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Semanti? Processing in Bilinguals' .

Helen Vasos ) - !
Concordia University, 1983 _ o

Most bilinggals‘posséss'onelfulyy developed language
system and a second sysEem'whicﬁ is relaﬁivqu less well
developed than the first. Studies have shownathét even when
bilinguals are familiar with translation ééuivalédts of wprds
in t%eir two languages, meaning appears to be decoded more
Aslow}yiin the second than in the first language. The present

study examined whether taxonomic category labels in the -

A
[

bilingual's second langauge might not only evoke meaning more
§10wl§ but also evoke a mgrevrestrictgd meaning thaﬂ their _
translation equivalents. In Experiment 1 moholidgua}ﬂépedkefs
of English and monolingual speakers of French rated drawings
'with respectfto how éloseiy eacﬁ'dgawing'(e.gL a chair; a
clock) represented their idea ofqaﬁ;egemplar taxonomic
category (e.g. Furniture). . Draﬁéngs ;}Fed as either hig@ or
low in“prqtotypicality by both groups wé;é'éelected Egswﬁse in
subsequent experiments. In Experiment 2, nativé speakers of
‘English who were fluent in French participated in a category
judgment task. A taxonomic category prime either in French or
in English preceded a pair of drawings at one of three
spimulus onset  asynchronies (SOA). Subjects responded same to

pairs of stimuli which were physically identical (e.g.
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chair-chair) or instances of\the same category {e.q. ’

cha1r table) and d1fferent to
categor1es (e. g. chair-hammer). Re
suggest1ng no between'language differences in the
act1vated by the category primes nor in the speed

proceSsing such informatiop in the case of fluent

airs of stimuli from different *

pretea as ‘
information
of

bilinguals.

native

~ , \
In Experiment 3 the same task was administered to

speakers of”English who were of intermediéte'fluency in
Ny

Because an unequ1vocal interpretation of results was

- (

not poséible, between-language differences were expfbred

French.

further in a fingﬁ experiment with subjects at éhe same level 1$!w
of fluency in French as those participating in Experiment 3, - =
Experiment 4 consistedjof a lag study where a same-category L
trial was §pilowed r zero, one or two iﬁtervening ' o
different category triafé by a second same category,trial.

Half the subjects were tested at a short SOA; half at a lon

? 0 n
Results are 1nterpreted as suggestlizjfhat a taxonoquﬂy. gw

SOA.

Ty
e
-

category prime in a weaker language can evoKe a more_
. . . . . ¢ .
restricted meaning than its native language translation

equivalent,
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INTRODUCTION
In the broader perspective, being Silingual is '

generally considered a clearly positive condition with obvious

cultural, economic and political advantégeg. Becoming

bilingual, particularly when achieved at possible cost to some ' /

area of psychological or educati&nal functioning, has received
.qualified support. In many parts of the world, thousands of
individuals are becoming bilingual by working or'studying in a
‘second language. For some, earning their living or écquiring
an education in a weaker language is a necessity, for others,
~—
it is a matter of choice,
Thé recent trend in Canada to study school subjects
such asiSocial studies and mathematics in a non-dominant
language i's one example of voluntary immersi07 in a second ’
language. Generally, participantsAin thes? second language
programs have compared favorably to individuals in regular
first language programs in cognitive development and cognitive =
flexibility (Cummins & Gulﬁtsan, 1974; Liedke & Nelson, 1968;
Peel & Lambert, 1972; Scott, note 1) in first and second
language achievement (Barir & Swain, 1977; Barik, Swain &
-Qardino, 1976; Genesee, 1983; Lambert & Tucker, 1972) and in
. broader aspects of cognitive functioning such as mastery of
course content (Bruck, Lambert & Tucker, 1974; Genesee &
Chaplin, note 2; Swain & Barik, 1976). There is some evidence

(cf. Swain, 1978) that students who may not have attained a

certain "threshold" level (Cummins, 1978; 1982) in their
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»second language are less able to deal with mathematical and

) scientific conceéts than are students who are 1nstructed
through their'first language. The nature of these
’in@estigations and the fact that the students were following
spec1f1c school subjects in only 7ne languad—\p ecluded
cross-language comparisons within 1nd1v1duals. €§

]

only when comparisons are made between the bilingual's two

et, it is
languages that specific problems in information processing in
the weaker language can be examined. : '

) Second language users freqde::}y report difficulty in
i . ' )
following the meaning of a lecture o

@ .

~ Generally, the cause is attributed to inadequate knowledge of

a vwritten passage.

vocabulary or syntactic structures. However, when the

‘ troublesome passage is car ly apalysed, it is often clear
~, that t anslation is not a em and t something other
than i

>

, involved (Macnamara, 1967). Two hypotheses may be put forward
e :

norance of vocabulary or syntactic structures is

in an attempt to understand such difficulties.

o . o Pl

First, a word in the second language may evoke meaning_

more slowly than in the first, retardiﬁg or impeding the

processing of other parts of the message. ' The slower ‘semantic.

¢

- 4
decoding of 'second language words has been used to explain
between-language differences in some of the early bilingua}’

studies (Macnamara, 1967; Nott & Lambért, 1968).

Second, a wofd in the weaker language might generate a

more testr1cted meaning than that generated by the translatlon

equivalent, evoking fewer associates &nd, possibly, | ékﬁ? %,
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.

-

interfering with full comprehension of the message.: In some
learning a language by directly traﬁslating words from the - |
first to the second language. For example,! the knowledge tha
'couper' denotes more than 'cut’, given certain contexts,

Y

.might not be available to those who have learned French

through the translation methods of t@e.se;onﬁﬁinqzia :
classroom. In another sense, restffétidq ofame;n' g might
”reﬁer £o the(situation where the meaning of a word andjéts :
translation are actually equivalent- but the word in gﬁé‘Secénd
language evokes.fewer associations than does its translation.
For example, %He word 'meuble’ mightvevoke fewerfassnc{ates
than the word 'furniture”. - It is, to'this latter notion-of
restricted meaning that this investigation is\egdre;sed.

.
AN

It may be that 'the full meaning of a word in a second

\rlanguége can be evoked only after that word has been

associated wiEH numerous experiences and has been used in a

variety of contexts. A child learns the full meaning of words

r

"in his first language through a variety of verbal and, more

N importantly, nonverbal experiences. On the other hand, a

u

" explored this possibility.

ydungsterolgarning a second language in a school Betting would
probably pverlearn limited associations to or examples of
words.résulting in a restricted meaning for certaih words. To
date, théreﬂappears to be'ﬂa experipental study whfgh has

-2

. The between lénguage differences in either the speed

|

or breadth of activ tion ‘referred to above may, become obvious °

-

e P

instances, restriction of meaning may simply be the result of ' ,

~
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oply whren words are processed in situations vhere time

. constraints preclude or limit translation to the stronger

-.7. T language, 'Such-constraints can be imposed in experimentally

manipulated reaction time t#sks (Macnamara, 1967), or
Q;ﬁceivgbly can exist in a situation such as a lecture where

‘tpe‘ﬁormal rapid pace of spee?h limits the second language
listener's opportunity to translate trouBlesome words into the

~

dominant language. g

-

The idea that the processing of a word might be
affected by the processing of previously occurring words has a
long history. William James (1830) suggested that a word
received a double awakening; once from the 1ips of the speaker
aﬁd priof to that‘from within, by processes "irradiéting" from

4
related words used previously in the conversatign.

For
example, the meaning of the word 'girl' would 5e more readily
available if 'girl' were preceded by 'boy' rather than by
'tractor'. Semantic priming is the term currently uéed to
refer téqthe activaéﬁon of a word or phrase by prior
\processing of semantically related information. Semantic
facilitation effects have been demonstrated in a variety of
cognitive tasks such as namiﬁ; {Jacobson, 1973; Stanovich &

- West, 19B1, 1983; Sfanovich, West & Feeman, 1981; Warren,

' 1?70; Wgsé ; Stanovich: 1978, 1980), category judqment .
(Caramazza & ‘Brox‘{es, 1980; Lorch, 1982; Myer & Lorch, 1980),
sentence verification (Ashcroft, 1978; Collins &.Quiiliéh,

£ 1970, 1972; Glass & Holyoak, 1975; Holyoak & Glass, 1975
Loﬁfh, 1?81§'Rips eg al., 1973), and, most‘fre?uently, lexical

t

-~
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. .
C
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decision (Antos, 1975; Becker, 1980; Massaro et al., 1978;
Meyer & Schvaneveldt, 1971; Neely, 1976, 1§J7; Posner (

Snyder, 1975; Scarborough et al., 1977; Schuberth & Eimas,
1977; Schvaneveldt & McDonald, 1981; Tweedy et al., i§77).

, The prime in the present study was the name of a

v )
taxonomic category and the task, a category judgment task

where subjects had to decide whether drawings did or did not, -

' represent items that were members of the category named by the

prime. Two types of bilinguals,‘referrédgto as fluent and

moderately fluent, were used as subjects. (In the present

investigation the term fluent refers to bilinguals who were
: |

rated and vho rated themselves as fluent in both their

languages but somewhat more fluent in their first than in

their second language. The term moderately fluent bilinguals

refers to shbjects who rated tpemselves and were rated as
o~

moderately fluent in their second language and fluent in their

first).

The present study investigéted the effects of priming
_with concrete category labels in each of the bilinguals' two
languages; The two hypotheses investigated were that (1)

retrieval of word meaning is slower in the second language

than in the first, (2) the meaning evoked by a second language

word is more rest?;cted than that evoked by the equivalent

word in the first language.
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REVIEW OF THE LITERATURE

In the first section of the réview,'fheories and
studieé in bﬁlihgualism relevant to the investigatiSn of the
two hypotheses are reviewed. This is followed by the
discussion of two major theoretical views of the structure of
semantic memory. A thirdisectioﬁ’considers the priming )
paradigm as one way of investigating semantictmemory. A fina1 
section degls with the structure of interest, the category,
and an investigation of the processing of category information
in memory. Implications fé; the processing of category '
informatiog in bilinguals are considered within the context of

a category judgment task. The final section concludes with a

&
brief statement of the problem.

Bilingualism and the Problem of Second Language Access

~4

The meaning evoked by a word in one language does not
always corréspond precisely to that evoked by the translation

equivalent. Fluent bilinguals who have mastered relatively

€

,subtle features of their two languages would be sensitive to

thg difference in the semantic value of certain vords and

their so-called translation equivalents. For them the meaning’
of words in each of their languages would correspond to thé
meaning of these words for mdnBlingual speakers of the

language. For bilinguals who have had limited contact with




7

1

the second language community or who have learned their second

. " language through the translation methods of a tyﬁical second

language classroom it ﬁay be, as Taylor (1974) has suggested,
that the first language concept persists in the new language
and is activated with all its connotations when the second
language concept is evoked.

' The fluent bilingual's sensitivity to each language
wvas revealed in a study of associational response diversity by
Lambert and Moore (1966). The invéstigators developed word
association norms for Enélish and French Canadian monolingual
students and Cénadian English-French bilingual students
responding in English and Frenéh. The results were compared
with published norms for American English and‘European French

students. The responses of the English Canadian monolinguals

resembled the mgfgﬂgteredfyped American pattern. The French
Canadian monolinguals were more diverse in their assoqiations
resembling the French students from France. Lambert and Moore )
reported a modification ih response stereotypy as the Canadian
ﬁnglish-French bilinguals chanéed their language. The
bilingual subjects placed between the English and French

Canadian monolingual groups when responding in English and

between the French Canadian-and French-French groups vhen

responding in French. The investigators suggested that the

bilinguals' intermediate degree of response similarity could
contribute to'ﬁgking them effective linguistic mediators.
, Kolers (1963, 1968) reported between-language

similarities and differences in associations to translation
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equivalents and attributed this to differences in bilihguals'
experiences with the referents of words. Working with
students whose first language was other than English but who
considered themselves fluent in English, Kolers found that
words-referring to contrete objects (i.e. thorn, tree) were
more likely to elicit similar -associations in the bilinguals'
two languages than wefe abstract words (i.e} democracy,
justice) or words referring to feelings (i.e. love, Jealousy)
Kolers attr1buted the greater overlap in assoc1at1ons to
concrete words to a commonality of experience assoc1ated with
eaéh member of the translation pair. Because, for example, a
chair and a table tend to occur together in the same
environment, the association Between words for these two
objects might come to be established independently in the two
languages of the bilinggal. On the other hand, the abstract
word 'democracy' although a translation of the German

'demokratie’ might not elicit the same associations because of

‘the different contexts in which these words were learned.

Kolers suggested that some inforﬁation was stored in such a
wvay that it was readily accessible in the two languages; other
information was clopsely tied to the language in which it was
stéred. His ‘conclusion appeared tA support both sides of a
major theoretical controversy regarding two views of the
bilingual mind, whether bilinguals -store information in one
common semantic store or in two separate stores, one for each

language (Ervin & Osgood, 1954),

PO SO
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In the common store view, knowledge is represented in
some common abstract manner and the bilingual person has
access to the common body of knowledge through either .

language. A separate store suggests that knowledge is linked

to the language of acquisitibn. Knowledge acquired through

one language would not necessarily be available in the other

language except through translation, Evidence from studies

using primarily free recall and transfer-type paradigms . «
appears to be overwhelmingly in support of the common store

hypothesis (cf. McCormack, 1977; Segalowitz, 1977).

Recently, Paivio and Desrgchers (1980) have proposed a
separate store position that allows for certain processing
mechanisms reffecting a common representational system. They
have argued that some information can be stored in a
supralin;uistic (i.e. imaginal) form and other information in '
one of two language specific forms. Reactions to the separate

¥ languages can be mediated by shared connections with the image
system as well as through direct links between translation
equivalents. They reinterpreted Koler's findings within their

A \

own dual-coding (verbal-nonverbal), dual-store friﬁework.

They suggested that assoéiations to the concrete words used by
Kolers were med?ated by referent images common to the.
traﬁslation eqdigaients in each verbal system. Associates to
abstract words were determined, for the most part, by the
structure of the verbal associagﬁon network of each of the

bilingual's 1anguageé. As yet, the model has.received little

direct testing, but was given some sugpo;t\ihréﬁrecent study

2
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(Paivio & Lambert, 1981).

Paivio and Lambert (1981) conducted two experiments
in&estigating the effects of verbal-nonverbal and bilingual
dual coding on recall, Tye experimental tasks ensured
verbal-nonverbal coding iﬁ the case of picture-labeling and
word-imaging tasks and bilingual (verbal) coding fh,the case
of tasks requiring trqnslation.(ﬂ;hey reported that in both
experiments item recail increased sigﬁificantly from
unilingual to bilingual to verbal-nonverbal dual coding. This
supported their'predictions that representations in one system
would activate those in another and that nonverbal (imaginal)
and verbal meaning codes aroused directly by words and
pictures or indirectly through imégery and by verbal encoding
tasks would have additive effects on item recall. .

Although most theories and investigations have
attempted to seek generalizations about bilinguals (McCormack,
1977), one line of thinking distinguishes between twa types of
bilinguals, compounds and coordinates (Weinreich, 1953) and
suggests that the bilingual's language acquisition history can
lead to either a separate or a common semantic-store (Ervin &
Osgood, 1954). 1In compound bilingualism acquisition of two
languages occurs in a situation where both have been spoken
1nterchangeably such as in a bilingual home or through
teaching methods involving. translation. This pre;%mably leads
to the development of a common fused semantic system. In such
a system identical meanings are attributed to corresponding

N
vords and expressions in the two languages. In coordinate

o N L
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bilingualism words are acquired j ifferent contexts (i.e. ’

bome and scﬂool; country x and country y) and/or sequentially

and are assumed to lead to the devglopment of a separate stofg“ A

for each language. ' |
Numerous studies investigating predictions stemming

from the theory have attempted to find evidence to support the

compound-coordinate distinction. While some studies failed to

-

support the predictions (Dillon et al.; 13973; Olton, note 3),
other investigations, a number of which require ;ubjects to' .
ﬁay close attention to meaning (ErQin, 1964; Jacobovits &
Lambert, 1961; Lambert, Havelka & Crosby, f§§§i\Lambert,v
Ignatow & Krauthammer, 1969; Lambert & Rawlingb, 1969;

\ Segalowitz & Lambert, 1969) did provide some evidence for the

distinction. One study (Lambert, Havelka & Crosby, 1958) is
| particularly relevant to the present research. This study
\ revealed that translation equivalents of even simple, concrete

\ words could evoke different associations in the two languages.

