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ABSTRACT ° el T s

. - THE ,CONTRIBUTION OF ORTHOGRAPHIC REDUNDANCY -

s+ TO ssconn LANGUAGMADING PROBLEMS
. Ve Micheline Favreau Nicolson . .
P ‘ - Al N
. .4 -A' problem .often experienced by proficient bilinguals

with equivalent comprehension skills . fqr" Written and oral
0 . - .
e m,aterials is. shat the second language is read more slowly

s 'than the mative’ language. It was hyﬂothesized that this
differential reading rate partly reflects the bilingual'
inferior ability to capi‘talize on the orthographic redun-
dancies of the second compared to the native language. , .

Sub;;ects in the sthdy were native English speaking bilinguals

with balanced listening and reading comprehension skills
in English and French but who exhibited significantly slower
L.t retding rates in- Frenth. Their ability to utilize knowredge

of the orthographic redundancies in English and French was -
. [ ]

examined with a tesLof .the word fﬁperiority—eﬁectf@eieher%——

-

) -~

paradigm) . " A word superior%ty effect was>found for’all °

‘subjects when the target letters appeared in the gontext of .

l £

English yords but not when’ they appeared in the context of -

¥

N - - Frénch words. This finding indicates that these otherwise .

» proficient bilinguals made less Use of orthographic redun—

dancy in. French than in English.‘“‘ The results are di%&ussed
«  in terms of their implications for our understanding of bo;l:h

"\ monolinguals' native 1anguage reading xnd buinguals' second

q . language reading. .
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THE CONTRIBU’I’ION OF ORTHOGRAPHIC REBUNDANCY v

. _ . |

. ., TO SECOND LANGUAGE READING PROBLEMS i ‘ r 1
- L ' o g S \ . ' 3
: - P ‘—Z - % T

Large multiethnié¢ and multlllngual communltles often

B L -+ ’ ; ’ ) ° 1 4 *
. .
N place: 1nd1v1duals in academlc and- ?usmess situations re- .

>
T . , -

.

TR A ot
L4

=2

0

-
-

qu:Lrlng use of a second langnage.' Congsequently, for *

' » EJ

many bilinguals achieévement J.n these\areas is bouynd to

-
\
-

L s
REAEE
q B

pup

their ability to effectively read. materials printed in their '

» second language. Several studiés
!

% ho;neve.jf, have demohstra- -
% . ted that while bilinguels have a mastery of ‘the sé&cond lan- ".J
i ‘ guage's voca,bnlary’ and syntax and experience no'difficultied - ‘

i, ’ ‘, with spc?kenlrﬁat‘elri{ahls‘,' they nevertheless read more‘.slowly‘ in , |
J‘ . /'/* their second language than in. : 'ffrst.. The’diffi'oulty'

e . \ 'O |

enconntered,by othemlse prof1c1ent blllnguals readlng in a
£ -

second language suggests that the,second

language readingsq,
A
process is inefficient 1n some respectf' ‘Bew‘f?e its obvious

1mpllcat10ns, very little research has been concerned with

nnvestlga.tlng the sources of second language readJ.ng dlffl"‘

- ' culty. ’ : ' . . AR

: The problem however, can be examined 1n terms of cur-

i 3

)
p-

r ‘ - rent models of the flrst language reading process. In these ° o

o models, the skllled fqut language reader is thought to ac-

tively utilize his knowledge of the language's orthographic; . 1
.-

4 13

. | ’ » syntactic and- semantlc redundanc1es to supplement the visual '

tk "- information of the prlnte,d text. In addition to provxdlng ' ' . ‘8 ‘

) valuable insightse into the comple'x skills invoyg_ed in read- ]
\ . 3 N
. ' w ' , ! ‘ R T 2

v
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ing, |these models suggest ways/i which skilled and,less i

skilled readers may differ. The|skilled readet may cap--
1ta11%e on his linguistic knowleége and in doing so, mere~

ly needs to sample the prlnted materlal in order to ab-

stract its meaning. The less skilled reader may be less

'able to fullyiﬁti;ize the language redundancies and ‘hence,

»

needs to rlly more heavily on the visual information.

The research contained in this. thesis is developed ' : .\
i H \"
w1th respect to the current models of readlng and is con- o :

1

cerned pr1mar11y1w1th the extent to which orthographic re- ‘

-
TN

dundancy is utilized in.first and second-%anguage reading.

It is hypothe31z d that the 1nabllity to make full use of -
‘the secdhd language's orthographlc redundancy is partly /

res§0T51ble for Fhe reading probﬁems encountered by other- S
wise proficient.bilinguals.' - .7 . ¢ P

f<d

. . N . /

Secgond Language Reading . 4
e oy

Studies concerned with comparisons between first and ' ‘.

Ny , . -
second language reading, have consistently reported slower

. \ , ) N —
reading speed and, lower comprehension wheﬁpbilinguals read

'in their second language (Daitchman, Note 1; Lambert,
Havelka & Gardner, 1959; Kellaghan & Macnamara, 1967;

Macnamara, 965). In the case' of novice second language
" readers, sthe deficits ih speed and in comprehension could

-

obviously reflect an inadequate command of the language.

Such a simplistic,expianation however; is not applicable

B




\ ) 3 X L ) X 1 Y
- )

! . - * v, .
when tge readers are proficient bilingua;s. A number of
studies (Daitchman, Note 1; Kellagnan & Macnamara’, 1967; I
1 . ' Macnamare,-f965) have demonstrated that proficient bilin~

guals have a mastery of the second language's syntax,

i , Rz
»idiom and vocabulary. Yet, despite their knowledge’;~pro~

ficient bilfngual® have been found to be less efficient -

/when reading in their second than in their native lan-
‘ . .
1 - P4
£
The difficulty encountered in second language reading

", guage.

has been documented by Macnamara (1965) ln a series of

o studles with 31xth~grade natlve speakers of Engllsh who had

received their formal education in Irish. The children

were given proglems that required a relatively complex rea-

eoning process but that were construoted using familiar vo-

a caoularf, in each of the two langueges. To ensure that the

% : \ vooabulhryi'as well' as the:;rgtactic structure ofuthe pro-
'b'lems were cleatly underet od, *a set of simple problen}s

(, o, containing each c®6mponent of the cdomplex koblems were given

to the children;J/Only the results of subjects who correctly -

answered alH of the simple problems were analfzed It was

‘found that children performed s1gn1f1cantly better when the

\
'complex\gwoblems were formulated in the 4§t1ve language

tﬁkn in the second. The ;nfhrlor perfonzence of subjects

in the second language could not hoybver, be attributed to
an

their 1nsuff1c1ent knowledge of the language's vocabulary

and syntax since they understood each component of the pro-

A

blems? : - N
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In a subsequent study, Kellaghan and Macnamara (1967) _

- . asked a sxmll\i\g;oup of chlldren to read aloud and in suc-

[N

‘Cession, Engllsh and Irish vers;ons of th;ee problems that
« were comparable to those employed inthe .study previously® .
. , o CoS

.. '._‘outlined: Ithwasﬂfoupd that although therproblems'contained

‘the same nuiber of words in each language, the children took °

- . , .2 ,
significantly more time to read the second language versions

than to read the native language ones.. Moreover, the chil-
0

dren's readlng speed increased from the flrst to- the th;rd

- time of reading., Thls 1mprovement in speed was greater when -

L]

readinb the seoond language than when readlng the first.

<

Thg studles by Macnamara (1965) and by Kellaghan and Macnamara

(1967) indicate-that bllingual children experience morerd1ff-

1S o

‘; fxculty in processxng 1nformat10n w;1tten in the second lan-
guage than ‘similadr 1nformatlon wrztten in the fert.

: Morghrecently, Daltchman @Note 1) has shown that’ adult

" N "

blllnguals are also less efficlent when readlng Ln their

¢ -~ I

- * second 1angua§e than in thefr first and that this dlfficulty

) ,neeﬁ#not necessarily ‘be attrlbuted to the biling als' 1nade-

F‘ - quate gr\sP of the language. He 1nvest1gated whether pro=

A .

L;ﬂ o -lf . ficient bilingualk achieve dlfferent levels of comprehensxonx )
| \b\\\\\;\ . when reading -or'listening’ to passages of comparable dlffl—

l R B R cult;'ln the two languages. The sub]ects were requlred to

’ N ‘. = read or to listen to texts presented in elther thelr natiVe

LN

_or- their sécond language- Comprehenslon was assessed by a

| I set of multlple chaice questlons that followed each teit

) L4 r . T T, it
S - ) R ] e
L, . - R



- nresentation. In the listed&ng condition. subjects heard
o ' recorded versions o£ the texts read by native speakefs..The - o
% | \\\\\f\\\:i\f:fi:‘°f Presentation of the aural materials were nearly

idéntical for first and second lanquages. In the reading

condition, the first and second language texts . were

L

e projected on a screen'one. line at. the time, at a rate *

.

correspondihg to each subject s\figst language reading ) <

rate. The results revealed no differehce in comprehen— ‘

/

sion betwqdn first and second 1anguage in theflistening h
» Oy
condition. In contrast, in the reading condition, a

3 ¢

ot significant difference in comprehension between languages

L;was obsérVedﬁ It was found that bilingua13‘had inferior

S

comprehenszon when forced to read the second, language ma-

terials at a rate equivalent to that of their first language.”

A : »
- The poorer comprehension in® second language reading could

not however, be attributed to the bilinguals' 1nadequate

' knowledge of ‘the second language s vocabulary and syntax B i“*

.

since they understood the spoken materials equally well in’

o

both languages. 0 N .o B

) These studies clearly show that bilingual children

(Hacnamara, 1965; Kellaghan & Macnamara, 1967) and adults r

7

(Daitchman, Note 1) read more slowly and less eff1c1ent1y

o in the second language than 1$ the native language.‘ More-

-

over, these studies suggest that at’least in the case of

" - balanced bilinguals some factors othel than an 1nsuffic1ent

(4

command 'of . the second language are'responsible for the d4if-.

&

ficulty encountefeéywhile reading. ' | - »

\ ~
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-

not .fixate more often,‘n{i\did they regress more often than

¢ .t - W t. -
S e 6
~ 2,

13 n 4
Other investigators have ‘attempted to investigate the

-;nature bﬁ the second language“readiné problems by compafing

theéeye moveménts of native and non-native réaders of En-

‘\ .
glish. Tullius (1971=§Tnitia11y proposeq that second lan-
' \
guage readers were slower because they madg more eye fixa-
tions and more regressions per line than ngkive.readqrs.

When testing this proposition, Tullius found contrary to .

.  §
his expectations, that non:pative readers “of English did

r

Y [
did native readers. Instead, non-native readers differed
~

from native readers in éhat they .made signif;cantly longet
fixations while reading. Similér results have been repor;ed
by Oller and Tullius (1973). 1In éheir stud&, the eye move-:
ments 6é non-native réaders of'English were rgcprded'while

v
r

reading texts which they comprehended at the level of 70

percent or more.- It was shown that despite similar levels
of cémprehension, non-native readers of English required

51gn1f1cantly longer fixations than did the native ‘readers.

Phe results obtained by Tulllus (1971) and by Oller and

Tullzus (1973) suggest that the deficiencies observed by -

~—

Kellaghan and Macnamara (1967) and by Daitchamn (Note 1)" in
second language readlng could have stemmed from the subjects
having to‘ﬁake }onger fixations while reqdinq the éecogﬁ
language than the first. S%nce it has been proposea .(She-
bilske, 1975) that the duration of fixation reflects infor-

mation proc¢essing time, the results of %he above studies

-

»-

A
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. R v
imply that the second language reader ;equires.mo;é/tiMe than .
. the first ianguage reader to process the same amount of print-
.o S 4 -
ed information. ) N .

-

Unfortﬁnately, very little else can be said at this time

-

about the source of second language reading inefficiency.

-

o ' Some insights into the problem can be gained however, @rom b
TA. N . 8 . ) N . Lt
! Q’ - research on first langpage reading, to which we shall.now
. 4
- .. ’ . ~ ~
w [} " turl;l?. ‘ . g"' \‘, / P
el R

J : -

First Language Reading ' < ‘ \, ¥

‘ s ) SN . . ' |
. , Traditionally, the processéé inyolved in-reading were - Vot

thought to consist of first, the discrimination and identi¢. ' \

~ fication of the visually presented linguistic symbols and . Lo

~ .
~

Eéeondy the translation of these.symboLs into spoken language -
Q(Bloomfieldi\ngZ; Frics, 1963; Gough,:iB?Z; Venezsky, 1967).

In general, this view of reading implied that word identifi-

cation was achieved by sequantially processing the letters '

2

of a wond and converting them into their oral eq‘;valent by
L

-

. - some knowledge of the phonic rules gbverni@g’the spoken lan-

. guage. The meaning of a word was subsequently derived by o

analyzing these sounds, using language strategies similar to

those employed in-analyzing speech.

aQ

- There are however, several counter arguments to the

notion that skilled reading involves the séguential decoding

. of printed letters into sounds. The work of linguists -

(ChOMSky,~197D; Francis, 14958; Venezsﬁy; 1967) has shown that
. , . TN '

. . "‘ . . , 5
./ SN
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although English orthography is systematic and rooted in a
phonemic base, there is not -a one—foioné corregpondence be-

tween the alphabetical éymbolé and(ﬁhe phoneme of‘thé lan~
: .

guage. Instead, the orthography reflects the'dg

\Y

er under-

lying strucgure and not the surface level sound structure
Pl ‘ N 4 ¢

of the language (Chomsky, 1970). This, complex relationship

bet&een the wrikten sgmbols and the deepex meaning suggests
that it is unlikely” that sgilled readers always ideﬂtify
words by mapping individual letters into sounds, and theq

into meaning.

In additﬁbn, it has been poiﬁged out (Goodman, 1968;
Holmes, 1971; Smith, 1971; 1973) that this view of the rdhd-
?ng process"is based on the erfoneous'assumption that identi-
- - ficatibn‘of individual’ letters is a necessary preliminary to
, word identification and that identification of a word is a

Q . .
prerequisite for the abstraction of-meaning. In support of

<
these criticisms, research in the area of human information

processing has demonsfrated that skilled readers read at a s

+ rate that is incompatible‘with the serial processing of let-
. ! ' '

ters and words into full! perceptual representations from

“

which meaning is derived.
[N .

/ : S¢veral investigators (Neisser & Beller, 1965; Neisser

/

/ & StopeYr, 1965; Pierce & Karlin, 1957) have shown that words’

wx

are identified and their meaning abstracted in less time

than would be required if identification proceeded in a let- ‘

.

4 ter to sound and in a lettér by letter fashion. 1In these

f 3

g ya e -
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. when their component letfers are not easily discriminable,

‘one of its component letters and abstracting its

studies, subjects identified'QOrds in lists at rates‘varying’

from 200 msec to 350 ﬁsbc each. Neisser (1967) has con-
-4 N S

., vincingly argued thgt since naming a‘sinéle letter may take

over 100 msec, it is unlikely that rd can be' identified

by the ;:;Ihl processing of every one of its letters or
phonemes. . ‘ < .  1!

More direct ewidence that skilled readers are capable )
of extracting the meaning of a‘éo;d without first processing
each letter is the finding that words can be identifieé even

-~

Kolers and Katzman (1966) have ;ePorted that when letters

whiéh.spelled a word were preséntea inéividuaily in slow | -
succgssion (250 hsec each), all of the comﬁonent.letters
were identified better than.the word they spelleg. 1In coﬁ-

! Q
trast, when the Same letters were presented in rapid suc- '
cession tlZg msec each), wp;ds‘were identified better than
their component letters. %uf%hermore, Smith (1969) has
shown that tachistoscopicarlf projeqted.letters presented.

in the context.of a word were recognized at a lower con-

isolation. ’
i " ‘f
Taken as a whole, f%esq studies demonstrate that skil-

eaning by

sounding out the.word. Moreover, it appears -that/ skilled T :

- 24 e SO ) N .
SR M gy PO fL e
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' . readers are capable of identifying a word with less visual R
i A . ~ 5 ’
L]

{ : . information than thaﬁ‘requiﬁ?d to-identifz_each of Its let-
‘ c f 3 . !

1 ters. i [ . ) “ a < b ) & ¢
' ’ L : -
‘ These findings have led qevexai ‘theorists- (Goodman,
. < !
'1968 H ckberg, 1970; Massaro, 1975° Ryan & Semmel, -1969;
W

Smith, 1971) to conceptualize regdlng as on? type of 1xn—
B s{"

14

guistic performance in which a %eader-Ptiliées his l&nguis-
tic knowleage during thé~aétual pexception of printed ma- ~ .
terials. Typlcally, proponents of this v1ew de—empha51ze N
the 1mportance of the purely‘wlsual information and stress

» —_— @

thg\IEESEEEﬁéE*of~non:ylsual tontextual 1nforma%10n in
T o . .

