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Abstract Degree achievements and directed motion verbs are stdndaken to
describe events in which an individual undergoes change tove. The spatial
uses of these verbs, giving rise to what are known as #xééntreadings, indicate
that a temporal change based semantics is not general etmaghture their be-
havior. In this paper, we introduce a further range of faltd airgues for a fully
general analysis of the meaning of degree achievementsigeudedl motion verbs

in terms ofvalue differenceather than temporal change. These verbs are uniformly
analyzed as intensional verbs that take functional argtsremd encode a differ-
ence in the value of this argument over a contextually giveleired domain. This
analysis accounts naturally for their interaction with mga of adverbial modifiers.

Keywords: Degree achievements, lexical semantics, change of statetidnal readings,
individual concepts, context dependence

1 Introduction

Degree achievements and verbs of directed motion areitradily viewed as de-
scribing events in which an individual undergoes change tuee (e.g. Dowty
1979 Declerck 1979Hay, Kennedy & Levin 1999Rappaport Hovav 20Q&ennedy

& Levin 2008). Degree achievements, suchveislen narrow, or darken describe
change in the degree to which an individual exhibits a priyparherited from the
adjectival source if there is one, over time. Directed motrierbs, such aascend
descengfall, or rise, describe change in the position of an individual along some
path over time. Typical examples are givenin (1).

(2) a. The river widened. event of the river changing width
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b. The soup cooled. event of the soup changing temperature
c. The balloonrose. event of the balloon changing verticsthdce

Events of change in an individual over time form the basistifier semantic anal-
ysis of these classes of verbs. For examplennedy & Levin(2008 take a de-
gree achievement to denote a measure of change functiomctidi that “takes
an object x and an evente and returns the degree that represents the amount
thatx changesin the property measured by as a result of participating in €
(2008:173, emphasis ours).

There are well known cases, however, which are not intujtidescribed as
involving change in an individual over the course of, or assult of participating
in, an event. One example is so-calkxtentreadings (angacker 1986Sweetser
1997 Gawron 2009Koontz-Garboden 20)®f degree achievements, as exempli-
fied in (2).

(2)  The trail narrowed at the summit.

On the extent reading, which is the most natural readingZprtbe sentence does
not describe an event in which the trail changes in width dwee, and is in fact
consistent with the trail having stayed the same width thowt its history. Such
readings do not involve measuring change over the temparatidn of an event,
but rather over the spatial extent of an individual—in theecaf (2), the trail.
Somewhat more dramatic are uses of degree achievementstiaily do not
entail temporal change, but do not to entail change in anivichaal whatsoever,
whether over time or space. The attested example in (3)faittenis illustrative.

3) [In children with fetal alcohol syndrome] the divot orogive between the
nose and upper lip flattens with increased prenatal alcotpuisure.

The sentence in (3) does not describe change in any singleduodl divot. Rather,
it describes a difference in width between the divots ofedédht individuals. In par-
ticular, it states that individuals who have different degg of prenatal exposure to
alcohol have different divot widths. Such uses of degregéezeiment and directed
motion verbs (for which we henceforth udegree achievemenés a cover term)
have not figured in the literature. Currently available gses of the lexical seman-
tics of degree achievements cannot capture them, sinderavi exceptions noted
below, they all entail change in an individual.

The goal of this paper is to present an explicit and uniformatics for these
verbs which accounts for their full range of interpretai@s well as for their be-
havior with a range of adverbial modifiers. Our main anagiticlaims are the
following:
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I. The event-based view of change of state must be genettdtizan interval-
based notion ofalue differencea change in the value of a function over
a contextually given ordered domain, with change in an iwldial over
time/space as a special case.

ii. Degree achievement verbs are uniformly intensionling a generalized
individual concepargument, as argued ontague(1973, Parteg1974)
andLo6bner(1987) for the verbrisein the temperature paradox.

iii. The meaning of degree achievements is radically cdandependent, with
major components determined by setting of contextual perairs.

