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| want to begin by saying tha much of wha | will discusstoday buildstremendousy on
the shoulders of giants and couldn®have been dore if it hadn®been for thethinking
and experimental work of people like Noam Chonsky, Randy Gallistel and Rochd
Gelman, who significantly inform what 1@l betelling you about Today | want to
develop an idea of a new research path into the evolution of languaye, which I call
@volingoQparasitizing the discipline known as “evo-devoQ and 1l tell you alittle
aboutwhat | think thelabd means Then | want to give you a case example, some very
new, largdy unpubished data on thequantifiers. Findly, what | try to argueis that
thereisreally anew way of thinking abouttheevolution of languagetha is very
different fromthe earliest stages of working on this problem.

Definitiondly, what | want to dois anchor thinking aboutthisin terms of viewing
languaye as a mind-internal computational system designed for thought and often
externalized in communication. Tha is, languaye evolved for internd thoughtand
planning and only later was co-opted for communication, so this sets up adissodation
between wha we do with theinternd computation as oppo®d to wha theinternd
computation actudly evolved for. In apar of papers tha we published a couple of years
ago', we defined thefaculty of languayein thebroad sense (FLB) asinduding all the
mental processes that are both necessary and sufficient to support language. Thereason
why we want to doit in tha way is because there are numerousthingsinternd to the
mind that will beinvdved in languaye processing, but tha need not be specific to
languaye For example, memory isinvdved in language processing, butit is not
specific to languaye So it@important to distinguish those features that areinvolved in
the process of languaye computation from those that are specific to it. Tha@ why we
developeal theidea of thefaculty of languayein the narrow sense (FLN), a faculty with
two key components: 1) those mental processes that are uniqueto languaye, and 2)
those tha are uniqueto humans Therefore, it sets outa compaative phylogenetic
agendain tha we arelooking both for wha aspects are uniqueto humans, butaso wha
aspects are uniqueto language as afaculty.

Evolingo,then, isanew, mogly methodobgical, way of thinking aboutthe evolution of
languaye, whoe naure can bedescribed in terms of the three core components tha
have been talked aboutin thelast couple of daysN i.e., the system of computationd
rules onthe onehand, semantics or the concgptud intentiond system, and the sensory-
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motor or phonobgical system and ther interfaces. Wha the evolingo approach then
puts forward is that we are looking for the study of mind-internd linguistic
computations focusng onthose capecities tha are shared, meaning bath in terms of
homologies (traits tha have evolved throughdirect, common descent) as well as
homoplasies (traits that have evolved largdy from convergence or indgpendent
evolution, butarise dueto respongs to common problems), looking at those aspects that
are unigueto humansand uniqueto languaye as adomain of knowledge

Therea changewith the prior history of work ontheevolution of languageistha it
focused amog entirely on non-communicative competendes, usng methodsthat tap
both spontaneouscapecities as well as tho tha involve training. | want to make jus
onequick point here, because | think some of thework tha | e donein the past has
confused this. Much of thework in animal learning tha has goneonin thepast has
involved a particular kind of training methodobgy tha, by its design, enables exquisite
control over theanima @& behavior. In contrast, much of thework tha we have donein
the past ten or so years has departed, notintellectualy, butl think methodobgcally
from prior approaches by looking at wha animals do spontaneoudy, in theabsence of
training. These are not competing methods they®e complementary, and they are
important in part for something tha Juan Uriagereka mentioned before. Juan described
the experiment tha Tecumseh Fitch and | did asinvolving training, butthat is explicitly
wha we were moving away from. We did nottrain the animals througha process of
reward or punishment to show what kindsof paternsthey can extract. We merely
expoed them, passively, in much the same way that studies of human infants proceed,
and tha Lila Gleitman described theother day. We are trying to use very comparable
methodsto those used with human infants so tha if we find similar kindsof behaviors,
we can be more confident aboutnot only the computation, buthow it was acquired and
implemented. I pick up onthese points later in thetalk.

