limiting case otidn (see Batterman 2003) — which, fol-
lowing Worrall (1989), structural realists tend dibe as strong evidence in disfavor of in-
commensurability claims —, would no longer be esislely a matter of laws. Instead, once
one characterizes empirical theori@smarily through identifying the scale-type of the di-
mensions — or, more contemporaneously, the adrtessdnsformation of a scale (see Diez
1997b) — and their modes of combinations (integgalseparable), ‘continuity in scientific
change’ denotes the continuous generation of oneegual space into another.

Questioning the assumption that the rationality atientific change is inherently a sym-
bolic matter (i.e., has to be demonstratedymbol} then, one may motivate the claim that
conceptual spaces provide a model for scientifenge (across various disciplines), without
yielding incommensurability or incurring priori notions. In this sense, the assumption that a
conceptual space is not (an) intrinsically symb@inodel) is indispensable.

To represent scientific concepts, theories in whiaky occur as well as their dynamics,
similarity measures oveliachronicallyrelated spaces appear promising. How such measures
are to be defined, is open to discussion. Extaattitnents of conceptual dynamics project (or
transform) conceptual spaces according to contelxish, in the widest sense, vasynchron-
ically, e.g., spatial environmental features under dayraght conditions (Raubal 2004). The
change operations (section 5.2) and the definibtba domain might nevertheless serve in
providing the building blocks for such diachronimgarity measures.

7. Conclusion

It should be stressed that, with the exceptioraging something meaningful on the status of
symbolic generalizations, the frame model is preshlgnapplicable whenever the conceptual
spaces model it. Alas, the latter gains in appllitgtio concepts which are based on and give
rise to exact measurement. Having reviewed theldpreent of feature lists into the frame
account of conceptual representation and, moresheryn how to recover frames in concep-
tual spaces, one may conclude that the latter ngalek its advantages, because key notions
of modern measurement theory agiveto this model. Conversely, any attempt to achieve
this within the frame model will (very likely) lookist like a conceptual space.

Distinct correspondences between frames and ctralegpaces were pointed out. Moreo-
ver, it was suggested that using one or the otlmdeinis a matter of convenience. For tax-
onomic knowledge, for example, conceptual space®waer complex. Importantly, whenever
the question is raised if — through a change ionarmy — items have become more (or less)
similar, it should be admitted that one has impliaised the conceptual spaces model. After
all, neither frames nor feature lists provide aaroof difference as geometric distance.

Consequently, future work should concern defingi@f distance measures across diach-
ronically varying spaces. No measure was definaetl{ie building blocks pointed out.



FROM FEATURES VIA FRAMES TOSPACES

8. Acknowledgements

| thank the organizers of CTF 09 and the editorhisfvolume, as well as Laurence Barsalou,
Peter Gardenfors, Joel Parthemore, Gerhard Sc@uegor Strle and lonnis Votsis for sup-
port, insightful comment and criticism. All shortoongs are mine. Research was funded by
the Swedish Research Council.

References

Adams, B. & M. Raubal (2009). A Metric ConceptugaBe Algebra. In: Stewart Hornsby,
K., C. Claramunt, M. Denis & G. Ligozat (ed§patial Information TheoryProceedings
of the 9th International Conference, COSIT 2009 Aimer Wrac'h, France, September
2009; Lecture Notes in Computer Science 5756).i8eSjpringer, 51-68.

Aisbett, J & G. Gibbon (2001). A general formulatiof conceptual spaces as a meso level
representationrArtificial Intelligence133, 189-232.

Andersen, H. & N. Nersessian (2000). Nomic Conceptames, and Conceptual Change.
Philosophy of Sciend&’, S224-S241.

Andersen, H., P. Barker & X. Chen (1996). Kuhn’'stita Philosophy of Science and Cogni-
tive PsychologyPhilosophical Psycholog¥, 347-364.

Andersen, H., P. Barker & X. Chen (200&he cognitive structure of scientific revolutions
Cambridge: Cambridge University Press.

Barker, P., X. Chen & H. Andersen (2003). Kuhn oan€epts and Categorization. In:
Nickles, T. (ed.)Thomas KuhnCambridge: Cambridge University Press, 212—-245.

Barsalou, L. (1992). Frames, Concepts, and Conakpialds. In: Lehrer, A. & E. F. Kittay
(eds).Frames, Fields, and Contradtlillsdale, NJ: Erlbaum, 21-74.

Barsalou, L. & C.R. Hale (1993). Components of @ptual representation: From feature list
to recursive frames. In: Van Mechelen, I., J. HamptR. Michalski & P. Theuns (eds).
Categories and concepts: Theoretical views and dtide data analysisSan Diego, CA:
Academic Press, 97-144.

Batterman, R.W(2003).The Devil in the Details: Asymptotic Reasoning kplanation, Re-

duction, and Emergencélew York, NY: Oxford University Press.

Berka, K. (1983)Measurement: its concepts, theories, problefBsston Studies in the Phi-
losophy of Science, Vol. 72). Dordrecht: Reidel.

Botteril, G. (2007). Review of H. Andersen, P. Barl& X. Chen (2006). The cognitive
Structure of Scientific  Revolutions. Notre Dame Philosophical Reviews
http://www.ndpr.nd.edu.

Chen, X. (1997). Thomas Kuhn’s Latest Notion ofdmenensurabilityJournal for General
Philosophy of Scien@8, 257-273.

Chen, X. (2003). Object and Event Concepts: A CogniMechanism of Incommensurabili-
ty. Philosophy of Sciencé, 962-974.

Chen, X. (2005). Transforming Temporal Knowledgan€eptual Change between Event
ConceptsPerspectives on Scient8, 49-73.