B

- reading. ‘The non-visual information is, deri:

-

graphy), of structure- (syntax) and of mégning (semantic§f\\\
that characterize the writ@én_languagc. Accordingly, three
tibes of contextual information are aVailable(to the reader:

. % . - e
1) orthographic redundancies or intra-word constraints pro-

vided by the rules of éyélling} 2) syntactic redundancies

o~

. b;pvided by the”gféggdin§<WOids,in-a sentence and by the -
B _ rules of syntax; and 3) semaptig-reéundancies prévidedaby

the meaninﬁ of the preéedidg words as well as. topic'of the -

‘ ; passége. By imposing constraints on the possiﬁfe s'equences a0
of letters or wordsl}hat égn be combined éo form méaningful !

units 'in a particular context, each type of ‘redundancy fa- .

cilitates the reader's task.

The concepts of orthographic, syntactic and semantic L

-

v,
A .
\ - -
* o N ‘ )
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cholxnguxstic guessing game (Goodman, 1969), a sampling process

redunéancies are illustrated by Massaro (1975) in.the fol~-

' formation defines a vertical line as the first letter ' posi- ,

’ . v . . .‘. L] 1] *
tion, and no feature information is registered for the se-

>

. lowing example:

'the letters in the sentence except for the.5wo underllned '

missing létters in a four letter word.

.
- o S & )
. . v
'] * -
o Iy . 3 .. . - LI
] :
}

v T .
"Suppose a reader encounters the f&llowing

sentence: 'With tﬁe bases,loaded, the boy hit the 1 LL over ‘

the fence.' Agsume that the reader completely resolved all

positions. Accordlngly,.rt7ls necessary to 1dent1fy the. two

Partial visual in-

\
5

cond position. JHavinqwﬁetermined that'the-first and last
twc letters are consonantsﬂ 6rthograbhiC’constraints (ortho--
gréphlc redundancy) dlctate that the second letter is a vowel.
At this p01nt, many possible four-letter aLternatives still

remaln, e.g., tell, tall ball, ‘bull, n111,~f111 Syntactic )

1nformatlon glven by the surroundlng words (syntactlc redun-

i
-

dancy) eliminates all of the ~altermatives. except nouns.’

Finally, the meaning of the other words in the sentence also

+

prggiges contextual 1nformatlon (semantlc redundancy) It

would also ake sense to say The boy hlt the bull over

Y
in alternative.'

the fence. Theregore,.BALL is

(Mgesarell975,, pf 243) . ) . ‘s

Massaro's illustration suggests that a readér is capable
of'u51ng contextual constralnts to supplement mi551ng visual
informatlon. Thls notionis in agreement w1t? that held by

’

‘'several ;heo;nsts who have" described readlng as either a psy-

[}
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- |
(Hockperg, 1970; Smithy-la7l), a constructive process (RyanA
& Seﬁhel 1969) or a dynamlc process (Massaro, 1975)

: general, these contemporary theorles or readlng vigw =

. ' -

the reader as being actively involved in integrating his

/ knowledge of the orthographio, syntactic and semantic

. .

o redundancies ‘of the writﬁén langu%ge to reconstruct the
'‘printed message. By capltallzlng on his knowledge of these .

, congtralnts #a reader merely needs to selectively sample
. > L4 - -
i .'the visual information in order to abstr?ct the meaning
vieual nfomaion | $
expressed in the. passages of-a text.

v

7 In tﬁe following section, the model, of reading proposed

o

. by Massaro (1975) will be eloboratéé’upon,‘sinco it is "

characteristic of the more contemporary models. Moreover,

»

‘Massaro's model dolineate§ each of the processiné stages

- by which a reader decodes the stimulus intp a meaningful,
. percept. ' ! '

3 'y . ) _ X

v
.

Massaro's Model of Reading. :

' In the féading model proposed by Massaro (1975), the ~
vJ;éoaer dynamlcally draws upon his 11ngu1stic compétence_'.
‘cg the epcodlng stages of the readlng process. As may
be seen in Figure 1,‘the model specifies each of the pro-
Coééing’stages and suggests how these procesées may be in-

teérated in,the total activity of reading.

TS SIn_the firsf. stage of reading, the retinal image ob-

3 ) tgined during an eye‘fixation on the printed page is tfpns-

\ — .

-
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Text

Figure 1l:.
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. rimary N \ Secondary | | s ! Reheacnl !
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. : Recognition | ! Recognition ' : Rocodmo s
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1
Preoovcopnfal Synthesized 1 Generated
Visual Visuat Abstract . Meanmq

Storage . . Memory

© Memory

( : L — ‘ '
A schematic representatlo of the primary
and seéondary recognition progesses - -and of
fehearsal and recoding oberations in Massaro's
model of reading. The boxes enclosed by solid -
lines represent storages and those enclosed by
broken lines represent processes. The arrows

typify the flow of information. (Adapted from
Massaro, 1975) .-
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duced by the yi§ua1 receptor system and is then taken up by

a "feature detection procés#". This process is assumed to

‘

= . ' '
_transmit the visual features of the printed letter into a .,

"preperceptual visual stowage". The features are considerqé',

%

©

to bexpurely vis&al in that there is a'one—to—onejrelatioﬁ—
shipfbetween ﬁﬁe s%imulus properties- of the letterépanq‘tﬁé
infd&matioﬁ h?ld in(p;epe?ceptual storage.  This initi;l

séage,of the readi§g processpis considered to be passive

-

and thus, sharply contrasts wiphalater stageé in which there

is not a one-to-one correspondence between the ing&t and the

e

output. /

o]

..Once the set of visual features are in the perceptual

s

storage, ine "primary recognition process" transforms these
. 8 ) .
features into letter or word units by utilizing informatié%
held in the reader's long m memory. This information

. b4 .
éonsisgs%iiéghe lists dI features defining each letter of

IS

}

the %%phabEt d%d of the rules of orthography governing'the
lang%qge. The primarf%fécbgﬁition process oberates in par-
ailé£ on a number of letters. The number of letters that
.can be processed at the same time, is dependent’upog‘the
acuity of the retina, and on tﬁe contribution of lgteral
.masking;of the adjacent letters. -The primary recognition
process has acces$S to both the visual features held in pre-

perceptual storage and the, information stored in long term

memory. ' From the viSugi features read out of the prepercep- '

tual storage, the brimary recognition process is able to de-
£ i \‘\‘ "

!

t

B3
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fine a sef of possible’candidate letters for €ach letter

&

npsipion‘of a word. By combining this information with .
that stored in long term memory, the primamy recognition

>

process selects‘from'the,eef‘of candidate letters, Ehe

letter that not only has similadr visual features but. that

\

is also highly probable diven the orthographic structure

L

er the language Hence, the primary recognition process

>
‘_,-;-‘y &
_‘.’/

is actlve, sihce a reader N

tilizes both visual and non-
~N

visual igﬁormation to naxro\ down the alternatives at each

4
letter position “in a word.
- - L ' o

. Once the letters have been identified by the primary
g . '
r@pognltlon process, the sequence of letters are then trans-
\ .
The

mitted in parallel to: the "syntheSLZed visual memory"

- \
synthe31zed visual memory serves to malntaln the letter se-

N\

quences while the secondary xecognition prpcess"@brans—

. .~
forms the sequence into a meaningful word. The secondary:

recognition process dbstracts the meaning of a word by re-
b

lating' the letter\éequence to a word in the long-term memor§
. ) Y,

: or |
lexicon. All words contained withip the long-term memory
{r -

/" lexicon -are coded perceptually and conceptually."Accordingly,

the meéhing derived .from the secondary recognition process

2,

results from & maﬁching of the letter string to a word in

the lexicon memory which is most likely to occur in a par-’

v -
e
. t;gdzar context.
. : ‘

In addition, Massaro (1975) postulated the existence of
a feedback _sys@| from a denerated abstract memory to the

v

»
. K
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synthesized vjisual memory that can modify the secondary re-

cognition proces§. This feedback system consists bf‘fecoding

>

and rehearsing operations. Via this feedback syste {:fhe
;d? abstract

reader's conceptual expecﬁations held in the gene

" memory can serve to alter materialsg.jn the synthesized visu-'

- /
al’memory and thus affect the secondary recognition process.

™
Within Massaro's model the reader's knowledge of ortho- -~

graphic, syntactlc and semantic constralnts are actlvely uti-

lized durihg'the primary and the secondary “recognition pro-

[ S~

" cesses in word ‘i'dentification and extraction of meaning;
ﬁhﬁé, these redﬁndanqiés serve to supplement the purely vi=
sual infarmation. This implies that at least for the com-

éetent readerq the confextuai informatién\playg an important

~role 1n the readlng process. " In“the following section, a

number of studles that sdgstantlate thlS inference w111 be

- Ll ,\e » v
Nireviewed. . =

« - -

. - 4
Orthographic Reduyndancy. ' The manner in which letters
v ’ : .
may be combined to form letter clusters or words.is general-

ly governed by certain orthpgréphic rules. In English for
) example, orthogréphic rules dictate that the letter Q must

~ f}ﬁg;s be followed by the letter U, whereas the clqsteré KM

LY

0 > . ’
cannot octgur unless. it crosses a morpheme boundaries such

Nt

» - . , ‘ ‘
.as in the word MILKMAID (Gibson & Levimy- 1975). Adult read-

@

ers appear to have some knowledge of these intra-word con-

by
L)
-
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straints since they can predlct successive letters of a ° .t

word with better than chance accuracy (Gardner, 1962) .

A

.As early as 1954, Miller, Bruner and Postman showed
~ .

o 9% , ; S
that readers were sensitive to the .predictability of let-

ter sequences. In their study; subjects were tachistosco- 4 i

plcally presented with strlngs of eight letters and asked

to report all letters. The strlngs varled\in the extent

-

to which they approximated the statlstlcal structure of En-

- e

glish orthography. For example, stimuli representing a zero,

first, second and fourth order of approximations t% the En-

. h Y
glish orthography were OZHGPMPMTU, UTYEHUOLD, THERASES ahd

VERNALIT, respectively. The results revealed that as the

< N s .
Jdetter strings approached the regular orthography: more let-
ters were identified correctly. Miller;et al. (1954) con-

Q;udég%?hat a familiar context facilitates recognition since

a reader can appﬁy.ﬁis knowledge of the spelling rules to

v

reduce the number of possible letter alternatives that can
~ 5,:

be expected to occur. However, there may be an alter tlve

~explax}ati\‘{gu for these results. As the lettexr string ap- .
{ ) ‘

Eroaches regular orthography,‘it also becomes more pronounce-

. able; hence, perhaps pronounceability of a string ratherx

s

. than orthographic redundancy, facilitates recognition.

Gibson and ‘her asscciates (Gibson, Pick, Osser & Hammond,
1962; GJbson, BlShOp, Schiff & Smith, 1964; Gibson, Shurcliff

& Yonas, 1970) conducted several studies which purported to

.

demonstrate 'that the pronounceablllty of spelling patterns

“?




the prbnounceable than'the unpronounceable non-words. This

E methodologlcal p01nts.
‘port 1n wrltlng all of the letter strlngs., 1f one considets =

~the p0551b111ty that pronounceable non-words could be re-

u . 4 . .‘ : "': 18

plays e role 'in reading; In the firét:study (Gibson et al.
b /
1962) ,” the perceptlon of tachistoscoplcally presented pro--

nounceable non—words was compared to that of unprOnounceabLe Co.

:

non—words.*_The pronounceable non-words obeyed the rules of.

.
3 . . -,

Ehglish orthography .such that they were constructed by .

I3 ' .

placing, a typical Ehglish,initial or final consonant cluster s

at egézgfng or the eod of the letter‘Strings,.respQCf'
tlvely.‘ The unproﬁounCeable non—words were prepared by inJ
\

verting the lﬁltlal and fingl consonant clgéters of' the cor-— x\
responding pronounceable pon—worﬂs. For exampley\some of :

the corresponding pronounceable and unpronounceable non—words\

S

were SLAND and NDASL, and GLURCK and CKURGL, respgetlvely. - “ [

o p0

Sﬁbjects correctly reported approxxmately 20 percent more of

finding wés inte;preted byGGibson et al. ‘hs indicating',i *
that the perceptﬁal unlt in word perceptlon was the pronounce- *
able spellrng pattern. .‘“ ' T :“;jgx Wﬂ . .o S
-This Lnterpreta ion however, canabe qpesélo;ed on, ‘two - 7, o 1

<
.

Flrst, SUP]eCtS weze required to re~’

’ a

hearsed with greater ease in short-term memory than unpro-
® ! b N L -

N

houncghble ones, the advantage'of pronounceability coulqd re-

jflect dlfferences 1n retention rather than differences in

. e a - » - . .

perceptionn- Secand, it has been argued (Anisfeld, 1964; I A

Massaro, 1975) that the non-words' pronounceability was con-
. - . )

Y .-




" or trigramﬁfrequency tables. Consequently, sincé.the pro- -

~ : © 19
. ’ ) 4 .
founded with tife orthographic, constraints of the English.

languaée. w §;feld for 1nstancé,'has p01nted out that the

-~

letters. formin e pronounceable non-words had hlgher se-~
»

quential prob lity of occur;enoe in.English orthography,.>

as calcnlated by Onderwood and?Schulz (1960) summed™bigram

' i

nounceable non;WOrds’contained letter sequences that dig@ ¥
not v1olate the rules of Engllsh orthography and.hence were
hlghly predlctable, perhaps orthographlc redunﬁancy rather

than pronounceability could have aided the perception of

pronounceable non-words.

-

In light. of such criticisms, Gibson et al. (1970) con-

1

ducted a. study in whlch deaf and hearing subjects were pre<= - f

sented Wlth the same non—words as those used in the study -
] T

previously outlined. They reasoned that if pronounceability

is an.’important factor in word perception, then deaf iggjdgts a

would not show the usual pronounceable-advantage effeét,

since they obviously had no previous experience with pronounce-

@iility."'lt was found that the deaf subjects made more er- ¢ Coe
r

. " e AN <.
rs on both prondunceable and unpronounceable non-worgds' than .

A}

the hearing.subjects. However, the differences between the

"

number of ertmc made on pronounceable and uhpronounceable

non-words were equivalent for “the deaf and the hearlng sub-
‘jécte. Gibson et al. concluded that since the deaf sub]ects'

also benefmted from the pronounceablllty of non-wdrds, pro- . -

~nounceab111ty was not the crysi actor in word percept&en"” :

’ N =~ -~

¢ " . . .
N ) Al . ’
i . . ’ .
" . L . - 4 :
N R . A i, Tla, e X mgea .
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Instead, they suggested that pronounceability ig an indirect
N ‘ §
measure of orthographic word structure‘aqﬂ that the; readers'

il -

knowledge of‘orthographic redundancy facilita#gd the percep-
tion of non-words. ‘ ‘ N

Givgn that within-word reduhdand& appedrs to élay-a role
in the reading process;lseveral inﬁestigators have attempted

to systematically assess the reader's utilization of specific

types of orthographic redundancies. The mdjority of these

q N

studies have been concerned with the contribution of sequen-
- i . .
tial redundancy or the knowledge of the constraints that cha-

: wracterize valid spelling patterns. -

Iy . '
" Herrmann and McLaughlin (1Y73) have provided some evi-

_defice to substantiate the notion that the predictability of a

letter string as determined by the rules of orthography, faci-

li?atés'thé identification of letters. In his study, three

¢ t

types of letter strings were used: four-letter Qords, non-
words with the same trahsitional probabilitijes as the words -
and non-words with low QIansitiohalfprobab{lities. The transi-

- tignal probabilities .were measured according to bigram frequen-

. 0
cies previously. tabulated by Underwooq and Schultz (1960).

Subjects were tach@stoscopicélly presgnted with a matrix con-
taining four stimuli and asked to idgntify which of two given -
target letters appeared_in the display; Pex formance accuracy
on words and non-words of the sémleransitional probability
was equivalent and superior to performancé accuracy on low
transitionfl probability non-word§. -The results of.this.study

\

indicate that seuenkial constraints operate to ai'li letter

- = oy T G T R e
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identification independéntly of meaning.
Smith (1969) and Lott and Smith (1970) have also been

concerned with the utilization of sequential redundancy in

- ' b4
the readdng process. In their studies, eitherx words, non-

words or their single component letters were tachistoscopi-’
ca}ly presented at ‘an intensity well below visual rgFogni—‘
tion threshold. The intensity level was gradually raised
unt%% the subfects correctly identified one or more of the

»

letters. The increment in intensity needed for the recog-

nition of a letter was interpreted as reff!ctiﬁg the ‘amount

" of visual information required’ for correct identification.

N
B R o

The difference between the increment in intensity:necessary
to‘idenﬁ&?y a letter presented alone as compared to the
\\\ same letter presented in eifhgf words or non-words was

‘termed a mean gain.

