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n this paper, I went to dlscuss gome data about the spepifiq
role eagh heminphere has in a letter informgbion procesging.
- The problem is to undergtand how eaoh hemispere works and when
& pupeviority of one on the other eppears,

To this end a simple paradigm has been used. As ghown
by Posper (1969), a pair of letters as "B B" may bhe clagsdfied
ag "sene" faster than a pailr of lethers like "B b, In the firet
cage the letters hold e physicel identity (emd, of course,a new
me idénpity), while the secong ones have only a name identity.
The lopger RY of the latter seems que o @ verbal processing of
the two letters, that shows their same name and perhaps their
gane sound so, the paradigm meems 0 be useful to see whigh mey
gheniemsg of the brain are inyolved in an apparently simple prém
cesg of letbter matching,

Lelt end right hemispheres hold anatomicel snd funotioe
nal differences,

Prom Broea's observations (1861, 1865) of a quite diffen
'pent effect in the damege of the left hemisphere as compared
with that of the right ome, many studies have shown that the
Lalt hamig?here ig better to analyse verbal stimuli and the
right to analyse nonverbal end spatial configurations,

However, 1t is quite clear today that the veybal-nonvegr-
‘bal dichotomy 1g degeriptive only and does not say maoh about |
the basic mechanisme that undérlie funetional hemispheric asyme
metriesQ
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Why must the left hemisphere be better to process vermw
bal matepial? Or whal are the perticular processes involved
in verbal bveheviour?

The studles withsg&ib—bfain patients heve shown that,

- although relatively incapable of produsing either written or
spaken lenguage, the right hemigphere (RH) cen updersteand gine
gle end complex syntactical constructions, '

- Other dichptomieé heye heen proposed to explain hemin~
gpheric differences and how the two hemispheres work:the lef?
hemlephere hag been geen as an snalytice engd serial processor
while the right as an holiatgof%nd,parallel Processor,

Aégin it has been proposed that the twb hemigphoeres
differ in theip neural orgenization with a diffuse represenw
tation of elementary functions in the RH and a higher lqgcalis-
zation of functiohs in the LH, whiéh would favour the.latter!s
spepinalization for lengusge (where o temporally ordered prom

- cegs seems To be invelved).

Generslly, there is the need to define thgmgigjfggggim
gompon to all behévioural phenomena that are asséciated wi th
hemispheric differences. and %o specify the role each cerebral
hemisphere has in information processing. Degpite this, the
resylte found with normels snd patients leave sgain a greatb
- deal of uncertalnty about the exact nature of the underlying

funclionel asymmetries and the renge of cognitive preoqesses
to which they applye
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Here I want to discuss only the first and oldestl dicho-
tomy, that is the verbal-nonverhal one, Nowadavs, 1t 1s evident
that it 1s not the type of stimulus to determine yhich hemisphew
re is dominent, but rather theljgggwgim;gig;ﬁg£59n processing rem
quired to solve the given problem, '

I% cnly visual recognition is called Lor, even 1T the mom
terial is verbal, the right hemisphere acts; However,if a verbéq.
trapsformation is demanded, even if the material is nonverbael,it
is handled by the left hemisphers, ' ' |

' Gome data are now availahle that show a RH superiority
even With 8 seemingly linguistic task like a verbal report, or &
neteh betwean an acoustically preéented letter aﬂd a visuslly
presented one.

Two possible hypoteses may be proposed. One is that the
RH nlght determine the ngme of the letter or the word and also
‘generate g, copresponding viswval image from a linguistic infore

‘mafbiollp 5, re(a\\%JL

ﬂgxiwta Angther hypotesis is that linguisfic enalysis oqours onw

ly in the LH, the results of which are transferred to the pright.
As shown by Posner (1969), the single match of two letw
ters, in a same-ddifferent reaction time task, can be performed
elther on the basis of physical dues (i.e. o viguo=spabial type
of processing) or on the basis of the letter name (i.0. 8 line
guistio type of processing). Posner showed that a physical idenm
tity (e.g. BB .or bb) cen be classified as "same" about 70 msec
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fagter then o name identity (e.g. Bb or bB).

