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1. Introduction

Spatial and temporal Measure Phrases (MPs) suderasneters, five
yearsetc. appear with various linguistic items, including laeatpreposi-
tions, adjectives and comparatives, and show certain regsie contrasts in
these domains. Consider for instance the following exasple

1)

The bird is ten meters above/behind/beside/outsaladuse.
The bird is ten meters *near/*on/*in/?inside the house.

o

The box is ten cm. wide/*narrow.
The boy is five years old/*young.
The man is five feet tall/*short.

The well is one meter deep/*shallow.
The road is one km. long/*short.

(2)

. The box is ten cm. wider/narrower than the closet.
The boy is five years older/younger than the girl.

The man is one feet taller/shorter than the woman.
The well is one meter deeper/shallower than the pool.
The road is one km. longer/shorter than the highway.

3)

P20 T ®20Te T

These sentences exemplify three main facts about MP maditifica

(F1) Some locative prepositions and degree adjectives allowndBifica-
tion while others do not.

(F2) When an adjective allows MP modification, it loses the “eajudg-
ment’ part of its meaning. For instance: a box thateés cm. wide
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is not necessarily wide; a child that fise years olds normally not
considered old.

(F3) In their comparative form, both positive and negative etiyes allow
MP modification (cf. (2) vs. (3)).

Adjectives such asvide and old, which allow MP modification, are often
classified apositive whereas their antonynmarrow andyoung(or new) are
callednegativeadjectives (cf. Seuren (1978)).

In order to account for facts (F1)-(F3), this paper gengzealithemod-
ification conditionof (Zwarts, 1997) and (Zwarts and Winter, 2000), which
handles MP modification of locatives Wector Space Semanti€gSS). In
this theory, vectors — mathematical objects that can beateed of as di-
rected line segments between points in space — are used ladieeentities
in the spatial ontology of natural language. Following [E&l2000), VSS is
also used to account for the semantics of degree adjectivbsmnparatives,
in a way that resembles their interval semantics proposé€ié&ynedy, 2000)
and others. It will be shown that Faller’s proposal can beneefiin a way
that also captures the three facts above about MP modificafibe modifi-
cation condition of Zwarts/Winter requires that in order éoset of vectors to
be modified by an MP it has to include vectors of all possibfgths. This
happens whenever the set that is being modified is both upaveddiown-
ward monotone In this way, the condition guarantees that a modification
construction is never semantically trivial if the MP itselfnot trivial.

Section 2 briefly reviews some basic notions in VSS. SectiosvRws
the semantics of locative prepositions as proposed by (@veard Winter,
2000), and modifies Faller's vector-based analysis of degriectives and
comparatives. Section 4 introduces the proposed usage afetheral mod-
ification condition, which accounts for the acceptabilifyMP modification
using these denotations.

2. Basic notions in Vector Space Semantics

Vector Space Semantics (VSS), as introduced in (Zwarts,/7Y18ad
(Zwarts and Winter, 2000), assumes that the main ontolbgi@aitive in
the semantics of spatial expressions igeator spacd’ over the real num-
bersR. This means that fob” the following constants and operations are
defined:

¢ An addition operato# on elements iry'.
e A zero elemend that satisfies + 0 = v for every element in V.

¢ An opposite elementv for each element in V', which satisfies +
(—v) = 0.
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¢ A scalar multiplication operatorbetween real numbers R and ele-
ments inV/, such that for all real numbektsc R and elements € V:
s -visanelementin.

These notions and their algebraic properties definsthetureof the vector
spacel’. To define a metrics fodistancesn 1/, we also assume aorm
function| | that send every vectarin V' to a non-negative scalar R. For
surveys on the mathematics of vector spaces see (Lang, d8any other
introduction to Linear Algebra.

In a sentence such #se bird is above the housee say that the house
is the reference objectind the bird is thdocated object The sentence is
analyzed using vectors that start on the reference objectad at the located
object. This means that these vectors all belong to one veptce with a
zero element that describes the location of the referengecbbin general,
in each vector space there is exactly one zero vector. Rgigpidaking —
all the vectors in a vector space have the same “starting’pd#owever, in
natural language, locative prepositions are used in omdescribe location
in relation to different reference objects. For instanneséntence (4) the bird
is located with respect to both the house and the cloud.

(4) The bird is above the house, and it is also below the cloud.