-

In the studj\by Smith (1969) the intensity levél at
which adult readers could identlfy letters presented alone was
compared to that needed for 1dent1f1cat10n of the same lettenp

appearigé in high or low sequentially redundant words and

.

non-words. Sequential redundancy was estimated from Baddeley,

\

Conrad and Thompson's (1960) tables of digram frequencies for

L) '
written English. The results showed that letters embedded in

words and high réégndant non-words, were recognized at lower

. intensity levels than those embedded in low redundant non-

-
words or in isolation. Smith interpreted this mean gain as .

. . “evidence that the readers had knéwledge of sequential depen-

dencies améng letters and were able to use the information
o
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1 ‘ .
provided by other parts of the multi-letter configuration to

identify letters in redundant contexts.

4

Lott and Smith (1970) replicated Smith (1969)'s finding

Ed i ¢
with primary. school children and adults. | They reported that
) "

all children appeared to use-their knowlldge of séquential re-

>

dundancy. Interestingly, this ability increased up.to the

fourth grade at which poinfvﬁhe children had the competence

- T

of adult readers. o .

- Another approach to investigate the contribution of a
reader's knowlédgé of sequ?ptial redundancy to reading has in~
. volved comparing the perfofmance of skilled and less skilled
readers in ? visual search task. In. these studies, subjebts‘
- searched for a target.letfer through a list of words and non-
worés faqhist copically displayed, and the search time was
recorged; On some trials kcatch trials) the tafget letter was
not‘bresented in the display; these trials provided an esti-
mate of the time necessary for a subject to reach his decision
. about the_aQsence of the letteg. The\catch trials assessed
the amount of visual information that subjects could attend
to, as well as their ability to utilize distinétive features
of letters. The worh and non-word trials servéd to differen-
tiate between the subjects' ability to\supplqment visual in-
formation with non-visual redundant information.
ﬁrueger, Keen and Rublevitch (1974( Experiment -1) com-
pared‘tﬁe performance of adults and fo&rth—grade éhild%én‘on'
the visual scarch task. They reported that adult readers
searchéd the lists twice as fast as kéurﬁh*grade readers, 'and

\ .

Ch o omwalert L SEAAn e
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- planation for the discrepancy between the results of this ex-

8earch time advantage in word trials over non-word trials

. observed in the Krueger et al. studies cannot be explained

e b
better fourth-grade readers searched fEster thah poorer fourth-

grade readers. Since the adults and the better fourth-grade

' readers showed a sgperior visual seafch skill, they would .al- ?‘ l
so be expected to be superior in utilizing sequential redun- 3
dancy provided by word contexts. The reduction in the anougt
of time required to search through word lists however, was .
equivalent for adult7 and children aﬁd equal for the better’

\
and poorer readers. .

In a subsequent experiment Krueger gt aI.;(l974, %xper—
iment 2) pofrelated the adult readers' ability to ekploit the
words structufe in letter search with reading gkills.' They
found that the better readers tended to take more édvantage
of sequential redunaancz of words to reduce search tiﬁe than

3

the poorer readers. Krueger et al. did not provide any ex-

periment and those of their first. »

)
"Recently however, Mason (1975) has argued that the .

—
—

\

in termé of thé readers' utilization of sequential depgnden—‘
cies between letters. She pointed out that intﬁhe visual
search paradigm, the decision as to,whether‘br not the tar-
get letter is contained ain a display, is reached on the ba- -
sis of purely visual.inforﬁation. She propésed that the
bettét performance on word over non-word trials was' due to
tﬁe readers' knowledge of spatial rédundancy 6r the cor-

3

relation between the visual features of letters, and their?*

e
s .
\x Te t
.
.
.
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spatlal posxtlon in a letter strlng
Mason (1975, Experiment 2) tested her hypothesis by =«
comparing the performance of poor and good sixth-grade
readers on, the Krueger paradigm in which the stimuli com- -
prising the sé&rch lists varied in spatial frequency redun-
dancy. The stimuli were generaLed using.Mazner and Tresselt
(1965) single letter frequency counts for six letter Engllsh
words. These counts specify the frequency of occurrence any
one letter has in a particnlar.position in a given string
length. fhe spatial redundancy of each stimulus was gglcu-

lated by summing the spatial frequency of ecach letter con-

. tained in the“string: In this manner, three types of stim-

ulus were prepared: 1) six letter words 'in which‘tpe let-

3\

-ters did not sum to the maximum spatial frequency possible;

. 2} » non-words containing the sa‘e\&etters as the words but

~ .
in which the letters were.arranged so that the summed spa-

tial frequency was the maximum possible; 'and 3) non-wbads

-with the lowest spatial frequency possible. Mason foun

that the performagﬁ@ bf poor readers was equlvalent to that

of good readers in low spatially redundant non-word displays.

p
v

Similarly to readers in the Krueger et al. (1974) experiment

however, good readers searched the lists containing highly
03 .

~spatially redundant non—words more rapidly than lists where

the same letters formed common words. Mason concluded that
spatlal redundancy bf the six letter strlngs rather than

familiarity wab respon51ble for the decrease in search time.
{ . i .
. . . .
\ J

!
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5. In a subsequent experiment,_Mason'(l975, Experiment 4) -

by

) ﬁanipulated the spatial 'redundancy of the ta;Qet letters

2

themselves in the two typés of non-word lists. The »esults
- - * . \

. .

showed that good readers were faster than poor readers when )

“the location of the target lette within the string was spa-
. -

R
tially redundant. Mason interprected these findings as in-

£

dicaéing that “good and poor readers differed in their abili-

ty to utilize spatial redundancy but not in their ability to

utilize the distinctive visual features of letters. More--
over, éhé;a;gﬁed that the better readers applied their know-

ledge of spatial redundancy available in words to supplement

distinctive feature information. Thus, Mason concluded@ that

. * < 2 /
knowledge of spatial redundancy aided the identification of

individual letters in the visual search paraaigm.

It shéuld be noted ‘however, that in Magon's experiﬁen%s
7g the” possibility th;t sequential redundancy piays a role in IR
4~ reading was not eliminated siﬁcg'her stimuli were coqstrubped
to explicitly test the contribution of spatial redundancy;'
Heﬁce, Mason's conclusion that séatial redundancy is the re- b
levant fattor contributing to letter identification was some- '
what premature. - |

With respect to the visual search paradigm, it should

be pointed out that some confounding variables May not per-

mit an accurate assessment of the contributien of orthogfa-

phid‘redﬁndancy to the reading process. In this paradigmc'

the target, letter and its position are known by the subjects

‘
¢ »

~

.




paradigm (1969). Subjects were téchistoscopigqlly presented

" dancy to identify the target letters. Neisser (Q967) has

. an Fccdmpanying forced-choige display. In one condition (pre-

before the. search is begun;\ Consequently, the subjecte may ~
. b S
rely on strategics other than the use of orxrthographic redun-

'

repbrtyd that in some cases, subjects do not nbtice, non-tar-"-

get letters, nor can_they ,visually distinguish between words

—

P -

that cgmpeséa/ihe list from those that did not. This sug-

A

gests that in a visual search, .the readers might’ not ;%ve

actively processed the'words, and perhaps‘orthographlcsre—

dundapcy might not be fully utiligzed. / o "
gecently, there has béen a study which systematically

examined the contribution of‘orthographic redundancy as an

aid to letter identification. Waters (Note 3) compared the

performance of fluent and less fluent readers on the Reicher
i~

-

with an equal number of four letter words, anagrams of the

same' words and single-letters embedded in visualfnoise masks. %
%he words&were cﬁosen such thaﬁ each gould .be changed by one
letter (theacritical letter) to form a new word, i.e., SHIP/
SLIP. The critical letter and the alternatlve letter (whlch S A

could make another. woxrd) ;‘!e the two possible responses in /

-

cue) , the forced-choice displays were presented before the
target stimuli; {n the other condition (postcue), the foreed;
ch01ce displays followed the stimuli. On all trials: the ‘
subjects' task wgs to report which of the twao letté{s con—-

tained in the forced-choice display had occurred in the same

o

. o
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position in the stimulus. Waters (Note 3) reported that in
the precue conditioﬁ where the contribution of orthograpﬁic

' redundancy was minimized, less fluent readers,were as accu-
‘rate as fiuent'readers in identifying letters presepied~in
either words, anagraﬁs or visual noise masks. In the post-
‘cue condition however, where orthographic redundanéy.facili—

et

tates letter identification, fluent readers were more accu-
reteﬂthqn less fluent readers in identifying letters appear—
‘ing in word,contexﬁs. The resultshwere taken ae evidence
that fluent redders ;re better able than less }luent readers
at utilizing tﬁeir'knowledge of orthographic redundancy as

an aid to letter identification. The use of the Reicher
‘paradigm to.- investigate the centribution of orthographic

ff redundancy in reading will be elabordted upon in 'subsequent

A

Taken as a whole, the above sfudies sdﬁﬁest that readers

section.
are sensitive to the predictability of letters contained in
strings. Furthermore, the readers appear to utilize their
knowledge of orthographic redundancy to fa01lltate letter
identiﬁication in tag?istoscopicagly projected displays; éi_
. though the specific type of orthographic redundancy is yet
' t;‘Be determined. In addition, Watexrs' (Note 3) findings add
' strOng support to Massaro’s (1975) notion that orthographlc
reQundancx is utilized by the reader during the encoding
stage of the reading brocess. |

-

Syntactic Redundancy. There is evidence to suggest
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that the reader's knowledge of the permissible combination

of words int85phrases and sentences contributes to the read-
ing process. A number of investigators have documented
 that nat%ve language readers are capablé of utilizipjg the
rules of syntax to reduce uncertainty in reading: Kolers
(1970) has examined the extent to which é reader is sensi—@
tive to Fhe grammatical category of words. In his study,
+ subjects were required éo,read aloud geométrically trans-
formed texts in w@icﬁ letters were inverted or the texts
were rotated in three dimensionai space and mirror imageé
were printed. ' The analysis of‘the oral readlng errors
revealed that for the majority, the errors consisted ofn\
the substitution of some other English word for that which
was printed.} In appro;imately 75 percent of these errors,

" the substituting word preserved that same part of speech

as the misread word. For example, subjects tendeégko re- .
. K i

)

place misread nouns, verbs and prepositiéns by other nouns,-*
verbs and pfepositions, reépectively. Moreover, when the .
substitutions were oE a different part of speech, the re-
placing wofds tended to maintain the cérrect grammatical

structure of the sentence. " In this-manner, nouns were more

t .

'1ikely to be replaced by adjectives than by pronouns or

" verbs. Kolers further Eepofted that subjects more frequent-
" 2

’ v s . (] .
. . ly corrected errors that were grammatically inconsistent with ¢

-

‘ N
the full sentence tharr those that were.not.

In a similar study, sKolers (1966) asked FreﬁchjEnglish

© et Zubla B

—, 3
a5 W RPN
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bilinguéls to read aloud mixed French-—EngE\Lish paséages ‘éls

well as comparable passagé.s in either of the two languages.
v . ‘ \ ,

For example, one of the mixed language passages wag:

;

r

. "Son cheval, suivi by two hounds, "en
marchant d'un pas &gal, made resound
the earth. Drops of ice se collaient
d son cloak. A wind strong soufflait.
.Un c8té of the horizon s'éclairait;
et, in the whiteness of le crépuscule,
he saw des lapins sautillant au edge
of their burrows." (p. 359) \

)

These':bilingual iaassages conta}ined_sev,era\ distortions

¥ : -
of the usual-“#rench and English syntax. Nevertheless, when
reading alofgd, subjects tended to rectify the d%tsorééred ¢

syntax so aas'i to make E,hé passage more grammaticélly accepta-

-

ble. For iﬁstance, the phrase "made resound thj earth" was

read aloud as "made the earth resound". - \ .

Using a'comparable procedure, Webgr (1970) J}.\nvest,i'gated .-
whether beginning readers were aware of the gramm\atical con-

!
straints provided by a sentence.cogtext, and whetﬂer they

v

utilized this.:. source of redundancy. In her study,. the read-

ing errors, as well as spontaneous self-corrections made by

-

first-grade readerfl‘}ere analyzed. The error analysis re-
! ' . \ -
[

vealed that for both skilled and less skilled beginning aead-

erd’, approximately 90 percent of the errors consistea of the
; { : ‘
substitutions of words by other words which were grammatical-

ly consistent with the preceding words in the sentence.

Moreover, Weber reported that the better readers g‘ené‘.-rally'
- , \ )

corrected errors that upset the grammatical structure |of the

sentence while they ignored those which were grammatically

.
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geceptablé to the full sentence. In contrast, the less
N !

-

( skilled|readers tended to correct both grammatically accep~ -

table d unécceptable errors equally often. - v
3 T&gether, these studies indicate that both children
.(Weber,'l970) and adult readers (Kolers, 1966; 1970) do,
h&ve some knéwledge of the syntactic rules of fpe language

and that they are sensitive to the grammatical categories

of the words being read. ' f ‘ pe

Semantic Redundancy. Several;investigators have been
concerned with the -contribution of semantit redundancy to

the reading process. In general, their studies have shown

that a meaningful context facilitates both the identification .

.

and the interpretation of a sequence of letters or words.
As in studies investigating the role of syntactic redundancy,

one approach to examiﬁ;zthe'contribution of semantic redun-~
/ _ ‘ . N"O .
\ dancy in reading has been to analyze the substitution errors

.

made by beginning and ,advanced readers. In the studies pre-

viously outlined, Kolers (1970) andKWeber (1970) reported

that the rgagers tended to substitute misread words by others
that have a similar meaning or that preserved the megging
already deriyed: In Kolers' Ftudy for instance, approxi-

N ’ mately 90 perceht‘Pf the words substituted were‘semantically -

- + i - f
consistent with the preceding passage of the text. Another

investigator, (Goodman, 1965) compared the ‘numbers of errots

N

made by first, second and third grade children while reading

’

aloud words in lists and in meaningful passageé. The results

” - , y
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revealed that the children made fewer errors when reading

words in the context of a passage than when the same words

. -
were contained in a list.

-

The influénce of a.meaningful context on the reading
p;ocess has al¥%o been investiéated in tachistoscopic experi-
ments. In tﬁese studies, the appré@ch has been to compare

. the amount of visual information neeéed to identify a word
presented under conditions in which the amount of syntacth
and semé;!hc informagion was varied. Tulving ahd Gold (1963['

compared tachistoscopic.recognition tHresholds for words

.presented in either a meaningful context, an irrelevant con-

9

textﬁor no context. The lerigth of each context was syste-

matically varied sq as to contain either 0, 1, 2, 4 or 8
' . ’
words. 1In all trials,.the target word consisted of the last

[\

. /
word appcaring in the context. It was found that words pre-

sented in a meaningful context were identified at a lower

tachistoscopic threshold than when the same words were pre-
sented in gither an‘irrelevant context or no céntext. Fur-
thermorg, as the iength of the meaningful context increased,
'the recognition threshold for wo;ds decreased.) Tulving and

A{ . .
‘Gold suggested that a larger meaningful context fa%%}itated

. [
the identification of a word by reducing the range of pos-

\ A
sible alternatives that the reader can expect in that parti-~
cular context. - This conclusion was further supported by the

results of a subsdquent study (Morton, 1964) demonstrating

that the recognition threshold for a word was decréqsed when
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=~ 'the’word was highly predictable from the preVious context.

f RN In summary, the results of the Tulving and Gold (1963)
SN ‘ >
v B and Morton (1964) studies indicate that less visual infor-

mation is required for coEréct identification when méaning-

’ — : ful contexttaf‘information is available. In addition, the

- . bod R " ‘ . L ’( ’

Fl ' -errots analysis studies (Goodmanj \L965; Kolers 1970; Weber, .
¥
ts

‘e
-~ ”

fi.' . 1970) Ssuggest that readers are capable of utilizing the se-

.- mantic redundancy of the passages in a text to facilitate

P S
L

£-4 l‘,
readlng. Thus, it appears that native language readers

2 . 0 »
| . «capitalize on-'the information provided by:the.meaning of
b - | :

the preceding words in. the sentencefto anticipate those

! 3

‘ ;/that follow. It should be noted however that these studles .

\ do not separate the differential contributions of semantic

9

' and syntactic redundanc1es since.in all cases, the meaning-
s ’ . :

°

£ . ful sequences of words being read. contained both types of

L 4
-

. “ o ‘ 4

) LI / a g . 9 ,
' ' cues. A - ) . - . ‘ Y 1 . s
,} S . / : A\ . .
. The studies reviewed in this. section demonstrate that

1 ° . -

’ N TR . . .
. §§ - orthographic, syntactic and semantic contextual information
¥ - plays a .significant role 4in reading. Ehe*tesglts of these

. i . / . . /

sstudies add strong support to contemporary conceptualizations-.

I = . off the® reading process:(Goodman,.l969; Hochbérg, 1970; - -

4 .

