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Abstract

In order to understand the process of reading, it is important to deter-
mine how strings of letters are pergeivea. This study tests t;le hy- 1
pothesis that units of visual perception may ‘include,pairs of letters and,
perhaps even high-frequency, monosyllabic trigrams (three-letter
sequences), Participants were asked to report the name(s) 2)[ either
single lette)rs or trigrams, which were presented tachistoscopically.

! The trigrams were of varying text frequency and had ‘either one or two
syllables.” Although letters were perceived more rapidly and more
accurétely than trigrams wheh the interval between stimulus and mask
ongets (stimulus onset asynchrony, or SOA) was longer (65 or 125 msec),
single letters wcre no more accurate nor faster than high-frequency
monosyllables at the briefest SOA (50 msec). These data are taken as
evidence that frequent syllables can, under some circumstances, be
perceived as holistic units. =
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SYLLABLES AS VISUAIL UNITS IN LETTER-STRING PERCEI?ION
. \ '

] o \/
Alan M. lLesgold and Frederick Dagpner

Learning Research and Development Center
PR University of Pittsburgh

“
'

"T'he question of how strings of letters are perceived is important
for understanding the reading process. A variety of yecent studies
(see review in Massaro, 1975) have established that information about
orthographic structure exerts great influence on the perception of word-
 like le~tter strings. There are two ways in which letter st}'ings could
be perceived. First, it is possible that si:\gle letters arP: detected as
visual units aft’er which a verbal processor translates the visual units
° into phonolggical units, such as syllables or vocalic center groups
o (Hansen & R;)dgers. 1968; Spoehr & Smith, 1973, 1975). Alternativel?,
there may be visual perception units involving more than one letter
i nla, ‘Taylor, & Choe, in press; Landauer, Didner, & Fowlkes, Note
1 ".is report presents data supporting the hypothesis that units of
vig'..i i.:rception r‘nay include pairs of letters and perhaps even high-
i:r;qucz.. y.\mri)iy\llabiqigrams.
Several expe;'imer;ts have addressed the hypothesis and have re-
) sulted in claims *at visual units of more than one letter are operating,
For éxarnple. Taylor, Miller, and Juola (Note 2) ha;ve shown that
response time for same-different judgments qf words is longer when
" the words are printed in alternating upper-end lower case type (e.g.,
SUWIsdOnm!)., In parti(;ular, the rmore case alternations, the slowgr the

response. Juola and his ‘associates {Juola, Taylor, & Choe, in press)
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have argued that multiletter strings must be the units of perception;
multiletter units are broken up by the case alternation, and had single
letters been the relevant unit, there would have been no change in re-
sponse time with these alternations. 'This argument is not conclusive
since it is also possible that case alternations only affect the Clu:;tering

L
of detected letters for purposes of verbal parsing at the syllable level. s

In a si"n}ilar study, landauer et al. (Note 1) superimposed image-
dcgi'adir;g visual masks on some of the letters in four-letter words.
They found that degrading two nonadjacent letters was more destructive
to letter identification than degrading two adjacent letters. From this
fact, they concluded that adjacer{:t letters are recognized in parallel,
whereas letters further apart are processed in serial order. This sug-
gests either that there are multiletter visual units of perception or that
part of a word (perhaps two adjacent letters) is visually processed in ‘
parallel at the letter level (perhaps under the control of a verbal per-
ception unit) beforg the rest of the word is processed. Again, it is not

strong evidence for the existence of multiletter visual units.

It is also important to note that«demonstrations of differences in
pf.:rceptual efficiency for orthographically regular letter strings (th se
obeying English spelling constr?ints) and irregular letter strings do i"xot
prove that there are multiletter visual un}ts. Such experiments (e.g.,

Baron & Thurston, 1973; Estes, 1975a; Gibspn, K Pick, Osser, & Ham-

- mond, 1962; Herrmann & Laughlin, 1973) show either that letter detec-

tidn units are biased by visual information surrounding the letters on
4 ~
which they operate, or that verbal multiletter units exist, or (and only

. .
perhaps) that there are maultiletter visual units. '