So thetwo very important empirical questionsthat |@ addressin amoment are: 1) to
wha extent are the conogptud representationstha appear to uniqudy enter into
linguistic computation built from nonlinguistic resources; and 2) to what extent have
linguistic conceptud representationstrangormed in evolution and ontogeny some of
our ontological commitments? Thereason why | think thisisimportant, and thereason
why | think the evolingochangein approach has been important, istha amog all the
work at a phylogenetic level that has addressed questionsof interest to linguists about
the nature of languaye languae structure and computation, has looked almog
exclugvely at the communication of animals, either thar natural communication or
wha we can train them to do with signlanguayes or symbols. Wha it has generally
failed to do, exceptin thelast few years, isto ask aboutthe computationd capecities
tha may be seen in completely different domainsand never externdized. Thisiswhy,
in my first paper with Noam and Tecumseh Fitch?, we made the andogy tha some of
the computationstha oneseesin languaye may well appear in something like spatial
navigaionN theintegration of spaial informationtha Randy elegantly described in
histalk aboutthenotion of landmarks and bearings. Thos kindsof computationsmay
have some similarity to thekindsof computationswe see in language

A couple of examples of how | think the structure of the questionshas changed inthe
field, away from questionslike GCan animals vocalize and refer to thingsin theworld?O
o animals have any syntactic structures?0to other kindsof questions | think in terms
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of conceptud evolutionthere are two issues, onehaving to do with the nature of animal
concepts. And here |l just take thelead from Randy® elegant work, and arguethét in
gened, theway tha peoplein thefield of animal cognition have thoughtaboutthemis
exactly theway tha Randy jug described, i.e. asisomorphisms or relationhips between
two distinat systems of representation. Critically, and as Randy described (1®n not
going to go throughthis, althoughinterestingly we picked out the same terms), they
seem to be abdract, not necessarily anchored in the perceptud or sensory experiences
for thingslike number, space, time and mental states. Importantly, there seemsto be
virtudly noconnectionin animals, perhgpswith the exception of honegybees (whichis
why | asked tha question), between the sensory-motor output of signding and the
richness of the conceptud systems they have. Notice there is nothing remotely like a
word in animal communication. | take it to bethe case tha wha is debated in thefield,
and | think wha should beof relevance to people working in languaye, arethe
followingissues: theddails of theformat and content of therepresentationsin animals;
how thelanguage faculty trandorms the conceptud space; and lastly, whether there are
languaye-specific conceptud resources. And it@ really thelatter question that | want to
address today.

A questionthat will be at least somewhat debated, perhgpsin the corner where Randy,
Rochd and| sit, iswha thenonlinguistic quantificationd systems are in animals and
humans Onesystem that certainly isnotquestional is the onetha Randy and Rochd
have worked onfor many years, andis often called the and og magnitudesystem. This
isasystem whos signaure or definitiond propety istha it computes approximate
number estimation with no absolute limit on number, butwith discrimination limited by
Weber ratios There is abundant evidence for thisin theanimal world, shown by studies
tha involve training animals, and studies tha invave sponaneousmethods Such
studies are complementary in the sense tha they both revea the signaure of the system
in animals like chimpanzees, rhesus monkeys, tamarins lemurs, rats, pigeonsand so
forth. A second system, which is perhgos more heatedly debaed in terms of whether it
should countas something nunerica is asystem tha some of ushave called the
radle individuaion systemQ or theobject file system. This system has a different
kind of signdure. It seemsto bevery precise, butit islimited in terms of the numbers
that it isprecise for N specifically in arangeof 3 to 4. So discriminaionis limited by
how many individuds can betracked at the same timein parallel. Hereas well, thereis
evidence from some training studies and some spontaneousmethods in both human
adults and infants, aswell asin primates.

| want to take you now to oneof my labs the beautiful island of Cayo Santiago, off the
coast of Puerto Rico, which isthe sole location for 1,000 rhesus monkeys. Wha®
beautiful aboutthisidandistha, in contrast to most studies of primates, thisisand has
avery largenunbe of individuds, aboutathousnd at a given time. They are pafectly
habituaed to our presence, alowing usto obsrve them at very close range safely, and
carry out experiments with them in anauralistic setting. Wha | want to tell you about
today isonekind of experiment tha lendsitself to asking aboutthe capacity for
numerical quantificationin afunaiondly significant, ecologically relevant foraging
task. Here isthe basic naure of the design, which you® hear aboutover and over again
in the next 5-10 minutes. We find an animal who is by himself or herself; we place two
boxesin frontof theanimal; we show them they®e empty, and then we proceed to
lower objects into theboxes. In mog cases, what we®e lowering are food objects that
we know they@e highly motivated to go find. In the typical expeiment we®e asking



them, ADo you prefer the box with more food or the onewith less food?DSince we can
assume tha they are goingto try to go for more food, the experiment should work.

