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Some blind indivi :
to avoid obs‘raclesﬁiatl}igfve ; lemarkabl'e S
paths, often without
any awareness of how they do so. In 1749, the
French philosopher Denis Diderot (1916) studied
one of these adept individuals and concluded
that he relied on air currents deflected by the
obstacles. By the time Karl Dallenbach and
his colleagues tackled the question at Cornell
University, 14 theories had been proposed (Supa,
Cotzin, & Dallenbach, 1944) to explain how blind
subjects could detect a wall from 4-17 feet away.
They concluded that the subjects accomplished
this by listening to the sounds of their footsteps
reflected by the obstacle as they approached. Their
performance was still surprisingly good when they
listened from another room through headphones
as an experimenter carrying a microphone walked

toward the wall.

Blind individuals may use echolocation passively—
simply listening for reflected sounds in their
environment—or actively, by scuffing their feet or
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tapping a cane on the
pavement, but these
efforts can be thwarted
by thick carpeting
or a blanket of snow.
Researchers have
demonstrated that
humans echolocate
better when they
actively vocalize instead
of passively listen
(Flanagin et al,, 2017),
and Daniel Kish is a
living example of this
principle. Daniel lost
his eyes to cancer at
the age of one, but he
grew up surprisingly
normally, even riding
a bicycle to school
(Kish, 2013). It wasn’t until he was 11 that a friend
pointed out to him that he was using echolocation,
clicking his tongue two to three times a second
and listening for the echoes. As an adult, he bikes
in busy traffic, travels by plane without assistance,
and hikes in the woods, where he can recognize
trees by the difference in the way the leaves and
the trunks reflect the sounds. An fMRI study
showed that blind individuals engage part of the
visual cortex during echolocation, an area that
is well suited for processing spatial information
(see figure; Thaler, Arnott, & Goodale, 2011).
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A team at University of California, Berkeley,

took inspiration from bat echolocation to create

a device that emits ultrasonic sweeps, whose
echoes provide higher spatial resolution than
sounds in our normal range of hearing; the device
then converts the echoes to sound frequencies
we can hear. Even untrained individuals could
use the echoes to locate objects and determine
their distance (Sohl-Dickstein et al.,, 2015).

Language

Now that we have gone over the basics of the a
Need to learn: language. Few would question the importance
the meaning of the term language: It is not limited to speech b
Ofwritten, spoken, and gestural communication. Commgn
Yalue and is inestimably important to human social relation
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uditory system, let’s ap
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others is worse off still. These capabilities not only require learning; they a;ilslo (fiflli:sr;dfzr? CStIi’;?SﬁC structures of
the brain, and damage to these structures can deprive a person of some or all o :

Every language is characterized by a consistent set of rule§, ca.]le(iﬁgrzmmar. "tIiCh;s if)ﬂr;zl C:;n;lee (}gl;;tre 1lf\l/ex.
ible yet still convey the ideas and meaning of the speak?r, whichisc . e d seman = 3 G 2 . .ars
character Yoda frequently speaks with altered grammar in sentencesiikeRSEyOUIICOSBERSIESS TR EINE
is clear. The individual sounds that comprise a language are called phonemes. Phonemes are S@aﬂ mts of speech
sound that distinguish one word from another—for example, the beginning sounds that ChStll‘.lngh book, took,
and cook. Phonemes can be combinations of consonants and vowels (and even clicks!) and vary in languages from
less than 20 in Polynesian languages (like Hawaiian) to over 80 in Taa (spoken in Botswana and Namibia).

In 1861, the French physician Paul Broca reported his observations of a patient who for 21 years had been
almost unable to speak. Tan, as the hospital staff knew him because that was one of the few sounds he could
make, died shortly after he came under Broca’s care. The autopsy revealed that Tan's brain damage was in the
posterior portion of the left frontal lobe. After studying eight other patients, Broca concluded that aphasia—
language impairment caused by damage to the brain—results from damage to the frontal area anterior to the
motor cortex, now known as Broca’s area. Nine years later, a German doctor named Carl Wernicke identified
a second site where damage produced a different form of aphasia. Located in the posterior portion of the left
temporal lobe, this site is known as Wernicke's area. See Figure 9.17 to locate Broca’s and Wernicke’s areas and
the other structures to be discussed here. Most of our understanding of the brain structures involved in lan-
guage comes from studies of brain-damaged individuals, so this is where we will start.