One type of stronger evidence for the existence of multilette{tvisual
units would be an interaction between the effects of a variable assumed

to i.nfluence.visual letter analysis and the effects of a variable assumed
to influence the verbal system. The method of Sternberg (1969) asserts

that two variables (e.g., word freq;xency and image degradation) affect

-
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independent stages of processing only if they exert additive effects on
processing time. If they interact, then they must be influencing two
overlapping procedsinyg stages, or possibly one common conﬁlplex s;age.
This general paradigm has ?een employed at least twice with respect to
the present question. l.andauer et al. (Note 1) failed to find an inter-

action of word frequency with letter display degradation in a word report

task. and Stanners, Jastrzembski, and Westbrook (1975) failed to find an

interaction of word frequency and stimulus degradation in a lexicality

judgment (Is it a word?) task.

Both cxperiments stand as counterevidence for the hypot}')esis that
words are always percewed as holistic umts. but neither rules out the
possibility of subword mnltiletter Vlsual units. W}ﬁ,t we attempted to
demonstrate in the present ;tudy. using the same Stelrnber‘g paradigm .
as the Landauer and étanners groups, is that more than a single letter
can serve as ak unit of visual recogniticin. The task was to repolt the
name(s) of either one or three legters which were presented with a

tachistoscope.

We manipulated one variable 'that. is tied to visual processing ‘and
three variables that are tied to verbal processing. The visual \}ariable
was the stimulus onset asynchrony (SOA) betwepn the letter display and
a very effective masking snmulus. There were three verbal manipula- »
tions: (a) either single letters or trigrams were presente&,\ (b) trigrams

were of high or low frequency, and (¢) fyigrams had either one or {wo

vocalic centers (Hansen & R9 gers, 1963).

\ Y
If the sole visual input to the verbal pro&ssing system is the out-

put of a letter-by-letter recognitfm‘ focess, then the effects of the

visual variable and the various verb#Zl manipulations shotlld have been
* A

additive. The present experiment/was a test of this additivity.
' i

R
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Method

Participants v

Eighteen college studentg participated in this study as i)al't of the
laboratory 'r.equirement t;()r an introductory psychology course. Since
thi: -tu('ly was initially concerned with individual differences in reading,
par_g'ici;;alnts Wer‘o selected for high or low verbal ability based on the
_Daf.ﬂu .Reading Test, There were no differances betv?een good and poor.
readers on any of ke results reported below. One subject was dropped
because'he had no correct reaction tin‘mles for some of the cells of the
design. . R

Materials and Apparatus -

. All stimuli consisted of one. two, or threéd characters Urawn with

a Flair penon 13 crh‘x 18 cm index cards (thus they were of low con-

trast relative to stimuli made with darker press-on letters). The stimuli

were presented via a three-clrannel tachistoscope. All subtended a ver-

tical visual angle of . 90 degrees. Horizontally, single letters subtended

.57 degrees, two-digit numbers subtended'l.42 degrees, and trigrams

subtended 2. 25 deg rees. To permit complete feature masking, we used
letters in the style 6f Rumelhart and Siple (1974), and digits were com-
posed using the 4s'ame line segments. used for the letlters. Luminance of
. the atimulu/s‘. blank., and mask displays was 68 cd/m2. A small fixation

do#ius located in the center of the blank field. The mask consisted of

i
call 16 Rumelhar}t and Siple letter fragments in each of the three letter

positions for the trigram stimuli.

-Four groups of 14 trigrams each were selected Which had either

h{gh or low trigram frequency in running text (Undeérwood & Schulz,

1960), and one or two vocalic centers ’(Hansen & Rodgers, 1968; Spoehr
. . ’/

-
.

-3,
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& Smith, 19771, ! High-frequency trigrams had frequencies greater than
250, with # mean of 465 for the one  syllable atimuli and 464 for the two-
syllable atimuli. 14:)w~l'requem‘y trigrams had frequencies less nmn;zso
with a mean of 54 for both the u;ne - and two-syllable s:\mples. The actual
trigrams presented and their frequencies are listed in Table 1. For each
of the four sets of trigrams, one-third of the trigram letters were ran-
domly chosen for the single-letter condition. [

.