The invesfigators had compound and coordinate French-English
bilinguals rate a series of French and English words such as
\ 'église' and 'church' on semantic differential scales. They
found that those who had learned their 5écond language in a
\ separate context provided more dissimilar responses than those
. who had learned it in mixed contexts. These differences were
\ even more pronounced for those who had leérned English in
\\culturally distinct contexts as compared to those who had '
\ N

\;earned the language in a culturally fused environment, »
\ p : .
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One reason why . studles in this area seem contradictory

-

(ha%e been

_classified as compounds and coordinates (Macnamara, 1967;
"1970).

may be due to.inconsistencies in the way subjects

‘Despite criticisms of the various attempts to define
the categories (Paradis, 1578; Sheffer; 1976) and to identify
them in-practice ,(Diller, 1970) there seems to be enough
experinental support to retain some- form of the distinction.
) No mattér how one chooses to'@peratlonally define
‘compound and coordinate bilinguals, the majority ¢f bilinguals
would fall outside of these two extreme categories. It may be
more useful, as suggested by Paivio and Desrochers (1980), to

think of the compound-coordinate distinction as a difference

in degree rather than in kind. Tpé iety of nonlinguistic
and linguistic experiences encogéz;:::{by individuals as they
acquire a second language could lead to differences in the
number and strengths of direct aqgociatbons between,
translation equivalents. .This would suggest that there could
be differences both between and within individuals, as to the
extent to which words and expressions censidered to be
translation equivalenzs would have theiéame, different or

*

'partielly different meanings.

. ‘ \
Some. fluent bilinguals, such as the ones used as

subjects in the present study, could be classified as
coord1nate bilinguals on the’ bas:s of the age of beginning
second language acqu1sxt1on (e.g. age 6) and the separate

context in wh1ch second language acquisition took place (e.q.

French school system) Yet, more careful examination of what

.
’
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is acquired during the second langauge experience would
suggest elements characteristic‘of compound bilingualism. The
school provides a speciil set oé experiences with vocabulary
and concepts that are specialized, particularlylas one
advances through the system. Because of this, certain
commonly used. second lanéuaée words might ;arely be
encountered in the school setting and the concepts associated
with these words not explored through the medium of the second
lanéuage. Conéeq&éngly, such words, when they are encountered,
might not evoke meaning as completely as do-tJ:ir translations
in the bilingual'!s first language. .It may be then, that for
any one individual, the learning of certain first and second
language equivalents in mixed contexts leads to language use

which is characteristic of a "compound bilingual” and the

learning of other translation equivalents in separate contexts
'

leads to language use which is characteristic of a "coordinate

bilingual™.

Even where words seem £o evoke the same meaning, there
is evidence that the meaning may be decoded more‘slow}y in the
nondominant language. During the past twenty-five years, a
number of studies have reported between-language differences
in the‘speed with which bilinguals could perform certain

verbal decoding tasks. These differences seemed to persist

éven when high frequency words were used with bilinguals who

had a number of years of experience with their second
language. For example, Lambert (1955) presented simple

instructions such as "Push the key painted blue" in two

5
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languages and found that response time was directly related to
linguistic proficiency. 1In decoding tasks which required
simple responses to instructions which designated items by
position, shapg, color and direction Dornic (1978) and Rao
(1964) found slower reaction times in the non-dominant
language, particularly when task difficulty was increased.

A number of investigators have reported that reéding
was slower in the weaker languag;1(Kolers,‘1966; Lambert,
Havelka & Gardner;v1959; Kellaghan & Macnamara, 1967).’ In
attempting to explain an gerlier finding that gilinguals took
longer to solve problems iﬁitheir weaker language (Macnaﬁara,.
1966), Kellaghan and Macnamara (1967) presented aritbmetical
problems in both ITish and English to a large sample of schoo}
boys wﬁose first language was Engli;h. H#Rf the children had
been taught their sﬁbjectsjin English;ihalf in Irish, The ' P
children read each problem aloud three times and the time

]

taken to read the problems was recorded. For Both groups the

«

first reading of the Irish version ‘of the problem took

significantly longer than the reading of the English version,
The investigators suggested that the'pdorer ‘reading. in the

second language could be'qtt:ibuted'to diffiéulty.in

processing input at any partiéular'lével (e.g.,orthographic;

.syntactic, semantic). For example, in investigating processes .

‘linked to knoﬁ{edge of the orthographic redundances of a

language, Favreau, Komoda and Segalowitz (1980) found that
fluent bilinguals showed a smaller word superiority effect in

their second as compared to ‘their first language in a visual

e
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detection task. The investigators concluded that the subjects

were less able to utilize orthographic redundancies in their

second languagecg

[
The slower reading of a word in a second language

might also be a function of a more complex cognitive activity,

that of semantic decoding ot retrieval of word meaning from

f 6
long term memory. In tasks where meaning is important, it

seems that the semantic value of words is decoded more slowly .

+

in the weaker lanquage. For example, Nott and Lambert (1968)

using groups of English dominant and French dominant
bilinguals found that, with category lists, recall and

category clustering were consistently lower in the weaker

language. They suggested that nonfluent bilinguals were at a

disadvantage in their second language because, in a task where

meaning had to be determined, speed of semantic decoding was

slowed and there was less time to rehearse the organization of

the list,

In another study Macnamara (1967) found that subjects.

who were dominant in English could match a familiar printed,

concrete word with a drawing significantly faster in English

than in French. He attributed this to differences in the

i

speed of semantic decoding. Unlike the Nott and Lambert

(1968) study which did not contrdT\{gr other factors specific

to the reading process, Macnamara measured the perceptual

-

threshold for words in each language. He found no significant

differeqce between French and English words. Because there

vas repetition of the same eight words, he suggested that a

J .

B

o

el ity ﬁ’ s

[‘

i
I L



TEITMIS TR e Uik TR, T P T
v

LR R L S

B el

+ s gt DRI TR G T

e b

B o

g
.
Lo

16

aifference in perceptual threshold hay have been obscured by a

considerable familiarity factor. 'Apparently, the factor

‘investigated (semantic decodinqi'was sufficiently robust to

withstand the effect of this familiarity.

In summary, most of the iiterature on bilingualism has
focused on the interaction between the bilingual's two
languagés. The ,issue of particular interest has been whether
and to what dégrée She bilingual's two languages are
independent or interdependent. A second area of research
which has received considerably less attention has addressed
the.problem of how information processing is affected by the
loyer level of language skills that characterize the
bilingual's use of the second language. It is to this issue

that the present research is addressed.

Theoretical Views of the Structure of SemantiC Membry

'Semaﬁtic facilitation effects have been explained .
within the context of two major classes of semantic memory
models -- set theoretic (Meyer, 1570; Schaeffer & Wallace,
1970; Smith, Shoben & Rips, 1874) and network (Anderson, 1976;
Collins & Quillian, 1969; Collins and Loftus, 1975), Set
theoretic models make few assumptions about the kinds of K
relations represented in semantic memory, emphasizing the role
of comparison processes in the processing of inform&tion. '

Neiwork models assume that various types of semantic relations

o e N ema N e e
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are represented in semantic memory, stressing the importande®
of retrieval opethTons. In this section pn; iﬁ{lﬁential

model from each major class of models is described and its
implications for bilingual semantic memor% are discussed. In
add1t1on a recent conceptual dxst1nctlon between two -

components of }Yutess1ng which underlie priming effects 1

(Posner & Snyder,. 1975) iL discussed.

P}

The Feature Comparison Model

// Of the set theoretic models, the feature comparison
model (Smith et al.,, 1974) has been referred to most

frequently in the priming llterature (Collins & Loftus, 1975

\A.,

Glass- & Holyoak; 1975). In this model, concepts are 7 .

represented as features corresponding .to properties of the

coﬁcep;s. For example, the concept 'bird’' would be . - N
( o .

represented in semantic memory by features such as feathers,
wings, two-legged, able to fly.and so on., Only property
relations are stored in memory. Other relétions (e.qg.-

superordinate-subordinate) must be calculated fri?~informa£ion o
‘ &

t

Smitﬁ; Shoben and Rips (1974) proposed q two-stage

®

process to“éxpla‘P the effects of relatedness in a categor§’ °
verification task. The first stage consists of a global ' -

comparison of the features of the two concepts presented in

°

the task. The global comparison involves a comparison'of ° /

i

defining as well.ae-of characteristic features., E;fining
.
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features are those that a concépt must possess in order td b;
a member of a category. Characteristic features are those
;hich are commonly associated with the concept but are not
necessary for category membership., For example, ;feathegs'
might be considered a defin@ng and 'flying' a characteristic
feature of the concep£ 'b{rd'. ’If there is a large proportion
of commgn featur®s or properties, then relatedness is judged
to be high and the decision fo} a'po§itive (true; same )
response can be quickl; made. If there is a small proportion
of common features, relatedness‘is-judged to be very low and
the decision for' a negative (false, different) response,
again, can be quickly made. 1f, however, the proportion of
shared featufes is neither high nor low then a second, more
analytical stage of processing is executed. This stage is -’
based on a comparison of defining features only.

The model predicts that reaction times in tasks which
demand only the first stage of processing would be faster than

>

those in tasks which implicate the second processing stage.” A
compérison of 'a robin is a bird'.or 'a tulip{}s a bird' would
involve only stage 1 proce#sing and .a relatively fast true or'
false response. Determining whether 'a bat is a bird' woulé
involve stage 2 processing and would result in slower reaction
times., Glass and Holyoak (1975), ejaborating the model, have
suggested that semantic relatedness (i.e. number of common
features) should aly‘ect the outcome of stage one onlygand
category size (i.e.“the number of features that define a

category) should affect the duration of stage two only.
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* The common and separate semﬁntic store hypotheses of
.h bilingual memory can be explored yithin the context of a ’
~feature compatison model of lexical representation. In a
separate bilingual répresentationai system vhere each language
woﬁld have its own set of feature lists, it could be possible
that ‘the feature list associated with a" particular word in the
nondominant language is shorter- than that of its translation
equivalent. 1f superordinate-subordinate relations are
o calculated from information provided by the features, then
,*f between-language differences in reaction times might be
attributed to differences in the size of the feature list for
words in each language. In a common representationél‘system § 0
the two languages would presum&bly share the same network with
translation equivalents Eaving relatively distinct feature .
1is;s. In the case of the nonfluent.bilingual, for exémple,
"furniture’' and 'meuble' would activate the same.meaning
system but the number of features which define the category
furﬁiture could bg gréater than those defining the category

‘meuble. . g
The Spreading Activation Model

One of the‘most influential of the netwérk theories, . :
that of Collins and Quillian (1969), has been extended and . ®
reformulated in 'guasi-qeurological terms' to accommodate a
theory of semantic processing. This 'spreading activation'’ ‘ o

model of semantic processing (Collins & Loftus, 1975; Colling

<+ e s Al TR,
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" number of links in the hierarchy and/or the distance between
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& Quillian, 1972) is{ to date, the most popular attempt to
explain the mechanism that underlies ﬁqci{itation effects.
Within the spreading activatiﬁn model semantic memory
is seen as composed of a hierarchy of cognitive nodes (or
alternatively, cognitive units). Hypothetically, concepts are f
represented in memory as nodes and relations among concepts as
associative pathways connecting these nodes. These .
associative pathways or links can extend from one node to

other nodes which are, in turn, linked to more distant nodes.

Collins and Loftus (1975) maintain that it is primarily the

these links which determine the strength of the relqtionshipf
although tﬁey also claim thit differences can exist in the
strength of the various bonds. According to the original X
theory there are five different kinds of links, one of them is
the superordinate-subordinate link characteristic of
category-membership relationships. According to thé model the
cognitive noagﬁg?eprggghting, for example, VEHICLE and CAR are
directly and closely connected;‘those'representihg VEHICLE and
FIRE ENGINE are directly connected but the distance befween ‘
nodes is longer, whereas the node representing VEHICLE would

be linked indirectly to VOLKSWAGON through the node CAR.

The processing implications of this spreading

-activation model for priming would be as follows. When a

stimulus word is presented the coréesponding’hode in memory is
accessed and the activation of nodes associated with the

priming node is initiated. This temporarily enhances the

4
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acééééibility of the related nodes. As activation spreads
from the target word, an intersection between the two related.
nodes is found and a response is executed. Thus, retrieval of
a concept represented by one of the related nodes is
presumably facilitated by the preactivation (or priming) it
has already received. This preactivation provides the basis
for explaining the facilitation produced when a prime and a
target are semantically related. |

N Given the semantic structure outlined above, the model
would predict that the closer (i.e. distance) two conc?pts are

i
in the network and/or the more closely related (i.e. number of

b

links or strength of bond) the faster the connective path can
be found. Retrieval time is hypothesized to decrease as
relation strength increases (e.g. 'robin' would be verified
faster .as a 'bird' than would 'turkey'). Although network
models have emphasized this relationship strength
interpretation, there is another correlated factor which is
hypothesized to determine retrieval time. Collins and Loftus *
(1975) have suggested that in addition to relationship
strength, the extent to which the two concepts share certain
features should speed retrieval time (e.g. 'feathers',
'flying', 'worm eating' are common to robin and bird but not
to turkey and bird). Collins and Loftus (1975) concede that
this process is similar to tﬁat proposed by Smith, Shoben and
Rips (1974) but‘dis;gree that this is the only way all
categorization judgments are made. They argue that people

make use of all types of evidence including

<
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superordinate-subordinate links. 'In addition they hypothesize
that the longer -the activa;ion process continues, the more
features will be compared. ,
The two bilingual storage hypotheses can be explored
within the context of the spreading activation model of
semantic memory. In a separate system, each system would have
its ,own network of nodes representing the concepts underlying
the translation eqguivalents. In the case of a nondominant
language, it might be that the distances between nodes
associated witb a particular concept in the network are
greater and/or the paths less numerous compared to the
dominant langquage. For example, -the distance between the
nodes representing 'moyen de transport' and 'traineau' might
be greater than that between 'vehicle' and 'sleigh' when
.French is the nondominant language. In a common
representational system, the translation equivalents’céuld
share the same meaning system with primes possibly activating

relétively distinct representations within that system.

’
ye

There are three local processing assumptions in the
extended theory (Collins & Loftus, 1975) which are
particularly relevant to the present research, First, .
entering the network at a certain point is assumed to activate
pathways in all directions. An example of this processing
assumption is the case of BIRD activating the high frequency

- nodes WINGS, FEATHERS and BEAK at the same time. Some
evidenc% for this type of parallel rather than serial

processing has been provided b§ Freedman and Loftus (1971).

. “ . !
JEproo— R OIS M VP A a . et e am mee ek e s e e




UL P et sme barasng 2 o o e e e ke et e b Aoy e Irnm ¥ e

14

«

Subjects wéfe asked~to produce an instance of a category which
began with a specific letter of the alphabet. The
investigators hypothesized that a’ serial search would take
longer,rthe larger the category to be searched. Sdbjects took
no longer to produce a correct high frequency instance from a
laéger than from a smaller category thus providing some
support for parallel processing. An alfernative hypothesis is
that high frequency items are at the top of the list whether
the list is long for a larger éategory or short for a smaller
cétegory. Hbonsequently, the lack of a difference in reaction
éimes does not necessarily indicate pérallel processing but
rather serial processing of the same number of items. To
disfinguish between alternative hyppotheses?it is important to
determine the number of higg frequency items in each category.

In the case of bilingual processing, it might be that
the prime in the nondominant language would activate fewer
high frequency nodes than would a dominant language prime. In
a cagfgory vérification case, this could result in a
between-language diffeéence in reaction-time with, possibly,
no facilitation effects for second language trials.