Broca’s Area

Broca’s aphasia is language impairment caused by dama
cortical areas. The symptoms can best be understood b
this interview, you will see why the disorder is also refe

ge to Broca’s area and surrounding cortical and sub-
Y examining the speech of a stroke patient; as you read
rred to as expressive aphasia.

Doctor: What happened to make you lose your speech?

Mr. Ford:  Head, fall, Jesus Christ, me no g00d, str, str . . . oh Jesus i
e - . . Stroke.

Doctor: I see. Could you tell me, Mr. Ford, what you’ve
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Wernicl
o Wernicke’s 1€ person has difficult un
- called receprive oI A Y4 derstandmg and producing spoken and written language
This is pnasia, but that term is mj e

standing language also show up in producing it. For
patient asked to describe a picture of two boys steali
here working her work to get her better, but when she’

working another tim €’ (Geschwind, 1979). This meaningless spe i
ech i
Because the speech of the Wernicke’s patientis a . ] 1 proner T R

rticulate and has the i
) s ) ; proper rhythm, it sounds normal to the
casual listener. The first time one of us met a person with Wernicke’s aphasia, he was knocking on the social worker’s

door at the nursing home, and he thought it was because his thoughts were elsewhere that he failed to understand
one of the residents when she spoke. But then his “Pardon me” elicited “She’s in the frimfram?” and he realized the
problem was hers rather than his. He responded with a pleasantry, and she gave a classic w:;rd—salad reply. That
began a long relationship of conversations, but the difference was that neither of us ever understood the other;
another difference was that it did not matter, because she seemed strangely unaware that anything was amiss.

The Wernicke-Geschwind Model

Of course, language requires more than just these two areas. Wernicke suggested, and Norman Geschwind
later elaborated on, a model for how Broca’s area and Wernicke’s area interact to produce language (Geschwind,
1970, 1972, 1979). The model is illustrated in Figure 9.18 and in the following examples. Answering a verbal
question involves a progression of activity from the auditory cortex to Wernicke’s area, and then to Broca’s area.
Broca’s area then formulates articulation of the verbal response and sends the result to the facial area of the
motor cortex, which produces the speech. If the response is to be written, Wernicke’s area‘send‘s output t_o th.e
angular gyrus instead, where it elicits a visual pattern. When a person reads al_oud’, the visual information is
translated into an auditory form by the angular gyrus and then passed to Wernickess area, whenje aresponse s
generated and sent to Broca’s area for directing the muscles of the throat, mc'>uth, and lungs. The idea that visual
information must be converted to an auditory form for processing arose in part fro.m the fac_t that lan_guage
evolved long before writing was invented, and Wernicke’s area was believed to Ope'ratelln an 1:;1uq1t01rly fasglon,
This system has long been the primary model for how language operatesc.l Ithls s att s Zé;nr:i fe I;irr(l)c;:zrr?csl
to explain the various aphasias. Modern imaging techniques h?ve conﬁFme thifi P::bl'celgts e St
Wernicke’s areas in language. One study has traced the progres?lon of activity while : j P
. ke’s area and then to Broca’s area (Dhond, Buckner,
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Dale, Marinkovic, & Halgren, 2001). However there are problems. One is thatlanguage functions are not limited
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Electrical stimulation studies (Mateer & Cameron, 1989; Ojemann, 1983) and studies of brain damage
(Hécaen & Angelergues, 1964) have also shown that the various components of language functioning are scat-
tered throughout all four lobes (Figure 9.19). This does not mean that there is no specialization of the cortical
areas; for example, articulation errors are still more likely to result from frontal damage and comprehension
problems from damage in the temporal lobes (Hécaen & Angelergues; Mazzocchi & Vignolo, 1979). However, it
We do know ike visi i i
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B FIGURES.20 PET Scans During Reading

Viewing letterlike forms (a) and strings of consonants (b)

) b i did not activate the area between the primary visual cortex and language

and real words (d) did.
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Recovery From Aphasia and Lateralization of Language