The paper begins by making the empirical case for genemglizhange to value
difference, laying out four classes of readings that degmgevement verbs can
have. Sectior® presents our analysis, showing how it captures all of thizsses,
as well as the interaction of degree achievements with ay afrmodifiers, going
beyond the well known temporal cases discussed extensivéhe literature. We
make some novel observations about the effects of modifiersntexts that do not
involve change in an individual, and demonstrate how thedyaisacaptures them.
Sectiond concludes the paper.

2 Beyond events, individuals, and change

This section documents a range of readings available tedegphievement verbs
which cannot be captured in terms of individuals undergcimange over the course
of an event (or as a result of participating in an event), ahitivtherefore motivate
the generalized, interval-based analysis proposed ifosett

2.1 Spatial extent readings

Spatial extent readings can be characterized as those anwhange is construed
as a difference with respect to some attribute between thpasts of an object
extended in space. The data in (4) exemplify this reading.

4) a. His skin darkens on his right leg near the femoral grter
~His skin is darker on his right leg than it is elsewhere.

b. The road narrows at the end.
~The road is narrower at the end than before the end.

Gawron (2009 characterizes the required generalization of the notiochange
that examples like these motivatefaactional changenoting that:
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Functional change is the existence of some correlationdsviwo
ordered domains, and change with respect to time is a spm=sal
of that. (Gawron 2009:16)

Koontz-Garbode1§2010 shows that once this is recognized, Kennedy and Levin’s
(2008) analysis of degree achievements can be extendedeot egadings. For
example,(4-b) is true if there is an eventuality in which an individual, tread,
changes in width over a spatial interval. Further examplegen in (5).

(5) a. Theroad widens between San Francisco and San Jose.
b. After the merge of the three forks the river flattens andelsathrough
Grant, Cleveland, Bradley, and Ashley counties.
c. After this, the wall narrows to a foot wide with steep veatidrops on
either side, sometimes hundreds of yards down.
d. The cliffs sink as the plain flattens, and green, slopingkbaof dilu-
vium take their place.

2.2 Abstract extent readings

In abstract extent readings, as in the spatial extent rgadamange in an individual
happens, but the change is neither in space nor in time. Thisd reading is
exemplified by the data in (6).

(6) a. The plot thickens in chapter three.
~The plot is thicker in chapter three than before chapteethre
b. The script weakens towards the end.
~The script is weaker towards the final part than at prior parts

Such examples can be construed as differences with respsatte attribute (thick-
ness, weakness) between the subparts of an extended uraiffide plot, the script)

along some abstract structuring dimension, a storylindéncase of both (6-a,b).
More examples of the same general kind are given in (7).

(7) a. The album lifts up with the second track and single ‘fitane.”
b. The story disintegrates towards the end and the lastiepeétty crap.
c. The song improves when it goes back to the main beat.

2.3 Kind readings

That degree achievements can express change that is notainte a single indi-
vidual and does not occur as a result of participating in aneis made clear by
what we call kind readings, exemplified by the data in (8).
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(8) a. The strobiformis cones in Mexico gradually lengtheryau go south
along the Sierra Madre Occidental through Sonora, Chirmahd Du-
rango, the longest cones being in Duran§patial case

b. Wolves increased over most of the Nelchina caribou raesgecially
in subunit 13A, where wolf numbers in 1998 and 1999 were thbdst
observed in more than 25 yeaf@mporal case

In these examples, change is construed as a differenceesject to some attribute
between instances of a kind along some structuring dimensioften space and
time. (8-a), for example, describes a difference in lengttwieen instances of the
strobiformis conéind at different locations along the Sierra Madre. (8-tyatdbes
a difference in quantity between instances of wf kind at different temporal
intervals. Additional examples are given in (9).

(9) a. Antsincrease as you move to the south. In the Scandimaountries
there are about 20 species.
b. Notice that the trees gradually thin out until there isarager a canopy
above you.
c. When the economy is flourishing, hemlines rise, meaniregwould
see more miniskirts, and when the situation is deteriogatiemlines
drop, perhaps even to the floor.

These examples parallel familiar data noted@srlson(1977), and discussed by
Sweetse(1997) andZwarts, Hendriks & de Hoof2005, but with degree achieve-
ments replacing the comparative adjectives, which theydan?!