According o the data on hemispheric asymmetries we
can suppose that the RH is faster in evaluating a physical
ldentity, while the LH can he fagter in the evaluation of s
name identity.

Previous studies that have used Posner's paradign to
investigate hemigpheric differences in coding, are consistent
wilth these predictions. Howsver, in a paper by Cohen (1972)
only 3 subjechs out of 6 showed faster name identity  (I1IL)
matches in the left hemisphere than in the right, while 5
subjects out of 6 showed the advantage of the RH in the case
of physical identity (PI) matches.

Mother study (Davis end Schmidt, 1973) failed to fiad
a significative difference between PI and NI matches and thus
could not show a difference between the two hemispheres, |

Gazzeniga (1970) and Moscovitch (1976) did not find a
difference hetween the two hemispheres with physical identity.

An interesting point to discuss with the same~different
paradign is the result given by "different" responses.Clesrly
the "different" letters mugt be hamed in order to gorrectly
claggify their name, snd thus a superiority of the left hemi-
sphere | would be predicted, as for NI matches,

Previous studies have not ghown a clear effect eng ofw=
ten no differences have been found hetween the two hemiéphereé,
We have to note that, generally, gifferent regponses_are ilonger

then PI and NI matbches, suggesting thot the different responses

e
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ére enalyzed in a different way.

Dichotic listening experiments have shown that the
left hemisphere ig better at processing the phonetic infor
mation carried by stop~consonsnis, while vowelsg don't show
clear—cut hemigpheric asymmetries end other types of congo-
nants yield intermediate resulis.

If NI and different matches are performed on an acoU-

L

stic basis, the advantage of the left hemigphere for stops

N

could inoféase,

I don't know of works that have studied the problem
of similar differences with visual perception.

Recent works on the acoustic modality have shown that
even vowel perception may yield a significent difference bete
ween the two hemispheres when listening conditions are diffi-
cult as compared to normal conditions(stimuli presented with
noise; greater similarity among stimuli; lenght of vowels) .

Whether vowels are in effect processed differently
from consonants is nof clear today. In partiocular, it is not

clear if vowels are also analyzed by phonetic categorization

or rather by an acoustic processing of the signal.
I;mentioned before that hemigpheric studies with vi-

sugl presentation have not analyzed this problem end letters

of seversl types have been used. Despite this, it seems to

me that it is very imporitesnt to know if consonants and vowels

behave in the same way for different modalities. In fact,this
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could mean that the sane procegses are involved regardless
of the modality of presentation.

Ancther problem to discuss is that advanced by Bry-
den end Allard (1976). They hasve found that Lhe LH superio-
rity Tor single letters dependg on the physical structure
of the stimuli., In fact, while the normel typefsces, like
those generally used in experiments of visual perception
vield a left superiority, others e.g. geript-like materisl,
show a right superiority. Bryden saand Allard (1976) proposed
that the identification of seript~like letters requires nNo=~
re visuowgpatial pre-procesging then print -~like letters,
and so the right hemisphere procesging prevails.

In the Posner parsdign the use of script-like typela-

ces might not modify the adventage of the left hemisphere

for NI matches, gince in aﬁy cagse the task should be perfor.-

med on the name of the letters. On the other hand & more

clear advantage of the right henigsphere for PIL matches might
ba evpected.

Another hypothegis is that, with script-like material,
the importence of the preliminary steges of visuwo~spatlisol pre—
procesging night show an overall adventsge for the RH both
for PI snd I matches (and alse for “dlfferent" responﬂes)-

To study these problems we have done some experiments.