Design and Procedure

."There were three tasks for the participants. First, they had 27
repor®trials on twohdigit numbers, using the gen::ral procedures of

Spochr and Smith (1973). This task is irrelevant to the present' study

except that it provided 32 warm-up trials with the apparatus. The ()

other two tasks were single-letter reports and trigram reports.

+In all tasks, thé following conditions held: (a) stimulus duration
was 25 msec: (b) mask duration was 206 msec; (c) the stim}xluﬂ onset
asynchrony (SOA) between target and mask displays was systematically
varied; find (d) a blank field was presented before, between, and after
the stimulus and mask displays. An electropic tj.r‘ner was started at the ]
onset of the stimulus display and stopped when a voice key detected the
beginning of the participant's oral report of the stimx;lus. The response
time }R T) that was recorded was the time (ron; the beginning of the stimu-
lus to the beginning of the report re’sponse. Accuracy refers to whether
or not the entire display was corre(;tly réported in correct order. The
participants were encouraged to be accurate‘and, given aecuracy, as

fast as possible in responding. “

i}
Iwhile our actual distinction was between one and two vocalic cen-
ters (Hansen & Rodgers, 1968), we have, to facilitate exposition, re-
ferged to our stimuli throughout this paper “as having either one or two

syllables: . -

4
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Tabe |

Toigrams Presanted and thee Fragquency in Humbing 1ext

One Vocahe Center Two-Vocahic Canters
Trigram Frequengy Trgram F requency
T L “H|‘q;‘\rf>r;(r|t;m(tv i o T ]

e e g T
ING 1673 ' 10N 1370
188 518 no 1024
ALl 498 ) ATI 199
nc 48 (AR 4 358
AST 447 NTL 352
RES 446 ABL 37
TOR 431 . ERL 300
EAT 367 TYlL 295
ACT 320 ABQ pasll
NEC 288 ORI 291
[1N)] 270 LLy 284
NAT 259 ICA 283
1SH 258 RTI 290
LES 255 A NDE 253
T Low Fraquency ) v
Lo 127 1AL l?&
TIM 109 TIA 2
-1 Loc 99 AL 15
ATT 86 [01:1% 71
AID 74 GME | 60
Qls £3 LCO 53
RUC 50 ABA )
GLY a8 " Nel 44
APH ar ANO 3
ETS 29 RCU 34
NAR 26 ECA 32
NOL 6 {FU 8
1RK 4 NGO 3
BEX 1;“' 800 1
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Phe second task, the latter recopnition sepiment of the atudy, con-
sinted ot threghliocks of tedala, o each of which all h6 letters were pre-
swented (weparatety sandomirzed tor cach nubject on each trial), Fach
block was run with a ditlevent SOA, and assapnment of SOA to blocks

4

n N 3
wian varicd over wnbjects nning ednxecutive rows ot a latin square {nr

each personin turu, Three SOAn were used: 50 maec, 6% mnec, and

F2S mane Ihe order of events tor the letter recognition segment wan

as follows: 2 mimites tor the kubject to examine a sample card with

exampled of the 26 letters in the Rumethart and Siple lettering atyle,
S warm up trials at 105 msec SOA, and then the 3 blocks of 46 letters
each, .

The third segment ot the study was trigram recognition.  The pro-
cedure was identical to that of Tetter recognition, except that 15 warp-
up trials were used,

The study tock two sne henr sessions to run. Most participants
completed the numbers and two blocks of letters in one aessinn and the
third hlock of letters plus the trigrams in a second.  ‘The warm-up trials

were repeated at the start of the second sesnion.
[ 4

Results

Letter Perception

‘There were no significant differences in report accuracy or RT
between letters sampled from the different trigram typcﬂ.- Consequently,
data from the four sets of letters were pooled.  For each subject, report
accuracy was tabulated for .:'arh of three SOAs. The mean proportions
correct were . 70, 86, and .98 for respective SOAs of 50, 65, and 125
msec. Jhese means were significantly different, (2,32} 19,6,