(20) a. Wolvegyet biggeras you go north of here. (Carlson 1977)
b. The wellsget deeperas you go down in the road. (Sweetser 1997)

Zwarts et al.(2005 note that sentences like (10) require intensional argasnen
and analyze them as involving “reflexive comparison” — cormgpan extended
individual to itself. Although we agree that they requireiatensional argument,
there does not seem to us to be motivation for assuming tigate@chievements,
which do not involve comparative morphology, involve a c@argtive operation.
While the semantic analogy is clear for many degree achiemésnit is less so, for
example, for verbs of directed motion. Be that as it may, gdamwe discuss in

1 Sweetsel(1997) claims that examples like (10-b) cannot be rendered witlegrek achievement.
Such examples are, however, well-attested. A naturallywog example is (i):

0] In general, the wellsleepentoward the south and east, as is illustrated by the deptheeof t
wells belonging to the San Antonio waterworks.
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the next section are difficult to construe in terms of congmariof an individual to
itself.

2.4 Functional readings

Functional readings of degree achievements are somewhatdraamatic and their
extent and generality has not been noticed in the literatUiteese are readings
in which the verb describes a difference with respect to sattrédbute between
different entities that seem to be determined by some ogldt elements of an
ordered domain. For example, the sentence in (11) is abeuliffierence in flatness
between the divots of children with varying prenatal expego alcohol. We call
these readings ‘functional’ because we take the subjetieoferb to be functional.
In (11),the divotdenotes a function from individuals to their divot, and teatence
asserts that this function yields a flatter divot for indivads with more extended
prenatal exposure to alcohdl.

(11) In children with fetal alcohol syndrome, the divot oogve between the
nose and upper lip flattens with increased prenatal alcotpuisure.

Additional examples of the same kind are given in (12).

(12) a. Fishears grow with increased £0
b. The ratio of these providers to the population worsensigsity in-
creases.
c. The resolution improves with the distance between thedird sec-
ond detector.
d. Cooperation grows with the severity of punishment forumautiefec-
tion.

Functional readings clearly cannot be analyzed in termskKéranedy and Levin
(2008) style function, measuring change in an individu&rdkie course of an event.
They are also not straightforwardly analyzed in terms ofréflexive comparison
analysis of Zwarts et al.'s (2005). For example, there is emwse in which(11)
can be said to involve comparing any divot to itself. Funadiloreadings are most
similar to the reading involved in temperature sentenées(li3). As observed and
discussed byontague(1973 andLdbner(1981J), the temperaturén (13) cannot

2 In Deo, Francez & Koontz-Garboden 2Q1de observe that functional readings extend from verbs
to the adjectives derived from them by the derivational suffil An example is given in (ii).

(i) Fetal alcohol syndrome causes facial abnormalitieslLidingflattened cheekbones ... and
aflattened groove between the upper lip and nose.
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be taken to refer to a particular temperature, but rathett beisead intensionally,
i.e. functionally, avoiding substitutivity failures.

(13) The temperature is rising.

We argue below that a general account of degree achievecais$or assum-
ing an intensional argument in all cases.

2.5 Summary

The full range of uses of degree achievements requires @drem a semantics
based on change in an individual over the course of an eveatnore abstract
semantics, based on comparing values of functions at diffgroints along an or-
dered domain.

3 Analysis

The analysis we propose generalizes the standard indivashaaevent based se-
mantics for degree achievements tditierencebased semantics: degree achieve-
ments and directed motion verbs uniformly describe a difiee in the value of
some function over an interval of some ordered domain. Chamgn individual
over the temporal course of an event comes out as a speaal cas

The core idea is the following. All degree achievements anected motion
verbs have as their subject argument a function from an eddgomain to individ-
uals. For example, a name lidehn ordinarily taken to denote a simple individual,
is analyzed as a function from temporal intervals to temimiesges of John, and a
noun phrase likehe roadis analyzed as a function from spatial intervals to parts
of the road. A simple, positive sentence containing a degcbéevement/directed
motion verb is true iff there is an interval of some contekfugiven ordered do-
main such that the value of the functional argument at itsmmahinitial subinterval
differs from its value at the minimal final subinterval witkspect to some property
or location on a path, specified by the verb.