There is usually some recovery from acquired aphasia during the first one or two years, more so for Broca’s
aphasia than for Wernicke’s aphasia (I. P. Martins & Ferro, 1992). Initial improvement is due to reduction
ofthe swelling that often accompanies brain damage rather than to any neural' r?orgagigation. Just how the
remaining recovery occurs is not well understood, butitis a testamept to the bralps plasticity. ‘ -
The right hemisphere can take over language functions following left—hem1sphere da@age, if the injury
occurs early in life. A two-year-old girl had a left-hemisphere stroke; her language was ‘1mpa1red,. but she devel-
oped normal language capability by the age of seven. Then at the gee of 56, she had a rlgbt—herrlllspgfl()ere S olge,
which resulted in a second aphasia from which she had onlyl mlnlmal recovery (Gue}itrlelgo et abl, 1 5.) h ng ;i
hemisphere language was confirmed by fMRI in all five ind1v1dugl§ ofa groupl wzlz)% ; )a R een orrxl] wx(; N;r;a =
equate blood supply to the language areas of the left hemisphere (Vikingstad etal., . Rasmussen and Milner
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right-hemispb ere compensation. Patients whose left-hemisphere : amager B e e
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had shifteq into the border of the parietal lobe. Since language unFStm R
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Nctional areas.
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o SR gl hote working vocabulary is at least 60,000 words (Dronkers, Pinker, & Damasio, 2000). This means that
e, s, s R learn a new word about every 90 waking minutes. The hearing children of deaf parents pick up lan-
guage just about as fast as children with hearing parents (Lenneberg, 1969), despite

B learning opportunities. Not only are preadolescent children particularly

B FIGURE9.23 Babjes of Signing “ sensitive language learners, but they are also believed to be the driving force in the
Parents Babble With Their Hands. JJ development of creole language (which combines elements of two languages, allow-

| ing communication between the cultures). In N icaragua, children in the school for

Unlike the meaningless hand movements . ; ; : :
the deaf, where sign language is not taught, have devised their own sign language

of other infants (which they also make '

at other times), their babbling is like with unique gestures and grammar (Senghas, Kita, & Ozyiirek, 2004).

their parents’ signing. Babbling hand l Noam Chomsky (1980) and later Steven Pinker (1994) interpreted children’s
movements are slower and restricted to ' readiness to learn language as evidence of a language acquisition device, a hypoth-
the space in front of the infants’ bodies, ] esized part of the brain dedicated to learning and controlling language. Not all

and they correspond to the rhythmic | researchers agree with this ideg (
patterning of adult sign-syllables. l

thythmic language patterns, a sensitivity that does
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Chapter 9. Hearing and Language
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Z"jjiéesaémng .Spanish'learned to distinguish among
1 etter if they simply listened to the new
anguage rather than trying to speak along with
the'l’lew material. So there might be something to
taking frequent breaks from intensive language

study and turn on a movie in that language while
you do something else.

THOUGHT QUESTIONS

1. How could you apply the results of these
studies to learning a new language in
college?

2. Why do you think that listening by itself
leads to better language learning than
listening while repeating?

For the news story, visit edge.sagepub.com/
garrettse and select the Chapter 9 study resources.

(Geschwind & Levitsky, 1968; Rubens, 1977; Wada, Clarke, & Hamm, 1975) are longer. These differences are
not the result of usage. By the 20th week of gestation, the left temporal lobe is already beginning to enlarge
relative to the right (Kasprian et al., 2010), and the left planum temporale is larger by the 29th week (Wada
etal, 1975). At birth or shortly after, speech causes a greater increase in cerebral blood flow than nonspeech
sounds, speech sounds activate the same Jeft-hemisphere language areas as in adults, and sentence melody
activates the right hemisphere (reviewed by Friederici, 2006). Congenitally deaf individuals also have larger
left temporal lobes, though the lack of auditory experience does resultin fewer connections between language

areas and auditory centers (Shibata, 2007).

Storing Multiple Languages

Additional evidence for a language acquisition device co@es from s
with sign language. Left-hemisphere damage impairs sign-langua
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ingis especially interesting in the deaf individual
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esting because Wernicke’s area has tradi-
ed the conversion of written words into an auditory
atile than some theorists have thought, or the
handle visual language.

ofalimited subset of brain structures. ;
e after childhood, when the brain is less pl‘{lStl.C
e the task? Two imaging studies indicate that this

“described” events from the previ-
the frontal lobes, with cen-
ts who learned their second
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questionable at best. A reasonable interpretation of these data is that certain brain areas evolved simply to han-
derapidly changing information and complex discriminations, which language in its various forms requires.
The strongest proponent of this “language as use” theory is Vyvyan Evans, who cites agrammatic languages in
native Australia, and the lack of new spontaneous languages forming in isolated groups of humans, as evidence
that language may simply be the result of our vast capacity to learn. Another view is that the language areas are
primarily specialized for different aspects of general learning: the frontal area for “procedural” or how-to learn-
ing that coincides with the rules of grammar and verb tenses, and the temporal area for “declarative” or informa-
tional learning and, thus, the storage of word meanings and information about irregular word forms (Ullman,
2001). Even if these learning structures have been “borrowed” to serve language functi(')ns. and.the concept ofa
dedicated language acquisition device isn't meaningful, itis still clear that the hurpan brain s unlq.uely .w.rell .ﬁtted
for creating, refining, and learning language. We will explore the possible evolutionary roots of this ability in the

context of animal language.