For all of these, the paradign is the same:the subject
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has to classify a palr of letbers ag "game" 1f the letters
have the same name or the wame shape, that ls, 1if they heve
o PIL or a N1, or as "gifferent" if the lebters have diffe~
rent shapes and different names. The palrs were presented
to the right aund lo the left hemisphere of right=handed sube
jects for 100 mgec and RTs and errorsg were recorded. [, S
In a flirst study we used the Tive Italien vowels and . Vil
five ptop-consonents together. The most interesting result

of that experiment was a strong differance in RTs between vo~

B

6)[,(21

vwales and consonants (734 msec ve 768). It was not possible to

‘sttribute this aifference to particular complexities of the
congonant letters snd so we suggested that different proceg-
ses were involved.

In that experiment the -~xperimental situetion was qui-
te complex Tor the subject, becauge he had To discriminate

between game and different matches, hetween vowels and congow-

G g il

nants and between PIL and NI matches. i the followlng experim
ments we preferred to separate sbop-consonants from vowels.
Thus for the second study we used only the six Italian stop
congonents, both in a print-like form {as you can see at the
top of Ffigure 1 or in a soripi-like Tform (at the bottomofl the
same Tigure). Vsl Sy e SQ-Q.».»M’*‘{JQ,{)‘

Same and different responses were anslyzed separetely.

In the first experiment with print-iike usterial,"same"

regponges for PI and NI matches are different: PL matcheas are
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119.3 mpec fagter than NI matbches. But this difference depends
on the field of presentation. In fact, P1I metches are fagter
in the LVF and NI matches in the RVIP, As you can see in the
Table 1 the difference between PI and NI matches is greater in
the LVF then in the RVF (145.8 vs 92.9).

Different responses are loanger than same responses,out
no differences between the two hemispheres are shown.

In the second experiment, with script-like material, aw=
gain the "same" responses show a difference between PI and NI
matches (715.1 ve 912,8) and again this effect is different
for the visual field of presentation. LVF is faster for PI mate
ches and RVF for NI matches. The difference between PL and NL
L larger in the LVF then in RVF (263.9 vs 131.4).

"Different" responses are longer than "game" responses,
but again there is no difference between the field of pregento~
tion.

These data with gtop-consonants compl enent previous 0he
servations by other authors and are quité casy to explain,since
the specialigation of the left hemlisgphere for lingulstic proces=
sing 1s known. The advantage of the left hemisphere for NI nate
ches ig very clear and, perhaps, might te caused by the use of
stop=consconents.

Also PI matehes, at first sight, might be simple to di-

scusgs, because RH superiority for visuwo-spatial relationg has
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been demnonstrated in meny studies., However, in these two eXe
perinents PI matches are not so strong as NI matches, For e

xample, the difference between fields for PI matches ls smol-

ler than that between NI matches. We have good reagon to sug—

gest that PL matches may be performed egually qulckly by both
hemispheres,

Algo the second experiment shows thabt the LH ig betlerx
with NI matches and RH wilth PIL matches, but here too the supe=~
riority is stronger for neme matches than for Pl.

In both experiments, same responses are faster thandif
ferent ones, and the latter don't show any hemispheric asym-
mnetry., deveon g didinle ded e

N How to explein this result ? Different letters can bhe

correctly classified only through a proceas of identifiocation,
ag with UI matches. However, while NI matches yield a very
clear left-hemigphere ﬁdvantage, different responsges dou'l
show this effect. Similar data have been found by other au-
thors. Moscovitceh (1976) put forward the nypothesig that "dif-
ferent" responses may be due to both hémispheres. Beagtty and
Wegoner (1977), in an article on the level of activation in
same=different task, proposed that some different responges
can be given on the basis of physical comparison, wherets O
thers require full processing befors a correct classification
can be mades

Cur work doesn't support previoug data by Bryden and

¥oolE 2 T e Differenl)
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AMlard. According to these suthors in the ldentification of

the alphabetical material there are twe stages of procesging:

1) a pre-processing operation on the relevant Ffeature of the
simulus, performed by the non~linguistic hemisphere and 2) en
actual identification and neming of the stimulus, performed

in the linguistic hemisphere. The relaitive lmportence of thew
se two stages might yield different asymmetries. With print-
like materisol the naming is more importent end then the left
hemigphere wins, but with script-like material the pre-proces-—
ging stage dig more important and then the RH wins.