3.1 The semantics

An attribute ordering defined as in (14), gives the relevant ranking of individual
with respect to an attribute encoded in the meaning of a degchievement or
directed motion ver.

3 This notion can be extended to achievements more geneafallys a non-gradable attributa<s b
iff b exemplifiesd anda does not.
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(14)  Attribute ordering : An attribute ordering< 5 is a preorder on the domain
of individualsE, which orders individuals based on the degree to which
they exemplify an attributé, or their location on a given directed path.

In the case of deadjectival degree achievements, attridodegings are derived from
measure functions denoted by adjectivisr{nedy 19992007). For instance, if
wide is the measure function assigning to all individuals thautts, then the at-
tribute ordering of individuals by width is related to meegsiderived from the
measure function as in (18).

(15)  a<wide biff wide(a) < wide(b)

In directed motion verbs, attribute orderings are deriveanflocation functions
along an orientated axis. A verb likése encodes a function from individuals
to their location on a vertical axis with an upward orierdati while a verb like
descendencodes its counterpart on the downward orientation. Feerdéspace we
do not offer a formalization of motion verbs here.

An axisis a linearly ordered set of entities in any ontological don{&awron
2009. The argument of a degree achievement geaeralized individual concept
or gic, a function from axes to individuals.

(16) Generalized individual concept(gic): A gic f is a function from any axis
o to the domain of individualg.

The notion of change over the course of an event is replacedlbg differencede-
fined in (17), a difference in the degree to which the valuesfahction at different
parts of an axis exemplify a property.

(17)  Value difference A gic f shows a value difference relative to an a&is
and an attribute ordering iff there are two intervals, b in A (or subsets
of A) such thae < bandf(a) <5 f(b).

Degree achievements (and possibly other COS verbd)seeet al. 201 denote

a relation between a gic and a contextually given axis (#alr The difference
relation holds iff the gic shows a value difference betwdenrhinimal initial and

the minimal final subintervals of the axis, i.e. iff valueglod gic at the two intervals
differ with respect to the lexically specified attribute. Arample denotation for
the degree achievement vexidenis in (18).

4 In the case of degree achievements that are not dead|euiaimply assume that their lexical
semantics is built on a measure function that does not hagplee the denotation of an adjective
that the verb is derived from. This measure function may oy mat be the denotation of some
adjective.
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(18)  [widen] = A fi; o). Air. f(initi) <wide f(end)

(18) says that a gi€ widens along a contextually given axitf the value of the gic
at the beginning of the axis is wider than its value at the dnd ®he remainder of
the paper shows how this denotational schema captureslthrarige of data laid
out in 82, as well as facts, several newly observed, abountkeeaction of degree
achievements with adverbial modifiers.

3.2 The standard temporal case

The familiar case in which an individual changes over thersewf an event, ex-
emplified in (19), is a special case of value difference inchitthe contextual axis
is temporal and the gic is a function from temporal interygtpe1) to stages of an
individual. The derivation of (19) is given in (20), whettee soups interpreted as
a gic fsoup a function from temporal intervals to temporal stages efgbup>

(19)  The soup cooled.

(20)  a. [cool] =Af( o.At,.f(initt) <cool f(€Nd)
b. [cool(the soug)= At;. fsouginitt) <cool fsougl€nd)

Sentence radicals — untensed, aspectually unmodified wetththeir gic argument
saturated — are taken to denote properties of axes. We eabdtiference descrip-
tions. (20-b) exemplifies a difference description, denotingapprty that holds of
a temporal interval if the soup is cooler at the end of thisnvel than it is at the
beginning. Past tense instantiates the difference descriat the contextually de-
termined past interval® (assuming an anaphoric theory of tense, as inRagtee
1973. The truth conditions for (19), given in (21), say that (i®jrue iff the soup
at the beginning of* is less cool than the soup at the end’of

(21)  [(Q9)] = 1iff fsouginite+) <cool fsoup(€Nd-)

3.3 Extent readings

Extent readings arise when (i) the contextually supplied exthe spatial extent of
an object that extends in space, and (ii) the gic is a fundtimm spatial intervals
(type 0) to spatial parts of an extended individual. On this vievg theaning for
the sentence in (22) is derived as in (28)e roadis interpreted as a gigaq, a
function from the spatial extent of the roag g to its parts.