So here@ theidea for the basic experiment, counterbaancing for all sorts of necessary
things We load into thefirst box oneapple followed by a second apple (the boxes are
opagqueso themonkeys can®see insde) and then we load oneapple into the second
box; we walk away and |et theanimal choos. Thisisonetria pe animal, we don®
repeat theindividuds, so wede going to be comparing across conditionswhere every
condition has 20 - 24 different individuds. We dor@train them, we don®even cue
them into wha thetask is until we walk away. We place the applesin thebox, walk
away, and let them choo% a box. When we dotha, here are theresults we get. If we
compare onepiece of apple going into abox and nothing in theother, they prefer 1 vs.
0,2vs. 1, 3vs 2, and4vs. 3, butthey fail to showa successful discriminaion of 5vs.
4,6Vvs. 4, 8vs. 4, and8vs. 3. So dthoughtheratios are favorable here relative to wha
they can dowith 2 vs. 1, they are notusng ratiosto make a discriminaion. The
discriminaionisfalingoutprecisely at 4 vs. 3. They can do nomore. So unde these
conditions(notraining, onetrial per individud), thisisthelevel of discriminaiontha
we find, and this pattern can not be explained by the andog magnitudesystem. Itis,
however, entirely congstent with the signaure of the parallel individudion system.

Now, let usturn to a conagptud domain that might appear to beprivileged for language,
morpho-syntax in paticular N i.e. thesingular-plural distinction N and ask the
guestion whether the concgptud roots uponwhich languaye was condructed over
evolutionay time andin development built uponsome conaeptud primitives that may
be seen in nonlinguistic creatures andin prelingustic human infants. Thebasic ideais
tha if we have onecat, or we have two, or millions of cats, we form thefollowing kind
of condruction with atermind Bs [shown off-screen]. Theresult tha opensthedoa to
the comparative angle comes from arecent study by Dave Barner, Susan Carey and
ther colleagues.® They presented infants with a version of the box-choice study | just
described for youwith rhesusmonkeys. When infants in the age rangeof 12-20 months
were tested, Barner and Carey foundtha subjects could discriminae 1 cracker from 2,
aswell as3 from 2, butthey failed with 4 vs. 3, 2vs. 4, and surprisingly, even 1vs. 4.
As soonas the number of items going into onebox exceeds 3, infants at this agefail the
discriminationtask. Of interest isthat at theage of around22 months when infants are
produang, in English, thesingular-plural morphology, they now succeed onthelvs. 4
task. Barner and Carey explain these results by suggesting that the explicit formulation
of thesingular-plural morphology, in terms of its representationd structure, enables a
new form of numerical discriminaion, specifically, onebeween singular and plural
entities. Therefore, in ontogeny we see alinguistic distinction first, and then a
conceptud distinction second Now if thisinterpretation is correct, and numerical
discrimination of thiskind dependson the singular-plural morphology, then of course
animals lacking this morphology will fail ona comparable task.