A second précessing assumption within the extended
model is that units have thresho}ds which must be exceeded in
order for activation to take place. When activation from two
nbdes sunmates at some point of intersection and this
summation exceeds thfeshold, the path in the network:producing

the activation will be’'evaluated. Given a subthreshold prime

or too little prdcessing time the threshold might not be
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reached resulting in no facilitation effect. On the other

hand, more processing time could allow distant nodes to be
activated. Consegquently, the amount of facilitation produced
by a prime should be constrained not only by the semantic
relationship between prime and target worﬁs but also by the
time available for activation to spread. This assumption has
received some support in a study by Myers & Lorch (1980).
They found that, when target words were primed by a category
member (e.g. TURKEY), the facilitation effect was
significantly greater for low dominant items (e.g.
TURKEY-BIRD) at the long SOA (stimulus onset asynchrony) than
at the shogt. In regard t& processing in the bilingual
context, it could be that nodeélrepresenting concepts within a
second language system or ;ntersegtions between these nodes
have higher thresholds. Alternatively, it takes longer for
activation to spread through the system, presumably because
pathwgys are longer or 1esstﬁumerous thqn in the first
languéée system. .

The third assumption within ﬁhe extended model states
that the activation of a unit decays gradually over time
and/or intervening'activity. Evidence for such decay over
time has been provided by Loftus (1973) in a lag study which

revealed that both time and intervening activity diminished

the effects of facilitation from the prime. ‘This stuéy is

described in more detail in a subsequent section. 1In the

bilingual situation, a node might be less activated within the

second language system and, consequently, decay more rapidly

- ' ~N
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over time than its first-language counterpart. Alternatively,
if fewer neodes are activaéed, as could be the case in either a
common or separate store, then one would expect to observe.an
earlier diminution of facilitation effect in the second as
compared to the first langquage,

A menfal lexicon orgé;ized in such a way that
spreading activation can operate'is an essential feature of an
influential two-factor model of attention (Posner & Snyder,
1975) which has attempted to explain both the facilitation and
the inhibition effects of primes. (In contrast to
facilitation, inhibition occurs where the primé interferes
with the processing of the probes slowing reaction times);

The model is not concefned with semantic organization or
retrieval operations but with attentional processes involved
in facilitation and inhibition. }

Posner and Snyder (1975) have provided a conceptual
distﬁnct%on between an automatic and a controlled (conscious,

-~

attentional, strategic) processing of the prime. The
automatic component is described as fast-acting, occurring
without conscious control. This component is equivalent to

the notion of spreading activation and leads only to the

‘facilitation of items related to the prime. Controlled

processing is described as operating slowly, with intention,
and as Being characéerized b& limited resources. It can
produce both facilitation and inhibition effects. This model
has important implications for the present investigation in ,

that it makes.use of spreading activation as the basic

4 -
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mechanism to account forgrin}ing wh.ile providing a mechanism
to accounlt.for the nkonfa.cili-tative effects of the prime.
Aithough,the automatic-controlled distinction has been
recently criticized in its abplication to the item-recognition
paradigm (Ryan, 1983), it has received substantial empirical
support in the literature on priming of words and sentences.
This literature, which includes some recent work on bilingyal

processing, is reviewed in the following section. '

[ ]
Investigating Semantic Memory - the Priming Paradigm

The results of studies of semantic priming have=
generally been interpreted as reflecting the organijation)of'
semantic memory. One prediction that is.shared by most
theories of semantic memory is that the nearer two concepts,
are in memory or, alternatively, the more p;’éperties they have
in common,. ;he more mutually facilitative they will be., The
results of priming investigations have revealed that letter
strings can be more quickly detected as words (Meyer &
Schvaneveldt, 1971; Neely, }976, 1977; Posner & Snyder, 1975)
or named (Jacobson, 1973; Warren, 1972, 1977) if preceded by a
related rather than an unrelated word., 1In addition, it
apparently takes less time to retrieve a category instance
(Loftus, 1973; L‘oftus & Loftus, 1974) or to verify ca‘tegory

membership (Caramazza & Brones, 1980; Fischler & Goodman,

1978; Lorch, 19B82; Myers & Lorch, 1980; Rosch, 1973, 1975) if

reane
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the target stimulus (probe) is’ preceded by a related rather - -
“than an unrelated word. _These 'sJame investigations have also X )
reported that words that axe more closely associated to the
prime are detected more quickly thatré words that are more
distantly associéted. (

According to the spreading activation model "activ;tionl
takes time Eo spread through the semantic network. Some of
the recent priming investigations have explored the time
course of activation by varying the length of the interval
between prime and probe. Facilitation effects of the prime
were found at inter‘;als as short as 40 msec. (Fischler &
Goodman, 1978) and were reported as increasir;g with increases
in SOA (Antos, 1979; Fischler & Goodman, 1978; Lorch, 1982; >
Neely, 1976; Ratcliffe & McKoon, 1981). | ’

Only a few published studies have investigated the
decay of semantic activation over time and with intervening
activity predicted by the spreading activ'ation model, Three N
studies (Gough et al., 198l; Kirsner & Smith, 1974; Warren, ‘
1972) found no significantl effect of prime except at the zero

lag (a priming word followed directly by a related target word C

"with no intervening filler items). For example, Gough, Alford

and Holley-Wilcox (1981) manipulated the lag in a lexical

RS e—

decision task. Each of 80 tégget words was preceded by a

i3
1
1

primed word at one of seven lags varying from 0 to 32

intervening items. The occurreﬁég of a.related word just
prior to the target word (0 lag) resulted in a faciljfation

effect thus reducing reaction time. The introduction of only
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one intervening item eliminated this effect.

Other studies (Brown & Block, 19'80,- Davelaar &
Coltheart, 1975; Forbach et al., 1974; Loftus, 1973; Loftus &
Loftus, 1974; Scarborough> et al., 1977; Schvaneveldt & Meygr,
1973) reported priming effects that were undimir;ished over a
number of lags. In one typical priming experiment Loftus

(1973) paired a category name with the initial: letter of the

r\most frequently given instance and with the initial letter of

Y
the third most frequently given instance based on published

sets of category norms. Half the subjects saw the high
dominance stimulus [e.g. color -~ B (for blue)] before the low
[e.g. color - G (for green)] and half saw the stimuli in
reverse order., The initial presentation of the critical
category-letter stimulus was followed, after 0, 1 or 2
intervening filler items, by the presentation of the same
category with a d:}\fferent letter. E’g'tus,reported that the
time to generate thMmplar of a given ca\tegory
was reduced if subjects had just named another exemplar‘of the
same category. This..reduction occurred even vhen the low
domi nance étimuli were presented before the .high dominance.

In addition, she found that the facilitating effect of
repeating the category name decreased as the number of items
(1 or 2) intervened between two appearances of that category
name. The difference in reaction time between the initial

presentations (baseline data) and the presentation at each lag

(0, 1 and 2 intervening items) was . significant., Her results

supported the idea that memory locations can be temporarily

el
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activated by a category word making information retrieval
easier the second time that category is presented and that the

accessibility of these memory locations decayed gradually over

time.

<

Recent priming investigations have supported the
- distinction between automatic and controlled processing
provided by Posner and Snyder (1975). In\faterpreting the
results of tpeir lexical decision task, Fischler ﬁnd Qoodman
(1978) suggested that the facilitation effect of priming could
be attributed to an early automatic spread of activation and a
slower acting,ucontrolled processing component. They found
that:a prime could produce a facilitation effect within a 40
msec SOA (stimulus oﬁset asynchrony) and again at an SOA of
150 msec. The ébsence of facilitation at an SOA of 90 msec
was attributgd to the dissipation of the fast-acting automatic
component of/processing and a brief delay prior to the
involvement of the slower, controlled component.‘
The most convincing empirical support for the
distinction between the two processes has been provid;a by
~Neely (1977) in a lexical de;ision task (deciding whether a
string of letters is or is not a word) wh}ch used semantic
category word primes (e.g. Bird) and a critical condition
which made use of a miscue. 1In the critical condition

subjects were led to expect that the category name woul

usually be followed by a member of a different category,
example 'Bird' followed by a member of the category

'Building'. When the category name was followed by a member

O
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of the expected category (e.g. Bird-Window) conscféps

‘attention would facilitate performance but automatic

- activation (which activated associates of the category " BIRD)

would not. When the priming word (e.g. Bird) was followed
unexpectedly bf a member of the bird category (e.g. canary),
the automatic actf?ation would facilitate performaqce but
since this probe was unexpected, the conscious component would
interfere with performance. In order to distinguish between
thelfwo processes, Neely varied the interval between prime and
probe so that at the shortest interval (250 msec) no effect of
attention was found because conscious processes had
insufficient time to operate. ) /
In a recent study, Favreaul& Segalowitz (in press)
used a paradigm similar to Neely's in order to compare the
performance of two groups of fluent bilinguals who were
distinguished by their level of reading skills. They found
that at an SOA of 200 msec, the pattern of réaction times
produced by bilinguals who had equivalent reading rates in
their two languages ;uggested automatic processing in both
lenguages. On the other hand, the reaction times produced by
those bilinguals with the slowgr second language reading rate
suggested the involvement of automatic processes in their
firét language only.
In contrast to Neely s and Favreau and Segalow1tz s

data, a few studies (Antos, 1979; Myers & Lorch, 1980) have
reported interference effects at SOAs of 200 and 250 msec

respectively. Myers and Lorch (1980) used a semantic ‘

\




.verification task®where trxals included high and low dom1nant

member- category pairs, (e g. rob1n B1rd OR turkey B1rd%
preceded at an SOA of 250 or 1250 msec by an 1dent1cal prime

(e.g. Turkey), an unrelated prime (e.g. Chair) or a neutral

prime ('Blank'). The pair of words used as probes were

presented at the same time. Subjects were asked to determine

wvhether the top word was a member of the category designated
by the bottgg,uofd by inserting "islp"abetween the twg words
to make a sertence. Subjects were adsc instructed to use the
word cue to prepare for the pair of word probes\BY/frying to
think of categories to which the cﬁe word Sélongea; One-third
of “the these trials ipvolved a miscue in the sense tbat the
cue word (the pri;e) was unrélaped to either word in the
subsequently presehtéd pair. An interference effect at the
small SOA was observed for three of the four dominance (high,

low) by truth (true, false5 conditions. 1In effect, there was

no -interference in the high dominance, true condition (e.g. ’

,Chair:: robin-Bird) whereas there was in the ﬁigh dominance’

. i
false condition (e.g. Chair:: robin-Clothing); in the low

£

dominance true condition (e.g. Stool:: turkey-Bird) and in the

low dominance false condition (e. d. Séool-: turkey- Cloth1ng)

El
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The authors suggest that the answer for this pattern of \

interference effects lies in the rate at which assqgiates of

the unrelated cue are activated relative to the rate at which

associates of the probes are activated. In the high dominance
.~ ‘ .
condition, the. two probe words are so strongly associated :that

B

information relevant to°the evaluation of the word'pairs is
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activated before associations of the cue are'sufficie:nt“l'y; .
active to interfere with .the evaluation process. On the other
hand, evaluation of low dominant items and false items take
more time, allowing activation from the cue word to interfere
with their processing.
‘ It is possible then that .interference, as a
manifestation of conscious processing, 'might nét be as “ .

slow-actiné as originally suggested. The speed with which

controlled processing is involved might be depende,nt ﬂlpon the

" 3 amount of processing that is required (Myers & Lorch, 1980)‘.

It might be that tasks requiring semantic categorization or
judgments of category membership make’ more processing demands

\ than do lexical decision or naming tasks possibly resulting in

~ 31

an earlier involvemé;%:f controlled processes.
4 bl
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Semantic Categorization and the Processing
of Category Information

* 'On the one hand, bilingual research has explored two ¢

e

major hypotheses concerning the way bilinguals store:

linguistic-information, has provided an important distinction

»

between compound and coordinate bilingualism, and has revealed

"

assymetries in the processing of information.in the two
lz;n'guages. On thé:other hand, semant_ié memory research with
monolinguals has provided theoretical approaches pertaining to ]
‘the organization of a semantic memory system. The priming

paradigm })Ls been the major experimental method used to study

.
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guch a system. The presen£ investigation has‘used some of the
theoretical assgfétions of monolingual semantic mémdry
research within the bilingual context. Possible
between-language differences in the processing of category
information by bilinguals have been investiéated by means of a
pr%ming paradigm similar to that used by Eleanor Roéch.(1975)

in the investigation of semantic processing in mopolinguals,

Rbsch and her colleaques (Rosch, 1973, 1975; Rosch &

" Mervis, 1975; Rosch et aa., 1976), in investigating the nature

e ——— <

of the cognitive representation of semantic categories, have
addressed two major issues: (1) the internai structure of a
category, and (2) the effect of internal structure on
cognitivé processing of the category. S4dnce both of‘these
issues are of particular relevance to the present
investigation, they are presented in some detail below.
According to ﬁosch (Rosch et'al., 1976) categories
exist at different levels of abstraction. The more inclusive
categories are referred to as superordinate (e.g.,Fdrniture)‘
and the less inclusive as,éﬁbordinate (e.g. French
Provincial). 1In addition, there is an intermediate level of-
categorization called the basic level (e.g. chair) which is
considered to be the most informative level. Sometimes,
&epending, in part, upon the specialized knowledge of the
person doing the categorizing,. the subordinate level may be
the most informative. Membérs of any of the three levels of
categories are referred to as instances and instances are

composed of attributes, For example, chair would be an
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instance of the superordinate'cateéory furniture, with
;tﬁributes such as legs, flat surfaées and angles. Categories
with a large number of discriminating attributes are m&re’.
informative than those with fewer attributes and -have,
according to Rosch, high "cue validity". Basic level
categories which contain objects in the real worfd (e.qg.
table, chair, fag) would have high cue validity because they
would consist of att}ibutes that reoccur and that are most
clearly preaicfive of membership in a category. The-.broader
superordinate éafegory (e.g. Furniture) would be much ﬁore
inclusive and“less‘discriminating (e.g. is uséd, has flat
shrfacé@) and thg subordinate category (e.g. French
Provincial) could-contain attributes (e.g. curved legs,
molding) at a level of discrimination appreciated by .
relativeiy few individuals. Each member of a category (at any
level) does not possess all the defining attributes of that
category but there is sufficient overlap. so that separate
instances can all be éonsidered as members of a particular
category. The category members which ﬁossess more defining
atfributes than others are considéreé to be most prototypical.
For example, chair, table and bed would be considered more

prototypical of the category Furnitére than would fan, -rug and

L
V-

clock..
Recently, Murphy (1982) has arqued that cue validity g
4 ’ ' .

can only increase for more inclusive categories and is_

therefore unable to pick out the basic level. He is in

agreement with Rosch that basic levels may be the more useful

.
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category because, among other things, they are highly
differentiated, have many features in common to members, and
are.defined perceptually rather than functionally. Unlike
Rosch, Murphy has suggested that cue validity measures
something different from category differentiation and might be
proportional to the "certainty of classification”. In his
example, a distant flying object should be classified with
more certainty as a physical object than as an animal and with
more certainty as an animal than as a bird., As Murphy has
pointed ohg, wvhether, in‘reality, classification confidence
_follows his rational rule remains to be proven.

Rosch has e#plored the internal structure and
cognitive prdbessing of semantic categories with the following
results: | .
.(1) Prototypes and reliable gradients of category membership
exist for semantic cétegories in the sense that subjects

(American college students) considered it a meaningful task to
rate members of such categoriis accoréihg to how well they
fitted the subjects' idea or image of the meaning 6f the
category name. There was very high agreement among subjects
for these ratings (Rosch & Mervis, 1975). ‘
(2) Members of categories which were consideréd most
protbtypical were those with most attributes (features) ?h
common with other members of the category and least attributes
in common with other categories. This family Eésemblance

hypothesis was explored through a series of rating experiments

(Rosch & Mervis, 1975) and was proposed as an alternative
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explanation to the definition of categories in terms of -
critical features.

(3) The prototypic structure of a category was used in the
cognitive processing of a category. The evidence that nafural
categories are processed in terms of prototype énd distance
from the prototype wa; based on two types of studies of
retrieval from semantic memory. In the first set of studies,
Rosch (1973) asked subjects to judge statements (an x is a y)
about category membership. Results showed that it took lquer
for subjects to respond "true" to the gkue statements of
category membership when member x was a relatively poor member
of category y. No such difference occurred for false
statements which indicated that the poor members (low .