(22)  The road narrows at the end.
5 Alternatively, it could be interpreted as a constant fiorcfrom times to the soup.
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(23) a. [narronw =A f(|7e).}\|g.f(init|) <narrow T (eNnd)
b. [narrow(the road)= Al. foaq(init;) <narrow froad(e€nd)

The sentence radical in (23-b) again denotes a differenseriggion — the set of
subintervals ofL,,5q such that the road is more narrow at their end than at their
beginning. at the endis analyzed as a difference description modifier, with the
denotation in (24)a is a variable over difference descriptions, &k is a small-
enough final subinterval df,g,g.

(24)  [atthe end (of the roafi}=Aa.Al.end CEOR& a(l)

The meaning of the modified sentence radica(4@), before composition with
tense, is as in (25).

(25) Al.end C EOR& fioaq(init)) <narrow froad(€Nd)

Thus,(22) asserts that there is some spatial interval whose intéosegith the end
of the road is less narrow at its beginning than at the end.

3.4 Kind readings

In kind readings, re-exemplified in (26), the contextuallpglied axis varies across
cases (the simplest being spatial). The gic associatedaithd is a function from
the axial intervals to the maximal plural individualnthat instantiates the kind at
that interval.

(26) The strobiformis cones in Mexico gradualBngthen (as you go south
along the Sierra Madre Occidental...).

Ignoring assmodifiers for now, we propose the following truth conditsofor the
simplified version of (26) in (27).

(27) The cones lengthen in Mexico.

The coness interpreted ascones @ function from locations to the maximal plural
individual exemplifying the strobiformis cone kind at thatation.lengtherhas the
denotation in (28-a). The sentence radical of (27) denbtedifference description
in (28-b). That is, it denotes those spatial intervals sunet the cones at their
beginning are shorter than those at their end. The lengthpddral individual is
assumed to be the average over the measures of the atonvicluads constituting
it.

(28) a. [lengtherd=Af; e .Alg. f(init)) <jong f(end)
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b. [lengthen(the conep)= Alg. f(init) <jong f(end)

The modifierin Mexicq like other modifiers, is treated as a difference desciptio
modifier.

(29)  [in Mexico] = Aa.Alg.end C Mexico & o (I N"Mexico

The meaning 0f27) is in (30). In words, it says that there is a region ending
somewhere in Mexico such that the cones at its end are lohget its beginning.

(30)  [in Mexico(lengthen(the coneg)-
Alg.end C Mexico & feonedinit)) <jength feoned€nd)

3.5 Functional readings

Functional readings, such §%1) from above, repeated in (31), are the ones for
which the advantage of the move to value difference is mgsaignt, since they
cannot be captured by existing approaches, as discusseel. abo

(31) (In children with fetal alcohol syndrome) the divftatttens with increased
prenatal alcohol exposure.

On our analysis, these are readings in which the contexiislian ordered set,
possibly of discrete entities, including people, as in (Z)d where the gic is a
function from this ordered set to individuals, often @ne)-type function. Func-
tional readings are special in that the axis must be cortstluzy using modifier
information for retrieving the set of individuals and thelering.

In (31), for instancethe divotis interpreted as the functiofyjyo: from indi-
viduals to their divot. The verHattenhas the denotation in (32-a), wheke is
an ordered set of individuals, yielding (32-b) for the meanof the unmodified
sentence radical.

(32) a. ([flatter] = A fee - AAg. f(iNita) <fiar f(endh)
b. [flatten(the divof) = A A<.fgivot(inita) <fiat fdivot(€NH)

The modifiern children with fetal alcohol syndronrestricts the possible values of
A to setsC of children with fetal alcohol syndrome, as in (33).