To test this hypothesis, | nowwant to runyou through a series of experiments tha ask
thefollowing question. If we consder thetwo noninguistic systems that |&e described,
the paralld individuaion system, which is precise (less than 4 in rhesusmonkeys), and
the andog magnitudesystem tha is approximate but with no absolute limit, both will
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predict success at singular vs. plural, andfor plura-plural aslongas with favorable
ratiosor fewer than 4 objects. So if both systems are opeative, which we know they
are, then singular-plural should work fineand so should plural-plural aslongasit has
these conditions So we are back to the box-choice experiment, butwe are goingto doit
inadighty different way. Now, rather than presenting the items oneby one we present
them as sets. So we show them 5 apples, those 5 apples go into thebox al at once and
disappear; next we show them 1 apple and this oneapple disappears into the box;, and
then we allow subijects to approach and chose onebox. Wha we dotherefore is present
plural sets, presented all at once as oppo®d to presenting individuds, andwe
countrbdance the order in which they gointo theboxes. We test for singular-plural (1
vs. 2and 1vs. 5), aswell asplura-plura (2 vs. 4 and 2 vs. 5). Now recall tha if either
the system of parallel individudion or andog magnitudes is opeaative, tha subjects will
be able to discriminate values of 4 or less.

Wha we findin terms of the propottion of subjects picking the larger number of
obijects, in this case apples, issuccesson 1 vs. 2 and 1 vs. 5. Now thisisan
uninformative result, at least for andog magnitudeor set-based quantification, because
both could work. But hereiswhere it gesinteresting: subjectsfail at 2vs. 4and 2 vs. 5.
These results cannotbe explained on thebasis of the andog magnitudesystem, and
certainly the 2 vs. 4 failure cannotbe explained onthe basis of parallel individuaion.
How, then, can we explain these daa? These datado notforce argection of the systems
for parallel individudion or andog magnitude Rather, they ssmply indicate that unde
thetesting conditionscarried out, these mechanisms are not recruited or expressed.
Why?

L et@ now run the same exact experiment, but carry it outasindividuds goinginto the
box. For example, we showthem five apples going into abox oneat atime, followed
by two apples goinginto another box oneat atime. So now it istill 5vs. 2, butthis
time presented as individuds as oppo®d to sets. They succeed aganonlvs. 2,1vs. 5
and 2 vs. 4, but they faill on2 vs. 5. Remember tha this patern is congstent with the
paalle individudion system, butincongstent with andog magnitude We therefore
recover the patern of results obtained in the original experiment, a paterntha is
entirely congstent with the system of paralel individuaion. But we can do better. We
can actudly turn the system on and off.

If we start out with individud apples, butwe load them in as sets, wha hgppens? Here,
subjectssucceed on1vs. 2 and 1 vs. 5, butthey fail on2vs. 4, and2 vs. 5. In other
words when setsgoin last, they are back to set-based quantification, even thoughthey
see them individuaed. If we start outwith sets, but we load them in asindividuds, now
they succeedonlvs. 2, 1vs. 5, and 2 vs. 4, butthey faill on2 vs. 5. In other words,
wha isdrivingthe system is the set-based quantificationd system. If they see objects as
sets asthelast thing, then they use a set-based system to quantify which has more; if
they see thingsgoing in asindividuds, then discriminaion is based on the system of
paalld individudion.

What | would like to argue therefore, istha rhesusmonkeys seem to bemaking a
conceptud distinction between singular and plural. Theresults| have presented today
cannotbe explained by the currently available mechanisms tha have been discussed,
eithe andog magnitudeor paalel individudion. Agan, thisisnotto reect those
mechanisms as viable mechanisms for quantification, butthey smply cannotaccount
for thepatern of daawe see today. Theefore, asaworking hypohesis, wha | would
like to argueistha this system of set-based quantificationis part of thefaculty of



languayein thebroad sense (FLB), butit is not something specific to languageandis
nottherefore pat of FLN.

Now | moveto asecondline of experiments tha plays on the mass-countdistinction, a
topic of congderable interest to both semanticists and syntacticians Thequestionis:
could thisdistinction, and its ontological commitments, berooted in anon-linguistic
conceptud format, and thus present in other animals? We have countnouns thingstha
can be enumerated (cup, shovd, apple), and we have mass nouns thingstha cannotbe
enumerated unless there is a preceding classifier or packaging term (e.g. not *w aters,
but cupsof water, not*sandsbut piles of sand), so we don®say e.g. *3 sands The
guestionis: does this kind of distinction, which appearsin naura languages (notall, but
many), trandate into conaeptud resources tha are nonlinguistic, present early in
evolution and ontogeny? Consde the experiments on enumeration in human infants,
and specifically the classic studies by Karen Wynn that were doneinitialy with solid
objects (e.g., Mickey Mous dolls), usngtheviolation-of-expectancy looking time
methodthat Lila mentioned yesterday in her talk. Wynn@ results, and the many
replicationstha followed, show tha if you place one object behind a screen followed
by a secondong and you pull the screen away, babies will look longe at violationsof
thoe numbes. So if you place 2 objects behind the screen butthen reveal 1 or 3, babies
look longe at these outcomes than at an outcome of 2. But if you runthe exact same
experiment, butpoursand (onepou of sand followed by a second pour of sand) and
revea 1, 2 or 3 piles of sand, babies do notlook longe at these different outcomes. This
suggests tha in order for enumeration to proceed, infants require individuds, discrete
items tha can beenumerated. Thee is something fundamentally different between solid
objects and non-solid masses.