\

typicaTity) of a category were not in and of themselves
difficult to process. o
Earlier/research (Berlin & Kay, 1969; Heider, 1971,
1972; Mervis, Catlin & Rosch, /1975; Rosch, ‘1974) has
demonstrated that in domains where prototypes are biologically
given (e.g. color), categories are formed around the salient
prototypes and havg elements of content as well as principles
of formation which are universal. Unlike color coding, not
all categories have an obvious pgrceptual basis. As Rosch
pointed out, 1t would be unreasonable to assume that humans
come equipped with natural prototypes -for categories such as

Furniture, Fruit and Vehicle. For categories such as these,

the content of the categories and the nature of the prototypes

~can be expected to vary across cultures but the principles of
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category formation and of the development of prototypes are

expected to be universal.

i

A recent study (Favreau & Segalowitz, Note 4) has

. provided some evidence for cross cultural similarities and

differences ip category membership norms. The investigators

-~ provided norms for 30 semantic categories

native speakers of English and 300 native speakers of French

residifig in Montreal, Quebec. Subjects were asked to write,

in order of preference, the four items which, in their view,

best represented the semantic category. Responses under each

4
category were consistent within each linguistic group.

Correlations between the first ten responses in each language

group revealed some differences in the way English and French

speakers defined the category. These differences were

attributed to both cultural and linguistic factors.

To date, no study has investigated semantic category

membership in bilinguals. If results from word association

studies (Dalrymple-Alford & Aamiry, 1970; Kolers, 1963;

’

Lambert & Moore, 1966) are any indication, one would expect to

find some differences in the way bilinguals define semantic
categories in each language and differences between their

&

éefinitisns and those of monolingual speakers of each
language.

Rosch (1975) used a category judgment task to
investigate her second major issue, the extent to which the
mental representations generated by a category name affected

the perceptual encoding of category members. Since both the
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design of her investigation:and her results ;re pertinent to-
the preéent study, they are reported in some detail.
implications of her findings for an invéstigation of a
bilingual's two languages are presented. L ’

| Rosch's subjects were shown two category members of
either high, medium or low prototypicality. They were to
press the same key if the members of the pair belonged to the
same category andlthe different key if the members belonged to

a different category. ’Ip‘%gme experiments (Experiments.2, 3,
/

"7) an orally presented prim{ng stimulus preceded the pairs of

pictures or words by an interstimulus interval of'2000 msec.
This priming stimulus w&s a superordinate category name such
as WEAPON or VEGETABLE which accurately predicted the a
same-category membership of stimulus pairs on half the trials.
In Experiment 4, the prime was presented (orally)

simultaneously with the probes. In Experiment 5, the prime

was again the taxonomic category label but subjects were given

physically identical rather than same category instructions
and were told to press the same key if the two items were
physically identical and the different iey if they were ﬁot.
Results, summarizéd undér each of the three conditions; are’
presented below:

(1) For physically identicai pairs, the;e was a significant
interaction beéween effects of priming and prototypicality.
For highly prototypical pairs (e.g. apple-apple), primed
trials were significantly faster than unprimed trials; for

items of low prototypicality (e.g. nut-nut), primed responses

Tusger 0
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were significantly.slower than unprimed; for pairs of

intermediate prototypicality (e.g. cherries-cherries)

3 >
k3

¢
differences betwgen primed and unprimed trials were nét
significant. Rosch concluded that the prime facilitated the
reaction time to good members because it contained some of the
information used to perceive or encode those members. ' The
prime depressed the reaction to low prototypical members
because it was sufficiently unlike these member; so as to
interfere with their peréeption. The prime influenced the
reaction time to physically .identical item pairs only wheﬁ it
was presented in advancg of the pairs where it could affect
encoéing. Since in the physically identical condition there
was no necessity to make a decision about category membership,
the advance prime affected only the encoding stage and not
both the encoding and %Frification stages as in éhe same and
different category conditions, It.was this selective effect
of prime on the encoding of physically identical items that
was of particular interest to Rosch because it provided
séemingﬁy-unequivocal support for her main thesié.

Rosch investigated the effects of a taxoaomic category
prime on judgments of physical identity only for monolinguals.
éﬁe can specuiate about the.implications of using-a similar
paradigm to investigate bilingual semantic processing. In the
case where category instances in the two languages of the
bilinguai are being p}ocesSedy between-language differences,

if they exist, could be a function of differences in the

semantic representation generated by first and second language
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category primes, If the second language prime activates fewer
associates to the category in comparison to first language
primes, this could result in little or no facilitation for
high prototypical pairs and little or no inhibition for low
prototypical pairs. 1In this context facilitation means
significaﬁtly faster responding in language-primed than
neutral triais; inhibition means significantly slower
respending in language than neutral-primed trials.

Alternatively, .if the second language prime activates

' associates more slowly than does the first language prime,

this could result in no facilitation of high prototypical
pairs at a short SOA and facilitation at a long SOA.
(2) For same category pairs in Rosch's experiment, advance
priming facilitated responding in general and was as ﬂélpful
for intermediate and for low as it was for high prototyﬁical
pairs. Roschtéxplained how the prime differentially affected
the encoding and the verification stages resulting in egqual
facilitation to good and poor members of a tatégory. In the
same category case, it can be inferred that at least part of
the relevant information in- the prime acted on decision
processes regarding the stimulus after the stimulus had been
made available to the subject. However, due to some
inconsistent findings, Rosch was unable to fit the same
process model to all her data.

If, in the biliﬁgual situation, the second language
primé activates the associatés to the cateéory more slowly or

activates a more restricted set of associates, between

’
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language differences in reaction times would berpredicted for
low and possibly high prototypicality trials. Wbere the prime
is presented in advance of° the probe, at an SOA that is short
enough for between-language differences in speed of processing
to be manifested, there might be greater facilitation effeéts
for first language trials than for second language trials at

high and low prototypicality. If, on the other hand, there is

-a between-language difference in the number of associates

!

evoked by the prime, then even at an SOA long enough for all
associates to be activated, between-language differences in
facilitation effects would still be manifested at low and
possibly at high prototypicality.

(3) for the'different category pairs in Rosch's study, advance
priming resulted in facilitation at all levels of/\
gdodness-of—example. As was the case with the same category
results, Rosch was unable to fit one process model to the data
in experiments 2 and 4.

Since the effects on encoding and verification of
using a different categorylprime were unclear in Rosch's
results, no predictions are made for the bilingual situation.

A search of the published literature has produced only
one study (Caramazza & Brones, 1980) which has used a category
judgment task in a bilingual context. The purpose of the
study was to determine whether Spanish-English bilinguals had
shared or separate semantic memory stores. Three category
labels, furniture, fruit and vegetable and their Spanish

equivalents were used as primes and six instances (three high
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and three low prototypical words) in each category comprised
the probes. Instances were selected from norms developed by
Rosch (1975). A native Spanish speaker confirmed the
correspondence in prototypicality between £he English and
Spanish instances. There were 576 trials with same and
different language conditions and high and low prototypicality
items randomly aséigned to four blocks of trials. Ten .
subjects were asked to decide whether the instance (e.g.
chair)ugas the same or different from the category prime (e.g.
Furnilure). The first experiment used an SOA of 2000 msec.
The second experiment using eight subjects and simultaneous
presentation of prime and probe was performed in order to .rule
out the possibility of translation within the 2000 msec
interval in the first study. Although overall reaction times

were faster in the first study, results were similar. As

expected there were strong prototypicality effects in both

language conditions +4{same and mixed). More importantly, there’

— 3

were no reaction time differeﬁces between the same and mixed
language éondition in either experiment, thus supporting the
hypothesis of shared sémantic meﬁéry.

There are some similarities between the Caramazza and
Brones study and the present research. Like the fluent
bilinguals in Experiment 2 of the present investigation, then
Caramazza and Brones' subjects were dominant in their first
language, having learned their second somewhat later, probably

in a school setting. High #&nd low prototypicality items in

the Caramazza and BYones study vere based on Rosch's norms and

e
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were primed by the name of a taxonomic category. "The SOA in §

their first experiment was similar to the long SOA used in EﬁE
present investigation. Unfortunately the investigators did

not report a between-language analysis of results. The 'same'

[P AP

Ianguagg condition included data from both of the language

5 e P prra Y

trials. Differences in reaction times between the stronger
and the .weaker language would have been compatible with the’
result of no difference between the same and mixed language
condition. Had a bet;een—language analysis been reported, it ;
could have provided eyidence for possible betwegn—languagé

differences in speed of processing information. ’

The purpose o§ the present study was to investigate
P whether a taxonomic category prime in the bil}ngual's second
language evoked a more restricted number of associa;es and
whetﬁer it evoked associates more slowly than did the prime iﬁ
the first language. Taxonomic catégory primes representing B
common ‘superordinate categorieg such as Furniture, Toy and so

on are ideal for such an investigation. Not only are category

o n e et

.instances easily aepicted in drawings but'subjects are more
« likely to be familiar with instances (concepts) associated
with these categories than they are with concepts labelled by

more abstract words.
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EXPERIMENT 1

Before attempting to investigate the effects of prime
on decisions'abbut category membership, it was heceSsary to"
establigh subjects' typicaiity fatiﬂgﬁ‘of the drawings with
respect to their idea of thé meaping of the category name.
The categories énd many of the items selected were similar to
those used by Rosch (1975) . Aitpough Rosch used drawings in

her experiments, her normative data were gathereé on subjects'

ratings of words which were only subsequently represented by

line drawings. In this study data were gathered on the

drawings used as the experimental probes in subsequent

experiments.

Y (In retrospect, obtaining reaction times to picture

recognition so as tdiequate,h%gh and low prototypicality items
for general latency wéuld have p;ovi@ed a furthe} control,
1f, for example, reaction times to‘the recognition of low
prototypical pictures were more variable than to .the
recognition of high prototypical é&ctures, this would provide*e

an additional source of variability where prototypicality

interacted with other factors. Although this precaution has

not Been taken, to date, in the priming literature, it is one
which should be considered in future studies.)

Because of the nature of the investigation, it was
necessar& to gather normative data.from both an English and a
French population and to select drawings, from within each of

the eight categories, which were given similar ratings by the
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two linguistic groups. ’ i ' ' .

: Method ‘ : -

- * port
3 -

-

Subjects: ' . - ‘
' ~  Twenty English-speaking undergraduate students who -
indicated very poor comprehension of French and twenty

French-speaking undérgraduate students who indicated very poor |

te P,

comprehension of English were selected for the study. The

o o

subjects, consisting-of an equal number. of males and females
in each gfoup and ranging in age from nineteen to
twenty-eight; were paid $1.50 for participating in a S A

thirty—minute testing session.

<

- Materials: ) A
The eight categories (FURNITURE, WEAPON, TOOL, ‘é;
CLOTHING, 'roé, VEHICLE, VEGETABLE, BIRD) were'select;ed from _ . &
among the ten conc?ete categories used and described;by R;QZh %
in her 1975 publication. The categories SPORT and ?kU;i were '’ <
eliminated because the category labels (Fruit-Fruits; S "> - }

-
<

Sport-Spbrts) were similar in the two languages. Since words
. were to be used as primes in the subseqhent experiments, it
wodld have been impossible to aetermine which language system
was being primed. The higH and low prototypicglity items
selected for this study were those used by Rosch (1975). This

basic set was extended using Battig and Montague (1969) norms.

Only members with Qerx high or very low production frequencies

= . 3
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:were selected. Simple line drpwingsifgpresenting each of
these items were produleed on B.5 x 11 sheets and then
¢ Photostated. Sample drawings are provided .in Appendlx‘A.

In order to ensure nonambiguous membership in a

.
ks

N
LY RO gt sk prp wape

category, a small sorting study was carried out using six

-

f subjects who did not participaté in the final rating task.

‘ Drawings from all the categories were shuffled and subjects

' were asked to sort the drawings 1nto ‘the eight categor1es. A
\ ™ (4

< fewlérawlngs, for example, a roller skate and a blimp, which

vere a551gned as frequently to the category*TOY as to the(
‘ category VEHICLE were eliminated from the set of stlmull.
. 3:. .i. In the actual no}mat1ve study, the results of testing
Mﬁ%he first eight subjects from each of the language groups
revealed thaf a few items (for example, hockey stick and
‘*‘Lork7bench) were rated and ranked very differently by the

§

i
i

; ) - o

5 . +males and females in the sample. In addition, a few items
: (for example, nail and drill) which were listed as highly

3 ' ptototypical words Ly Rosch did not behave that way when
3 represented as drawings. Adjustments were made to the
. E : ﬂtrigin,al drawings and to the displays and-new subjecés.were

selected for the study. Q =

o Procedure: ~ - , n€f{ .
) Drawings representing high and low prototypical

. ' members of each cateéb{y wgreitéﬁéomly disp¥ayed on shelves
o . beneath a sign bearing the appropriate category name.

Subjects were tested in groups of no more than three. Each~

46
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group of subjects received a different- random order of

subjects were instructed and tested in English; French

\

subjects, in French. \
v Subjects were asked to complete two tasks with respect
to the drawings displayed under each category. \TRey were
instructed to rank each set of drawings from mosf"typical to
least typical of the meaning of the category term. In
add{tion, they ;ere asked to rate, on a seven-point scale, the
extent to which each item represented their idea of th?
cétegory meaning., A 1 on the‘scale indicated a very/good
representation; a 7, a very poor representation. The category -
FRUIT and eight appropriqte éxemplars of the category were.
provided for practice in order to determine whether )
instructions were understood. Subjects then proceeded to rank
énd\then rate the dravings displayed under each category word
using a response sheet provided in the appropriate language. .
' Results and Discussion
‘The mean rank and mean rating obtained on each drawiné.

selectgd for use in the priming experiments are listed in

Table 1. -Results are presented separately for each language
group and ar; further classified by category (Clothing,
Furniture, Tool, Toy, Weapon, Bird, Vegetable, Vehicle) and
prototypicality (high, low). Assignment tb each level of-
prototypicality was based on results of mean ratings with

highest-rated items (closest-to 1) placed under high

¢
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For 20 English Ss

ITEMS

High

Trousers
Dress
Shirt
Skirt
Socks
Shoes

Low

Apron
Earmuffs
Purse
Watch
Towel
Ring

High

Chair
Table
Dresser
Bed
Sofa
Cabinet

Low

Clock
Rug
Picture
Fan
Vase
Shade

Mean

Y OV W N b

OV b W N =
. - .
o

Mean
Rank Rating

l1.21
1.26
l.21
1.68
2.84
4.05

4.32
6.05
5.79

6-68 :

6.21
6.68

1.25
1.35
1.55
1.30
1.30
3.70

4.80
5.10
5.80
6.45

6.60

6.40

TABLE 1

'CLOTHING

FURNI TURE

Ranking and Rating '%f Drawings
by English and French Monolinguals

[
(
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For 20 French Ss

ITEMS

High

/
Trousers
Dress
Skirt
Shirt
Socks
Shoes

Low

Apron
Purse
Towel
Watch
Earmuffs

Rﬁng
(\/

High

Bed 7
Table
Dresser
Sofa
Chair
Cabinet

. Low
Clock
Rug p
Vase
Picture
Fan
Shade

Mean Mean
Rank Rating

1 1.45
2 1.15
3 1.45 °
4 1.55
5 2.20
7 3.05
8 4.05
9 . 4.80
10 5.45
11 5.60
12 5.35
13 6.60
1 1.30
2 1.70
3 1.75
4 1.95
5 2.25
7 3.05
<8 °4.30
9 5.15
10 5.85
11" 5.95
“12  6.30
13 6.35
L4 "X'

. e ary =
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TABLE 1 .(Continued)
i
TOOL ‘ ;
. High N } High g
Hammer 1 1.05 Hammer 1 1.20 ;
Saw 2 1,50 Saw 2 1.45 :
Wrench 3 2.10 Screwdriver 3 1.60 :
Screwdriver 4 1.40 Wrench 4 2.05 X
Drill 5 2.45 Drill 6 2.30
Sold, Iron 6 3.60 Sold. Iron 7 3.15 =
Low : Low _ ' ; .\
Anvil 7 4.80 Anvil . 5 2.85 :
Nails i 5.10 Nails 9 3.95 »
Stapler 9 5.05 Scissors 8 -4.10
Paint Br. 10 5.80 . Paint Br. 10 4.35
-Scissors 11 5.45 Ladder K 12 4.95
» Ladder 13 5.70 Stapler 13 4,85
v { .
\ - )
TOY B
High “ > High
Blocks 1 1.5 * Blocks 1 2.10 |
Doll 2+ 1,55 N Doll 2 2.45 |
T. Bear 3 1.55 T. Bear 3 2.35 X
Animals 4 1.65 f Skip. Rope 4 2.20
Skip. Rope’ 5 2.90 Animals 5 2,40
Balloon 6 3.45 Balloon 6 3.65
' ¢
B Low . . Low . ?
Football 7 4,20 ' Football -8 3.90
Swing 9. 4,65 Swing 9 3.%0 -
Book 10 5.40 Book 10 4.75
Cards 11 5.90 T. Racket 11 4.60
T. Racket 12 5.80 Cards 12 5.50
Guitar 13 6.70 Guitar. 13 5.65
~—
N 4
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High

Carrots
Peas

‘Beans

Corn

‘Low

Celery

" Onions

Mushrooms
Pumpkin

High

Car

Truck

Bus
Motorcycle
Ambulance

Low

Tractor
Canoe
Wagon
Sled .