In order to allow both the location of the house and the laratif the cloud
to be the “starting points” of vectors in the analysis, weasls the following
fact.

Fact 1 If V' is a vector space, then the Cartesian produck V' (the set of
pairs of elements froriy) is equal toU, ey Vi, WhereV,, = {(w,v) : v €
V}. For any vectorv € V, the setV,, is a vector space with a zero vector
(w, 0) and the naturally defined operations for addition, negatiorl scalar
multiplication.

Thus,V x V' is a collection of vector spacé$,, where the “starting point” of
each vector in them is determined by the vectorWe refer to the elements
in V' x V aslocated vectorsThese conventions are illustrated in figure 1. In
this figure, the pair of vectors andv is conceived of as the located vector
u, wherew is conceived of as the starting poimbf u, and the sumw + v is
conceived of as its “end pointj.

Sentence (4) is analyzed as making an existence claim alolbtated
vectors. One of them is a pair of vectofg,,v1) € V x V, wherew,
describes the location of the house anddescribes the relative location of
the bird with respect to the house. A second located veeterv,) simi-
larly describes the location of the cloud and the relativaatmn of the bird
with respect to the cloud. This is schematically illustdabe figure 2. The
denotations assigned to the locative prepositions (setotoaving section)
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w+v

Figure 1: vectors and located vectors

Figure 2: the bird is above the house and below the cloud

guarantee that these vectors specify the location of thiedsirbeingabove
the house antelowthe cloud.

3. Denotations in Vector Space Semantics

(Zwarts, 1997) argues that MP modification shows an advanvégec-
tor spaces as the underlying ontology for spatial expressiModified loca-
tives as in (1) are commonly assigned the structure in (Svhel

(5) [mp ten meters] b behind the house]

However, Zwarts points out that this structure leads to &lerm of compo-
sitionality: for an object: to be in the extension of the prepositional phrase
ten meters behind the hoygee location ofz itself is insufficient: we are
interested in the position af with respect to the reference object, in this case
the house. However, in ‘mereological’ or ‘pointal’ ontoleg of spatial ex-
pressions, the constituebehind the housen (5) is analyzed as the set of
locations behind the house. Using this set alone it is iniptesgo compute
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the location of the house (note that the house itself is ew#rarmember
of the set of elements behind the house). Consequentlyntigsis of MP
modification using the structure in (5) is problematic foeyious theories of
spatial expressions.

In VSS, the measure phratsn meterss treated as a set of (located) vec-
tors that are ten meters long. The P’ constitusghind the housks treated
as a set of located vectors as well: those vectors that siati@house and
end at a point behind the house. MP modification is treateglgias thein-
tersectionof these two sets, which in this case leads to the set of \etiat
are ten meters long, start on the house and end at a pointcb#terhouse.
In this paper | adopt the proposal in (Faller, 2000) that gigocompositional
analysis of MP modification with adjectives and comparatias in (2) and
(3), is based on a similar intersective process. This seat&fines the de-
notations of these items, which will be used in order to araiyodification
constructions. Since the main objective of this paper is @sccount for the
(un)acceptability of MP modification with various itemsethroposed treat-
ment of adjectives and comparatives will be slightly diietr from Faller’s
proposal.

3.1. Locative prepositions

All locative prepositions in (Zwarts and Winter, 2000) déntunctions
from sets of vectors to sets of located vectors. A set of vecto C V
describes the location of an object (through the “end pbiitéts vectors).
A locative preposition denotes a functiéhthat sends such a set of vectors
A to a set of located vectoB(A), which describes other locationslative
to this location The located vectors i (A) are allinternally or externally
closesto 4, in a sense that is formally defined in (Zwarts and Winter,00
Intuitively, a located vectov is internally (externally) closest to a sétwhen
v starts at a boundary point of, ends inside (outside), and is a shortest
connection from the boundary of to its (v's) end point. For instance, in
figure 3 only the located vectors is externally closest tol. The located
vectorsv; andvs do not start at the boundary af. The located vectov,
is not a shortest connection frodis boundary to its end point. The located
vectorvs is internal toA — in fact, internally closest tal — hence it is not
external toA.