F - .000. Similar results were found with the RT for correct responses,

with miean (harmonic) response times of 618, 538, and 483 msec,

10



fespectively, J{S 30 109G, LQ00. there were no nigntticant dit
terencen between gmnl and poat readers, nor even a alight trend toward
ditterence, ¥ - 1,

Trigram. Perception

The mean proportions corvect and the mean covrrect rc-.-cl;'mnuv
timens are shown in 'l':;l)les Sand 3. Response times tor gfatistical analy-
aes were obtained by comgnting, for cach-nubject for each combination
ol treatment leveln, the harmaonic mean of the corvect response laten
cles. ‘There were no differences between good and poor rt'.u]_rr‘u‘ Fooot,
A multivariate analyafs of ¥arance of R'T and accuracy uh_}nWﬂl signiti-

.
cant ('f‘;-(‘tf ol SOA. number of syllabley, frequency (all pu ~", 001), and
frequency l\\l’"lb(‘l of syllables, F({2,31) h. 15, ¢~ 0l. Toturther
: \
(‘h;ll.‘\qll"rn!- the re:ults, sweparate univ:lrinlr analyses were then con -

ducted.

s
Vable 2
Mean l'u.mmmm Conect on Tagram Recogmitton Task
One-Vocalie Center Two Vocahe Centers
High § requency tow Frequency | High Fuequency  tow Frequency
. L e e e e e e
’ -
123 563 H21 487
f
' 65 B36 . 144 706 68
12% 966 920 853 828
1SRRIV SONpU USSP
Meon 842 . 742 693 665
N
e
*
‘
8
’

=
preh
-
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Tabsle

Mateonnd Means ol Conreet Begnse Tunes Lonec) o Togpanm Bacogoduon Tavk

LY

P . o . _T
Cine Vit aln {snger Twir Vinaln Conters,
SOA Hagh ¥ Teguency bow Fargueiny High #rmpuency  Low Frequency
: . [ -
bO 612 HhH ’ 0601 642
[3a} hHa bid 6O 041 *
Va4 BN w10 e Ly
.. . ) . . -
Mean Wi (3N} Hia 610
e e e+ e e e e v

In the l.m)varinl(' analysis of RI, the effects of SOA, number of
nvll.ll)lv;! and trequency ‘'were all significant (. < . 001), but the inter-
action of number of syllables and fr.rqnvncy was not, F - 1. This sug-
seats that the ctfecin Wl focguency and nnebey of syllables were additive,
an‘w-vr-r, the additive effect breaks down at the shortest (50 msec)

prescntation titnes, since the simple jnteraction effect of number of

syllablen » frequency at 50 maec SOA is aignificant, F(1,1 T6) - 4,64,

pooL DR, : .

[N

In the accuracy analysis, the effects of SOA)

and (rf'anncv were significant, <« , 00}, and the interactioy of nu?\ber

of syllables with frequency was alsd significant, F(1,16) - 8, pt L0118

To assure ‘\}\1%}! these effects were not due t.o di}l’e rentjal propbr~
tions of wmwiu.va, nonwords in the four trigram groups, we computmi :
_ latency and accurucy measures for w;rds vs., nonwords in each group.
There \\fm-c- five words m.thc one-syllable high-l’rc&ucncy group, ofe
in the ®dne-syllable low-frequency group, and two in the high-frequedcy
two - syllable grou&\. In ne ras7 were the latency and accuracy of words
significantly better or worse than l’bx: nanwords of the same ‘class; nor

was there any trend toward a difference. This does not rule out a word

\‘. N
9

[« ) | 12 p .
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In the l.m)varinl(' analysis of RI, the effects of SOA, number of
nvll.ll)lv;g and trequency ‘'were all significant (. < . 001), but the inter-
action of number of syllables and fr'rqnvncy was not, F - 1. This sug-
seats that the ctfecin Wl fooguency and nnubey of syllables were additive.
an‘w-vr-r, the additive effect breaks down at the shortest (50 msec)

prescntation titnes, since the simple jnteraction effect of number of

syllablen » frequency at 50 maec SOA is aignificant, F(1,1 T6) - 4,64,

L0, : .