Language in Nonhuman Animals

. ! ~ If- :
Research has refuted most of humans’ claims to uniquencss, including tool use, tool making, and self recog
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e ratixglhozifhlz eVlfleI;ﬁanguage research is thatany behav;]or‘(r);ill)::;ecmnisms. e e
anima] i ;V“m a'n%m d in common ancestors, of Lroue S}i the major contenders for a coprocessor
b $ must i:ave originated 1 biects of mammalian research, ) e
: ales, and gorillas have been the subj ‘I bonobo. Thereason is that huma];ls a i A
; } A A
°r linguage have been the Chlmpanllee a:m & million years ago and we still share
M common ancestors a relatively rec

(Prufer et al, 2012).
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s? later researchers turned to Am :
chimpanzee Washoe learned to use 132 signs;

0T SOLEY i one ( ; § '
she would sign “sorry” when she bit some : e g s bt o A
tr. m\‘tbrmbleb to others: Washoes adopted son, Loulis, learned 47 signs from I mps, The

j e .
chimps regularly carried on sign-language conversations among thems.e.lveu, r?l(:jt :ﬁg:iitﬁiﬁufs or tick-
ling, asking to be chased, and signing “smile” (Fouts et al., 1984). Bu(t( critics arg 7 . P nzef had
]ea}ned to }'or111 a sentence; they concluded that expressions such as “banana me eat banana 'are )us't a “run-
ning-on” of words, and Washoe's signing “water bird” in the presence of a swan was not the inventive char-
acterization of “a bird that inhabits water” but the separate identification of the bird and the water it was on

(Terrace, Petitto, Sanders, & Bever, 1979).
Results were more remarkable with bonobos, a near relative of chimpanzees and equally close to humans,

When Duane and Sue Savage-Rumbaugh trained the bonobo Mutata to communicate by pressing symbols on
a panel, her son Kanzi spontaneously began to communicate with the symbols and eventually learned 150 of
them without any formal instruction (Figure 9.27; S. Savage-Rumbaugh, 1987; S. Savage-Rumbaugh, McDonald,
Sevcik, Hopkins, & Rubert, 1986). Kanzi uses the board to request specific food items or to be taken to specific
locations on the 55-acre research preserve, asks one person to chase a specific other person, and responds to sim-
ilar requests from trainers. His communication skills have been estimated at the level of a two-year-old child (E.
S. Savage-Rumbaugh et al., 1993).
\ioca(lie]e;rcl}}];;}ilslllzp; (a)zddtl);)nobos uli;e predominantly gestural communication mechanisms, while we usea
. : ionrspokenlanguage evolvelfrom algesturalloncAlnE o
ost support. One theory, described by Corballis (2002)
for gestural language, to communicate over | ; > Suggests that vocal language was a replacement
er longer distances. Another theory, put forth by Dunbar (199),
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But what some researchers do see in the animals’ performance is evi
e nce ; ;
e £ s (GnoniE et PN e 1998)15 evidence of evolutionary foundations of our

Neural and Genetic Antecedents

An ?pproach of some res.earche‘rs has been to determine whether other animals share with us any of the
brain organization assoFlated with human language. The results have been intriguing. In the chimpanzee,
as with humans, there is a greater ratio of white to gray matter in the left hemisphere than in the right
(Cantalupo et al., 2009), and the left lateral fissure is longer and the planum temporale is larger (Gannon
etal,, 1998; Yeni-Komshian & Benson, 1976). Japanese macaque monkeys respond better to calls of their
own species when the recorded calls are presented through headphones to the right ear (and, therefore,
primarily to the left hemisphere) than when they are presented to the left ear. There is no left-hemisphere
advantage for the (nonmeaningful) calls of another monkey species (M. R. Petersen, Beecher, Zoloth,
Moody, & Stebbins, 1978). Dolphins and the Rumbaughs’ chimps Austin and Sherman responded more
quickly when symbols or command gestures were presented to their left hemisphere (Hopkins & Morris,
1993; Morrel-Samuels & Herman, 1993). Songbirds and parrots have language centers functionally analo-
gous to Broca’s and Wernicke’s areas (called RA and HVC, respectively; Vu, Mazurek, & Kuo, 1994). finally,
birds also have a dominant side of the brain for controlling song: dominant-side 1esihogs to HVC in both
canary and zebra finch brains severely disrupted their songs (Nottebohm, 1977; H. Williams, Crane, Hale,

Esposito, & Nottebohm, 1992).
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B FIGURE 9.29 Overlap Between Language
Areas and Areas Involved in Imitation.