W

(e ANy W3

NP wWwN =

(Ve o o BN Na

TABLE 1 (Continued)

1.05
1.95
2.37
2.60

3.10
3.42
4.55
6.45

1.00

- 1.70

1.60
1.70
2.55

4.10
5.15
4.70
5.70.

VEGETABLE

@
VEHICLE

« High

Carrots
Peas
Beans
Corn

Low

Celery
Onions
Mushrooms
Pumpkin

High

Car

Bus

Truck
Motorcycle
Ambulance

Low
Ttactor
Canoe
Wagon
Sled

oW

U1 W N =

WOJOo

1.00
1.70
1.85
2.15

1.95
3.10
3.65
5.20

1.30

1.40
2.30
2.45
2.50

3.45
3.20
4.40
4.65

50
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TABLE 1 géontinued)

!
/&/
//

8
T Tt DSV A SNNE Y
R .

, WEAPON
' High - / -High .

Pistol 1 1.45 Pistol 1 2.00
Rifle 2 1.40 Rifle 2 1.95 «~
Knife 3 1,90 Knife / 3 1.55 '
Mach. Gun 4 2.50 . Mach. Gun 4 2.60
Cannon 6 3.55 "Sword 6 3.15
Sword 7 3.40 ' < Cannon 8 3.60

Low Low §
Whip .9 4.25 ' Slingshot 7 3.55 ;
Slingshot 10 4.90 Whip ) 9 3.85 i
Bottle 11 4.60 ' Rope- 11 4.80 :
Fist 12 5.05 Fist 12 4,60 ;
Poison 13 5.85 Bottle 13 5.00 .

Rope 14 ~ 5.%0 - Poison ‘ 14 5.35

et
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prototypicality and lowest-rated items (closest to 7) placed-
under low. Generally, there was good correspondence between
the ranking and rating of an item within a language group.
There was also strong agreement between language groups on
mean ranking and mean rating of items. In the few instances
where the mean rating of an iéeﬁ for'the English group
differed sufficiently f;om that for the French group so as to
make prototypicality assiéhments somevhat difficult, the
decision was based b?th on the relative size of the difference
between ratings of the item by each language group and on the
rank. There were only two instances of this within the
‘categories subseguently used in experimental trials. The
first was the categorizing of 'soldering iron' ana ‘anvil' as
high agd low prototypical tools; the second, the
categorization of 'cannon' and 'sling shot' as high and low
prototypical weapons. The fénal decision as to placement of
these items was not considered critical given that,‘in the
first two priming experiments, the two bottom ,items in the
high prototypicality list for each category and the two top
items in the low prototypicality list were used in warm-up
tria;s only.

v

Pearson product-moment co;relations of mean ratings
were obtai;ed (for the English group and for the French group)
between halves of the samplesiof subjects divided randomly;
For all categories used in the experimental trials,
correlations were above .90. ' ‘-

- ~ ]
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EXPERIMENT 2

The second experlment*yas concerned with the
investigation of whether, for fluent English-French bilinguals
(1) a French taxonomic category word activated semantic
associates (associéfeq category members) more slowly than d%a
an English categary prime and (2) a French taxonomic category
prime activated fewer associates than did the English categéry'
prime.

To test these two hypotheses a paradigm similar to
that described by Rosch 7(1975) was used; Trials consisted of
neutrally-primed, English—priméd and French-primed physically
identical, same and different category probeé at high and low
levels of prototypicality. The eight English taxonomic
category labels and théir French translation equivalents
identified in Experiment 1 were useﬁ as primes. The eight
French words are familiar to.most persons who have even a
beginner's knowledge of the language. Unlike Rosch's study
where category words were presented orally, the primes in this
experiment were.presented visually. Drawings rather than
words were used as probes because the French names for some of
the low prototypical items—would be familiar to only the most
fluent bilinguals. The experimental trials were bresented at
three different SOA (stimulus onset asynchronff: 200, 500 and
1650 msec.

Ev1dence in support of the hypothesis that the French

prime act1vates semantic associates more slowly than an

e - “woe»m-w:«sj%w%m
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English prime would be indicated by a between-language

" difference in facilitation effects (language trials faster

than neutral trials) as a function of SOA. Because for all
bilingual subjects English was the dominant language,
facilitation effects would be predicted for English but not
French trials at the short SOA. With increase in SOA and more
time for the French prime to activate associates a
facilitétion ef equivalent to that for English‘trials
would be prediéizszor high and possibly low prototypical
same—category trials. A similar pattern would be predicted
for physically identical high prototypical pairs. For
physically identical low prototypicality targets no inhibition
effects (language trials slower than éeutral trials) 'would be
predicted for French-primed trials at the- short’ SOA s&nce
there would be insufficient time to activate the
representation that would presumably result in such
inhibition,

Evidence in suppoft of the second hypothesis that the
second language category prime activates fewer associates than
does the first language category prime would be indicated by a
facilitation for targets at first but not second language
primed trials, at eacﬂ'SOA, for at least the Low
prototypicality same category pairs. If the prime affected
the mumber of associates evoked rather than the speed at which
theseﬂgssociates are evoked then an increase in SOA would ndf
be expected to result in an increase in facilitation. For the

physically identical condition, evidence that the English but
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not the French prime activates high prototypical associates
would be reflected in facilitation for high prototypical

ye :
targets for English trials but not. for French trials.

2
Method

Subjects:

Sub’jects were eighteen native speakers of English whoo
were fluent in French. ' They were university students who had
responded to an advertisement inviting participation in a
language experiment. ) ’ //

All students who presented the;:lselves were paid $2.00
to participate in a screening procedure taking a maximum of
'thi'rty minutes. Initial selection was based on respons'ps to a
brief language background guestionnaire and a self-rati;ug
sgale'. Subjects rated their own comprehension, reading ?nd‘
speaking skills in English and in French on a scale of l\t\o 7.
Subjects who indicated that they had completed at least
elementary school in French and for whom there was no more
" than a two point difference bet;ween ratings on English and
French skills were tested further.

The second stage of screening consisted of a voice
compariéon task (Seéalowitz, 1977) and a task in French oral
expression., In the first task, subjects were asked to read,
silently, a one-page story written in English. They then .

listened to a recording of three native spea‘kers of English *

attempting to tell the same story in French. Each excerpt had

V4
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been previously judged by native speakers of French as
representing a distinct, non-overlapping level of ability to
express ideas in French -- poor expressive ability, expression
with hesitancy and expregsion with the ease of Q‘na£ive
speaker. At the end of each excerpt subjects we;; asked to
judge whether their own production, given a similiar
situation, would be equivalent to, better or worse than each -
of the taped speakers. To assess oral proficiency subjects
were then asked to describe in French, a sequence of events
depicted in a set of cartoons. Their productions were taped
and subsequently submitted to a French language specialist who
evaluated oral proficiency on a seven point scale where 7
indicated native-like proficiency. Subjects who ra£e6>
themselves as equivalent to or better than the most advanced
taped speaker and who were rated at least 6 with respect to
native-like proficiency were retained for the experiment.
Eighteen subjects (9 males, 9 females) who ranged in
age from 18 to 26 with a mean age of 20 received $8.00 for
pgrticipating in the experiment which lasted approximately two

and one-half hours.

Materials: ' Ix
Two types of stimuli, words and line drawings, were
used in this experiment. English concrete category words and

their French translation equivalents, constituted the language

primes; drawings presented in pairs, constituted the probes or

targets. These were the drawings which had been previously

L)
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rated as to prototypicality in Experiment ‘1. The stimuli used
in the experimental condition differed from those used in the
practice condition.

Experimental Stimuli: In order to keep the testing

session below two and one ha%f hours, only five 6f the eight—
categories were tested. The experimental set consisted of 360
word-picture (prime-probe) pairs. The set of primes consisted
of five English words (Clothing, Furniture, Tobl, Toy,
Weapon), five French words (Vétement, Meuble, Outil, Jouet,.
Arme) and the nonsense word Bzzz. In addition, four high
prototypical and four low prototypical drawings based on each
of five categories were used as the experimental probes.

These categories and the drawings~depicting four high and four
low prototypical members of each category were: CLOTHING
(trousers,qdress, shirt, skirt; earmuffs, watch, towel, ring);

FURNITURE (table, dresser, bed, sofa; picture, fan, vase,

.shade); TOOL (hammer, saw, wrench, screwdriver; stapler,

paintbrush, scissors, ladder); TOY (blocks, doll, teddy bear,
stuffed anim;ls; book, cards, tennis racket, guitar); and
WEAPON (pistol, rifle, knife, machine gun; bottle, fist,
poison, ropei. '

The set of stimuli consisted of 360 prime-probe pairs.
Tﬁere were 120 English category word primes, 120 French
category word primes and 120 brimes wi£h the nonsense word
Bzzi. The probes consisted of paired drawings depicting two
items of high or two items of low prototypicaiity. One

gquarter of the drawings consisted of physically identical

e e . e eo N »wnmuw‘-““q_.w,&;w‘ )
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¢

pairs’(e}g. téblé-table) and one guarter consisted of drawings
which belonged to the same category but which were not
phfsically identical (e.g. table-bed). The bal;nce of the
drawings (half the total pairs) contained items belonging to
different categories (e.g. table-doll). |

Practice Stimuli: The practice set contained 36

prime-probe pairs which did ﬁot appear in the experimental

set. Four high prototypicality and four low prototypicality .
drawings-were selected from the category BIRD (sparrow,

canary, robin, pigeon, chicken, turkey, peacock, penguin),
VEGETABLE (carrots, peas, beans, corn, celery, onions,

mushroom;; pumpkin) and VEHICLE (car, busy truck, motorcycle,
tract;r, canoe, wagon, sled). There were equal numbers of
English, French and neutral primes and equal numbers of-same. i
(physically identical and same category) and different

category probe pairs.

Each experimental and practice stimulus word was typed

in upper case, executive letters and was photographed using a ™~

fixed camera so that the word would occupy the middle third of

the developed film segment.r Each film segment was mounted on .
a plastic slide. Drawings ;ere photographed in pairs in such

a way that each drawing would be centred on the appropr}ate

half of the finished slide.

Design:

The experiment used a 3x3x2 des1gn w1th within-subject °
*

factors of SOA (200, 500, 1650), Prime ék?gl1sh, French,
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Neutral) and Prototypicality (high, low). The 360 trials were
blocked by SOA resulting in six blocks of sixty trials each. . .‘ i
Each subject was provided with a different random order of
presentation with the constraint that no -two consecutive , T
blocks would be presented at the same SOA. Within eéch of the
six blocks, the type of primed trial (English, French,‘-
neutral) was presented randomly with no one type of priméd‘
trial appearing more,tﬂ%hnthree times in a row. Each block
consis;ed of an equal number of English, Frencﬁ and neutral
primes and an equal number of high and low prototypical
probes. The same pairs of drawings were exposed at each qﬁ’
the three SOAs and for each of the three primes. Slides were -
so arranged in a pseudorandom order such that no particul§r
response (hence "same“ or "differqnt“) was required more than L
three consecutive times.

| Each block-was preceded by six warm-up trials »
consisting of items which were members of the experimental

categories but which were not used in the experimental trials.

_ Generally, these drawings were the two bottom members on each

high prototypical category list and the two top members on

each low prbtotypical list. Results from these ‘trials were not ) ﬁ

.included in the analysis. B

Procedure: '

«

Each of the eighteen subjects was expgsed to the “same
experimental conditions and procedures with the exception of

the order of presentation of the six blocks of tqialé,,aS'

a
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explained in the previoué section.
Subfécts Qeyguxggted individuélly in a quiet room.
They weré informed of the generdl .nature of the reaction time
‘task and the type of respons; expected °f159éh; They were
provided with the names of the eight ca@ééqrjes in English and
in French. Subjects were informeé thaf/theif'task'was to read

sileéntly the printed word (English cafegory word,'Frengh

Fa

category word or nonsense word, -Bzzz) and to respond to a pair
of drawings by pressing the right panel to indicate same if
/

the two items depicted in the drawings belonged to the same

-

category or by»pressingwthe left panelito indicate different

if the two items belonged to different categories. Physicall§
‘ ; p:

identical igéms were to be considered same. Subjects were

’ f
instructed to use the fingers of their dominant hand to
respond and to rest their hand on the board between the panels

f .
Slides were projefted using a three

after each response.
channel projection tachistoscope with shutters controlled by
an Apple II microcomputer which also collected reaction times.

Suhjects were seated at a

Slides were-advanced manually.
N . *

fixed distante of four «feet from the Jﬁewing screen, ,A
thirty-six trial practice session allowed subjects to bgcome

familiar with the apparatus and the ‘natidre of the judgment

-

' expected of them.

- . . .‘ ‘ ‘
The stimulus presentation was as follows. Subjects

. \
were givgn a verbal, "reqéy@ signal at Ehe beginning‘of each

»

block only. The?sounds generated by the experlmenter s

- ’starter key and the shlftzng of the trays on the pro:ector

. . .
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signaled the onset\éf/dgph new trial. Subjects viewed a

.«

centrally positioned. f1xat1on cross for 1500 msec followed by
a stimulus word exposed forV;SO msec. Affer an interval of

4

50, 350 br 1500 msec a pait of draw1ngs appeared on*the screen

and remained there until the subject terminated the trial by

. . . . : i)
pressing the response key. Subjects' reaction times were

recorded from onset of the target pair. Subjects rested

between each block as the experimenter changed slide trayS\\rd

were given a twenty mlnute break half way_thrgugh the N
N . b
experiment. i i i

A brief interview was conducted at the end-of t&e
. 1%
experiment to inquire into the subjects'

strategies and ’
interpretations:

[}
Results

The overall error rate was 3.37% in the English

language condition and 3.68% in the French. ,
. . Al
/> . Reaction times were subjected to a three-way, repeated

measures analysis of .variance. Within-subject factors were
Prime. (neutral, Engi?%h, French), Prototypicality (high, low)

and SOA (200ﬂ~P00 and 1650 msec). Separate analyses were

cond%cted for pbysicalfy identical, same category and

different category data. A table of means for data in

Experiment 2 is found in Appendix B and analysis of variance

summary tables are in Appendices b,«D and E.

Analysis of ‘data for physically identical stimuli

revealed twoisignificant main effects, that of Prototypicality
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. that with hi%h prototypicality,.reaction times to English- and '

|

4 : . \

[F—(.i,l7)=37.23,“p<,0_‘(%] and Prime [F(2,34)=6.11, p<.006]. High. -
prototypical stiﬁdli resulted in significantly faster reaction

times than (low prototypical stimuli (747 vs. 883 msec).