[N

-

In the ac L'\xrn‘("v analysis, the effects of SOA) r“of syllables.
L

and (rf'anncv were significant, ;o <« .00}, and the interactio

of nu?\ber

of syllables with frequency was alséd significant, F(1, 16) - 6. B4, pt 018,

, - . ‘ -
To assure \}\1%1! these etfects were not due to differential propor-

tions of werds ve, nonwords in the four trigram groups, we computed *
v

latency and accuracy measures for words vs. nonwords in each group.

There \\fm-c- five words in the one-syllable high-l’rc&ucncy group, ofe

in the ®dne-syllable low-frequency group, and two in the high-frequedcy
two - syllable grou&\. In ne ras7 were the latency and accuracy of words
significantly better or v;orse than l’bx: nanwords of the same ‘class; nor

was there any trend toward a difference. This does not rule out a word

N o B

?\._. .
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vs. nonwori;-effect but it does show that our i’esults- ar ue tgggqch Yo
a difference. ‘ . KNk
- : -
Compariscrls of Single- Letter and Trigram Data - o -
- N ¥ N - » -
It is important to remember that trigram accurady is measured in I

terms of the complete report of all three trigram letter 'I’he accuracy .

data for letters and trigrams can be compared b‘? exh

As can be seen in the flgure. accuracy on high- frequency single- syllable

trxgra.;ms is about the same as for .in: 1e letters. Under the slowest

stitnulus con.:tion (50A = 50 msec), trigram (one -syllable high- frequency) N

accuracy is slightly above letter accuracy, a.nd in the other two conditions§

it is slightly below. N ’ ) o
}"igure’Z shnws latencies for cor'rect_trigram and letter tasks.

Here the letter and one-syllable high-frequency trxgram data show a dlf-

ferent pattern. Comparing letter RT and trxgram RT we can conclude,

since accuracy was equal, that there is an mteractmn between number
-"‘u,\:.x

of letters h%&g reported a "verbal'' variable, and SOA a visual varia-
‘ble. [

»

:

. - Discussion .

The two findings of greatest. mterest are (a) the comparison be-  °. |
tween the letter data and that for hxgh frequency monosyllables, and
7 (b) the interaction between trigram type and SOA. As SOA, and there-
fore the time for which iconic information is available, decreases,: the
letter and frequent monosyllable reaction times co;xverge while accuracy
stays constant. This is exactly the type of interaction which Sternberg s
"{1969) method would take as a reJectxon of the hypothesis that visual
q\‘xalxty and number of letters affect mdependen*. stageg\in the. perception-
and-report process. Also, as SdA‘ decreaée.t; the additive effect of .
* frequency and number of syllables in both the accuracy and speed meas—'"

ures of the trigram task seems to break down. Weawill conz:der the
~— -

a0 /‘Y{
Lo
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Figure 1. Accuracy in letter and trigram tasks with predicted accuracy superimposed.
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,/

|mplicat|ons of these two fmdmgs in terms of the units which can be

def‘(‘ed in the processing of letter strings. \ '

Theoretic'ally.. unitization can occur at either a perceptual level

or at a level closer tp the response side of the process. A number of

1esea:chers have pointe&out this distinction (e.g., Estes, V1975a. 1975b;

Healy, 1976; Johnson, 1975), and there are competing unitization models
available (e‘.’g. , Gibson et al., 1962, ws. Spoehr & Smith," 1975). While
many mod‘els have t;een posed as hierarchiqs of patte rn units (Estes,
l975a Johnson, 1975 LaBerge & Samuels " 1974), it may also be useful
to think of visual and name codes. pethaps-at severa'l different levéls; -
Whlch can a,nse.'xndependently or with dependente that is a functlon.-of

the specific circumstances (Posner, 1969, has adv%:ced this type of
view). ’ ' iR T

With respect to the task we used, two basif bvels at which unitiza‘]
tion'might/b(ve occurred are the leyel of vis 1al perception and the 1evelr