To address the evolutionay or phylogenetic aspect of this problem, we ran asmilar
experiment, usng thebox-choice experiment | described earlier. To motivate the
animals, we used small pieces of carrot, poured out of abudket. We fill up beakers with
carrot pieces and then pou them into the opaguebuckets, walk away, and give the
monkeys a choice between two budkets that have different amounts of carrot pieces. We
present 2 vs. 1, 3vs. 2 and so forth, pouring pieces of carrot outf a besker. The
monkeys pick 2 vs. 1 beaker pous, 3vs. 2, and4 vs. 3, butthey fail at 5 vs. 4 and 6 vs.
3. Thisis exactly the patern of results | presented for objects, butnowthey are carrying
out the computation over pouring of quantities or masses of carrot pieces. Now, this
confoundsmany thingsinduding volume, so can we control for these factors and see if
they are actudly enumerating. To find outwe pour1 big quantity of carrot piecesvs. 2
medium ones, where volume is now equaed but the actionsare different. Here they
pick 2 mediumover 1 big, so now quantity is beng taken over by thenunmber of actud
pours. If we show them theidentical number of actions 1 vs. 1, butwhere onebeaker is
afull volume of carrot pieces and oneis asmall volume, they pick theonebig over
small, showing they®e paying attention to thevolume. Regarding al the previous
conditions they could actudly see theamountof carrot piecesin thebeaker, because
the beaker was trangarent, but if we make it opague so they actudly have to attend to
wha isfaling out of thebeaker, they till pick 2 vs. 1. So they are actudly tracking the
amountof stuff falling out of the beaker. Togeher, these results suggest tha rhesusare
computing numerodties over solid and non-solid entities, tapping in these conditions
the system of paralel individudion. These paternsstand in contrast to those presented
thusfar for infants, where the enumerative capecities tapped for objects falls apart for
Masses.



Let me now end by returning to the questions| posd at the beginning. First, to what
extent are the conceptual representations that appear to uniquely enter into linguistic
computation built from non-linguistic resources? Thisquestionis, to me, only
beginning to be addressed, but the problem of quantifiers and ther representationd
format, seemsideally suited for further exploration. Can we get to the point where we
can ask aboutwhether animals have some notion of many vs. all or some? Are thekinds
of logica quantifiersthat enter into languaye built uponconceptud resources tha have
amuch more andent evolutionay trgectory? We are only beginning to ask questions
such as this, and we have few answers. Secondly, to what extent have linguistic
conceptual representations transformed in evolution and ontogeny our ontological
commitments? Thespeculation | @ like to leave you with isthis. If you condder the
results | jug presented, involving rhesus monkeys enumerating carrot pieces, and you
contrast these with the baby results on pouring sand, | think thereis an interesting
proposl with respect to therelationsip beween language and ontological
commitments. Specifically, athoughinfants do notyet have, in thar produdionor
comprehengon, anything like a mass-countdistinction, theevolution of that distinction
within language has actudly trandormed our ontological commitments such tha infants
see theworld differently than do rhesus monkeys, who are happily enumerating masses
in away tha at least babies seem notto. In other words humansuniqudy evolved the
mass-countdistinction as a parametric setting, initially set as adefault, butthen
modifiable by thelocal languaye, leading some natural languayes to make the
distinction, butonly optiondly.

Thank you very much.