Post-hoc Newman-Keuls tests revealed that neutral primed
trials were significantly fast€r than French-primed (799 vs. -
831 mset, p<,@l), but not faster than Engliéh—primed trials

(799 vs., 815 msec, p>.10). ‘The diffe;éhce betwee% English-

and French-primed trials was not significant. .These main

~

effects ‘were qualif%gd‘by a significant’two-way
Prototypicality by Prime interaction [Q(2,34)=2fi88, p<.001)

depicfed in Figure’ 1. Post-hoc Newman-Keuls tests revealed

Ine,

French-primed trials were significantly -faster than to,néptralﬂq

trials (729 vs. 771 msec, p<.05-aﬁ§é}40 vs., 771 msec, p<.05}

?
and, conversely, at low protqtypicality, reaction times to

neutral trials were significantly faster than to English- and
¢ M . 4

<

French-primed trials (826 vs. .901 msec, p<;0; and 826 vs.. 921% . ",

msec, p€.01). There was n¢ significant effect of SOA either ' X

alone or in interaction‘with the other variables. !

°

\ Anal}sis of data fo; same citegorx‘stimuli'reve?led
two significant main effects. Prototypicality was highly
sigﬁificant [F(1,17)=76.73,‘p<.601] with reacbipn.Fimés to
High prototypicality pairs faster than to low prqtotypicaiity
pairs (944 vs. 1458 msec). The main effect for Prime was also
é;gnificant [F(2,34Y¥45.2},;p<.001].'Post-hoc Newman-Keuls

tests tevealed a significant difference between

neutrally-primed"triais\éﬁdLEnglish-primed tridls (1348 vs.
L ' ‘ ' e ’ : R
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1156, p<.0l1) and between neutraily-priméd trials and
Freﬁch—primed trials (1348 vs. 1181 mse;, p<.01). The main
effect for bﬁéme was gualified by one significant interaction,
SOA by Prime; [?(4,68)=§\J4,’p<.04]. As may be seen in Figure
2; SOA differently affected type of prime. Whereas for
Englishsprimed trialé post-hoc Newman-Keuls tests fevealed
thgt none of the E&fferences between means for SOA reached
signif?cance (1115 vs. 1134 vs.* 1163 msec, p>;10), for

French-primed trials reaction times at 500 SOA were .

significantly faster than at 1650 (1116 vs. 1230 msec, p<.05)
and at ~200 (1116 vs. 1196 msec, p<.05): In Addit{Qn, for
neutrally-primed trials, reaction times at 200'SOA were N
significantly faster than at 500 SOA (1279 vs.(1373,.p<.05) 4
and at 1650 SOA (1279 vs; 1391 msec, p<.05). Post-hoc
aﬁalyses of reaction times’at each’SOA revealed a difference,
significant at least at .05,,between.English and neutral and
between\French and neutral trials. There was no significant

‘

difference between English- and French-primed trials at each

of the SOAs. ‘

.For different category pairs the ANOVA yielded only
one significant main effect, Prototypicality [F(1,17)=24.84,
p<}00%], where responses to high prototypical pagrs were
fééterhthan to low (1224 vs. ‘1505 msec). None of the e
ihtéract{ons reéched signifiéance.
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MEAN REACTION TIME (msec)

=200 SOA
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Ml 500 SOA
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NEUTRAL ENGLISH FRENCH
Figure 2. lean reaction times for same category
- items as a funetion of SOA and prime
in fxpériment 2. -
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Discussion
.
The most important result of this experiment was that,
for physically identical, same catégory and different category
conditions in a category judgment task, the effect of priming
with a French taxbnomic category label was similar to that
+ obtained when priming with an English translation equivalent.

_ In effect, the data did not reveal any between-language
differences which could be attributed to factors proposed in .
the two hypotheses specified in the general introduction and
in the introductioﬁ to this experiment. The results of this
experiment,~whéch(are discussed below, replicated those

* reported by Rosch (1975) in investigations with monolingual
speakers of‘English and extended her %indings to the second
language of the fluent English-French bilingual.’

*  The main results for the physica;ly identical
condition are depicted in Figure 1. Priming, whether with an
English or a French category word, facilitated responses to

~~items of high prototypicality and inhibited responses to items
of low, prototypicality. Evidence for kacilitation at high

;. prototypicaljty was indicated by the result tﬁat reaction

.tﬁmes to .language-primed trials were significantly faster than
to neutral trials.- Conversely,vat low prototypicality, an
.inhibition effect was indicated by Ehe finding‘that reaction
. times to neutral t}ials were significantly faster than either

to English-primed or to French-primed trials. The

differential 'effect of the prime on physically idertical
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stimuli would seem to lend suppért to an interpretation by

Rosch (1975) that the representation of a superordinate

semantic category contains information that is more like the

high than the yéw prototypical members of the category. An ;
alternative interpretation for' these and similar findings in

Lo

the third experiment is developed in the final chapter.

For same category pairs, priming facilitated

responding in general and French language primes were as

helpful to‘high and low prototypcality pairs as were English
language primes. The size of the facilitation effect (the
difference between~langu;ge-primed and neutral.trials) was
over four times as great for same category high prototypical
pairs as co&pared to physically identical high prototypicai
pairs. A similar comparison can be made for low p;ototypical‘
pairs. In the case of physically ,identical pairs, the
facilitation effects of the related prime have been attributed
to effects at encodinq_(Rosch, 1975). For same categqgg\
pairs, the substantial facilitation could be attributed tlo .
effects on encoding as well as on post-encoding processes.
Another result for same category pairs which requiriis
explanatioﬁ is the SOA by Priming interaction éepicted'in -
Fiéure 2. The fact that for Englisthrimed trials there vere

no significant reaction time differences between SOAs, coupled

" with the finding that the English prime was equally

facilitating at all SOAs for high and low prototypical items,
would seem to indicate that eguivalent processing was in ¢

effect at all SOAs. For neutral trials, the significantly
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slower reaction times at the two longer SOAs compared to the

short SOA would seem to indicate that the neutral prime did

generate certain éxpectations which, given sufficient time,
tended to slow overall reaction time. Although none of the
differences reached significance, -a tréﬁd to slowing of
reaction time with each increase in SOA was evident for
physically identical, same ;ategory’pnd different category
results-for language and heuiral trials. Thislcould be
in?@rpreted,as reflectin§ the increasing involvement of
strategic processes with strategic processes more fully
operative at the longest SOA. The one‘majér exception.was the
French-primed same category?condition where reaction time at
the intermediate SOA was significantly faster than at either
the longest or the shortest SOA. No explanation of this result
can be suggested at this time.

For the different category conditions, responses to

-

+"high prototypicality pairs were faster-than to low

prototypicality pairs. This result was consistent with that

found by Rosch (1975). One would expect that verification (in

the case of lahgugge-primed trials) and retrieval (in the case
of neutral trials) would be faster for items which could be
readily identified as members of other categories_than for
items whose category affiliation was more difficult to
ascertain, _ : ' -

The most important conclusions based on the results of

Experiment 2 can be summarized as follows. For fluent ,\"if

‘English-French bilinguals, associates activated by French
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category primes wvere éimilar to those activated by English
category primes in the sense that -there was equal facilitation
in the encoding and verification of category members in a
category judgment task. In addition, failure to find an
interaction between the language condition and either
prototypicality or SOA would seem éo indicate that there was
no between-language difference in thé number gf associates
activated nor in the speed with which these associates were.
activated. 1In éffect, neither of the hypotheses put forward
at the beginning of the experiment were upheld. 1If the
structure of semantic memory doés {nfluence the processing of
information in this category judgment task, then there appears
to be no between-language differehces in the structure of
concrete category information\in the semantic memory of fluent
bilinguals.

It might be possible to reveal between-language
differences by using as subjects moderately fluent bilinguals
who have learned their second language through the translation
methods of the second language classroom and who have had
limited experience with the language outside the school
situation. If, as suggested by Taylor (1974), learning a

second language through translation methods can result in

associates to the first language concept becoming activated

wvhen the second language concept is evoked, then one might ,
predict no between-language differences in reaction-times, at i
least at the longest SOA. If, as suggested by Kolers (1963),

similar experiences with concepts in the two languages evoke
- ' ~ , 5
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similar associations, then one might predict, for individuals

who have limited experience with the second language,

betvween-language differences in tFaction times and in

facilitation/inhibition effects which might be attributed to
differences in the number of associates activated and/or to

the speed of activation.
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EXPERI&ENT 3

This experiment attempted to determine whether thé ‘
predictions made for the more fluent bilingualg in Experiment
2 would apply to individuals whose dominant language Qas
English but who were less fluent in French than the subjects
who partiéipated in Experiment 2. Subjects at this level of
fluency probably represent the most typical bilingual in North
American society. Their initial second language learning took
place in a classroom, probably through a progrém emphasizing
di:ect translation and drill. At their present level the

subjects perceived themselves as having mastered the "basics"

and as needing to develop a more extended vocabulary and to

.improve syntax. (In fact, in a brief guestionnaire

administered at the end of this experiment, most subjects were
confident that they had produced a balanced perfprmance on

what they perceived as a simple bilingual task.) AlthoughA '
simple skills tend to be reglected as 1earne£s anh instructors

focus on more complex language operatioﬁs, it is the simple

~decoding and encoding operations which are the real "basics".

1f, for example, nonfluent bilinguals cannot decode guickly in.

their second language, this has implications for trying to

/

follow a normal conversation or even a simple lecture. o
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. . . Method

L

U
.

Subjects: : | - -
Subjects who partiéipated’in this experiment ;ere »
English first language university s§udents.whose level of
French fluency was substantially belowpthat of subjects
selﬁ%ted for the previous’experiment. The selegtion procedure
was similar to Ehat used in Experiment 2. Subjects were paid
$2}90 for participating in the~scréening procedure and were

selected on .the basis of the following criteria. (1) o

° B

.schooling in French as a Second Language (FSL) codsisting_of
abproximately forty minute; a day’frém grade four to secondary -
fivé and no more than three post high school French c0u;se§;

(2) a discrepancygof either 3 or 4 points between self ratings
of English and French language skills; (3) Bbilit? to.expresé
ideas in French perceived equivalent' to th#t of the |

intermediate speaker 6n the story. telling seqﬁéan_and; (4) a

~

rating of 3 or 4 on the seven point scale of French

’

_expressjion. o
’ Eighteen subjects fanging»in age from 18 to 27 with an
average age. of 21 were retained for the experiment. Each

received $8.00 for approximétely two and one-half hours: of

participation. . v

Materials: ' - .

*© fThe stimuli and presenéition order were the same as

“~

used’ in Experiment 2.

[
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Design: : ~ N

-

The same 3x3x2 design was used in this study as was
. . v . "

used in Experiment 2.

Procedure: ..
The procedure was the same as that followed in the

second experiment, ’

R ’ 'Results

<
a

The error rate was 3.56% for the Engllsh language

coﬁdztlon and 4.78% for the French language condition.

Reaction,times Were;éubjected to a three-way, repeated

measures analysis of variance. Within-subject factors wefe
Prime (neutral, English, French), Prototyplcallty (high, low)
and SOA (200, 500, 1650 msec). Separate analyses were
conducted ébr physically 1dent1cal same category and
different category pairs, A table of means can be found in
Appendix F and summary ANOVA :abiee in Appendieeé,G, H and I
Analysis of d?ta for physieally identical stimuli
orevéaled a sig;ificaqt\maiﬁﬁeﬁfect for Prototypicality
[F(1,17)=48.49, p<.0001], with readfion times to items of high
:prototypicaligg faster than to items of:low (790 vs. 898
meec). The main effect for”SOAﬁwas just short of significance
(F(2, 34)=3.52’ p=.052]: The main effect %or Prototypicality

was qualified by a 51gn1f1cant 1nteract1on between '

Prototyp1cal1ty and Prime [F(2, 34)-1%,66, p<.001] whivh is
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\ ol -
) high prototypical items post-hoc '

Q

Newman—-Keuls tests revealed that rea
* - €

\
. neutrally-primed stimuli were significantly slovwer, than to

ion times to .

D ’Engfish—priméd (821 vs. 767, p<.05) and ﬁp French-primed (821

< ¥ . . . v v d .\‘ ' %
"%, ‘vs. 782, p<.05) st1mu11. At low protétypzcallty, the order of.
, ”react1on times wanreVersed with react:on times
; ' /
- . ) French-pr1med ‘stimuli s1gn1f1cant¥& slower than

‘to . M
to neutral

oo . stimuli (Y24 vs. BGi p<. 01), and with reaction

times to
- !
: S Engl1sh prlmed stimuli 1ntermedf§£e as to, speed apa‘ Cout
/ "

significantly different from neiitral trials (908 'vs. ‘éﬁl, .

- 2
LR ( L .

)

f

1

v
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’
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- ‘

' Newman Keuls test revealed a 51gn1f1cant dlfference between

{

¥

:

E . ‘\ ] . o
. \ significantly faster than thatiat 500 (8
- . at' 1650 SOA (844 vs.

p<.05). ‘ /

“The main effect for Prototypicality was further >

quélifig& by a second interaétion, that of Prototypicality»by

~ SOA dep1cted in. Figure 4 was also s1gn1£1cant [F(2 34)=4.36, -

p<.025]). The Nezgan—xeuls test revealed tﬁat for hlghly

protq;yp1cal items, the mean reaction time at 1650 SOA was
&ignificant1§)sloéer than that at 500 SOA (820 vs. 765,

p<.05). Oth%f,tes;ed comparisons at high protofypicalityudié‘

not reach éignificance.,‘?ovrléw prototypicélity items, theS . >

, -

"3

each paired comparison, _Mean reaction
2 ! c

?;:e at” 200 SOA was ,> o

vs. 894, p<.05) and -
. *
954, p<.01). The difference between

reactlon times at 500 andI{GSO SOA was also significant (894

.

vs. 954,§p< 01) as was thé dxfferencé (p< Ol) between'hlgh and

o v

low prototypxc l1ty pa1rs at 200 (784 vs. 844 msec) at 500 -
' 5

(765 vs.. 894 msec) and at 1650 (820 vs‘954 msec). o -0
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The analy51s of data for same category stimuli yielded
rtwo s1gn1fkpant main effects, that of Prototypicality
[F(1,17)=42.45, p<.001] and Prime (F(2,34)=35.93, p<.001]. The
post-hoc Newman-Keuls revealed that the differences in A;ah
reaction time between total neutral trials and both total
English trials (1386 vs. 1137) and total French trials (1386
vs. 1255) were significant'(p<.01)ﬂ Algé significant was the
difference between English-primed and French-primed triats
(12558vs. 1137, p2%.0l1). The two main effects we;e qualified by
one significant interaction, that of Prototypicality by Prime
~[F(2 34)= 4 30, p<.025}, depicted in Figure 5. For high
prototyp1cal items, post-hoc Newman-Keuls tests revealed that
reaction times to English- and French-primed stimuli were
'significantly.kaster then to neutral stimuli (924 vs. 1150,
p<.0l; 956 vs. 1150, 52.01 respectively). fhe difference in
.‘react1on t1me between langu?ge prlmed trials was not
“statistically sxgn1¥1cant; Al lowLPrototyplcal1ty, the
Newman—xeuys procedure revealed a significant difference ]
between English and French trials (1350 vs, 1553, p<.0l) and
between Engleh and neutral tr1als (1350 vs. 1623, p< 01). At

this level, aﬁd un11ke the results at high prototypicality,

. »

the dszerencewbetween neutral é%d French trials was not
significant. The difference in reactlon time between hxgh’ané
low ;\étotiglcal trials for each prxme, Neutral (1150 - 1623
msec), Engl;;h (924 vs. 1350 ‘msec) and French (957 vs. 1553

msec) was signxflcant (p<.01).
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For different category pairs, tﬁe ANOVA yielded a°
\signifﬁcant main effect for Prototypicality [F(1,17)=89.12,
i$ 001] with reaction times to high prototypical pairs faster . S~
"thgn to low prototyp1ca1 pairs (1210 vs. 1469 msec). The only . %
other 51gn1f1cant tesult was that of the main effect for Prime

[F(2,34)=4.81, p< 02] where neutral trials were sigpificantly '
slower than English trials (1373 vs., 1301 msec, p<<§5)

Discussion
\v‘ . ~

N ‘

In th{s experiment, the most important result was that
obtained for the same category condition. In bfigf, the
effect of priming with a French category wo was similar to
that obtained with an English prime at hiah rototypicality

but not at low. The result’at low prototypigality, a ;

s

facilitgtion effect for English-primed but, not for
French-primed trials, differed from that obtained in zﬁy ‘s
{Experiment 2 and provided evidence which was interpréted as |

suppbrt for a between-language différence in either the speed

at which associates of the pr;;e were act1vated or the number

of assoc1ates act1vated by the prime. For the different )
category condition, facilitatiwn occurred for English.but not i
for French-primed trials. This result &iffered from that in
Experiment 2 where the difference in reaction timeybgtween
each language condition and the neutral condition was large

(although just short of significance). 1In the physically . %

identical condition, results, for the most part, paralleled
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those obtained in Experiment 2.. .