Chen, X., H. Andersen & P. Barker (1998). Kuhn'se®ty of Scientific Revolutions and
Cognitive PsychologyPhilosophical Psychologyl, 5-28.

Chen, X. & P. Barker (2000). Continuity through ekutions: A frame-based account of con-
ceptual change during scientific revolutioR$ilosophy of Sciendg’, S208-S223.

Decock, L. (2006). A physicalist reinterpretatidrighenomenal’space®henomenology and
the Cognitive Sciencég 197-225.

Diez, J.A. (1997a). A hundred years of numbers.igtonical introduction to measurement
theory 1887-199(5tudies in History and Philosophy of Scie@8g167-185.



F.ZENKER

Diez, J.A. (1997b). A hundred years of numbers.igtdnical introduction to measurement
theory 1887-199(5tudies in History and Philosophy of Scie@8g237-265.

Dorato, M (2005). Why are most laws of nature mathaical? In: Faye, J, P. Needham, U.
Scheffler & M. Urchs (edsNature‘s Principles Amsterdam: Springer, 55-75.

Gardenfors, P. (2000 onceptual SpaceIhe Geometry of ThoughCambridge, MA: The
MIT Press.

Gardenfors, P. & F. Zenker (2010). Using Concep8pces to Model the Dynamics of Em-
pirical Theories. In: Olsson, E.J. & S. Enqvifelief Revision meets Philosophy of
ScienceBerlin: Springerforthcoming.

Hand, D. J. (2004 Measurement Theory and Practi¢eondon: Arnold.

Helmholtz, H.V. (1887). Zahlen und Messen erkersth@oretisch betrachtet. In: Helmholtz,
H.V. (1920).Schriften zur Erkenntnistheori®erlin: Springer, 70-109 (transl. in: Helm-
holtz, H.V. (1930)Counting and MeasurindgPrinceton, NJ: Van Noestrand, 72-114).

Hoyningen-Huene, P. (1993 econstructing Scientific Revolutions. Thomas &nkuPhilo-
sophy of Scienc&€hicago: University of Chicago Press.

Howard, D. (2009). Let me briefly indicate why | dot find this standpoint natural. Einstein,
General Relativity and the Contingent Apriori. Momski, M. & M. Dickson (eds)Dis-
course on a New Method. Reinvigorating the MarriagfjeHistory and Philosophy of
ScienceChicago and La Salle, ILL: Open Court, 333—-355.

Krantz, D.H., R.D. Luce, P. Suppes & A. Tversky9{1, 1989, 1990¥-oundations of Mea-
surement, Volumes I-1INew York: Academic Press,

Kuhn, T.S. £1970).The Structure of Scientific Revolutio@hicago, ILL: University of Chi-
cago Press.

Kuhn, T.S. (1983). Commensurability, Comparabilapd Communicability. In: Asquith, P.
& T. Nickles (eds)PSA 1982Vol. Il. East Lansing, MI: Philosophy of Scienassocia-
tion, 669-688.

Kuhn, T.S. (1993). Afterwords. In: Horwich, P. (ed/Vorld Changes: Thomas Kuhn and the
Nature of ScienceCambridge, MA: MIT Press, 311-341.

Kuukkanen, J.-M. (2006Meaning Change in the Context of Thomas S. Kuhhi®gdphy
Edinburgh: University of Edinburgh, Philosophy Pthigsis, http://hdl.handle.net/1842/1259.

Labov, W. (1973). The boundaries of words and the#anings. In: Bailey, C.J. & W.W.
Shuy (eds)New ways of analyzing variation in EnglisWashington, DC: Georgetown
University Press, 340-373.

McCann, H. G. (1978)Chemistry Transformed: The Paradigm Shift from Blgtwn to Oxy-
gen Norwood, NJ: Ablex Publishing Corporation.

Minsky, M. (1975). A Framework for Representing Kwledge. In: Winston, P. (ed.T.he
Psychology of Computer VisioNew York, NY: McGraw-Hill, 211-277.

Munsell, A.H. (1915)Atlas of the Munsell Color SysteBoston, MA: Wadsworth-Howland.

Nersessian, N.J. (1995). Opening the Black Box:niog Science and History of Science.
Osiris 10, 195-211.

Raubal, M. (2004). Formalizing Conceptual SpacesAl Varzi & L. Vieu (eds).Formal
Ontology in Information SystemBroceedings of the Third International Conferefis@lS
2004), Vol. 114. Amsterdam: I0S Press, 153-164.

Rosch, E., C.B. Merris, W.D. Gray, D.M. Johnson 8BByes-Braem (1976). Basic objects in
natural categorie€ognitive Psycholog8, 382—-439.

Stanford, P.K. (2008). Review of H. Andersen, PrkBa & X. Chen (2006). The cognitive
Structure of Scientific RevolutionBritish Journal for the History of Sciend&, 116-117.

Stevens, S.S. (1946). On the theory of scales asarementSciencel03, 677-680.



FROM FEATURES VIA FRAMES TOSPACES

Thagard, P. (1999)How Scientists Explain Diseas®rinceton, NJ: Princeton University
Press.

Thagard, P. (2009). Review of H. Andersen, P. Ba&keX. Chen (2006). The Cognitive
Structure of Scientific RevolutionBritish Journal for the Philosophy of Sciené@® 843—
847.

Taylor, J. R. (2003)Linguistic CategorizationOxford: Oxford University Press.

Tversky, B. & K. Hemenway (1984). Objects, Partg] &ategorieslournal of Experimental
Psychology: Generdll3, 169-193.

Worrall, J. (1989). Structural Realisiialectica43, 99-124.