. O gassaro, 1975; Ryan & Semmel, 1969; Smith, 1971). As pre-

[ XN

’

mviously'menticned, these theorists have described fluent

.oe -

s . .reaAing as an act1ve°prbcess ‘in Wthh the reader utilizes

1 ) his knowledge of the redundanc1es that characterize the En=~

glish language, to supplenent the partial visual in§ormation
' - R o a —
i :

' N . s f . 7 & §

v
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of a printed page.- An implication of this view is that by
caéitalizing on the language's orthographic, syntactié and
semantic coﬁktralnts, a reader can 1dent1fy and abstract

the meaning of a word with less v1sual 1nformation. Ce

K .., ' ~

The Contribgkién of RedundanJy to Second Language Reading

In addition to«prov1d1n4 insights into the complex pro-
cesses 1nvolved in first language reading, current models of -
reading can shed light o¥~§he sources of some second language i
reading problems: -Given that the knowledge pf,redundancies
servés to facilitate the reaﬁing process, the difficulties
encountered in second langqgge‘reading may reflect sdma‘
efficiencies}'in the reader's ability to make full use of -
the second lanquage redundancies. Consequently, the éecond”
languagg reader méy-fely more on the printed visual infor-
mation and less on the non-Qgsual or contextual infofma£ion.

Compared to firs£ language reading, very little re-

|
serarch has been concerned with the processes involved in

.
s;cond language reading. fhe results of a few studies (Czikg,
Note Zh\Hatch, Polin & Part, 1974; Macnamara, 1;67; %gqnamara,
Feipin, Hew & Klein, 1968) -however, suggest that bilinguals
are less efficient at utilizing lpe syntactic And semantic

‘ .

reduhdanciés\bg the second language.

Macnamara (1967) investigated the relative contribution

( "
of ‘syntactic fedundagéies to first and second language read-

ing. He compared the amount of time needed(by English-Irish o

Yy

: . ' . o
o . N . b )
l A K . [

* . -~

T At T
. T

x: .

Y
i
1.

T 0 et

-



-
!

34

e

. ' 1
bilinguals to read anomalous or random passggeéfzgle ther

languages. The anomaléﬁ%ﬁpassqges were‘gég;tructed uch -

that they éiosely‘appfoximated Eng/iéﬂ/;r Irish syntax but
lacked meaning. For example,/oné/anomalous paséage was: ’
"road in thé countryqus,iﬁgéne, especially in dreary rooms ' R

where they have books...". A typical passage where the

words appeared randomly was "house reins women bought scream cwd

eséecia‘lly mgg_/s.ai/dqa;e’ love...". MacNamar‘asoned that .

since the anomalous passages were éomewhat predictable, they

woﬁld be more eaéily read than random passages. The results .
showed that when presented with first 1agguage passages,
subjeété took less time to read the anomalous than the\ran-
dom ones. 1In confrast, when the passages were in the second
/’Ianguaée, no diffe;ence in reading time Legﬁeen anomalous
and random passages was observed. Hence, it appears that]r wt

the second language readers were less efficient in their

N

, ability to use their knowledge of Irish syntax to aid read-
. L T

ing.
'Hatchr et al. (1974) investiéated the contribution of .

syntactic redundancy to second languagé reading’problems.

- A

In their study, native(and non-native readers of English
were asked to ¢ross out as quickly as possible, a letter

»
at-each of its,appearances in a text. It was_ found, that
the non—nat%Ve readers were more accurate than the native
readers at Fhis task. An analysis of the subjects' res-

. ¢ ‘ »

ponse ,patterns revealed that native readers crdssed;ggt
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letters appeqﬂgzg in content words, i.e., noun, verb, adjec-

35

tive and adverb, but not in funcfion words, i.e., article,
conjunction and preposition. Noﬁ—native readers however,
tended to cross out letters appearing in content and func-
tion words equally often. Thg performance pattern of native
readers was interpreted as indirect evidence that they relied
'more on their knowledge of English syntax than on the purely
visual information while reading. Since the texts alsé con-

tained semantic cues, a more probable explanation is that

-

both syntactic and semantic redundancies contributed to a

greaﬁer extent to first language than to second lénguage

¢

— reading.
| — - ‘ B

—

VEBEé”recent;yL Cziko (Note 2), using a modified cloze

procedufe (Oller, 1975),;;Epoftednthg;\gle bilinguals who

——

are high*y proficient in their éecond langu;géuéffeCtivelz\
utilized semantic‘redundanciés to facilitate the reading
process. ’ - h
It appears then, that bilinguals do not utilize the syn-
tactic and seméntic redundancies of the second.langtage to
the same extent:as those of the %irst language when reading.
The inability to make -full use of the second_language's re-
‘-dundahcies\may be partly responsible for the difficulties
. encountergdﬂin second language reading. '
The research contained in this tﬁesis was designed to

‘ further investigate the source of the problems encountered

'by proficient bilinguals who read in a'second language. In

—

|
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particular, it was decided to examine whether first and
second language readers would differ in the extent to which
they utilize the orthographic redundancy of each langquage
- during the process of word recognition.:
’ > : . ‘
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‘MEQHOD OF INVESTIGATION : :

<

‘\\“‘~‘~\\‘\‘\\\~\\?hree methodological considerations arose in designing

T

thls study \§iﬁ\\ftf5t\Q\DSlSLed of selecting an experimen-
\

tal paradlgm ‘which would provide an é&é&ﬁafé~test~of~;\“‘§\‘

readers utlllzatlon of orthographlc redundancy and would

allow for comparisons between first and second language.

The second consisted of establishing whether orthographic .
redundancy is utlllﬂig in a language (i.e. French) other
than English, since to date all research in this area has

been performed in English. The third concerned the best

procedure to select bilingual subjects who would have 'an
adequate knowledge of the second language's ‘vocabulary.
The resolution of each of these methodological considera- ¥

" tions wil;'be discussed below.

v -

14

,Experimental Paradigm ' -

The paradigm chosen to investigate the contribution

of orthographic redundancy in first and second language

1

reading was‘similar to that employed by Reicher (1969)'in

¥ his study of the processes invdived in word recognition. C 4

I Reicher was the first of several 1nvest1gators (Johnston

\\\\ & McClelland, 1973, Massaro, 1973; Mezrich, 1973; .Smlth &

’
.

and, 1972; Thompson & Massaro, 1973, Wheeler, 1970)
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The word superiority effect rdfers to the findiné that under
tachistoscopic conditions, a letter is more accurately iden-
tified when it appears in the contéxt.of a word than when it
appears in the context of unrelated letéer strings or alone.

The paradigm uéed by Reicher employed a forced-choice

' proce%pre that was assumed to precludé the possibility that

—

\\aﬂigrd context would facilitate performance by enabling the

~ h .
SubjeéE\tQ\utilize his knowledge of orthographic reduq?ancy.
N .

In this para5i§m, the subject is first presented.with a

brief display containing either a word, an anagram or a

’

single letter. Thestarget stimulus is immediately followed

~.

by a visual mask that covers the\EreQ\previously occupied
~

by the stimu}us. The visual mask-is presen simultaneous-
ly with two choice letters, the cfiéical letter wiich
alreédy appeared in the target stimulus and the alternative
letter wﬁich could form a new word if inserted in the same
pésition. The subject's task is to identify which of these
two leftters was contained iﬁ tRe target stimulus. !For ex-

ample in word trials, if the stimulus is DOVE tﬁé two

////////// " alternative letters for the first position would-be D and

" » number of errors made on word trials, to those made on

M. The subject's performance is analyzed by comparing the
either anagram or single-letter trials containing the same
critical letter. Typically, the results show that letters
appearing in a word context are identified more accufatély

than when the same letters are presented in an anagram con-

-
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text or in isolation. Reicher interpreted the word superi-
ority effect as indicatiﬁg that words or clusters of let-
ters are the basic perceptual units in readfhg.
Several investigators (Johnston & McClelland, 1973:
kassaro, 1973; Thompson & Massaro, 1973; Wheeler,‘1970) have |
replicated ﬁeicher's (1969) f;pding and have shown that the
word superlorlty effect can not be attributed to some method-
ologlcal artlfacts operatlng in the paradlgm itself. . Wheeler

(l??O)\proposed five alternaklve explanations which could

have produced the word superiority effect in Reicher's study.

First, since the forced-choice alternative display imme-

diately followed/the target- stimulus, the former might have

. /o , ‘g . e
interfered more with the recognition of a single-letter stim-

1

ulus than with that of a word stimulus. Second, since the,

wword stimuli were centered with regards to the fixation point,

.
the position of single-letter stimuli had- te—vary. Conse- ~

que?tly, more time might have been ;equired for the subject
to .isolate the single;letfir stimuli in the visuel field. ; .
Third, the subjects miglt have a tendency to focus on some
properties ef the word which distinguishes it most from
other words. These properties are most iikely to be found
in those 1ette; positions wheqe a new ietter can be ineert-

ed to form a new word. Fourth, if the critical letter had

not been identified in the word stimulus, when presented

with the two letter forced-choice display, the subject mlght

l ) select the lettcr that forms the nore frequent word when

lv":.‘!
s Py
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+

’ggt.
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combined with those letters he has already recogn%zedﬁ

Finaily, recognition of certain words mighi be fapili~v
tated by their more frequent occurrence in the language. /
When WHEeler (1970) tested these Hypotheses using gppro-
priaté controls with the Reicher paradign, he found that
none -could account fof the superior perception of a let-
ter embedded in a word as compared to in isolation.

The robustness of the word superiority effect has fur-
ther been documented by Johnston & McClelland (1973) . They
employed the Reicher paradigm under conditions that woulé ‘
rule out other, possible artifactual interpretations of the
word superiority effect. In their study, several methoé;‘
ological improvements were made so as to provide an ade—
q%ate comparison between word and sﬂhgle letter perceptlon.
First, word and letter trials were blocked, thus allowing
the subject to adopt an optimal recognition strategy un?er
each condition rather than to possibly maintain a "word
"set" for both conditions. Second, the forced-choice dis-
plays contained word alternatives on word(hxials and letter
alternatives on letter trials. For example, when the stim-
ulus word was COIN and the fi?st letEer.positign was being
testgd, the choice alternatives were gbIN and JOIN. 1In the
corresponding single-letter stimulus, the letter C was pre-
sented alone JWith C and-J being offered as alternatives.

This procedure ensured that the subjects would know which

among several letters in the stimulus was the one being -
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tested. Third, since a letter presented in isolation may -

be relatively dlfflcult to locate in the v1sua1 field, an

additional 51ngle—letter cond;tlon was- included. In- this
condition, the noise character, # occupied the three re-
-maig}ng positions. For example, the embedded single—letier
stiﬁulus corresponding torthe word COIN was C### with the

" sase qlternafives as in the word and the letter alone
trials. Fourth, in order to control for the possibility

s

that the onset of the forced-choice display might be inter-
\
fering with the processing of the stimulus, the alternatives

were always presented outside of the tachistoscope and well )
after the offset of the stimulus. Finally, a condition in .
which the position of the letger being tested was given

prior to the single-letter trials buélnqt to the word trials
was included. By eliminatiég uncertainty'ae to £he posi-

tion being tested onply in single-letter trials, this proce-
dure introduced a bias in favor of leéter stimuli. Althougﬂ
Johnston and McClelland (1973) used an experimental desigq “
that controlled these biases which could have accounted for

the woxd superiority effect, the results showed that a let-

ter contained.in a word was identified more easily than a »
letter péesented either in isolation or embedded in ﬁésking
symbols. Hence, the studies of ﬁheeler,{fgggy—;;d of

Johnston and. McClelland (1973) provide considexable evi-

dence against the possibilit¥ that some methodologiéal er{

tifact operated in the Reicher paradigm to produce the word

—
~
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superiority effect. L * . : -

} Initially, Reichef*(l9695 claimed that tha.wdrd su-
periority effect could not be atgributed to the viewer's
utilization of orthographic redundancy. An assumptidn
that is implicit in this ?laim is that the knowledge of
orthographic'constraints facilitates Jord identification
by simply reétricting the nu%ber éf possible response_ al-
ternatives. Hence, according to Reicher, redundancy is a

decision effect that is operative only when the sﬁbject

has to guess which of the two letter alternatives had ap-

’ I

peared in the word stimulus. Consequently, Reicher (1969)

argued that his paradigm eliminatés the contribution of . a
orthographic redundancy since the two letters in the
forced—choigaféisplay could equally we%l complete a word.

More fecently however, Massaro (1973), as well as

' Thompson and Massaro (1973) have provided compelling evi-

anée thét.reaundancy does not play its role in the deci-
sion stage in the Reicher paradigm.a‘The results of tﬁeir
studies.have ‘shown that a viewer can identify the critical -
letfer appearing in a word without gffiF considering the

l8tter alternatives contained in the forced-choice diéplay. ' > -
Hence, they have suggested that in the Reicher parédigm,

redundant %nformation is p;dcessed during t@g primary re- - o
épgnition stage and that the viewer's utilization of or- -

3 A . . ) .
thographic redun¥ancy is responsible for the word superl-g

ority effect. -

- o e O 3 U Tt G,
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. ompson "and Massaro (1973, Experiment I} demon-

1

’ 1 4??. o8
strated that the redundancy is used at the recognition

.

stage.rather than at the decision stage, in the follow-
&

ing manner. They manipulated the visual similarity (sim-

/

e T T YR AP e e e

ilar or distinct) of the letter alternatives presented - |
after both single-letter and word stimuli in the Reicher
‘paradigﬁ. For example, when the word‘stimulus was‘EAST,
the visually "similar alternatives for the first position ﬂ.

were E and F, whereas the visually distinct alternatiyes S

were E and C. They reasoned that if redundancy simply‘
! .

helps tpe subject to arrive at a decision when forced,to
9 .

, select between two alternatives, then he would need to

[T S

postpone his decision about wha# is being held in percep-
tual storage until the alternatives are presented. In this
5, ) ' case, the similarity of the alternative letter to the tar-

A . 4 -
i get letter would considerably influence performance on both

e single-letter and word trials. In contrast, if redundant

information is processed during the actual recognition .

* stage, then the'similérity of the two‘alternativesdﬁould"

’

hav Qo effect on performance. - Again, it.was found that

o letters embedded in words‘Were identified better than those
presented alone, and that the similarity of the alternatlves
‘Qdid not affect performance. Consequently, Thompson and ,»)f

Massaro (1973) concluded that redundancy operates at the

recognltlon stage of 1nformatlon process1ng and not at the

response selection stage as 1mp11c1tly assumed by Reither -
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' (1969). Hence, since the visual information of both-single-

letter and word displays is synthesized prior the pre-

-

sentation of the alternatives, orthographic redundancy most
likely accdunts for the word advantage effect jobserved in
Lo . -4 ‘a
the Reicher paradigm. . \
! i _
Thompson, and Massaro (1973, Experiment II) s%bsequent—
ly desi%ned a second experiment intended to p ovidg a more
s - |
adequate control for:redundancy. In this study, tﬁe sub-

jects were given all of the response alternatives and in-

formed as.to the position of the critical letter prior to

¢

the- start of the experimental session and thus prior to per-

ceptual synthesis. The response set was reétﬁicted to four

alternatives, two of which were visually similaxr, and the

i ]
v

other two visually‘'distinct. It was argued that since the

subjects knew the alternatives as well as the location, that
: ' /

the critical letter would occupy in the Wword stimulus, they

would change their strategy and perhaps‘iook°for.visuai,feg-

;

turesoonly in the location specified. Therefore, letters |

appearing in words would not be more accurately %dentified.

than those appearing alone, since the' effects dué to the

redundant information provided by a word contextiwéuld be

eliminated. It was found that this precueing prTcedure
' e

transformed the word superiority effect into a l?tter ad-

vantage effect. Moreover, the similﬁrity of the;alterha—
’ T4

@

jects |

\ 3
ance. In both single-letter and word trials, s

)

tive to the critical letter, was shown to affec7 perform-




-paradigm, that when the two lett®r alte

45
teénded to select;the alternative mosf similar to the érit—‘
ical letter. —Shortiy thereafter, Massaro (1973} using a
précueing procedure in the Reicher paradigm, repprted‘re—

sults which were consistent wi those’ obtained by Thompson

and Massaro (1973}. »

1

In summary, the studies by MassAro (1973), as well as

Thompson and Massaro (1973) have shown, using tQe Reicher

atives are dis-

» played after the stimulus presentatioh (postcue condition)

*perfgrmance on word trials is Mre accurate than that on

J
single-letter trials. Conversely, when the alternatives

precede the stimulus presentation (precue condition) the

word superiority effect disappears. Thesé investigators -

_'ﬂhave proposed that the word advantage effect in the post-

cue condifion reflect the fact that, redundant information
'

> .

is available and that it operates to facilitate“performance'
in word contexts. Accordingly, knowledge' of orthographic

. " . ! a
redundancy helps the subject to limit the number of pos*&ble

t

aiternat}ves for eacﬁ letter“position in a word. Hence,
less visual information is required in‘order to correafly
identify .a letter presented in a word than a letter pre-. —~
sented alone. ‘4" .
The“eited evidence suggests that the qud‘superiOrity
effect ogserved in ﬁhe'Reicher paradigm results from the
virewer 's 'use of orthographic réahqéaﬁéy. Eurtheimpre, it .

appears that non-visual redundant iﬁférmation aids letter
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probabllltles 1n each of the two languages.,
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. .
% ' ¢ i
r

identification during thg primary recognitipn process itself

4

(Thompson & Massaro, 1973).y Since it has been shown (Daitch-‘
ﬁ;n, Note 1; Kellaghap & Macnamara, 1967; Macnamara, i965g
Tullius, 1971; Oller & Tullius, 1973) that second’iénguage
readers‘requirg more time than first-language readers to pro-

cess the same amount of printed information, it is suggested

‘that the secohd language readers may be less able to capital-

ize on ‘the redundant information of a word cdhtext. The

Reicher paradigm thus seems®to provide an appropriate way .

to, examine the hypothesis that.readers use orthographic re-
" . H
dundancy differentially in first and second language readings.