Yellow indicates Broca’s and Wernicke’s areas and nearby

areas that are active during imitation of acts by others. The
overlapping brown areas are also active, and red indicates
additional areas involved in imitation.

Source: Image provided courtesy of Dr, Marco lacoboni. Adapted from “The
Origin of Speech,” by C. Holden, 2004, Science, 308, p. 1318,
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ing language. Whatever brain foundatlons ot language we shyy,
with other animals required extensive refinement, .such as expan.
sion of the brain, including the language areas; migration of tpe
larynx lower in the throat, which increased vocalization range;
and the development of imitative ability, which is POOr in nonhy.
man primates (Holden, 2004a).

Suggesting that language is a product of evolution mean,
of course, that genes are involved. KIAA03] 9, one of the genes
contributing to dyslexia, also plays a role in the development
of speech and language (M. L. Rice, Smith, & Gayan, 2009),
and CNTNAP2 and ATP2C2 have been implicated in language
impairment (Newbury, Fisher, & Monaco, 2010; Vernes et
al., 2008). ROBO1, a gene that controls axon guidance in fetal
speech and hearing areas (C.Johnson, Drgon, McMahon, & Uhl,
2009), has been implicated in 4 particularly severe type of dys-
lexia (Hannula-Jouppi et a]. 2005) and is also found in avian
brain areas involved in song learning (R. Wang et al., 2015).
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som : dge in the area
| say el

| Lo G e from ;anij from Rodak’s restaurant in Mahopac, New
| 24 = e e i B o or .'Good stuff. Gerald is from New York, so
| = : stroRiss e dia]ects}n = e he enjoys bottles of “soda” refers to a group of
| & AT e e people as “you guys,” and wears “sneakers” Bob,
U of s a 1st1§1an, ‘ on the other hand, grew up in Texas, 50 he calls
o w - ate University, these things “eoln” 47l pml “tennis shoes” If
- e diales;rrge rercr;arkably You want to learn about geographical language
ci podic oundaries oddities (lik o 1
in American English (Katgz, 2016). st e

beating his wife” for when it rains when the sun is
shining) and other dialectical differences, be sure

Do you call a carbonated “Dop,” 2
) beverage Pop,” “soda, to read Katz’s book, Speaking American, (2016).

or “coke”? The “bop” crowd tends to be in the
northern United States, The “soda” group includes
the desert Southwest, the Northeast, and for some
reason the area around St. Louis. The “coke”
bunch is in the South, east of New Mexico. Do

you call the thing you drink water out of in school

So where do we get these localized differences in
language, seeing that we all learn the same basic
language rules and vocabulary in school? We
learn these differences during the sensitive period
of our language development, when a group of

a “bubbler”? Youwre from Wisconsin. Do you call
something diagonally across an intersection
“catty-corner,” or do you say “kitty-corner”? That
separates those who grew up in the South (catty)
from those who grew up in the North and West
(kitty). Sometimes a particular word can originate
from a very small area. In Putnam and Westchester
counties in New York, where Gerald grew up,

people decide to call something a unique term,
and it passes from person to person through
cultural learning until most of the people in
that area use the same term. Once learned, we
carry these regional differences with us for the
rest of our lives, which serves as a reminder of
where we began our journeys. They indicate the
background we’ve each had and the experiences

we went through, and they provide clues to how
little we seem to travel from our birth areas.

there was a rather unique name for a sandwich
with meats, vegetables, and cheese: They call it

Take a Minute to Check Your Knowledge and Understanding

A 5
* Inwhatways is the Wernicke-Geschwind model correct? In what waysiis it |.ncorrect. e
* Whatare the different roles of the left and right hemispheres in language (in most people)?

Chapter 8 for part of the answer.) ¢ %
* Whatclues are there in dialects for the movements of people?

Inp erspective . t
ould have said that vision is the most 1g1portan
hought her deafness was a greater handicap than

and provides for the social interactions t.hat.bmd
i ch resources in the intricate

Our guess i that at the beginning of this chapter you w
¥nse. Perhaps noy you can appreciate why Helen Keller t
her blindness, Hearing alerts us to danger, brings us rmmci oo
Uimang together. Small wonder that during evolution, the body

Mechanismg of b, g.