(33)  [in children with fetal alcohol syndrome(flatten(the diydt-
AC= Afdivot(initc) <flat faivot(endt)

Finally, the modifieiwith increased exposuteas the denotation in (34-a) and ap-
plies, as in (34-b) to the difference description in (33%treting it to intervals of
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C ordered by the amount of prenatal exposure to alcohol.

(34) a. [withincreased exposufe= Aa.Vx,y € CexP(X <expy — a([X,Y]))
b. [with increased exposufe
(in children with fetal alcohol syndrome(flatten(the diyjit=
VX,y € C=eP(X <expy — fdivot(init[x,y}) <flat fdivot(enqx,y}))

In words, (31) is true iff for any two children suffering from the syndromione
had longer prenatal exposure to alcohol than the other,ghernas a flatter divot.

3.6 More modifiers

Degree achievements occur with a wide range of modifiersesaiwhich we have
already discussed in the previous sections. In this segtmishow that the gen-
eralized denotations for these verbs provide an eleganuatof the interaction
of such verbs with familiar aspectually sensitive modifigke for-PPs,between
PPs andagainon a range of axes: temporal, spatial, informational, ancem®he
semantics of such modifiers has, to our knowledge, only besmssed in the lit-
erature in the context of verbs describing changes over. time

3.6.1 For-PPs

For-PPs constrain the measureadial intervals. The examples in (35) illustrate
axes of different types: temporal (35-a), spatial (35-byl mformational (35-c,d).

(35) a. The soup cooledr an hour temporal axis
b. The road widenfr two miles spatial axis
c. The plotimproves$or a few chapters informational axis
d. The album slows dowfor several acoustic songsformational axis

Building on Dowty 1979 Moltmann 1991and Deo & Pifiango 2011for-PPs de-
note universal quantifiers over relevant subintervals ahgarval. Concretely, our
analysis take$or-PPs to quantify over a contextually determined regulatitpzm

Z5 of the measure-intervaDgo & Pifiango 20101° The for-PP takes a differ-

6 For any axial intervad\, aregular partitionZa of Ais the set of non-empty, collectively exhaustive,
mutually exclusive, equimeasured subset#\ofFor anyZ5, the partition measurewhich is the
measure of each of its cells, is determined in context.

(iii) Zp is a regular partition of if Za is a set of intervalg j, k...n} such that

a. U{j,k.n}=i collectively exhaustive
b. VjkeZ — jnk=0if j#£k mutually exclusive
c. VikeZ — u(j)=uk)
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ence description as an argument and returns a constraiffietdce description in
which every cell in the partitiooincides with an interval instantiating the orig-
inal description. This general schema for the meaninfpePPs is given in (36),
with the coincidence relation defined in (37). In prose, an intenalA and a dif-
ference descriptio are in thecoiNcidence relation ifx is instantiated within a
final subinterval of. The final subinterval requirement allows for the two regdin
of difference verbs observed withr-PPs — theconstantreading and theariable
reading, which we describe below.

(36)  [for x-unitg] = Aq(;).AAr. unit(i) =n& VA" : A' € Z§ — CoIN(a,A)
(837) coIN(a,i) =3i": a(i’) & i Cein 1’

The familiar case of temporal modification ag#b-a)obtains when the axial inter-
val is temporal and is generated as in (38). In wordsfahéP modified difference

description in (38-b) denotes one-hour long intervals veh®gery contextually de-
termined cell is a final subinterval of some interval thatansiates the value differ-
ence.

(38) a. [foranhouf=Aa,At,. hourgt)=1&Wt': t' € ZF — coin(a,t’)
b. [for an hour(cool(the souf)}=
At hourgt) =1 &Vt :t' € ZF —
3t fsoup(inityr) <cool fsoup(€Ndr) & t' Cin t”

The derivation of the spatial cases is the same, except esihect to the nature of
the axial interval. The derivation ¢85-b)is as in (39). Similarly for the informa-
tional cases iri35-c)and(35-d), which involve axes of ordered informational units,
chapters of a book or songs on an album.