The examples below illustrate the denotations of some ilepteposi-
tions:

o insid€ (4) is the set of located vectors that are internally closest.to

» outside'(A) is the set of located vectors that are externally closest to
A.
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Figure 3: onlyv; is externally closest tal

¢ near'(A4) is the set of located vectors that are externally closest, to
andv is of a length that is shorter than a certain contextuallygsies
positive number.

e above'(A) is the set of located vectors that are externally closest to
andv’s projection on the vertical axis of is longer than its projection
on the horizontal axis oft.

In figure 3, the located vectors; andvs are in the seténside’(A) and
outside (A) respectively. Ifvs is short enough, then it is also in the set
near’(A). In figure 4, the located vector is in the setabove’(A), since
its projection on the vertical axis from is longer than its projection on the
horizontal axis fromA. For more formal details on the treatment of locative
prepositions in VSS see (Zwarts and Winter, 2000).

For the purposes of this paper, it is sufficient to keep in ntivad the use
of located vectors is motivated by the semantics of MP madtific with PPs,
where distances are measured with respectdpngactically overteference
object. We will see that something quite similar happen$ witmparatives,
but measures with absolute adjectives are with respect teed fioint that
does not overtly appear in the sentence.

3.2. Degree adjectives and comparatives

(Faller, 2000) observes that the same modification problesh moti-
vates the VSS treatment of locatives appears with adjectvel compara-
tives. Consequently, Faller proposes that structures é)iand (7) below
are analyzed using intersection of sets of vectors, silyitarthe VSS analy-
sis of the PP structure in (5) above.

(6) [np two meters] i tall]
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Figure 4:v is in the denotation ofiboveA

(7) [mp two meters] i, taller than Mary]

The denotations that Faller proposes for degree adjectiwes compara-
tives are based on the vector-based treatment of locativkeiproposal by
Zwarts/Winter, and is similar in many respects to the irdésemantics of
adjectives in (Kennedy, 2006).

The semantics of adjectives and comparatives that | addpiviie dif-
ferent at certain points from Faller's proposal. We first V&S to define the
notion of scales which is useful in the semantics of adjectives. Recall ¢hat
unit vector is a vector of norrh.

Definition 1 Let V' be a vector space ov& with a norm functior] |. Let
U C V be a (finite) set of unit vectors that are calledale units A pair
S = (ug, Xg) whereus € U andXs C R is called ascaleoverV. The set
of valuesof a scales is the set of vector§s - ug : s € Xg}.

Note that the vector spadé is not necessarily the same vector space that is
used for the denotations of spatial locative prepositiGusthermore, degree
adjectives such asld/youngor early/late are not spatial but temporal. A
scale is defined using a unit vector and a set of real valuasngtance, the
heightscale for the adjectivesll andshortis defined using a unit vecta,

and the set opositivereal numbers, since anything that is tall or short has a
positive height. A temporal scale for the adjectaarly andlateis similarly
defined using a unit vectar; (different thanu,) and the set of real numbers
excluding zero: something that happens just on time is newesidered as

1. Kennedy uses a notion of intervals that he callgents and argues that it is
preferable to the more common ontologyd&greeswhich is similar to ontologies of
points in spatial semantics. Interestingly, Kennedy'siargnts for extents come from
phenomenathat are quite different from the ones that ntetive(SS in the works of
Zwarts/Winter and Faller.



614 WCCFL 20

early or late€?

One of the important properties of absolute adjectives s the iden-
tity of their extension is sensitive to various, partly mersus, factors. For
instance, when two people are of the same height, one of taarbeconsid-
ered tall while the other is considered short. Whether agreis considered
tall or shortmay depend on his/her sex, age, profession, point of view of
the speaker and other extra-semantic factdesr the purposes of this paper,
these factors are not crucial, and as in many works on adgsctie can sim-
ply assume that the denotation of an absolute adjectivdiisadkrelative to a
certainstandard valuen the relevant scale. The difference between pairs of
adjectives such asill andshortis simply in the scale values that they allow
with respect to the standard. In general, we traditionalyiguish between
the denotations gfositiveandnegativeadjectives as follows.

Definition 2 Let.S = (ug, Xs) be a scale relative to a vector spatewith
norm| |. Letsts € R be a non-negativstandard relative toS.
Thepositive adjective vector sebver S relative tost s is the set:

{t~uS ZtEXS/\t>StS}.
Thenegative adjective vector sebver S relative tost s is the set:

{t~uS ZtEXs/\0<t<8tS}.