In designing this study the following methodological

modifications of the Reicher paradigm were made. First, in

S ' L.
order to provide a fairer comparison between word and ana-

gram trials and between word and single-letter trials, -all

.singlerletter stimuli were embedded in visual noise masks

/

‘to control for lateral masking (gdhma, 1970). Second, a
,._/-ﬂ-*’

precue condition was 1nc1uded {; whif? the two letter alter-

.natlves were v;sually displayed prior to each target stimu-

lus presentation.- Third, since this study was concerned:
g;tﬂicomparing the éubjects' performance‘épross languages,

an attempt was made to éduate‘the word stimuli in termé of
 their ‘frequency of occurrence and in their summed transitional

L

. As in Reicher's study, anagrams of the word stimuli K \Rg \
. . M ‘ ¥



. were inciuded since they contain the same visual informa-

L grams of the same words and single letters embedded in vi-

'Tnis'inefﬁ@ciency should appear in a task where the use of

. ‘ 47 _ . ¢

tion as the words bnt iaﬁk the non-visual redundant infor-
Fation of orthography.

As in most studies qsiné the Reicher paradigm, the

targéet stimulus duration required for -each subject to per-

2

form at 70 percent ac racy on single-letter trlals, was
first determined. o;izﬂ;QQabllshed the stlmulus exp\J?res

remained constant throughout the expe;tmental session. The '

subject was presented with an equal number of words, ana-

sual masking symbols. Perfdrmance on single-letter trials

then served as a baseline from which to compare the sub-
£

ject's accuracy: in identifyinb letters presented in word or

! -

anagram context,s . ’

It has been proposed in this thesis that bilinguals

are less efficient in utiliiing orthographic redundancy

when reading in their second language than in their first.

orthographic redundancy facilitates performance. For instance, !
if bilingual readers- differ in the extent to Ihich they

capitalize on non-visual redundant information of their

A

second language as compared to thair first, these gifferences

snoula emerge in the postcue condition. Bilinguals reading ' //

in their first language should 1dent1fy letters appearing
in words more accurately than those appearing in elther

anagram or visual noise mask contexts: If bilingual

readers are less efficient at utilizing the‘ orthographic



48
‘redundanciés of the second language,? then theré'should be
little or no advantage for the rgéogniﬁion'gffietters“pré-‘
sented in worés ovéf the recégnition of those_pregeﬂted in
. anagrams or maskigg symbols. In addition, there_;houid be
no difference between the perfoéﬁance gf both languagé groups
on anagrams or single-letters, since neither provideffedundént

, contextual information. 1In contrast, since the precue con-

dition minimizes the contribution of orthographic redun-

PV
?

dancy, both first and second 1anguagevreaders should per-
form equally well when identifying target letters appearing

in words, anagrams and visual noise masks.

*

The Word Superiority Effect in French

. The second méthoaological cons%deration concerned the . N
;iéct that to date studies demonstrating that a reader uti-
lizes the redundant information Sf a word context have been
eonducted with native readers of English. Although ;t seems

\ likely that native readers of French would also benefit from

- using redundancy, the possibility remained that perhaps some

v

inherent characteristic of the French language might restrict

the extent to which redundancy contributes to the process of

g letter identification.

7 '

. ' -If this were the case, poorer performance in the recog-

nition of letters presented in the context of French words

(the secondilanguage for all subjects) as compared ‘to English

words, could be attributed to this artifact.rather than to

-

/ .
v - N ’

ol

(
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of the two conditions. 'The mean error scores on the precue
{ .

(condition were 17.60, 19.80 and 16.40 for words,  anagrams

The mean and standard deviation of the number of errors made

‘49

the second language readers“inahility to make full use of

.the language's redundancies. Therefore, a pilot study was

conducted in order to ensﬁre that francophones do utilize
the o?thographic\redundaqcy provided by a word context as -
an aid to letter identification.

Five francophones participaged in this study and served
in both the postcue ana the precue conditions. The procedure
was identical to that of the main expefiment‘with the excep-
tion that only French s£imuli were presented. The results
were analyzed by combaring the number of errors madg by each

subject on word, anagram and single-letter trials in each

s

’

and single-letter trials, respectively. 1In the postcue
. e
condigion, the means error scores for words, anagrams and

single-letter were 5.203 16.60 and 19.60, respectively.

.

on each type of stimulus materials #hd (: both conditions
are presented in Appendix A. The results’ of theé ‘analyses -
of variance are given in Appendix B. It was found that when

N ] (] . ’ 2 . L4 [}
the contribution of redundancy is minimized, as in the 'precue

condition, f?fncophones p%rformed eqﬁ&lly well when identifying

letters appeéri‘b in word, anagram or visual noise masks
?

dontexts. In contrast, in the postcue condition where the'

1

redundancy of a word.context has been shown to aid letter
iaentification, a significant word super&ority‘effect was ob-

ta;ned. These results provide evidénce‘that the French

¢ | : '

”~
>
.
¢
‘
5
.
.
I

N,
\

‘
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language containé int;a-ﬁbrd redundancy.. Moreover, it
appears that francophone; apply theif knowledge of these
redundancies to faqil%taté letter identifigation.

' The existence of a w;rd superiority effect in French
parallels that found in the English language. Therefore,VI
it is'possible to compare the relative contribution of
the knowledge of orthograpﬂid redundancy to skilled reading
in both languages i.e. French and English. in making such-

" a comparison, one must ensure thag_the bilingual has' an

adéquate knowledge of the second ldnguage vocabulary.'

i

o

Definition of Proficient Bilinguals

-

The first phase of this study involved the éelection of
subjects who were generally eéually proficient in both their
native (English) and their second language (French). For
this pﬁrpose, 20 native speakers of English with French as
a second language wé;e contacted to participate in:the study.
All prospective subjects reported themselves to be fluent
bilinguais who experienceq"no“difficulties;in:égppxhhandigg
spoken or written material in their second language. The
selection procedure-consisted of assessing each squeét's 
listening and reading proficiency, in‘their first and second
language, using texté followed by multiple chpice'qpestions.
A detailed déscription of the procedure employed and of the

)

criteria to be met by each subject are presented in the

e

following section.

/
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a METHOD

\

Listening and Reading Comprehension Tests

)ﬁ/’ yl/texts and accompanylng multiple choice ques~
fions used in the llstenlng and reading comprehension
tests,orlginated‘from Educational Laborétorles, Don
Mills,.Ontario. The English texts were taken from
series HG—lO/i9/22/23 and from series 1IJ-6/9/16/20,

' with an average length of 1547 words. The Ffénch‘ﬁexts
\\Jgigg,obtﬁined from series GH-4/8/9/25.and fJ-G/lQ/Z&/24L
with an average length of 1341 words.
Each test was.presented either aurally, via head-
phones, or visually, in the form of typed péges. For
* the purpose of aural presentation, all texts were re-
corded on magngtic tape by a native speaker. The Eﬁﬂ_
A glish énd French texts were read at an average rate of

209 and 200 words per minute, respectivély. The 1ength

and rate of presentatlon for each text are given in
"Appendlx C. In the visual presentation, the subjects

. were requested to read the texts at a rate that would .

optimize their comprehension. The length of time re-

N

quired to read each text was recorded.
Each participant was tested individually in two
sessions of approximatelf 1.5 hour duration each, held
hj

on.different days. At the beginning of the first ses-

sion, the subjects were asked to guess the answers to.

.
\




.

multiple choice questions related.to two English agd

two French texts that they had not been previouslylex— )
posed~to’and never saw again. :The subjec;s were told
that the purpose of this task was to intvestigate the
clarity of the‘questions. " This procedure provided an
eétimaﬁe of the rate of corréct guessing witﬁout prior
knbwledge of the, text, for gach set of multiple choice
questions. 1In this manner, differences in comprehen~-
sion scores resultiqé from the idiosyncrasies of the
meashri?g instfumen; were controlled fo;.

Following éhé guessing task, the sﬁbjectS'were
tested for listening (auditory) and reading (visual)
proficiency in both theif native and second language.
Within each session, the subjects‘were alternatel§ pre-

. . ‘ . ‘
T T——sented with three English-and three French texts, in

one modality (auditory or visual).™ Héhce7~over~themtﬁé_;
sessions, each supject?was exposed to 12 texts in totali 5
six duditorily and six visually. The order of presen-
tagion regarding the language and the modality was M
.counterbalanced across subjects.

At the end of each auditory and visual ‘text pre-
sentation, the subjects answered the‘multiple choice
questions. Each English text was accompanied b§ 10
multiple choice questioqs, wheréas the’French‘texts had

eight multiple choice questions each. The use of mul-

tiple choice format pérmitted objective scérinq of

‘




v 53

answers. Answers.to these questidns also provided an
overall measure of listening and reading p{pfidiency
which made possible comparisons between the two lan-
guages;

In order to be included in this study, each sub-
(

Sect had to satisfy the following criteria: 1) their

listening and reading compréhension scores in both En-

glish and French had to be at least 70%; 2) the dif- \

ference in scores between the two languagé§ in both

listening énd reading had®to be less than 10%\\\\\\

Subjects

In all, eight females and four males satisfied the

above criteria and were included iﬁ the study. All sub-
_Jjects acquired their second language skills in the con-

. text of their daily life, i.e., home, woric, neighborhood,
‘rather than solely in school settings. The scores for
each subject on the comprehensibn tests are given in
Appendix D. Subjects were paid $3.00 an hour to parti-
cipate in the study. All subjects had normal\e(\sér— )

l .
rected to normal vision, As assessed by the KeYstoﬁE\\\\\\\\

School Vision Screening Test. , >

Materials and Apparatus o .

A three channel slide projection tachistoscope

controlled by a Coulbourn logic system was used to pre-

’a}; ,‘i{:’},.
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sent the stimulus materials. Brief presentatipng gﬁ
stimuli were achieved by three Lafayette tachistoscopic
shutters (Model 43016) each attached to a slidq projec-
tor (Ektagraphic Modgl Af 2‘. All stimuli‘conéained
black figures and were projectgd on a white homogene-
‘ously illuminated background.

The experimental stimuli consisted of one English
and one French set. In each set there were three typeq'
of display: four letter words, anagrams of.the words
and letters with the ampersand symbél as noise character.

_“P .
Word Stimuli: The word stimuli in each language

" set consisted of 60 monosyllabic four Tetter words cho-

sen such that each of .the words could be changed by one
letter (the critical letter) to form a new w3xd. The

\ .

critical letter came equally often from;eachlof the
four possible positions in the four letter words. Hence,
in each.iénguage set there were 15 wérds at each letter
position. The critical letter and an alternative letter
wh@ch could form a new word if inserted into the criti-
cal_position,were the two possible responses in the ac-
‘companying forced—chq}ce display. For example, the two
poésible responses fof the English word HALL were L and
ME, with L being'the critical letter. Similarly, er the
French word SOIﬁ, the égo possible responses were R and

. “
N, with R being the critical letter. In each language

set,all pairs of words were chosen so that they differed

'
W e At vt W 1 a2 e e Ve
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.very little in their mean frequéncy of usage in their

respective language. The words formed by the critical

e e

and alternative letters had mean frequencies of occur-
~rence in English of 56.4 and 58.6, resPeStivély; while
in the French set, their frequencies of occurrence in
‘; e French were equal t; 55.8 and 61.46, respectively.

The frequency of occurrence of the Eﬁgliéh words were
determined from Thorndike-Lorge (1944) word ffequency’ R

count and the French words estimates wexre taken from

Beaudot (Note 4). 1In addition, the words in each of

the two language sets had approximately equal summed

:
H
1
+
i
i

L transitionalyprobability, as calculated from Underwood

and Schulz (1960) and Beaudot (Note 5) summed bigrams

A3

frequency tables.

. L4
Anagram Stimuli: For each word stimulus in each

of the two languageé, one corresponding anagram stimulus
was- prepared. The anagram, a nonsénse letter string,
was generated by keeping the critical letter in: the
. same position as 'in the word, while rearranging the

! order of the ather letters. For exaﬁple, the anagram

for the word HALL was LAHL, with L and F being the res-

ponse alternatives offered, as in the word condition.
When constructing each anagram an attempt was made to
minimize the summed transitional probability of the

- i
four letter combination. } ‘

Single-Letter Stimuli: A single-letter stimulus

k3
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. ) - E A R TTIGT Ve e Ay Y T T TR I T ISR S s L e S e R e S A e e i ey as gy - >



- ————— e R AW it A

56

*

éorrespoﬁding to eagh word of the two ianguage sets

was also included single-letter stimulus con-

-~

‘tained the same critical lettexr which occupied the

same position as in the word. ' Since the letter was

‘ﬁrésented singly, the remaining three positions wer

filled with ampersands in order to gcontrol for lat

masking (Bouma, 1970); Ampersand éymbols were sele

e
eral

c—

ted since they have been found to be considerably more

effective as pattern mask than characters such as #
sidgn (Estés, 1273). Hence, the single-letter prese
t;tion correspdgding to the word ﬁth consisted of
display &&&L, with L~being the critical letter and

being the alternative letter,

Forced-Choice Display: In all, each language
contained 60 four letter words, 60 corresponding an
grams and 60 corresponding single-letter stimuli.

stimulus was accompanied by a forced-choice display

containing the critical and the a%ternatiée letters

n-
the

F

set

a—

Each

One of the letters was located aboﬁe and the other be-

ow the position‘of the target letter to be identif
in the corresponding stimulus display; the other th
positions were indicated by, underscores. Within ea

position tested and Within each stimulus type, i.e.

word, anagram and letter, the critical and'the alte

native letters appeared equally often above and ‘below

the target letter position in the stimudlus display.

. ;
/ ’ L B
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v

All stimuli contained in the English set .are found in.

Appendix E and. those of the French set are given in

, Apﬁtandix F. . - ’ S 5

Practice Stimuli: In addition to the experimental

v
R S

stimpli, one set of practice stimuli for each cue con-
digo was constfucted. Each set contained 80 single-
letter stimuli with corresponding critical and alter-

native letters. 1In both sets, each letter of the al-
P

phabet was used approximately the same number of times.
The incorrect aiternatives were chosen rancfomly.c The

Practice sets served to famifiarize the subject with’
' A

tachistoscopic displays and . to assess the appropriate c

\1,,

stimulus exposure for that sub:‘ject.h /
A fixation point consisting of a small black dot ‘ v

was pitojected on the center of the stimulus field'be-l | N

fore each trial. - Alll expeyimental and ér’actice stimuli

contained black uppercase lettex;s. The height and

wid‘th O0f the lettors subtended visual angles of approxi—

mately 0.7° and 0.5° respectively, at a vilwing distance

of 101.3 cm. At this distance, each four letfe; stim-

ulus subtended a viéual angle of Qﬁroxir‘nately 3.6°.

The v.isual noise mask consisted of a i‘ecﬁan le filled

with crossing diagonal lines, and extended pproximate-

\

ly 0.6° above and below each stimulus and to its left
® )

[

and right boundaries. .

"

o m
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The subjects participated in two cue conditions

. in each of the two languages (precue and postcuée in T
y o English and precue and postcue in ﬁrench). Half of.

| : the subjects served in the precue condition in either

Engligh or French first and the remainiﬁgpsubjects . o,
I . ) '« served in the postcue condition in either English or

French first. Within each of these four conditions,

» the subjects were exposed'to words, anagrams and let-

0y

N - ters. In all, each subject contributéd 60 observations

to each compinations, of variables: Cue conditions
(pre— or post-), Language conditions (Engl#sh or French)
T ‘ and Type of Stimulus Material (word, anagram and letter).

! f B Lo

Procedure

The/subjects were seated in a iighted room at a
- table @Z;ing the stimulus field of the fEchistoscope{n
¢ " The subjects were individually tested over ﬁour ses—,
sions of t e experiment, each held on different days
.and lastifg approximately{gne Hour; The subjects were
first introdﬁced‘with the séquence of tach}stdscopic.
évents o} the experimental condition for the session. .
They were then familiarized with the displays by re-
ceiving eight practice trials, in~thch they had to
identify the critical letters of single-letter stimuli

-~

exposed for 200 msec. The‘sg?jects were instructed
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that (a) the task was difficult™and would require ' .