For physically identical trials, the resjkt of maﬁor"
interest, the Prohotypicaiity'by Prime interaction, is
depicted in Figure 3. Both English and Freﬁch trials produced
a facilitation effect for itemé at high”prototypicality and an
inhibition effect at low prototypicality. This pattern was
similar to -that obt;ined in Experimgnt Z and to that in the
inves%igatipn by Resch (1975). These/{esﬁlts will be.
considered at length in a final, general discussion,

| The significant Prototypicaiit} by SOA interaction for
physically identical pairs depicted in Figure 4 added a new ﬂ
dimension to the interpretation of results. As revealed in
Figure 4, reaction tﬁmes tended to increase as a funélion‘bf
SOA and the difference between reaction times at low
ptototypicaiity'wés greater than the difference aE high; In
chér words, the longer the time interval between prime and
probe, the slower the reac;i time, with slowing more evidert
at low fhan at high protot]Q::ality. The slower reaction
times at the longer SOA could reflect the greater }nvolvement
of strategic processes. The more time between presentation of
prime and presenﬁation‘of probes, the more time available fog-
expectations to operate. _ ’ |

It is possible that the faster react1on times observed

at the shortest SOA reflect the effect of automatlc processzng

¢

fof the prime. Although the d1fference in reaction time

between high and low prototypzcal trxals was significant at

‘each SOA, the difference was' less ?arked'at'zoo'soi._ This

, .
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L . - . . .
result and the overall faster reaction times at the shortest
; /
SOA could reflect the automatic component of processing. This
SOA by Prototypicality interaction had a parallel in -the

results of Experiment 2, although the interaction fell short

of significance.
A
In the different category condition, the significantly

faster reaction times to high prototypicality items' compared
with l‘ow‘ was similar to the result obtalined in Experiment 2
and to that reported by Rosch (1975). A result which differed
from that obtained E&Expe’riment 2 and which requ?red
explanation was that English-primed but not.French-primed
trials‘ were significantly faster than neutral trials. In
effect, there was facilitation for English but not for French
~trials. Although R:sch did find that a language prime

',,fécilitated decisions in the case of different category

) "f_:ujqbes‘, given that she was ‘unable to separate the effect on
gm;oding and postencoding processes, she did not pursue thetse
results.

The most important‘ result for the same category
condition is depicted in Figure 5. In the case of high
prototypical pairs, there vas equal facilitation for English .
and French-primed frials. At low prototypical‘ity,_it t?ok
significantly longer to verify category member ship for French™
compared to English—.primed trials, It is this lack of
facilitation which requires explanation.

It is po@ble that, unlike the Enélish language
prime, the French brime did»nét activate the associates
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.
required to provide a sa\;ings in retrieval time at low
prototypicali]ty or that mo?e time was required between the
pr;sentation of prime and probe in. ord:r to generate these '
associates. Givenh that the French prime activated high
prototypicality associ;tes as quickly as . did the English prime
even at the shortest SOA, it would appear unlikely that the

longést SOA did not provide enough time for activation from

- the prime to spread along relational paths.’ Although at this

point evidence is not clear cut, one explanation for the
bepween-}anguage difference could be that more associates are \

activated by the word Furniture than by the word Meuble

~resulting in faster convergence with associates activated-by

the unit representing a low prototypicality probe. Clearly,

additiynal evidence is needed here. - °
| The betweén-language difference in error rate was

small. It could be, however, that the design of the.

experiment reduced the possibility of error while at the samgek

time slowing reaction times tp French-primed trials, In same

category trials, when one of the item probes coul;i be
idenitified as a member of the category given by the word‘
prime, the second item was rzecessarily a member of éhpt same
category., In-the sa.me wvay, for.differeht category tr.ials,‘
vhere one of the items of the pair was identified as a
nonmember, the other 1tem was necessarily a member of a
dsz.erent category. Consequently, when th'ere was some
mdecisfbn about the category membersh1p of.one of the 1tem§,~¢

the verification of the ‘second n:em thh the category prime
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was sufficient for deciding on a correctsresponse. Such.
sloving of verification may héve occurred more frequently for’
French-primed trials (presumably because the French category
would be comprised of a different or more restricted set of
low prototypicality members) resultirig in longer verification
times but little difference in error rate. The design used in
Experiment 4 precluded the possibility of such a check.

In summary, the major fiqdings of this experiment are
based on results for the same categoer c:\ndition. For
English-French bilinguals who are moderately fluent in their
s'econd language, French primes activated semantic associates
which appeared to cl:or,respond to the high prototypical
associates activated by corresponding English primes. With
"regard to be-tween—language differences on iow prototypical
trials, there was no strong evidence to dist;ingﬁish whether

the. French primes activated fewer associates’ than English -

" primes or whether they activated associates similar to those

of English primes but did so more slowly. Experiment ¢ was
designed-to investigate further the questions related to these

issues. . .
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EXPERIMENT ‘4

\

AN
In Experiment 3, facilitation effects were obtained

[N

~'ffor'high but not low prototypical same category stimuli. The

,results were interpreted as indicating that the French prime

&ctivated as many high prototypical associates as digd ]
English prime and did so with equivalent speed. For 1
prototypical-stipuli, priming with a French prime Eid not
_produce a facilitation effect at even the largest SOA. A
result of facilitation at the 1argest’but not the smallest SOA
would have been interprieted as'sugéesting,a between-language

difference in the. speed at vhich associates of the prime were

- processed but no difference in the number of associates

activated by the prime. The obtained result did not permit
such a distinction., Experiment. 4 was designed to replicaté
Experiment 3 using a different paradigm and an extended(set of
high and low prototypical items.: In addition, the design
“permittgd investigation of two newvw hypotheses based on
assumptions of the‘extsgsed spreading activation mﬁdel.
Experiment 4 used a category judgment task where
| critical stimuli were presented at three.lags, that is, an
initial presentation of a same category prime-probe pair was
‘followed after 0, 1 or é intervenihg filler different category
pairs by the presentation of the second critical same category
prime-probe pair. The purpose of this_exper@ment vas to

investigate vhether (1) the French category word activated

E associates to the prime more slowly than did the English‘

g -
¢
-




-possibility of using the checking strategy referred-<to in

85 -

category word, (2) the French concrete category Eontained
fewér associates than did the English concrete category, (3)
the presentatlon of a category name in a second“‘nguage would
1ncrease acce551billéy of the more distant memory locations
making information retrieval easier wvhen the category name was
repeated in a subsequent trial, (4) the decline in
facilitation over time would be more rapid for French than for

English trials.

!

The experiment consisted’of a same and different
category condition. In the same conditidn, a category word in
either French of‘English was paired with one drawing depicting
an item.thch was éither a high or a low prototypical category
member . Fof example, the category label Furnitur; was paired
with a drawing of .a table in the high prototypicality
condition and with a drawing of a fan in the low. 1In the -
different condition, the item was not a member of the category
with which it vas paireé. éhe category label Furniture, for
ekample, was paired with a drawing of a dress in the high
condition and with a ring in the l?w. All the different
category trials served as thé filler trials between same .
category presentaiions at each lag. Subjects(sere random;y'

assigned to two SOA conditions -~ 200 and 1650 msec.

The design of the exberiment eliminated the

Experiment 3 and reduced the number of trials to which the
subject was eiﬁosed. n addition, enlarging the éét of high
. ! N .

prototypical items to include items‘thg§,yg;efratea as more
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intermedlate in prototyp1ca11ty could result in revealing the

. between language d1fferences in the facilitating effect of the'

- prime that the use of the very highly prototypical items in
Experiment 3 could not. S SN ’
, % .
Evidence ,in support of the first hypothesis that the

French Eategory prime activated associates more slawly than
. did the English prime would be revealed by a significant
difference between language trials at 200 but not at .1650 SO§,
Evidence in support of the second .hypothesis that a French
prime activated a more restricteé meaning (hence fewer
aSSOC1ates) than did an English prime would be 1nd1cated by ar
T between language difference in reaction time for ;1gh as vell

as for low prototypicality trials. Evjdence in support of the
third~hypothesis, that information retrieval from memory .

u}ocations would bé easier following the repetition of a French
category name, would be indicated by a facilitation effect
vhere mean reaction time at the shortest lag would be
‘significantly faster than baseline (initial ptesentétion).
Evidence in support of the fourth hypothesis specifying a moré
rapid decl:nelqn facilitation of French compared to English

(

trials uould be indicated by a between-language differénce in
B - ‘%
the effect of 1lag.
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Method : : .
, : ';
S ° . T
Subjects: . .
The subjects were thirty-s{x university students whése . .
' ~.first language was English and whose command of French was ' 'i

L}

& ’
equivalent to students at an intermediate level of fluency.
In fact,‘twenty one of the thirty- gix subjedts were in the ‘
process of taking an 1ntermedlate level course -in French as a ) i

second language and the balance had completed the course in a - .,

e —

previous semester. Students who responded to the advertlsement » ' B
i . l!‘

for subjects were pald:$2.00 for participating 1n the’ ] A} ;
screéniné session. " The procedure for selecting the subjects °
was similar to that used in the first two exper1ments. .

The subjects (18 ihmales; 18 males) ranged“in age from . {
LA

18 to 25 with a mean age of 20. All received $5.00 for their

participation, which lasted for about one and one-half hours.
. v ™ ' r 4 o
12 -, , . » °
' ’ 7 0 ‘ N

°

Materials: . }‘ ) . T

Ko .

For the mést part the stimuli used in this experiment- .

) C o 4 [ . ! - ) ¢
. were ‘simidar t 6% tHose used in' Experiments 2 and 3, The same’ . -
¢ 4 - o Pad - ad .« 2

'concreté category labels were used as primes. Probes ..

e BT

(targets) cons;sted of a single drawing rather than the pa1r ;r’o ¥ ‘%
of’ drawlngs used in- the prev1ous experiments.” The des;gr}‘~ I :'%N
nece551Aated an 1ncrease in the pool of items used in the - , é
experxmental tr1als. Consequen€/} drawings. used 1n tnerwarm :

~ up tr1als in Exper:ments 2 and 3 and for which prototyplcality .~

ratings were available were included in the e;perimental set

- ”~ .o e o
- . - . hed \ I3
. . 5
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and new drawihgs were generated for the practice set. :

Experimental stimuli: Th \seb of primes consisted‘gf N ¥ 2N .

T five English cate§ory words (CngHiNG,‘FURNI}URE, TOOL, TOY,

WEAPON) and their French‘equivalent\.;\ (VETEMENT, MEUBLE, OUTIL, N
o > . \
JOUET, ARME) # .Six Pigh and ‘six low pfototypiqal drawings

LI
L4 \\’

the five experimental categories were

J

' . . P} - . }
N . ugsd as‘brob@é. These ‘catggories and associated drawings were:

- digédfipgfmemhefg/éf

’ LOTHING_(trousers, dress, shirt, skirt, soch, shoes;

-+« ,  earmuffs, watéh, koq;l, ring, apron, purse); FURNITURE (table, . ;
dquser, bed, sofa, chair® cabinet; picturel fan, vase, shad;,
clock,‘ rug); TOOL (hammer, saw, wrench, screwdriver, drill,

’ soléering iron; shaples, paintbrush, scissors, lgdder, an;il,
nails); TOY‘(blocksC_dpll, teddy bear, stuffed anigals, .

- - skipping rope, bgiloon; boo&, cards, tenﬁis racket, guitar,
footbmll, ;wing) and WEAPOQ fpis}ol,'rifle, knife,'m;chiée ™
gun; anqoh, sword, bottle; fiﬁt} poison;"rope, whip, :
sliﬂgsﬁot;. . | , - 8] 5

The set of stimuli consisted of 240 prime-probe pairs..
Probes were primed equally fggqqently by English category
labels and.by French category labeié. Half of thS probesuwére
drawings of high prototyéitali&y, half of low., For one-half

v - . the prime-prabe combinations,. the ﬁrawfng depicted an item

that was a member of the category labelled by the prime (e.g,.

Furniture-table); for .the other half, the draving depicted an

item that was a member of another category (e.g. ! o

) \ ‘ A

’ . . A ‘wj
Furniture-dress). ' , : 5

P . :5';

[y ;_"
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N Practice Stimuli: The practice set contained 12

.#

part of the experimental set. There was an eqgual number of

’English and French category words. Two high and two low -

‘prototypical 1tems .were randomly selected from the category
BIRD .(robin, canary, penguin, turkey), VEGETABLE (peas, corn,
celery, mushrooms) and VEHICLE (bus, car, ambulance, canoe).

1

Design:

’Tﬁ; éxpériment used a 2x2x4x2 design with within'
subject ~factors of Prime (English, French), . Prototypicality
(hlgh ‘low) and Presentation (Baseline, lag 0, lag 1, 1a§ 2)
and SOA (200, 1650.msec) as & "between- subject factor. The

experimental stimuli were presented in five blocks of 48

trials per block. There was an egual number of same and

different'response trials. The same'category'trials were

presented in a special order within ea;h block. The initiél

presentation of a taxonomic category label paired with its

represeﬁtative item was followed,‘agterio, 1l or 2 intervening

filler itemé, by the presentation of the same category label
'

as in the initial ‘trial paired with an item at the same level

of prototypicality. Reaction times to pf%sentations of

. category wotds jnitiating the lag sgquenceé served as baseline

"
data against which reaction times at each lag were compared.

Subjects received 60 baseline trials, 20 trials at each of the
three lags and 120 filler trials for a total of 240 trials.

The f111er trials presented a pa1r1ng of a category word and a

)/-D\ﬁ

_prime-probe pairs from‘fhe three categories which did not form .
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hééh or low prototypicality item which was not a member of the
,category and which we;e responded td as'*diffetent";

Six versions of each block were developed in order to
ensure complete counterbalancing. Each item appearéd in
baseline trials,™~in all leveis of lag, in alllcombinations of
baseline and laé-trials, and these combinations were the same
for English and French trials. 'Eﬂglish and French bfimes vere
mixed within blocks. 'ganguage primes were not mixed across
lags. Six sSubjects.were assigned to each version. Since each
version consisted of‘differenf paired combinations, it was -
necessarj to test all si;.subjects before rearranging slides.
Three subjects’ were randomly assigned to the 200 msec SOA

condition and three to the 1650 msec SOA condition. Each

subject received a different presentation order of the five

blocks.

t

Each block was/preceded by five warm-up_tyials which

‘consisted of items which were members/of'the experimental

«categories but not used in the actual experiment nor- included

N .
in the analysis. of results. *

Procedure:

Thirty-six subjects were randomly.assiénéd to SOA
conditions and to a random order of presentation within that
eonditioﬁ as explained in the p;evious section.

The procedure foliowed at each testing session was
consistent with that described in Experiment 2. Instructions

to subjects were modjfied so as to accommodate 'the single

T T e e s S T RA T 5, ”i
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picture presentation. 1In brief, the stimulus presqptation was

!

as follows: Subjects. viewed the fixation point for ‘1500 msec

followed by the stimulus word for 150 msec. An interval, of

either 50 or 1500 msec preceded the onset of tﬁespicture which:

remained exposed until subjects terminated the trial by

pregsing the response key. Reaction timgs were recorded from

onset ofﬁﬁarge;..Subjects were giyen a ten minute rest period
«

between the third and fourth block pxesentation and were asked

" to respond to j@few questions prior to debriefing,

& Results

_Overall error rate for the English language condition

Qas 3.16% and for the French language condition 3.65%.