Our data do not support this hypothesig. We suggest
that the pre-processing stage might be the same, and the ne-
ming stage become more complex with script-like material end
therefore lefi~hemisphere analysis prevaills.

In

important role of linguistic and visuo-spatial processing for

swnmary, the two experluents cest some doubts on the

NI and PI matches. The left hemisphere adventage for NI mat-
ches ls very clesr, but if one attributes this to linguistic
processing it becomes very difficult to explain why the same

type of processing does not yield the game sgymmetry for dif-

ferent responsed.

- As iwhave said before, dichotic~ligstening studies have
shown some differences between consonant and vowel processing.
So, we have repeated the same experiment using only the five

Italion vowels. The peradigm is the seme as that of the pre-
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vious gtudy.

In the firgt experiment we agsain used print=like matew
rial (see examples at the top of figure 2. As Tfor %he dichotic
experiments, with normal conditions of presentation, that is,
print=like material, there are no differences between left and
right hemisphere, despite that even here a significent diffe-
rence is found between PI and NI matches (638 vs 723).

Since also for vowels the subject can correctly classi-
fy NI and "different'" metches only after having %%ﬁgﬂ the let-
ters, we could conclude that both hemigpheres are capable of
ildentifying single letters. |

| But another hypothesis is also posgible. AS suggested

by acoustic studies, vowel procesging might be due to different

processing mechanisms, However, some dichotic studieg with vO

wels have even shown that vowel perception may be based on me-
chanilsms gimilar to those cousonant perception. So a signifi-
cant right-=ear advantage has been found when listening condi-
tiong are more dAifficult than in normal verception.

According to these results, at least with NI and diffe~
rent matches,; a left hemisphere superiority could be seen uvuging
seript=like material., Our data do not support this hypothesis.
In fact, with script-like material like thalt you can see at the
bottom of figure 2, we agaln have a difference bebween PI and NI
matches (662 ve 759) and a global superiority of the RH for the
gsame (691 vs 729) and different responses (808 ve 847).
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Like with dichotic listening conditions, where ihe per
ceptual difficully promotes a superiority of the left-hemigphem~
re whosge neural mechanisms sare beltter suited to produce the [i=
ne diseriminations required by verbal behaviour, visual percep-
tual complexity promotes a right-hemisphere superiority. So,as

suggested by Bryden snd Allsrd the pre-processing stege, that

is, the process of the basic features of the gtimuli, seems Tto
H ?

e

be more importent than that of the name,

However =z different patterrn hag been found with stop-con-
gsonants end we belleve that the RH superiority for script-like

material ls caused only by the fact that vowels are orocessed

by both hcmlspherem. Thig is congistent with the results of di-

chotio listening experiments. Unfortunstely, I don't know of
eny research done with normal people and with visual presenta-
tion. In a recent work by Beabty and Wogoner (1977) vowel and
congonant stimuli were used in o same-different poredign, but
the authors did not report the data for each type.

To conclude, I believe that different mechanismng analy-—
ne vowels and stop-consonsnts, but how these mechanimms work
and if they are lateralized is still o puzzle.

AL the end of this talls, I went to present some other
lata about lebtter processing. In all these experiments, some
differences in Rls among single letters have been found.