£011 attention on all trials; (b) bafore each trial’, .

.~ the subject should look "at the fixation point corres~-

pondlng to the center of the ‘area vwhere the critical e

letter m;ght appear; (c) the position of the critical

4

lét&ér in the stimulus display coul% be determined from

' the position of the two letters offered as alternatives
in the accompaﬁying forced-choice display; . td) only

one of the two letters could occur amezg/;he—feupres______“_‘\\\'~:
. /

sible positions in tﬁé)étlmulus dlsplay, (e) the

c

critical lettér would ap@ee;»equally often\i@ the upper

and lower posi;ioﬁjin‘the'forced—cQoice display; (f) o -

"ong of the two letters had to be verBalIf reported on

edch trial, even if guessing was required. The instruc-
s

tions given to the subjects are foumd in Appendix G.

- Pretesting: As previously mentioned, the design

of the experiment demands that on the single-letter ¢on-
R * - ’ g . .
dition, all subjects reported approximately 70 peieent' —<

of the critical letters correctly. Therefore, follewing

the‘b{}ef practice, each experimentalksession began by -
. . - T
a pretest in which the target stimulus gurétion required
) "
f¢r each subject to perform at 70 percent accuracy on

singGle-letter condition was determiﬂed For thls pur—

pose, practice single-letter stlmull and accompanylng "

forcedrchoice displays were‘presentedvin a sequence

corre5ponding to that of the subseqﬁent experimentdl .

- e

“
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‘,, condltlon. Thus, when pretesting ik the- -precue condi— .
tion, the forced-cho:Lce dJ.splay preceded the stJ.mulus

d:.splay, wh:Lle in the postcue pretestz.ng, the forced-

il

choice display followed(.:b.e stimulus di:splayv." The_

target duratiom was determined by ilsing ajnosdifj:.ed

method-of-1imits procedure, al%v’ays bgginning with an
escend;ng seqﬁenbe, Once. established , the target

stimulus duration remained ‘congtant, throughout the

session -for that subject. It should be noted that

since single-leti:er stimuli werelempleyed to dfter-

mine :the target duratlbns, they should not differ- for

the"French and the Engllsh conditidons. The ranges of

e

‘ duratlons over all subjects were. 60 to 88 msec for the.

precue condition and 50 Eo 90 msec for _the postcue con:-

{

dition. The target stimulus duratlons for each subject

S

are sh.own in Append:.x H. -

s

Precue Condlt:Lon: In the precue condition, each

+

trial was sequenced in the follow1ng way-' the fixation g

point was first‘displeyed on the centexr of the white

) . ‘ ;
‘illuminated field for 1500 msec. The fixation paint
was :unmedlately followed by the two letters forced- -

cho:.ce, ~d!splay. The forced-choice display was exposed

for 1000 msec, and was immediately followed by the
‘stimulus.8 The .etimu;qsr remeine‘d’ in view for the dura-
‘ tion established during pretesting. Upon ‘the ‘offset
of the stimulus, the visual noise mask vas exposed fer'

\

-
-

€

4 4
SR 4 R '
' ‘s
g -
.t“"‘m & 5{5 .
q;?‘ tw’f

%,
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‘: LT 1000 msec. The subjects' task was to report aloud,

- position, in the stimulus.

condition is illustrated in Figure 2.

€

‘ ' T .

-~
7t

L

of the postcue condi tiof.

- . [
which of the two letters contained in the display -

. »\\ . .
Y that preceded the stimulus hid occurred in the same
, ’ - \ «

The sequence of tachis-

«  + " "was immediately followed by the stimulus.

sition in the precedlhg stimulus.

PR

v’f

4

Postcue Condition: In the postcueucpndition,

O . the fixation point was |first shown for 1500 msec and.
The lattgrg

S . ) was ‘xposea for the duration dete;mined in pretesting.
The|stimulus was ?ﬁmediateiy followed by the visual
noise mask covering the atéa‘which the stimulus had

just océupied: The vishal noise mask and the fo&ced—

choice display were presented simultaneously and were
L éxposéd'for°1000 msec.. The subjéét's task was to -

Lo o Verbally repbrt which of the two letters presented
above and below the mask had occurred in ‘the same po— N
Figure 3 illus-

- . trates the sequence of evepts comprising each trial =

3

. th&? the type of stlmulusd i. e., word, -anagram and

T single 1etter, were presented in a random order. In

in which the subject's verbal response was recorded.

’

. w RS . » .. : .
In both languages of the precue and postcue condi—

each condition, the intertrial 'interval was two seconds,

: toscopic events comprising each trial in the precuéi\\\\\\\\\\\

~—
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ENGLISH
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ENGLISH
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Figure 2:
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Sequence of tachistoscopic events in-both
languages of the precue condition. '
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languages of the postcue condltlon.
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“\“assegsed‘by computing the mean percentage of correct answers

RESULTS AND DISCUSSION

/ | . ]

Listening and Reading Comprehension Tests

P

The firéﬁ set of data to be considered is' the subjects'
perforﬁance on the listening and reading comprehension tests
used to delect bilinguals with equivalent comprehension of
their.first and second 1énguage$.‘\1t will Be recalled that
subjegts were pré—selected such that 1) their listening"
and reading compr ansion in each of the two languages was
at least 70 pengéi% and 2) the différqncés in comprehension
scores between the two languages when listening and reading

~

was less than/lo percent. Each subject-comprehension was

to the multiple choice questions accompanying the English \
and the French texts presented either aurally or visually.
Thése scores were then averaged to obtain an overall esti-
mate of the groub comprehension,¥hen liséening to and ;ead- -
ing texts in each language. The mean and stahdard deviation

/ .
of comprehension scores in each condition are found in Table

1. v o .
As may be seen in Table 1, the subjects' performance on
texts presented in each,language\and modality satisfied the
- ~ .
previously establi;héd criterion. The difference in compre-
hension scores between aurally presented English and French

texts was not significant,t(ll) = 0.49, ps10. Similarly, the

comprehension scores for the visually presented texts did not—\

. \I
. \

e




) ' Table 1
&

Mean and Standard Deviation of B
7

~Comprehension Scores in Each Condition

Mode of Presentation

S
= ) .
. Aural Visual .
English - M .81.94 M 81.18
sD 6.27 SD 5.51
3 !
French M 87.50 M 83.37
’ sD 5.53 SD 7..32 .7 :
: Note: Maximum score = 100
‘ . . Y ' .

3
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differ between the two languages, t(1l1l) = 1.69, p >.10.
The rate of correct guessing of answers without prior ex-
posure to the texts afe given in Table 2. The re;ult éf .
a t test indicated that under these conditions, correct
. answering.of the French questions was not easier than cor~.
rect answering of the English ones, t(ll) = 0.16, p >.10.
These data glearly demonstrate that the subjects qompre—‘ :
hended spoken and written materiais‘i@_their second lan-
guage as well as those in their first. /Moreover, the si—
ilarity between the performaqce in the two languages can-_
not be attributed to the idiosyncrasies of fhe meqsuring
ihstfumeﬁt, since the correct guessing of answers withdut
prior knowledge of the texts was the same in both lané;ages.
Although feading comprehension in both languages was
equiv;lent,athere were differences in reéding rates. An
estimate of each subject's first and’second language read-
ing. rate was obtained by@&a}cﬁlating the number of wor@s
 read per minute. The mean géading rate of each subject for
the'Engl;gﬁ and French texts are given in Appendix I. Table
3 shows the subjects' mean and standard deviation for first |
and second 1anguagé reading. The analysis ‘of reading rates
revealed that second laéguage reading was 33.30 percent |
slower than first lanéuage reading. A t test indicated
such difference to be highly sighificént, t(1ll) = 7.00,
-

‘ p<.00l. S -

The performance patterns of subjehts in the reading and_

”~

t

BT AR ISR ooy
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|
E , " Mean and ét@ndard Deviation of

Corréct Answers on Guessing Task' ' b ’

{
; - .
. Language’
3
o / English - - M 31.61
+»
. sD 7.84
L4 .
; French - M 31,17
( : sD 7.54
Note: Maximum score = 100
’ -
; o. t!«&l
. ' . “
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Table 3

¥ . )
' Mean and Standard Deviation of

2

'First and Second Language Reading Rates

Reading rates in words per minute

a

N o e &
English texts M 302.89 _ :
5D 82.26
. Ul ! L
- ) ' ‘
French texts M 202.05 ) |
. - . sp 47.07 -
o . ?
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listening comprehension tests are similar to those of subj€cts

) - *
in Daitchman's (Note 1) study. In his study, adult bilin-
gual readers were exposed to text projected on a screen, one ﬁ
line at the time. The'rafe at which the passages were pre-

sented was the same for first and)secondﬁlanguage texts and

was determined.by assessing each subject's first language
reading rate. He reported that given nearly identical rates

of stimulus presentations, fluent bilinguals comprehended

both -langquages- equally -well when- listening, but neverthe

Kad inferior second language comprehension when reading.
A similar second language reading deficit was observed
in' the present study. When the subjects were instructed to

read each printed text at a rate that would optimize compre-
\

hension, the second language reader sacrificed speed in or-

der to maximize comprehension. : - .
¢,
The subjects' response patterns on the comprehension

v

tests of the present study is congruent with the outcomes of
several studie:‘(Daitchman, Note 1; Kellaghan & Mﬁcnamara,

1967; Macnamara, 1965; Tullius, 1971; Oller & Tullius, 1973)
that have compared first and second language reading skills.

These studies clearly indicate that bilingual readers re-

quire more time to process information printed in their sec-

5 s

ond language than the'séme&amount of information printed in
their first. T -
The additional length of time needed to read second ot

language materials cannot however, be attributed to reader's
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'inadequafe kpowledge of the second language's vocabulary

and syntax. The subjects in the present experiment and
“in that of Daitchman (Note 1) were found to cemprehend
spoken materials equally well in both languages. Thus, a
more likely interpretation of the slower rate of reading
| in the second language 1is thae there exist certaia inef-
' ficiencies in the reading process itself.

Given that the subjects in the present study have a
MLJ,__‘__~,;__A§§ficit in second }anguage reading that cannot be attri-

buted to an insufficient knowledge:of vocabulary or syntax;

‘ the results o% primary interest are those concerned with the

- R

relative contribution of orthographic redundancy to the
- first and the second language reading processes. If bi-

fliBgual reagers are less efficient in capitalizing on the
¢
orthographic redundancy of the second language as compared

¢

to that of their natlve 1anguage, then three predictlons
Vag

can be .made. Firgt, in the postcue condition performance

i

on word trials should be superior than that on either ana;
gram or single-letter trials. Second, in the second language
poetcue condition performanee on Qord’trials should be id-’
- / ferior relatlve to that in first language. Third, there .
should be little or no difference between the performance

) accuracy on“ord, anagram and single-letter trials in either

o .
languages of the precue condition, since the contribution of
L

t

orthographic redundancy is presumably minimized. .. ' h)

For the purpose of analysis, the number of errors made
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by each subject’on word, anagram and single-letter trials

in each cue and liﬁbuage conditions were computed. Figure
4 displays the overall perfo;m?nce pattern of subjects in
?ach condition, and Table 4 presented the mean and staﬁ!hrd
égviation oé error scores for each condiﬁion.> The results
of two t tests indicated that as expected, the critical
target duratioﬁ at which each subject performed at 70 per-
cent accuracy in single-letter condition did not differ

between the two languages of the precd@fcondition, t(11l) =

1.31, p>.10, nor between the two languages of the postcue -

condition, t = 213} = 0.11, p >.10. Hence, since it has
been suggested (Eétes, 1975; Estes, Bjorkt& Skaar, 1974;
Thompson & Massaro, 1973) that subjects_mayrﬁse differgnt
strategies in the precue condition as compared to the post-
cue conditioﬁ, the error scores were subjeyted to tﬁb sepa-
rate analyses: one for the precue condition and the other,

A}

for the postcue ‘condition.

\

o

Precue Condition - , . : P

The number of errofs madehby each s;bject‘on word,
anagram and single-letter tria}s in both languages of the
precue condition are éhown in Appendix J. These data we;e,
analyzed using two-way analysis of variance for repeatéé
measufes, with facgtors being'Language'(EAglish, French) and

Type of Stimulus Material (worgp, anagram,-letéer). The re-

sults of the analysis yielded a main stimulus material ef-

o

SSURATTITT U E L N T T IR T IS YT



NUMBER OF ERRORS

q

¢ } " WORDS ANAGRAMS LETTERS WORDS ANAGRAMS LETTERS
~ { ‘ )

-

.

Figure 4: . Mean number_of errors made BY subjects on the v
" first and second' language word, anagram and
. “letter stimuli in the precue and postcue con- M.
. - dition. 'The solid line and closed circles re-
. present the first language and the broken line
- -and open circles represent the second language.
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fect, F(;‘Z 66) * 3. 6% p< 05. Neither the language effect

nor 1ts 1nteractlon with stimulus materlalzakre 51gn1f1cant.

A-summary of Apova is presented in Table 5. . -
As hay be seen in Fiqure 4, the performance patterns Bf\b

Subjects in each of the two languages of the precue condition

o o
were comparable. The findings that the language factor did

not yield a significant main effect, nor did it interact with
the' type of stimulus material are of interest: These fiﬁdings
"indigatgthat when the contribution of ortHographic redundancy
is ndhimizéd, biiinguals perform equally well on.stimulu ma-
‘terialé presented in their native and .their secon guage,
In order to determine the source of the significant ef-
of stimulus material, tpe mean nuber of ‘errors made bn

type of stimulus were coliapsed across languages. The

bd M . «

error scores on word, anagram, and singleiletter trials
15 71 18.04 and 15. 75, respectively. A visual inspec-

of these means immediately reveals that the subjects

t + hd

, approximately the same number of errors when identifying.

”~

critical’ letters appearing in eithet word or ampersand con-

texts. More errors were made however, when the letters to
- . : . '
' ‘

be’ identified were presented in the context of apégrams.

. 7 . R .
The absence“bf a word superieriimw effect repljicates the

1

results of previous studles that have employed a precpebcon~
dition in the Relcher paradigm (Bjork & Estes, 1973; Estes

et al., 1974; Massaro, 1973;“jpoﬁpson‘& Massaro, 1973, Ex-

. ‘ . . .
periment 2; Waters, Note 3). Thésg invest%gators have pro-. -

3




-
Yo )
; ]
¥ ]
J -
i
1
.
»
14
.-
L]
Y
.
.
o

LTI N

.3

N
&‘b
P

\
-
A
.
-
:!
k]
L]
.

‘Languagf X 2

¥

. '\ ‘
] \
~ °
s}
1 4
]
-
<
o

Precue Condition: Summary Table of Anova

v * v

.
v

-

75 ’ .

.

Source

Ve

of F

Significance' . L

>

N

Lénguage . 1 2.00

Stimulus Material 2  42.792
_ 1.542
Stimulus Material -

Explained = - 5
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nosed that the elimination of the word superiority effect

in the precue procedure is due to the fact that the two

I

letter alternatives are given in advance of the stimulus

'presentation. Consequently, the subject does not need to

utilize the redundant information provided by a word con-

T e

-text to restrict the possible. response alternatives.

‘

Thé&precue procedure has been shown to typically trans-

form the word superiority effect into a letter advantage ef-

‘fect. The above investigators with the exception of Waters

(Note 3) have consistently reported an advantage for the
\ e
Yidentification of target letters presented alone as compared

L

to when the same letters appeared 'in either words -or ana- °

grams, with no difference in accuracy being observed between

]

words and anagrams. This ietter advantage effect has been

» .« ¢ . .4
attributed to the detrimental effects of;lateral masking of:

the adjacent letters" within an ‘anagram or a word (Townsend,

I

Taylor & Brown, . 1971) : P i

In the present study and that of Waters (Note 3) however,

the letter superiority effect was obsérved only when the sub

. <

jects! performance on single- letter trials was contrasted to

that on anagram trlals. The dlfference between the ldentlfl '

1 >

cation accuracy of letters embedded in word or ampersand

contexts was not 51gn1flcant. The 1ncon61stency in. results

has been paralleled by a difference in the precuelng pro-

‘

‘cedure used Subjeéts in Bjork and Estes (1973), Estes et al.,‘

(1973); Massaro (1973) as well as Thompson and Massaro (1973) 8

0
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studies were“verbally informed of the‘letter alternatives

4 prior to a‘series of trials, whereas in the present stﬁdy
and that of Waters (Note 3) the alternarivescvariec in each
trial and were visually displayed prior to each stiwplus

4preseqtation. These differences in methodology may per-

~h§b5wbé§resp9nsible for the discrepancy observed with res-

/ pect to tﬁe’ subjects' performance on ¢hnagram trials.