(39) a. [widen(the road)= Alg.froad(init;) <narrow froad(end)
b. [for two miles(widen(the road))=
Alg. milegl)=2&WVI" : " e % —
HI// . froad(init|//) <W|de froad(end//) & I/ gfm |//

All of the examples in(35) are ambiguous between two readings mentioned above.
The constantreading is the one in which the value difference remains tems
across the axial interval relative to an immediately prigterval. For instance,
(35-b), on the constant reading, describes a situation in whichralad widens
(right) before the 2 mile section (corresponding to the laxigerval) and then re-
mains of constant width across the two mile interval. Thishiewn graphically in

(wherep (x) stands for the Lebesgue measure&)of equimeasured
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(40). On our meaning fdior-PPs, this reading can arise when the value difference
is determined relative to a single initial interval for afirtition cells —i.e.l” does
not vary (wide scope existential) with ealéh

(40)  Constant reading

In contrast, thevariable reading arises whelf is allowed to vary across par-
tition cells|’. (35-b), on the variable reading, describes a situation in which the
road gradually becomes wider and wider over the two milervaleand of course,
that is the most natural reading of tfee-modified sentence i(B5-a) The variable
road-widening case is illustrated graphically in (41) (¢heign indicates widening)

(41)  Variable reading:

2 miles
L LLL L L L L L L

3.6.2 Between PPs

BetweerPPs, illustrated in (42), are frame adverbials that cansthe location of
the axial intervals.

(42) a. Asection near X2300 darkenieetween August 23 and September 2
b. The road narrowsetween San Francisco and San Jose

c. The plot thickenetween Chapter 12 and 15

d.

Quality of life increasebetween 50-64 years

In each case, whether temporally (42-a), spatially (42Aprmationally (42-c), or
functionally (42-d), the main thrust dfetweerPP modification is that the differ-
ence description is instantiated at some interval whose¢ dirtzinterval lies in the
interval introduced by the PP. This is illustrated for thatsgd case (42-b) in (43).

(43) a. [between SFand $3+Aasy).Alg.end C[SESI & af(l)
b. [between SF and SJ(narrow(the rodd))
Alg.end C [SESJ & froad(init)) <narrow froad(€nd)

The semantics in (43) correctly accounts for two readingsetiveerPPs, which
we call thethroughoutand containmentreadings. For (42-b), for example, the
throughout reading is the one in which the road is understod narrower than
before throughout the stretch between San Francisco and&an This is illus-
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trated in (44).

(44)  Throughout reading: narrow

On our account, this reading arises when the intef8&SJ is final subinterval

of I, i.e.[SFSJ = end. The containment reading is the one in which the stretch
between San Francisco and San Jose is understood to comaimosving — i.e.
some part of that stretch is narrower than the other parts réading arises when
end is a proper subset ¢6F, SJ. This is illustrated in (45).

(45) Containment reading:

narrow
SF==== — — — — SJ

The analysis naturally extends to functional readings WwithweenPPs, like
(42-d), wherequality of lifeis a function from age to (average) quality of life at that
age and wherbetween 50 and 64 yeacenstrains the increase in quality of life to
happen over an age interval between 50 and 64, as shown in (46)

(46) a. [between 50 and 64 yedrs Aa(sy)-Aig.end C [50,64] & a(i)
b. [between 50 and 64 years(increase(QQL))
Aig.end C [50,64] & fooL(initi) < fooL(end)

3.6.3 Repetitive and restitutiveagain

The properties oAgainmodification with change of state verbs are much discussed
in the literature on standard temporal readings (ebgwty 1979 von Stechow
1996. The data in (47) show thatgain like other adverbial modifiers, is more
accurately treated as a modifier of axial intervals. Not alags it occur in temporal
modification (47-a), but it also has spatial readings (4@ abstract ones (47-c).