I the first work with stop—congonants and print-like
material, there ig a significent difference asmong letters and

I{} ;. o0ed

|
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8 slgnificant interaction letters by match, In fact the alf-
Terence between PI and NI metches cheonges with the letter u—
sed. As you can see in Table 2 this difference is larger for
By D, G then for P, T and C, A similer pattem was Ffound in
the second experiment with vowels and print-like material .A-
gain in table 2 you can see that PI-NI differences are larger
for A and E than for I, C, and U. The geme trend is shovm for
seript-like material, but there the effect is not significant
perhaps due o the larger variability among RTe, caused by gr et
ter complexity of the stimuli,

At least in part these differences are brought about by
visual perceptual problems. As suggested by Posner (19G69),some

NI matches are analog matches, d,e. the form of capitel end low-

wer~cage letters is guite similar, and this may facilitslte the
wnateh, [ 2 Qﬁm&m% c. v

But I believe that this is not the only factor, Linguim
stic studies have shown that congonants and vowels may be ans-—
lysed by distinctive features (phonetic and suditory parmmeters).
One of thege features is the "voicing'. In the ILtallan langueage,
B, D and G share the voice fedture, while P, T end C are uavoi=-
ced(in It. "sorde"). Ag you cen see in Table 2, B, D, &, all voi-
ced have longer RTs than P, T and C that are unvoiced, But a lonw
gor RT means & more difficult discrimination proceus. Thabt is,
the letters that are voiced seem more difficult to anslyze than

those unvolced.,
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Italian vowels are very different from English vowels
and so'it 1g difficult to make comperisong. However, we cun
note that A end B have longer RT than the others, that is
they are imore dilfficult to discriminate than the others. I
don't know of any other work where a similar difference has
been found end so it is gquite difficult to explain these da-
ta. But, in both cases, for stop-consonsnts and for vowels,
the sound of the letter seems to have gome influence also ne-
re, that is elso with visusl presentation. The importance of
a possible acoustic or phonetic codification elso for visusl
gtimuli is not lmown and so nothing else may be saild.

In conclusion the left hemigphere is better to ensly-

ze NI matches, but only when stop-consonants are used, What

s the nature of NI matches and why do not "different" re-
gponses give a superiority of the left hemisphere when the
letters have to be named before responding "different”? Why
does linguistic matérial give so large differences between
hemispheres also with the same tagk? Why is not a right-he-
misphere superiority found even with script-like material
stop-congonants?

To this datewe donot hovea clear answer about the natu-
re of the linguistic processing end how ecach henisphere works,
If the left hemisphere ig 2 linguistic processor, why is not
g parallel superiority for name matches found with vowels?

I end with these questions, hoping they are more fruite-

ful questiong thaa before.
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TABLE 1 : MEAN RBACTION TIME FOR PRINT-ILIKE AND SCRIPT.LIKE
MATER.IAL (SAME RESPONSES)

Pl MATCHES WL MATCHES Nl-PL DIFF,
LVEF RVF LVF RVE LVF RVF
PRANT L LKE 608.2 621.6 75440 T14.5 145,68  92.9
SORLPT-LLKE 686.0 T44.2 949.9 875.6  263.9 1371.4
PL : physical identity NI : name identity
WE ¢ left visual field RVE : right visual field

ba b, 198
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Nl
DLFP

Pl
U
DIFF

Pi
JN
DAFF

TABLE 2

: DATA FROM LETTER EXPERIMENTS

Experiment "same-different" print-like GIP (1978)

WL
B D G P
69 862 843 T84

T
750

Experiment "seme-different" print-like BL (1980)

B D G
613 632 688
807 772 830
194 14q' 14

Experiment "same-dlfferent" print-like

A E I
612 647 599
806 805 633
19 15 34
J%’ 8 -5/{}

Experiment "pame-different” script-like

A E I
634 646 658
777 793 740

143 147 82

P Too¢
638 530 594 615
720 621 661 734
82 90 67
I = 3.62; P <.01
(1980)
662 673 638
682 692 =
20 19
F =11,902;P <,001
(1980)
5 J gL 1987
684 588 662
747 738 759
63 00

P = 2.484; ns




PLOURT 1t Dtumples of print-~liko (o) md soript=like (b)

phop=-congonant ptimuld both in the PI and NI forms _




FLGURE 2: Examples of print-like (&) end script-like (b)
vowel stimuli both in the PI end NI form,