) - ri“ . 3 ‘, 7o,
"Postcue Condition Yot

Y

subjectsoln the postcue condltion dlffered both, across lan-
N

guages and across type of stimulus materials. The number of

o, ’
~ o

.errors made by each subject onfwcrd, anagram_ and letter
trials in the two languages of the postcue condition are :

fshowh in Apbendix K. ‘As in the precue condition, these er-¢

.

t
ror scores wdre subjected tQ a two—way analy51s of var}ance

fer/repé)ted measures, w1th factors Qe;ng Language (Engllsh,

French) and Type of Stlmulus Ma;erlal (word, anagram, letter)
The results of the ‘analysis ghowed a slgnlflcant main effect,

‘”“of‘language, F(1,66) = 14.§B, p<.001, and a significant ’,
) ¢ Y !
main‘effect of stimulus materials, F(2,66) = 18.59, 'p<.001.

The interaction of lenguage with the stimulus materfgls was \
| : | y . o .
also significant, F(2,66) = 8.92, p <.00l.. A summary of
] et B

Anova is presented in Table 6. . R ’ . e
S - .
"_"v"‘

; -
‘ A post»hoc— ukey analysis was qpnducted to determine '
L

whefger a WOrj s periorlty ef ect -was present 1n each of

Vo

As can be seen in Figure 4, the performance pattern of” <

[

,
.
)
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:
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5
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Source

daf

MS F
of F

Significance

/
® , ‘ - —
Language’ 1 288.00 14.229 .001
- © 5] ’
Stimulus. Material = "2 376.222 18.588 .001
N : >
Language x 2 180.500 8.918 - .001
o, . . : ~
Stimulus Material . Sy
0 : ‘ - .
~ Explained 5 280.289 13.848 .00 —~
N - .
Residuwal . - 66 20.240
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-~

{ , the two languages. . The magnitude- of the word superiority ef-

fect was calculated by comparing the mean number of errors

\ made by subjects on word trials to those made on either ana-

The results of the Tukey's

{

gram or single-letter trials.

~ analysis ,are presented in Table 7. The analysis revealed

b that.in the native language condition, the differences be-
tween thé number of errors made on letter and word trials
and that between word and anagram trials were significant

- P <.001, whereas the difference between letter and anagram
trials was not. Thus, when presented with.gative language
stimulitlsubjects made less errors when identifying a letter
appearlng in the context of:a word than when the same letter -
was presented in either an anagram or an ampersand contexts.
The post-hoc analysis further‘indicated that the word su~
aperioritxyeffect?did not occur in the second ianguage con-
dition. The number of errors made on single-letter trials
K R ‘\\Eid net differ from those made on either word or anagram

. [y >
Thus, unlike in the native language condition, sub-

«bfia}s.
jects were not more accurate in identifying letters presen-
. ‘ted in Qetd contegtsz Similarly to the native language con-
dition howeter, the difference between errors made oﬂ single-~-
letter and anagram trlals was not 51gn1f1cant.

The word ‘Superiority efféct foundiln the first language
'cogdition is consistent with the résults of previous studies
in wtich the‘twe letter alterﬁatigéb were displayed after
* the“stimplus-presentatien (Johnston & McClelland,.l973;

. v
! -




‘ Table 7 : ,

r \\ A /

.Postcue: Analysis with Tukey Test Between
Mean Number of Errors on Word, Letter and

Anagram Trials in Each Language Condition

English Condition

Comparisons Mean Differences Probability
Lefters Vs AnéErams 2.91 NS ’
Anagrams vs Words 11.50 \ pg<.001
Letters vs Words 13.41 E):.Opl

French_Conq;tion-'

Anagrams vs Letters 1.58 NS

Anagrams vs Words " 3.50 " NS
Letters vs Words . 2,92 B NS
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Mezrich, 1973; Reicher, 1969; Thompson & Massaro, 1973,

- Experiment 1; Waters, Note 3; Wheeler, 1973). These in-

- ﬁestigatorg have reported that when letters are tachisto-.

: scopically presented, such that only partial visual infor—

4 mation can be extracted, letters embedded in words are

more accurately identified than those embadded in either

WL

anagrams or visual noise masks and thgpe presented in iso-
lation. Massaro (1973; 1975) as well as Thompson and

Massaro (1973) have pro;}osed that the word superiority ef-

fect reflects the fact that words contain redundant infor-
. . N
mation whereas, irrelevant letter' strings and single let-

ters do not. Accordinély, performance on words is .facili-

R ,__,'t.qwmn
. . .

tated when a reader applies his knowledge of orthographic
redundaqu during the primary- recognition process. This
knowledge then allows him to narrow d e number of pos-

sible letter alternatives which could have occurred in the

tested position of the word. Hence, less visual informa-

tion is necessary to correctly identiff a letter appearing

_in a word than one appearing in an irrelevant letter'string
t or alone.. ‘ ' ' ‘
Despite the fact that redundant information was aiéo
available on word tria&s of the\French péstcue conditipn,

no significant word superiority effect was found. The ab- .

- = ' sence- of a word superiority effect indicates that subjects

were less efficient at utilizing their: secon% language's

- ortgpgraphic\redugdancy to aid letter identificatioh.

.. .
‘ o . B .

1 ‘ f i ' - ' [
> ! . . -

.
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‘language to aid letter.identificatioQ;_

13

. . 82
To recapitulate the following results add strong supbo;t

to this contention. It was found tMR% 1) where the contrib-

_ ution of orthographic redundancy was minimized, i.e. precue

condition, the perform?ncg of 'subjects on word, anagram and
single-letter trials did not 'differ between the two languages;
2) where orthograﬁﬁic redundancy should facilitate perform--
ance, i.e., postcue coqdition, and subjects were presented
with anagrams containing the same visual information as the
words but lacking the reéundancy of the words, pefformanée

did not differ significantly across languages; 3) where in

“ the same condjition orthographic redundancy was provided

by a wor ntext aubjectslcapitalized on‘this information

[

to i?prer performance on English word trials but not on’

Frefich word trials. Moreover, -the absence of a word super-

,iofity effect in the second language postcue condition

canpot be attributed to some inherent characteristic of the

French language. The results of a pilot stydy showed thaii.

. . . ; i i
francophones identified letters presented in French word
contexts more acéﬁratel} than those appearing /in either ,
anagram or ampersand contexts. Together these findings

Y B " ' )

provide evidence ﬁd’suggestfthat bilinguals are less able

to make fuld use df the orthographic redundancy of the second

’, B

)
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, GENERAL DISCUSSION , ¥

N
This thesis‘dealt with a problem often encountered
by: proficient bilinguals. They read in .the second lan-
guage more slowly than in the first, despite being equal-

ly capable in both languages in written and oral compre-

hension and in spoken,expre351on. Iﬁ’some respects. then,
. | ' %
bilinguals are like less skilled native language read:;r.
~ ‘ !

They have fluent command of thellanguage but nevertheXess
’ 4

read the (segond) language slowly. Current models of ;ﬁ_‘;/j

reading suggest that one of the ways in which skilled and
less skilled readers differ is that skilled readers ap- .,

pear to be more eff1c1ent at capitalizing on the redundant

' information ‘provided in a written text. More specifically,

there~is evidence that skilled readers can better utilize

orEhographizﬁredundancy as an aid to identify letters in
word contexts. It}was hypothesized therefore, that the
bilinguals' difficulty partly reflects an 1nability to ef-
fectively utilize the redundant information of the ortho-
graphy in the .second language. . )

The results of the experiment reported in this thesis,
support this hyﬁothesis. The significant word superiority
effect in the first language of the postcue condition sub- )
stantfates the notion that the first language reader capital-.
izes on his knowledge of the grthographic redundancy in the-

language to supplement the visual information (Goodman, 1969;

¥
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Hockberg, 1970; Massaro, 197.5; Ryan & Senunel, 1969; Smith,

1971) . The absence of a word superiority effect in the

\
. 4 .
second language postcue condition indicates that the bi-

lingual reader does not effectively utilize the language's
orthog‘raphch redundancy ¥ an aid to letter recogn.ttlon.

It does not seem likely that these results stem fr gm the

lreader s 1nsuff1c1ent knowledge of the vocabulary in the

second language, since all subjects had balanced list';enmg
> ‘ -
and reading comprehension skills in English and in French.
‘ .
The hypothesis was further supported by the finding

that in she precue condition, neither the main effect of .

'language, nor its interaction with the type of stimulus’

were significant. This indicates that when the contribu-
tion of orthographic redupdancy is minimized, bilinguals
do not show a word superiughxgr‘/effect and perform equally
well in their two languages. | )
w."'J.‘l'xe firiding that orthographijc fedur/pdancg is noe ef-
fectively utilized by second langu?ge readers extends pre-
vious research concerned with second language reading pro-
blems. Other investigators (Cziko, Note 2; Hatch et al.,
1974; Macnamara, 1967; Macr;amara et’al., 1Y67) 'have re-
ported/ that bilig'lgual readere do no\t take full adva:ntage
of the syntactic .ar.xd semanf:j.g :&edgnéancies of tr:eir second
language. The .present study adds erthegraphic-' redundancy

a8 a source of the difficulties erfcountered by second Jdan=

’guage readers,.

A—xw,‘p,v» - [

-~
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It remains t8 be determined however, whether or not
bilinguafs are cognizant of the redundan01es in the second
. .

language.,K For example, it is possible that blllngqals are

|
aware of the redundancy patterns buf are unable to utilize
- , .

f
this knowledge ‘effectively. Cziko (Note 2) pursuing this

directioo has reportedé,hat~secoqd'langua;e readers have
soﬁe koowledge of syntactic redundencies but fail- to dem-
onstrate knowledge of semantic constraints. At‘the level
of ‘orthographic redusiahcy, the Seconé‘language reader's

knowledge could be assessed by using a variation of the

present paradigm. For example, one could allow the second

PRI

language readexr more tlme to pxocess the visual data, either

by manipulating the taroet stﬁmulus duratioo or the interval
between the offset of the stiﬁulus and the onset of the vi-
" sual mask . Wlth an adeguate tlme available to process the
stimulus, the blllngual may be able to fully use hls know-
\

ledge of the redundancies of;the second language.

Although second language reading research is still in
its infencyf'it should be pointed out this research could
provide a better understanding of first language {eading.

Waters (Note 3) showed that less fluent native readers of

English were less efficient in 'their ability to use ortho-

graphic redundan¢y as an did to letter identification. 1In

. ’

spite of the fact that studies comparing the performance of

skilled and less skilled readers have been fruitful, these

studies are dependént upon how well differentigroups of
‘ v




-

1

| grare dlfferentlally utlllzed by various types of readers. . =4

. tinle, controlling for individual differences. Using,ﬁhis

readers are matched 55 Eharacterlstlcs such as 1nte111gence
and general-kfiowtredge. ' If we assume tha€d%he second %an- /
guage reader is comparable to the less fluent first lan-

guage teader, research with bilinguals permits the investi-

gation of two types of reading skills while at the same

approach fnture research could further examine the‘degree

to whlch orthqgraphlc, syntactic and semantlc redundanckss .

’

¥n closing, the research contained in this thesif dem-

onstrated that orthographi; redundancy contributes differ-
entially to first and sécbﬁd lan%uage_reading pracesses..
Otgerwise proficient bilinguals are'less efféctive at uti-‘;‘
lizing/{i; orthographic rgduadancies'of their second lan- .
guage-as an aid to ;etter-iqeptificationd Thia studf adds

to our knowledge of the complex skills involved in the

reading process. 'U}timately, a better gnderstahding of the
total activity of reading cqald laad to the desigh of in-

»

structional and remedial proé&ams aimed at improving read-

‘ing skills in general and second language reading skills - (

in particular.
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' Words Anagrams . Single-lett®rs ) R
“ . . * . ' " ‘ 24 [N \ ., !
! - ; N « r, _ z
: \ 3 _ - ~ j
. M e 17.60, 19.80 - ‘ 16,. 40 .
-— . f - ‘. L 4 Vo,
¥ B ' ~N ' ° ‘ o)
5 sb , © 5,27 - 2.86 - 4,04
N ' ‘ o v , . . . B
:‘, ‘- N 4 N e =z !
; . - o
. < /“} 0 ~ .
| ) ) ' Postcue conditi -
* - i - ’ ;’ ;1 a - o € R .
: .M .+ 5.20 / 16.60 - 19.60
y L ' ; ;
SD - 1.30 4.16 ' 2719
- ¢ - o -
ra ' . i \ ‘2\(\ )
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. Appendix B . -
. . [ N . . > -
. - Summary Table of Analysis bf. Variance s CL
" for. Each Condition of Pilot Study’ ' : .
— ; : . D : - . T
s e ' . e B Precue condition ' A
Source '/// ’ . . af © MS - F Significance of & !
. s * ' ’ T . . \ N ’ ., "‘ :’ .
_ L . . - . . . 4Q ’ .
*,  Stimulus Material ) .,14.87 1.8 - “ NS

o . » ‘ , :
Subjects n . 32.23 4.51 NS RPN

Stimulus Material x ) B 8.03 .

I d . < . e . " . .
, Subjects | - | .
} . ] { !
r ’ ¥ ’
‘ - R A ) * - ~ (’ o f . N
i . a . , o [ . "o
; - ‘ : o < Postcue gofidition ,
! ’ PR . rostolx Y

'Sohpﬁ% e ‘ daf MS .- F Significance o£<F

2 - ’ 3 . 1 x o . ]
. .
a .

[

Subjects ‘ "4 12.43  23.21 * NS |

<
t -, ~ ©

Stimulus Material . 2 - 28860 _ 50.78 " P<.0001 .

N -

¢

gtimdiustngkerial'x - 8 5.68 - I o .

£ ... .
R - . ) -
'
o Subjects .- - .
- Y .- . + .
' . Y . s ¥ -
N 1]
: T
' L d 3 ’
' ; \ ’
<. ” . . * '
. . . -
' o gt e v ! A‘ ’ - ' . ’ \-
e i / .
’ o
. ' 7 I ¢
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-
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¢
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*
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A Length of Texts and Rate of Aud;tory Presentafions -
RN of Each English and French Texts PaY

' ’ ' AR - \
v 4 E} v I‘
- | . . L , English selection
) 4 a c ) f . . ;..
. .' ’ ) N N N " - ] . L. .
L" Serial numberxr ‘ Total ‘vords - Duration Rate of presentation
' : oo _(minutes) ' (words pér minute)
- ' , y—— e
. 'HG-l0 T 15 36 . 7.007 - 219
. HG-19. . —~. , 1566 ' 7.03 . © 223 ]
HG-22 ;T 1602 0 7.42 . 216
. HG-23 * " 1494 ) 7.25 t ‘ 206 ° -
' 0-6 - 1380° , 6.92 ' 200 -
. % o Lt . , i .
. IJ-9 . - . + 1548 7.50 . 206 :
. . v . ‘ ., v & W
T o II-16 . .- . . - . . 1644 " o8.13 " é . 202
T 1g-20 . © . Teoz . . :8.00 200
- » Ny “ .
- B
. .- » 3 F
) s . ‘ ' ' French selectio? - .
S GH-4 - - ¢ T - 1008 T 4.75 g 2}2j Y
GH-8 1266 " 6.00 ‘ 211’
. N f .
* GH-9 . . 1176 7.87 150 .
GH-25 - L1374 8.78 . 156 :
} : . , .
IY-6 . *1584 7.57 209
19-19 ’ " 1494 . 6.83 " 219
\ » » ‘
T 41320 o 1458 " 6.66 219
, S . .
,  I-24 1368 6.33 - 216
S k2 T e meese - g “ cou TOREN W
_ ! : I TR NS 7 SRR PR SN Ry
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S .t o Comprehension Sceores of Subjects
\‘\#g , / N ‘
’ Aﬁditpry i’resentations . Visual Presentations
- (% correct responses (% correct’respon-
. on 3 texts) ses pn 3 texts)
(3 English ' French  English - French
. 1 90.00 83.33 96.66 - ' 83.33
® -
. 2 .. 83.33 87.50 83.33 91.67
/ ¢
3 90.00 . 83.33 96 .66 79.1%
. 4 . 80.00 87.50 90..00 87.50
5 73.33 70.83 86.66 75.00
6 © 73.33 75 .00 80.00. 87.50
7 90.00 8%.33°  93.33 95.83
8 - %80..00 79.17 83.33 - 75.00
1§ - & . . . ,
9 /83.33 83.33 86.67 79.17
¥ 7. . . // .
‘10 ' 83.33 7 87.50 86.67 91.67
11 *73.33 ¢ 78.33 83.33 79.17
, )
12 83.33 . 75.00  83.33 75.00
f ' - ,
.- - )
ENY ‘ ] o
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. o = h [
s




i Agpe?dix;E . - é

! . .
; Bnagram and Single-Letter Stimuli .

English Word
' ’ “

? A a .
«

i

«First Letter : O

Position Word  Anagram Letter Alternatives
N - We--

BAIT BTAX . B&&& B~=->

.

. G-~ -
BEAR BRAE B&&& “~ - B~—— .

PR

catr ~  crFLA Ccass

CARD CDRA ~ C&ss

A .
CAsSH © cass
Fd

DAMP D&&s
E&&s

[}

F&&&
J&&&E
K&&&
K&&&
N&&g
" R&&&
ﬁ&&&

S5&&&
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Position

P
N <
N
. o
.
v
N
.