’
of stimulus naming. At the visual level, one cag conceive of a hlex‘arch

.y

of detectioni in which the (perhaps unnamed‘) o‘utp\t of letter analyzers is ‘

input to syllable {or other higher-level) analyzer . The alternative pos-

sibility is®hat there is direct 1nput of dubletter féatures to a higher- level

~analyzer. The SOA x number-of-letters interaction Suggests ‘that the

latter is occurring since high-frequency monosyl ablgs were reported
as rapldly as single letters at the shortest SOA. 'I'hls 1nd1cates that
when the visual signal is reduced. trigrams can b percewed in the
same number of steps as single letters, which, in turn, suggest_s that
visual units of more than a sihgle letter exist. Thee fact that the letter
times converge. at short SOA, with only the high- krequency monoszllable
times suggests that 'these v1sual units are at a level corresponding to
syllables. It is important to note that our results may show unitization
at the syllable level rather than the word level only because we used

short. generally nonword, strings. ‘ B
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W

We next consider. the SOA by trigram-type interaction. H re we

find evidence consistent with unitization at a verbal level. WibtlyJthe ex-

'ception of the shortest SOA, a rather.sim}ale model will fit the data.

Let us 'assume. since the task is letter-by-letter full report, that sub-
jects try to percewe, keep track of, and produce each letter separately.

Further, let us assume that at a given SOA, the probab.\lxty that this

separatist strategy will succeed is p . Wit probabxlxty J - p,, the

owever‘ we suggest that
if thé’trxgram is frequent (as represented pararg@tér b) and of one-
syllable (represented by a, the probabxl'fy of tM frxgra.rn s letters bemg
representable by.a smgle phonc‘sloglca or name CQde), &ltn a torrect

regt respond-

«

response may stlll occur. Thus P, the: probabxlxty of.c

Lng can be expressed as: . vy "
: o,

\ o b}
\P =p, + (1 - !:.n? (a2 + b)

4 : s o
With p = .45, .67, and . 85 for the three SOA conditions, a - .28';. and
b = .18, this model fits the accuracy data more or less (allowing fi_)r

ceiling effects), as shown in Figure 1. ) . ,

However, there is still the g.lifferential latency data t&,accoun_t for.

Here the syllable and irequency effects are additive at the lonée,r so.».é,

" but at SOA =50 meec, there are two levels of RT: High-frequency mono-

v

syllables were.at one level and the other three conditions were equal and
élower. This suggests that the model .oi initial letter perce;tion follov;red
by possible ihtervéntion of higher—c;rder verbal units breaks down at
short SOA. One plausible description is that yisual uniti'zatiohgeffects
in a letter-string report tagk will be seen only when visual input is s.o’ ’
limited that the probability of multiletter unit detection is much greater
than the joint probability of all letters l;eing detected separately. When

visual input is better in a letter report task, perception wxﬂebﬁ at the

letter leM@with some possxbxlxty of unitization effects of a verbal nature.

o017
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* In this regard, it is interesting to tompare the demands of our

‘ full report task to those of a forc"ed-ch;)ice recognition of only one letter
-
.-from a string. In the latter-:case, Johnson (1975) notes that as the visua

. signa} deteriarates, it becomes Yess rdliable to recogn ze the string as’a
g e

umt and the{!ecxde if it contamed ?gwen letter than tis to Operate from

the outset at the letter level. In our full report task, the opposlte is the

cas€. All positions, not just one, must be attended. Thereige it is
better to&xse the limited time th;&the icon is avallable at short ?AQ‘ .

: - RN
We suggest then'that all chains of ev tg--letter or group per DY

a holistic perceptual detection effort. 3

tion followed by letter or group processmg--are posstble. with th e nato,

of the task and stimuli as well as the quality of the visual signal medta)txng .

which chams of events are most probable.

¢

Finally, we note tha‘tbux? Use of masking and SOA control to vai'y
. - - ‘i > . . A «
visual quality may be crucial to our x:e%ults. Such manipulations limit

how long ghe visual information is avaiglable.] The pro&h‘dures of Landauer

a/isua'l- verbal"

interaction demon‘strated in'the present study. However, théy used words

et al. (Note 1) and Stanners et al. (1975) failed to find

rather than subword strings and used degradation of the display rather

than masking. The latter difference may be crucial to understanding Why.

they found no interaction. At any rate, our results provide at:ong sup-

port ior the notion that visual umts exxst at the syllable level. %

v
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