How can we tell whether the denotation of a given adjectiveutdhbe
a positive or a negative vector set? In most theories of fudgcthe an-
swer to this question is based on judgments such as whetbedjlective
pertains to “small values” or to “big values” in the scale. (Seuren, 1978)).
However, it is possible to give a more theory-neutral teat thistinguishes
between negative and positive adjectives. Suppose thatslokight is 170
cm. It follows that nothing is 170 cnshorer than John. However, it does
not follow that nothing is 170 cmtaller than John. | suggest that this kind
of (un)boundedness test, in terms of entailments betwesnrsees, qualifies
the denotation of the adjectiwhortas being negative and the denotation of
the adjectivaall as positive. The denotations of these adjectives are defined
accordingly, relative to the height scalé = (ug, (0, c0)) and the height
standarcst g :

8) [tal] = {t-umg:t>0At> st}
[shorfl = {t - upg :t>0AL <styg}

The reason that degree adjectives in the proposed defirtoireated
as denoting sets of vectors, rather than sets of locatedrggeds due to the

2. Forarecentwork on scale structures that is motivatedffgreint data than those
discussed here, see (Kennedy and McNally, 1999).

3. See (Kamp, 1975) and (Klein, 1980) for classical workst@sé phenomena,
and (Kennedy, 1999) for a recent theory, including a sunfeglevant literature.
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semantics of MP modification as in (2). When a bot@m. wideit is in-
variably10cm. wider than zerdThis is in contrast to what we observed about
MP modification with prepositions, where an object that@n outside the
houses located relatively to the position of the reference ob{Hte house).
On the other hand, MP modification of adjectives in tbenparativeform is
obviously relative: whether an object is in the denotatibthe comparative
10 cm. wider than the doatepends on the width of the door. Consequently,
and similarly to the case of prepositions, it is essentiahtbude in the de-
notation of the comparativeider than the dooan indication of the door’s
width. This is obtained by letting this comparative dendte $et of located
vectors(w, v) wherew is a vector in the width scale that describes the door’s
width, andv is any vector pointing in the 'positive’ direction of the seéthe
direction of its unit scale).

More generally, the denotation of a comparatinerdless ADJ than xs
defined as a set of located vectdts, v). Thew vector is the dimension of
x in the scale of the adjectiv&DJ. The v vector is any non-zero vector on
this scale multiplied byl or by —1, depending on the polarity of the adjec-
tive (whether it is positive or negative) and the polaritytbé comparative
item (whether it ismore or lesg. We use two functions for describing this
polarity:

¢ The functionpolarity, which sends any set of vectassto 1 (—1) if A
is a positive (negative) vector set, and is undefined ottsertvi

¢ The functionsign which sends every real number tp—1 or 0, de-
pending on whether itis positive, negative, or zero respelgt

We use these functions in the following definition for the diitions of
the comparative wordsore (or the morphemeer) andless

Definition 3 (comparatives) Let.S = (ug, X5) be a scale relative to a vec-
tor spaceV with norm| |. Let A¢ be a (negative or positive) denotation of
an adjective relative t&, and letw be a value ins.

The comparativenore’ (A4)(w) is defined as the set of located vectors
{w,t - us) € VxV:teRAsign(t) = polarity(A)}.

The comparativéess’(A)(w) is defined as the set of located vectors
{w,t - us) € VxV:teRAsign(t) = —polarity(A)}.

For example, consider the denotations that this definitieivds for some
comparatives withall andshort, whereh; is John’s height (a vector in the
height scale).

4. Formally, A is a positive vector set iff it is non-empty and closed uneéagth-
ening, and it is a negative vector set iff it is non-positiven-empty and closed under
shortening (see below).
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(9) [tallerthan Johh = more’(tall')(hy) = {(hy, ¢ -ug) : ¢t >0}
(10) [shorter than Jon= more’(short')(hy) = {(hjy,t-ug):t <0}
(11) [less tallthan JoHn= less'(tall’)(hy) = {(hj,t ug):t <0}
(12) [less shortthan Jofin= less'(short’)(hy) = {(hy, t-ug) : t > 0}

Note that these four denotations, illustrated in figure Bpaat for the equiv-
alences betweetaller andless shorand betweeshorterandless tall