3
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”
. y
N—— N
.
.
.
L} a
-
. 0
L v

' AN

. ~
. \
o o
)
. R ‘
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. . R
-
; » .
—
i ——- = - e g
; - »
4 AN
,
: v
‘ ’ .3
.
.

\
\
)
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)

. P

¢
i
g s
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Second letter ’

-, Word

- L.

Anagram

ACES

»

BEND

"BURN

’

- TOIL

‘DIVE

SCAE
».
DEBN

NUBR

EIDV

GLSU .

* PKST

WALL — - LAWL _

4

IHWT®

‘Letter

&C&&

sE&&

&U&&

1+

&I &&

s

&ALE

v

sU&&
SHE&&
SL&&

- &K&&

N
.

{
&P&&
“\J‘

» EW&&

o

-

.4 .
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- "":_ Y , N - ¢
e .Tv .-, o N : 4 FO
.. .'.‘ Jhird Letter ) . ) .

Y o Position” - Woxrd ° Anagram Letter + Alternatives
. ‘ o = , =
o , * BALE EBLA &&L& ! --N-
* NN . . ~-—0-
. - BLOW LWOB &&0& ~=E~-
. _ ) e :
' LACE, ELCA " &&C& =-C- /
\J ’ » -—S- -
LOFT LTFO &&F & o
s , —-—L—
, MOLE EMLO &&L& —-R~
Y v 2 ’
\\ " v-5-
5 : NONE EONN &&N& --N-
I} . 1 '.\ - _..N._
~  PANE EPNA &&N& w ——C— i
. - . S --N-
) A "PAST . TPSA " .&&S& . ——S- .
) s o ° - - .
A ) . ° N --A._
REND EDNR &&N& J ~-=N- .
- , . __o_\
- SHIP SPTH &&I& -~ s
b L ., —-0- .
oot 4 ‘ + _SOON SNOQ &&0& -
) N ) . ‘o R ’I ”M—

T _ TIME EIMT ‘ &EM& --L-

/" o q:{,i\“ T T~ N .

\\‘\ by iy C‘," . ) ' . -0~ . 3 \
ST . **TQOL . TLOO ™’ E&O& o * vy
Ll . N .

. ", - -h—I... -
TRIM " TMIR &&I& e G
_ ) . \\\ v ——A- ’
) . VEIL: LEIV &&T& ——_ - --I=
. v
) o

I S R R e L O T
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. . Appendix E (cont.) \
a \
:  Fourth Letter \
Position .Word Anagram% Letter Alterpatives
- —==-M
BEAM AEBM ‘ & & &M -:\\T

. - _—F
. DEAF EADF - &&&F ) ---R

- ; ? , \ oy
o Y AESY &&&Y =T .

‘\\\\fiEN EEVN  &&SN -——R
' Lo -
FEET _  EEFT ,  &&&T - ~=-D
A o . 4

‘ 0
'~ ' FOOL =~ ' OOFL "' &&&L N
_ GRIP IGRP " g&sP’ - ~—-P

HALL | LAHL &&&L ~=-F

e HEAP AEHP  , ‘&&&P -

- v R !'], - -~ . .
N ) “HERE . EHRE '  &&&E. ~—=E )
SR s - :
‘ ‘ A ' hd ' . - -..\..TM - ' ' X
POET . OEPT &&&T . ===T § \
i ' .0+ ===E ,
: oo - RICE RCIE . +&&&E -—-H )
. ;ar\" B T . . 3
1 . @ . ' , L - . ~--B
: ; : . 4 SLAP . LSAP &&&EP. ¥ -—-p )
- * . " . . M —_._R
| S STAR TASR ' ' &&&R ~~—-Y .
L . . - ., - & T
. , TROT OTRT*  ° &&&T - Qaiop
' . ) . o :
] . . . ' \ , n \\
i ' B X,
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¢ ., French Word, Anagram and ‘Single-Letter Stimuyli

i . —
First Letter ] K P ) ¢
Position Word ' Anagram Letter .Alternatives Ao T
. v B . ] \ " :
f ' . ' . o O=—- i "
Y ' ARME ' -, AMRE ALLE _ A--- -
i - \ ‘,'w . a. ) - ’ A . \’) Comm |
\ > CIEL ° CLIE , C&&& : M--- :
~ R , N . ‘
LAV : D - L--- ‘
e COUP CPUO . C&&& : M-—-
] L ) S ° :
DOIT DTOI D&&& .. 8=m—-
v ‘ . . \ .
’ A . . M---
' - DORT DTOR D&&& D--- .
s - . \ . N D___ . . .
I DOUX DXUO D&&&, R--~ v .
x\*\\ . . -
» N T . . M
"~ .FOIE 'FEOI |, F&&& % PFe—- -
- L...._... -
LUIT, LTUI L&&& - ¥
‘e - ‘ M-—-
. N - MAGE MGAE ﬁkﬁ&&& 3 N---
R B ) " . ) . J._—..._
POLI PLOI P&&& P---
. & N < _{:,f
T . . ' . J---
) ROUE RUOE R&&& R--- &
’ B N 6 J
. ' - . ' T_——
‘SALS . sSIA S&&& S=--
D-—-- B
s SANS SSNA S&&& . S——- mt
. ' - "o Be-- N
’ e SERA SRAE S&&& Fe=-= ~
. ~ ) h . Y . ' N-<-
" SOIR- __ SROI . S&&& S-—-
- ~ ' é ; 4
3 . - s .
é PR T TR SR BT T L b, R




e g ‘-w&‘ﬂw-.,hme e antn

w

s

/

Second lLetter
Position

-

L4

- Appendix F (cogt.)

. .
. +

tter / Alternatives

.
\

Word Anagram

AILE EIAL
CLOU CLUO
EODR

IASF-

IAMS

3
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Appendix F (cont.),
Third Letter: T _ ..
Positiop Anagram letter Alternativesg

N

'ﬁfﬁﬁ“ Goi g e
R A e T R S AR i
Y 7 5 TR A

4

&

——EAML ' &EM& N- ‘xﬁéi\

EIRA &&R& »

2%

S

’
[

" EAGN 5&G&

v

ke

-

ECRT: &&R&

ERUC - &&U&

. . .
ATIF = &&ls

RGOS _ &80&

1 4
EJPU &&P &

’

EMRI . &&R&
. \

(-4

AEIP . &&LE&

ERRI &&R&

SSUO 85U .

7

" IEDV- §&D&

EVVI &&VE

' +

&&L&
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:. , ‘ ° h ”»
\ a . - . -~ » \ “~
! Fourth Letter . Lt ~
Positi,og Word g Anagram Letter ¢ Alternative
N — ,« —_——tt \ v -==R
. © AGTR GAIR &&&R . —===T
-~ -
. : N 1. - %
. BAIE BIAE . &&&E --E,
. - ' & -
) , . - . . “"‘_Z
. CHER CEHR &&&R ---R
- - ’\ .
"~ + PR
a : . , s .
CUIR IUCR &&&R .  __y+--R
‘“ - ) L [ —_—T »
€, . DOIS I0DS &&&S - ---5
. ’ " ’ ———T“
b, FAUT. { ‘UAFT &&&T . ==-X
N - ‘ﬂ\ _—-E
FOIE FIOE &&&E —-—-5
a . . ’ ¥ ’ - E)
e . . ' _.—.-.,R
: . JOUR UOJR . &&&R ' —=E
’ ’ - s ! ) _—TN .
- « LIEN IELN &&&N ---R
) ] . , S -—-X
./ REUX UEPY, - 5&EX -—-R
. . . c 2 ) . s . ____E
. . . ROUX UORX &&&X ==X
; , ‘ : : ---R
.- .« 8OIR IOSR ., &&&R -—=N
. . ' . ———x A
TOUX UOTX - M &&&X —-==T
] -» --—S
: ’ . VOIR IOVR &&&R -—=R
- ---X
" ' VOIX IOVX &&&X —==T
. i $ -
— - ' ‘ STV RS LM R LR TR TR e TR e

PR

7

{

p ¥
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R "Instructions to the Subjects .

~ . B
- ‘P

Postcue condition : .

-

You. are participating in a study concerned with the péer-

'ceptlon of letters. For thlS purpose, brief dlsplazs con-

talnlng blacktapper case letters W1ll be presented to. you on

the screen of the - tachlstoscope you are now facing. Your.

.

head must be kept still throughoht the eﬁperiment,'thus you

¢ - y )
-are,requested to place ydur chin on the rest located in front

1

of You. In this experiment, you will first be: presented with

-

a flxatlon p01nt, as- soon as it appeérs on the screen, flxate

©on it, since lt.ls located in the center of'the area where

-

_the next display will be shown. At the offset of the fixa~

~ remaining ‘three positions will always be'occupieq by,aﬁpersand.

tion point, you will be p;esented with a display containing

a';etter occupying one of these .four adjacent positions. The
»

(&) characters.’ You must note both the letter Eng its pegi-

tion. The letter display will be immediately .followed by a_

" black grid that will cover the area it had just eceupied.'

«
\ 4

Above and beﬂow the grid you will see ‘two letters, each oc-
cupying thqasame,position as that ocpupiedqby the previous;y

exposed letter; the other three positions will be indicated"

’ . v . - "
" by underscores. Either the letter located above or the one

-

located below the grid will have ﬁppeared in that same posi-’

. . . - K}
* .

-
L. B oY - . P - .
- PR e ST N e L el SERg 0 AP R TS 3
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Appendix G (cont.)’ ..

’,

tion in the single-letter .display; the correct.letter will

appear equally often-en the tgg.and bottom position. Your *
) 7 " .
task will be to report aloud, via thie intercom, which of

4

these two letters had appeared in that position in;the pre~-

»

vious display. You must always report one of the letters

even if quessing is neces&ary. -’ . '
-
[ 4

For the firgst 8 triais all the displays will be present-

’jed at a redyced speed; howeveroin7the subsequent strials the

target letters will be shown forfver§ brief intervals. Each

trial will rejuire youy” full attention; it aldays will‘hegin )

by .a tixation point and end with a masking grid. A
At the end of pretestlng, the additional instrﬁetions

Were‘glven to the subjecb. You w111 now be presented with

. ‘o
] four letter words (either French or English), four’letter

nonsense words and-s1ngle letters with ampersand cWaracters.

Each type of target stlmulus will be presented an equal num-

‘ ber of times and in mixed order. Your‘task remains to 1dén—

N °

tify which of the two alternative letters had appeared in
that.position in the previous display. ' S J
2 ' -

3 . .

. [

Precue conditiof i s . '

2
]

You are participeting in a stqdy'éoncerned with' the per-

’ception of letters.° For this purpose, brief displays contain-

o

.
1 - Al

o * t kg . CaNCTY -,
« LT~ o AP EET N F Y e

PRI T ) N SR v

P
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letters: ‘one above and the other below the horizontal mid- : ' 1

\ " Appendix G (cont.) . )
. : .

‘\ . ' ¢ A * . ' ,'
ing black upper case letters will be presented to you on the |

"', .

screen of the tachlstoscope you are now fac1pg. Your head -

‘must be kept still throughout the experlment tltus you are .’ -

requested to' place your chin on\tge\teét located in front of

0. 4 N B -
you. In this experiment, you will first be presented with a

. -

fixation point; as soon ‘as it appears on the screen, fixate
on it since it is located in the center of+the area where the

next display will be shown. Af the offset of the fixation

point you will be presented with a display containing two

line on- the screen. Both-letters will occupy either one of '

.

these four adjaoent.positions, the remaiﬁihg three positions-
will-be indicated by underscores. . You must note bptﬂ:the PR g
« . ' - B

b ]
two letters and their pesition.” Either the letter locgted

abovef or the one locgted Qelow will appea_:g\J,n that same posl—

tion in the next display. As you can see, this dlsplay wxll

~*

contain one of two letters; the remalnlng-three,p051tlons will

A )

always be occupied by ampersand characters. - The 51ngle letter. ‘

.dlsplay will be followed by a black grld thaﬁ’w1ll cover the

‘e

area it had just Qccugled. Your task will be to report aloud,
via this intercom, which of the two letters,contained in.the

display preceeding the stimulus,had appgared in that poeition
t,

in the’stimulus,

-

You. must always report oneof the two letters
b ’

«
o
-

-
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Appendix G (cont.)

g ' . .

o . ’ ’ .

\ ° L. o ’ . N < -
, q ,

#

even %f guessing is necessary. .

’

- - / 4 )
For the first 8 trials, "all displays will, be presented
A . J
at a ;educed speed, however in the subsequent trials, the

target letter will be. shown for very brief 1ntervals. Ea%p

trial w1ll requlre your full ~attention; it W1ll always begin

by a fixation point &nd end with a masking grid.

+

— At the end of pretesting, the additional information .

7

/" was given té the subject:' You will now be presented with
i

-
//I

four letter words (either French or,ﬁnglishi,/fcur letter
nonsense words and siﬁglefletters with ampersand charactexs.
Each type_of target stimulus will be presented an equal num—?
ber of ¥imes and in a mixed order. Your task .remains to .

: 2

identify which of the two alternative letters had appeared‘

{
Nn that positien in the stimulus display.

-~ )
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4 ' -~ Critical Tai"get Stimulus Durations -
_ . o for Each Subject in Each Condition
,( -~ v , I . . - g
. "« . '+ Precue condition Postcue’ condition
’ - . . . . —_ N
. C . ’ v .
’ . * ' English  French English French
o ) ’ o\
A
S , Subjects ’
. 1 70 75 70 65
3 AN 3
: ' N }
e 2 85 70 70 80 N
. -~ ) 3
3 68 63 @; 90 - 85 :
. . |
L 65 - 65 , ' 90 75 f
5 60 ° 50 F sb ° 55 '
¥ ° ‘ »
. 6 75 80 70 - 70’
7 ) 17 75 ' , 70 74
» " A ’ N
. '8 - 65 60 : 78 80 -
9 - T 65 © 60 - 90 83
110 68 ° 60 , . 55 72
Co11 75 8o, Y - g0 . 75
12 - - g5.. 88 80 < 8o
a . "
r /' ' R f Y
b * » ’ ' s
v, o .
/ ¢
h . ) ‘ - :
; | :
l B ! Vet ",‘;‘-1:.,{_—";1;




Appendix'I

Means Reading Rates for Each Subject
(numbeéx of words per minutes)

English texts

French

Al

texts

.10
o1 | P

12

392.08
310.49
257.73
“174.30
30943,
197.73
-293.74
£ 269.03
. 258.38
" 430.30

434,33

307.16

.232.88
172.65
227.52

"102.17

-~

. - ¥
203.96

138.96
185.80
220.52
203.28
250.51
271.55

214.85

.

4
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‘ Error Scores of Each‘Subject in the Precue (;o;{diﬁion\
o English (first language) s
¢ Subjects Woxds Anagrams ‘Letters
1 19 . 19 17
Y2 15 S 17 18
. T ”
3 .14 8 15°
4 .’ B 17 R 21 17
s N 13 19 - 20
6 17 20 17
7 ' lq‘ ’ 14 12
g 16 / 12 11
9 18 ig . 15
10 ‘ 17 22 1
11 & 19. 24 18,
12 ; 19 23 18
“ . .
French (second lainguage) ‘d N /
‘Subjects - ‘ n,v';lords Ana;grams‘ ",\ Lettersz'[
| E " 19 22 716
N s 2 21 ©23 ' 15
3 ) 12 a1 - 19
4 R T 14 13
5 11 13
“
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" Appendix J (cont.). -, .

. Words Anagrams -'Létférs
B R 16’ 19
1 : |
. . \i7 .o 12-
b3 12« . 15
‘19 C 21 419
. A4 \\
17 . 16
& P
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’
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v
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-
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) a
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PN -
-
b"
2 -
.
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. "Erroe Scores of Each Sybject in the Postcue Condition

s

-

o
“ta

T L4

English condition

R4

Subjects

- -

_Wbrds Anagrams Letters . -

s
f F R § 20 3 21
2, L 3. e 21 o
3., 1 7 1 :
4 _ 2 13 15 .
g :5 ‘ ' 5 16, | 19
- 5 3 17 17
T 7 3 17 17 | :
: -8, 9 '_zb ¢ 19 |
I N 4 |

20 / 16
‘ 20 o 17

24 . ST~
19 18 -

'_"'17_ - 1 20

6 16 - |
T~ ' \
20 >~ 1. .
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0 - ’ . N
f Subjects Words P;nagraJnS— Letters b
12 . S ——————— "."\ ) 4
6 - 11 12 C 16 ' .
T ' 7 " : .10 16 17
/ ' Ed
" 8 16 25 19
;> ? . 20 22 21 .
o | - a . . %
RN 24\ 18 14.
\ - .
S 7 9 17
.12 o~ ~ . 23 ) 22 20 . '
e )
B \\\
Note: Maximum scores = 60
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