(47) a. Theriver widenedgain(after the floods). (temporal)
b. The wall narrowsgain(at the north gate). (spatial)
c. The gap widenagainas students move into the cognitive challenge
of secondary years. (abstract)

We propose a meaning fagain that accounts for its cross-domain uses as well as
for the two readings most familiar from the temporal literat— therepetitiveand
therestitutivereadings. On our proposagainmakes both a presuppositional and
an assertoric contribution. The presupposition involwesaering the instantiation
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of the difference descriptioa relative to a reversed axis. Our semanticsdgain
is given in (48). Given a difference descriptionand an interval, again(a)(i) is
defined if there is some intervéithat precedesanda is instantiated alti,i’]. The
truth-conditional component @gainrequires straightforward instantiation efat
i

(48)  [again(a(ry)(ir)] is defined if3i7 1" <i & a([i,i'])
If defined,[agair(a)(i)] = 1 iff a(i)

The presuppositional component afain allows us to naturally account for its
repetitive and restitutive readings. Consider the spatiadlification effected by
againin (47-b) This sentence has two readings. On the repetitive reatheg,
sentence is understood to describe a situation in which #ilestarts out at some
width, narrows at a later point in space, widens at an even [@int, and then
exhibits yet another narrowing. This reading is represkgtaphically in (49).

(49) Repetitive reading:
narrow narrow again

Onthe restitutive readin@4 7-b)describes a different scenario, where the wall starts
out as having a certain width, widens at a later point in space then undergoes a
decrease in width. This reading is illustrated in (50).
(50) Restitutive reading:

narrow narrow again

The presupposition foagain allows for both these scenarios. The derivation of
(50-b) is given in (51).

(51) a. [narrow(the wall) = Alg. fan (init)) <narrow fwan(end)
b. [again(narrow(the wall}))] is defined only if
Ao 1" <1 & fwan(inity 1) <narrow fwai(e€nd )
If defined, [again(narrow(the wall}) )] = 1 iff
fwall (init;) <narrow fwan(e€nd)

The repetitive reading arises if, in addition to the comuhif specified i(51-b),
there is also an interv#ll such that” <1’ <1 anda(l”,1"). The restitutive reading
arises when there is no such interval. The same analysigeamtaightforwardly
to the temporaf47-a)and informationa({47-c) cases.
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3.6.4 As-modification

Many of the examples of atemporal difference discussedeahaveas modifiers,
illustrated in (52).

(52) a. The cones length@s you go south
b. Performance gap between ELL and Non-ELL students rechsctse
level of language demand of assessment decreases.
c. Inthe group of native Swedes, the proportion of daily semske-
ducesas the level of education increases
d. U.S. Trade Deficit narronas the economy slows.

An asmodifier, much like thevith modifiers discussed in 83.5, quantifies over pairs
(i, j) of ordered subintervals of an axis, and says that the intéia instantiates
the difference description, as shown & you go soutin (53).

(53) [asyougosouth=Aa.Vl,l'eLy,s: 1 <I"—=a([l,lI'])

The modifieras you go soutldetermines a spatial vectbp_,s going from a con-
textually given starting point southwards, and quantifiesrgairs of subintervals
of this vector. As shown by the derivation in (54), this makesentence liké52-a)
true iff any subinterval of the vectar, s instantiates a lengthening of cones.

(54) [as you go soutflengthen(the coneg)=
Aavll e s <= a([l,I')(Alg.f(init;) <jength f(eNd)) =
VI,II Elnys:l < I — f(init[”/]) <length f(enqul])

As is, this meaning is too strong. The sentence allows tleaetare intervals that do
not exhibit cone lengthening. We need to take recourse totextally accessed
threshold that would determine the relevant subset of seibvials as those that ex-
ceed it. We leave exploration of this issue for future reseanoting only that the
complication it introduces is general, not engenderedqudatrly by our analysis of
degree achievements.

4 Conclusion

We have argued above that a broader range of data associ#ttatbgree achieve-
ments and directed motion verbs motivates the move to a gkrest analysis of
the lexical semantics of these verbs that invokes individoacepts and ordered
domains. The notion of temporal change, around which thiysisahas been stan-
dardly built in the previous literature on the topic, is getieed to a notion of
difference in the value of a function at initial and final sutiervals over an ordered
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domain. Not only the observed facts of degree achievemeiatslimected motion
verbs, but also the domain neutrality of a range of modifiensl$ support to this
generalized analysis. Future work should examine the etdgemhich this analysis
is motivated for change of state verbs more generally, otthdret is restricted to
the classes of verbs we have examined here.
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