0 h
J

Figure 5: taller (less short) and shorter (less tall) thamJo

3.3. Measure phrases and modification

Given a vector spack, we assume that a measure phrase suclatas (
leasfat mos} ten meterss a subset of vectors with a norm that satisfies the
corresponding requirement on its length. Measure unitis aameteror year
are assumed to specify constant real numbers, definedveelatithe norm
of the vector space. The exact way these constants are die¢eria not our
main concern here. However, it is important to note that &s skvectors,
denotations of MPs have a special property that qualifies themeasure
sets:

Definition 4 Given a vector spac¥ with a norm| |, we call a set of vectors
M C V ameasure seiff forall v,o' € V:if v € M and|v'| = |v| then
v e M.

Intuitively, whether a vector is in a measure set or not ddpamly on its
length. Consider for example the denotation of the meashrasp éxactly
two meters

(13) twometers' = {v € V : |[v]| = 2m}

Whether a vector is in this set, any vector’ s.t.|v’'| = |v| is obviously also
in this set.

All MPs denote measure sets of vectors in an underlying vespiace
V', not located vectors ifY x V. However, let us assume that any gétof
vectors can be lifted into the set of located vectbfg1V) = V x W: the
set of all located vectors with a vector frdi¥i in their right coordinate. This
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assumption allows us to use intersection for MP modificatigth both ad-
jectives, which denote sets of vectors, and PPs or compasativech denote
sets oflocatedvectors. The following examples illustrate this intergact
process with degree adjectives and comparatives.

(14) two meters tall
two_meters’ N tall’
={veV:l=2min{t-ug:t>0At>sty}
= {t-ug:t=2mAt>styg}

(15) two meters taller than John
lift(two_meters’) N more' (tall’) (hj)
=V x{veV:|v=2m})n{{hy,t - ug):t>0}
= {(hj,t-ug) 1t =2m}

With modified PPs, the analysis is similar to the analysis of mana-
tives:

(16) two meters above the house
lift(two_meters’) N above' (H),
whereH C V is the location of the house.

See (Zwarts and Winter, 2000) for the precise definition irs\ébdenotations
of locative prepositions such above hence of the MP modification process
with locative PPs as in (16).

4. The modification condition

So far, only the compositional analysis of MP modificatios baen ad-
dressed, with no account of facts (F1)-(F3) from the intiitun concerning
the distribution of this process and the way it affects thamireg of absolute
adjectives. In this section | show that these facts can beusated for using
the assumptions that underly the compositional procesgealbogether with
an additional general requirement of non-empty denotatidn facilitate the
exposition of this principle, consider the following twofoétions concerning
order and monotonicity in VSS, adopted from (Zwarts and &fir2000).

Definition 5 (vector order) For any two vectors, w in a vector spacé’
overR, v < wiffthereiss > 1inRs.t.w=s-v.

Thus, two vectorsy and w are comparable when they “point in the same
direction”. In this casev is considered “greater” thanif it is a lengthening

of v. Using this natural partial ordering of vectors, we can dtadly define
the notion of upward (downward) monotone sets of vectorseasisets that
are closed under lengthening (shortening) of their membeyamally:
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Definition 6 A set of vectorsi C V' is upward (downward) monotoneiff
for all vectorsv € A andw € V, if v < w (v > w) thenw isin A.

As shown by (Zwarts, 1997), upward monotonicity of pregdosis is the rel-
evant factor for the possibility to modify them using MPs. 18¥, those
prepositions that appear felicitously with MPs have demnotatthat lead to
upward monotone sets of vectors, and vice versa. (Zwartd\dnter, 2000)
capture this observation using the followimpdification conditiorfMC).

Definition 7 (modification condition) A set of vector$’ C V' satisfies MC
iff it is non-empty and for every non-empty measureléetM N W is not
empty.

It is easy to verify that a set of vectors satisfies MC if andyahlt is non-
empty and both upward and downward monotone. In this papeogose the
following application of MC for MP modification:

(17) Any expression that denotes a set of vectbrsan be modified by an
MP only if A satisfies MC.

The idea behind this rule is that modification using MPs is jpbs®nly if
the modified set of vectors guarantees thataoy MP that denotes a non-
empty set of vectors, the modification process (=intersaatf the two sets)
would not lead to an empty set. Consider for instance therashbetween
the acceptable prepositional phrae® meters outside the houard the un-
acceptable prepositional phrasevd meters near the hous&he denotation
of the P’outside the housis closed under lengthening: any lengthening of a
vector that points from the house outwards leads to anotiwr gector. By
contrast, this is not the case foear the houseif v is a vector that points
from the house outwards to a point that is in proximity to tbes$e, there are
still lengthenings ofy that do not have this property. Thus, even though the
intersection ofwo meterandnear the houseight be non-empty (depending
on the standard of “nearness”), it is guaranteed sbateMP can nullify this
intersection (e.gtwo hundred kilometejsConsequently, MP modification is
ruled out. Note that both sets of vectors that are denotezlikside the house
andnear the housare closed undeshortening® For further elaborations on
the MC and the semantic restrictions on MP modification of PB{A&arts
and Winter, 2000).

Moving on to degree adjectives, the MC straightforwardlgamt for
the contrast between positive and negative adjectiveslawigg for MP
modification (fact F1). For instance, if the negative adjecshortdenotes
a non-empty set then it is downward but not upward monotonariy finite
standard. That is: it is short, then anything shorter tharis short as well,

5. Infact, (Zwarts, 1997) argues that litative prepositions are downward mono-
tone in this sense.
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but there can always be something that is taller thamnd not considered
short. By contrast, the positive adjectitedl is upward but not downward
monotone only for positive standards. For the zetandard, the denotation
of tall is both upward and downward monotone. Since zero itiignon-
negative standard that makedl downward monotone, we expect the ad-
jective to be acceptable with MPs only if it is evaluated wiéspect to a
zero standard, which explains why positive adjectives dowake any value
judgment when they appear modified by MPs (fact F2). As for cnatjves,
note that the definitions dhller than xand shorter than xare completely
symmetrical. Both kinds of comparatives are upward as weti@avnward
monotone, independently of the standard or the legitimaliges in the scale.
Consequently, we do not expect them to show any contrastiadteptability
of MP madification (fact F3).

That comparatives are insensitive to scale structure s iafplied by
the following well-known observation (cf. (Seuren, 197@ennedy, 2000)).
Many pairs of degree adjectives do not allow MP modificaticadlawith both
the positive and the negative adjective. Consider for imtathe following
unacceptable examples.

(18) a. *This car goes 100 kmh. fast/slow.
b. *This parcel is two pounds heavy/light.
c. *This pen is five dollars expensive/cheap.

However, the comparative form of these adjectives can bdfiaddy MPs,
as the following example illustrate.

(19) a. This car goes 100 kmh. faster/slower than that car.
b. This parcel is two pounds heavier/lighter than that darce
c. This pen is five dollars more expensive/cheaper than #rat p

What can be the reason for this contrast between the acdéptabthe
degree adjectives in (18) and those in (2)? A possible eafilam discussed
by Seuren and Kennedy, is that adjectives suctastandexpensiveannot
exhaust all the legitimate values in the correspondingeseaen when the
standard is set to zero. Thus, motionless physical objeaysanist, but they
cannot qualify as beinfastor slowfor any non-negative standard. Similarly,
things that are given for free cannot be classified as being eleeap, and
objects that are weightless (e.g. in space) are not simply Nght. This
property of the speed, price and weight scales is opposdtetsecales of the
other adjectives that were given in (2). For instance, aralthat has no
height or a person that has no age do not exist in a physica¢séfence, the
adjectivedall andold, unlikefast, heavyor expensiveexhaust all the values
in their scales when the standard is set to zero. | believesthalar claims
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can be made for other adjectives, thus strengthening theeatdodification
Conditioninto an ‘if and only if’ condition. Substantiatinhe details of such
a proposal requires further research.

5. Conclusions

This paper has shown that using fairly simple assumptionsictw
slightly modify ideas from (Faller, 2000) and other accauat adjectives,
it is possible to extend the empirical coverage of the madgliide condition
that is proposed by (Zwarts and Winter, 2000) for locativepasitions. The
extended principle also governs the acceptability of Mem&thrase modi-
fication with absolute and comparative adjectives. As | sehé main ad-
vantage of this proposal is that zero standard effects witdified degree
adjectives are treated as simple epiphenomena of genstatte®ns on MP
modification. Hopefully, further ongoing research intolscstructure may
lead to further simplification of theories in this challengidomain.
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