éf As explained in the design section, each same category

sequence was initiat®d by thé presentation of a category word
and a represé;tative probe. This trial was followed, as
appropriate, by either two, one or no filler (different
category) items &nd, finally, by the lag trial which was a
pairing of the category word presented jn the initial trial
with a new picture probe. In effect, each lag trial was |
preceded (either immééiately or after an interposi;ion of ‘one
or two filler items) by its own initial presentation trial,

In order to determine whether £hgre was a significant
différence between initial presentation trials preceding each
ofsthe thfee lags, a one-way analysis of variance wés

peqforﬁéd at each SOA, for English and French trials

e e 3 o et . - e ‘ A o d
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separately at each level of prototypicality. None of the
diffegences reached significance permitting pooling of the
three initial presentation means at eac{y level of '» -

prototypicaiity and language for‘eabh SOA'group of eighteen

subjects. These eight averages were used as the baseline data

L
in subseqlient analyses. .
Reaction times gpr same category data were subjected
to a four-way analysis of variafce with three within-subject

factors, Prime (English, French); Prototybicality (high, low)

and Presentation (Baseline, Lag 0, Lag 1, Lag 2) and one

between-subject factor, SOA (200, 1650 msec). Different

‘category data were subjected to a three-way analysis of

variance with'two within-subject factors, Prime (English,
French) and frofotypicality (high, low) and oﬁe
between-subject factor, SOA (200, 1650 msec). .
Analysis of data ;or same-caéegory stimuli revealed
three signifiéant main effects. Tﬁe main effect for
Prototypicality’[F(1}34)=243.55, p<.001] was sig;ificant in
the expected direction of high faster than low (876 vs. 1131
msec). The main effect fPr Laﬁguage was also significant
[F(1,34)=§8.91, p<.001] with Englissh language trials faster
than French k943 vs. 1064 msec). The third main effect,
Presentation, was significant [F(3,102)=29.24, p<.001]. The
Newman—Keﬁls procedure revealed thag‘differences between each
pair of means was significant at least at p<.05. The (

difference between reaction times at 200 and 1650 SOA did not

reach statistical significance.

P8
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The three main effects, Prototgplqallty, Language and

Presentatxon were qual1f1ed by four significant 1nteract10ns.
The Prototyplcallty by Language interaction [F(1,34)=7. 47
Y [N

p<.01) is depicted in Figure 6. The Newman Keuls test

revealed that the difference between English and- French trials.

~

was significant at both high prototypicality (837 vs. 915

msec, p<.0l1){and low (1048 vs. 1213 msec, p<.0l). As

expected, the reaction time difference between high ‘nf?'

prototypicality and low forfénglish-primed trials (837 Yszdﬁﬁ
1048 msec) and for .French-primed trials (915 vs. 1213 ngeaf
was significant (pé 01). Although all pairwtse comparieons of
means differed significantly, the results were non- parallel in
the sense that the pattern for the two levels of" the language
factor differed at each level of the prototyplcallty factor.

A second significant 1nteract1on, Language by
Presentat1on°[F(3 102)=2.88, p<.04] is dep1cteé»4n Flgure 7.
For English trials, . application of the Newman,Keuls procedure
‘resulted in six significant differences wlth ﬁ@ur QE the six
51gn1f1cant at p<.01., Resuits of pr1nc1pal 1nterestruere as
follows: Baseline (1021 msec) vs. Lag 0¢ (866 ESec)f p< 01 &
Baseline (1021 msec) vs. Lag 1 (912 msec) p<s O;, Basel1ne
(1021 msec) vs.. Lag 2 (973), p<.05. 1In add1t10n, the
difference between Lag,2 and Lag 1 and- between Lag 1 and Lag 0
.was significant (p<.0l). For French trlalsﬁ a ‘major result
was the difference between Baseline (1106 msegy“;hf°Lag 6 (952

msee) which reached significance (p<.0l). The mean‘reaction

time for Baskline was close to that of Lag 2 and Lag 1 and
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dif ferences did not reach significance. The difference
"fbgtiveen the mean reaction time at Lag 0 (992 msec) was
‘significantlz\é\‘fferent (p<.01) from each of the other
present’ation’s,, ‘Baseline (1106 mseéc), Lag 2 (1085 msec) and Lag

1 (1072'msec). In addition, differences between English and

French primed_ trials for Baseline (1021 vs. 1106 msec), Lag:0

(866 vs. 992 msec), Lag 1 (912 vs. 1072 msec) and Lag 2 (973

vs. 1086 msec) all reached 'sGgnificance (p<.0l1).

Although the nma'i? effect for SOA was not significant,

two interactions with SOA did reac ignificance. The
P‘r’es;ntation by\SOA interaction [F(3,102)=4.14, p<.01l] is
depicted in Figure 8, Poét—hoc tests performed between
Presentatioh levels at 200 SOA revealed a significant

dif ference between the“mean at Base}ine (1019 msec) affd the
mean at Lag 0 (914 msec) and at Lag 1 (927 msec) (p<.0jl) and
between Baseline and Lag 2 (1019 vs. 972‘msec, p<.05). A
difference between Lag 2 (972 msec) and Lag 0 (914 msec) was
also significant ¢(p<.05. At 1650 SOA, the mean reaction time
at Baseline was significantly different from that at Lag 0
(1108 vs. 944 msec, p<.01l) and that at Lag l (i108 vs. 1056
msec, ?<.05). Although the difference b;‘zeen Lag 2 and Lag 1
(1086 vs. 1056 msec) was not significant, that between Lag 2’
aﬁd Lag 0 (1086 vs. 944 msec) and between Lag 1 and Lag 0
(1056 vs. 944 rﬁsec) wvas significant (p<.0l). An important
difference, that between ﬁaseline and Lag 2 (1108 vs. 1086

"msec), did not reach significance. The post hoc Newman-Keuls

revealed that at Baseline, at Lag 2 and at La‘g‘ 1 the oo -
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difference between thé mean re;ctign times at 200 SOA and at - . \
1650 SOA was significant (p<.01) with the 200 SOA group : T
consistently faster than the 1650 SOA group. At Lég 0, |
however, the difference between th;‘two SOA groups was not
significant. The interaction effgct was seen in the

differgnce between Baseline and Lag 2 and between Lag 1 and /

' Lag 0 at each SOA. The difference for the forme;\uQEN

significant at 200 SOA buf not at 1650 whereas the difference
for the- latter was not significant at 200 SOA but was
significant at 1650 SOA. |

The:interaction between Prototypicality and SOA
[F(},34)=6.19, p<.02] is depicted in Figure 9. For high
prototypicality the Newman-Keuls test revealed that the mean

4

reaction time for subjects responding to trials.at 200 SOA was
significéhtly faster than thgse respondfng at 1650 SOA (810
vs. 942 msec,  p<s01). At low prototypiqglity, the difference
between the 200 SOA and 1650 SOA just reached significance .
(1106 vs. 1156 msec, p<.05). The difference between high and
low profbtypicality for each ianguage was significant (p<.01).

Alfhbugh all pairwise comparisons differed significantly,,ggf

pattern of results for'the two levels of the SOA factor

differed at each level of the prototypicality factor.

For different category stimuli, the analysis of

4

variance yielded two significant main effects, Prototypicality
and Prime: The mean reaction time for high prototyﬁicality
trials (1098 msec) was significantly faster than that for low

IS

(1209 msec), [F(1,34)=38.85, p<.001] and the mean reaction R
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- time for Englzsh-pr1med trlals (1132 msec) s1gn1f1cantly o

. faster than for French- pr1med trials (1174 msec),

«

[F(},34)=5.10, p<.95]. The main effect for SOA was short bf,
A" . - R .

AR

significance [F(1,34)=1.77, 3>.05],

4

Discussion

' -

-

There are five major findiﬁgs to be considered in the

. discuyssion of Experiment 4. The first of these relates to the
. - .

\ . N > Y .
between—language'd1fference in error rate. The remaining four

-

W [
are deplcted in“the s1gn1f1cant interactions in flgures 6
8

~ through 9. . . o

N

The error rate was very similar for each language

condition and in l1ne with error rates reported in other

priming studies (Massaro\et al., 1978; Rosclh, 1975) - It would'

seem, then, that altering the design so that subjects would

necessarily have to make use of the prime to makg decisions

.~

about category menbérship did not affect the accuracy of fhese

judgments.

~

' ) ., o, )
For the same category condition, some important

L)

findings are depicted in Figure 6. The significant d1fference '

between reaction times at high and low prototyplcallty for
both first and second language trials replicated the results
obtainea in the'previeus experiment.. At low prototypicality,
fesponses to Englieh 1anguage trials were significdhtly faster
than to French trials, repllcatxng tﬂ% d1fferent1al effect of

language on reaction t1me obtained in Experlment-3.
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A very impartapt result is indicated in the

significant difference between English and French trials at

'high'progotypicality depicted in Figure 6. This difference,

obtained in this but.not the previous experiment, probably
reflected the effect of the expansion of the high prototypical
set of probes gyvinclude items rated somewhat less
prototypical than those used in Experiments 2 and 3. The
bé?heen-language difference in reaction time could be

attributed to-the inability of thetFrench category word to

‘activate as large a set as that activated by the English

translation equivalent. Since there were no between-language

differences as a function of SOA in Experiment 4, there was no

'

evidence to attribute the differen;e in reaction time to a

-aiffgrence in the speed with which meaning was activated. The

seeming .inability of the French prime as coﬁpared to the
English prime to activate the appropriate gssociates in the,
seméntig network might also explain the between-language !
‘differéncg at low prototypicality, a difference which, as |
indicated by the interpction effect, was even greater at low
than it was at high. Given ;hat thelinclusion of the less
prototypical items in the hiéh prototypigal set slowed ’

reaction time ‘to French trial's compared to English trials, an

_even greater difference would be expected at low -

¢

prototypicality where«pfobgs would receive even less

”

i
activation from the language prime.

" A third result vhich requires explanation is revedded

in the pattern of reaction times depicted in Pigure 7. First,

<+ . - 4
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. rfpetition of the EngldéH category prime produced a

' ' : . 102

facilitation effect (trials at all lags vere significantly
faster than tri§ls at baseline). This could be interpreted to
mean that activ;tion %rom the English wg;é_increased the
access to the appropriate memory locations even when there
were as many as two intervening.trials between initial and

¢

second presentation of the category word. That there might be

-decay in this facilitation effect over time is revealed by the’

increase in reaction time with increase in the number of
intervening items. In coéprast to the English condition,
rep;tition of the French category name proddced a facilitation
effect only at lag Q. It might be, then, that repetition of a
Frenchﬂcategéry name made additional memory associates
available in the verificat{on‘of category membership. This
result, in conjunction with that obtained in Figure 6, could
sgggést that with’repetition of a name ﬁhgre'is activation of

more associates to the prime rather than a speedier activation

A&
of the same associates. Given the differences in the pattern

. of results between lags for English as compared to French

irials, it could also be that the memory locations activated
by an Enélish word decayed.mﬁch léss rapidly than did those
activated by a French word.

g The results depicted in Figure 8 indicate that the
acilitation effect at lag was-a function not only of the
language of prime but also of SOA. The facilitation effect

appeared to be more pervasive at the shorter SOA resulting in

significant differences in the expected direction at all three
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lags compared to the two at the longer SOA. Although the
decline in the facilitation effect was more e(ident at the
long.SOA, giving the impression that therg was a more rapid
decay in the 'memory trace, the total time elapsing from onset
of baseline prime to orfset of probe at Lag 2 must be
considered. The total time (é.g. from onset of baseline trial
to onset of probe at Lag 2) at the long SOA was approximétely
eight times as léﬁg as that at the short SOA. Although‘fhe
facilitation effect at 1650 SOA had persisted over only two
lags, this represented a period approximately ﬁour times the
length covered by the three lags at 200 SOA. Unfortunately,
the design of the experimént d{h not permit.a test of the
duration of the facilitation effect at the short SOA.

Another imporggnt result is revealed in Figure 8.
Di;ferences between SOAs at each presentation were.significant
with the exception of Lag 0. Here there was only a small
differehcé in reaction time between trials at 200 and 1650

3

SOA. It appears that repetition of the category name was

Lo
particularly effective at Lag 0O for the long SOA. The longer
SOA miy have allowed for activation of more associates making

activation easier the second time around. The differences in

reaction time between the two SOAs could be attributed to the

degree of  involvement of strategic processes.

Figure 9 deéicts the‘differeﬁtiél effect of SOA on
prototypicality. Although the difference in reaction time at
each SOA was significant for high and for low prototypicality

pairs, the difference was more marked at high than at low.

)



Vi ‘ .
This  result could be att

s

ributed to the more efficieﬁt
operation of automatic processes at high than at low for the
shoréer SOA. The differences between SOAs at each leQel of
prototypicality would be attributed to the greater involvement

of strategic processes at the long SOA.

Different category results where reaction times were
faster for high compared to low prototypicality pairs and for

English compared to French trials were consistent with those

obtained in Experiment 3.

In summary, the results of Experiment 4 provided

support for only one of the two original hypotheses put

forward in this study. Evidence revealed that the French

category prime might not activate as many associates as the.
~

English prime. More simply, the results would seem to

indicate that the French.concrete category primes generated a

more restricted meaning than.did the English equivalents. 1In

o

addition, repetition of a categor§ name did make information
retrieval easier for both language trials. In: the case of
English but nét French trials, this facilitation effect '
persisted over two intervening trials, although the effect
decreased with incrgasé in intervening activity. .This wduld
seem to inéicate that the memory loéations activated by a
French category prime decayed more rapidly than did those
activated by an English word. Alternatively, it might be'that
the rate of decline was similar to that‘of‘pnglish trials but

the ‘difference ?efiected the smaller number of memory

locations activated in the French condition.,
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g GENERAL DISCUSSION
In this section tﬁe major results of Experiments 2, 3
and 4 are summarized and discussed with respect to their
implications for understanding how information about
categories is processed by bilinguals.” These findings are
éompared with those in relevant:publication§ and some
inconsistenc%es in'intérpreyions are discussed.

[

» - Implications for Semantic Processing in Bilinguals

. The investigation attempted to determine whether a
familiar taxonomic category prime in a bilingual's second
language could facilitate processing in the semant{c network
as completely and/or as quickly as could the translation
equivalent in the dominant language. Betweeh-language
diiferences in reaction times were interpreted as suggesting a
possible difference in either spéed'of ﬁrocessing the prime or
in the number éf associations generated by the prime within a
specified time li@it.

In the case of the fluent English- Fgench bilinguals
in Experiment 2 the principal results for the second language
‘condition paralleled those for éhe first languagé. Overall
reactign times and facilitation/inhibition effects in the

second lanquage were similar to those in the first for

physically identical, same category and different.catego;y

" e ———— e e M E S e
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trials. If, as has been repeatedly suggested, the taxonomic
category prime does facilitate reFrieval of cate;ory
ihformation from semantic memory then a prime in the fluent
bilingual's second ianguage seemed to evoke similar associates
to thos£ evoked by the English translation equivalent in the
present study. 1In ;ddition, there appeared to be no

difference in the speed with which each language prime evoked

these associates. &

L1
Between-language differences in reaction times at an

SOA of 200 msec. were found by Favreau and Segalowitz (in
press) in a lexical decision task with bilingual subjects
whose level of French fluency was similar to that of subjecfs

used in Experiment 2. The authors attributed the results to

automatic processing in the first but not in the second L

language’. The lack of correspondence of these results with
those o{ the present invegFigation at the shortest SOA might
be attributed to a difference in the experimental paradigm --
a lexical decision task versus a category judgement task.

Equivalent reaction times in the first and second
language condition for the fluent English-French bilinguals in
bxpefiment 2 correspond to the results obtained by Caramazza
and Brones (1980) for fluent Spanish-English bilinguals in a
category judgment task. Unfortunately a between-language
anal&sis of results which yould have permitted compaf‘;ons
with the findings of the present study was not ;eported.

" 'The principal results for the second language of

moderately fluent bilinguals in Experiment 3 paralleled those
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for the fluent bilinguals with two major exceptions. In the

same category ané different category conditions there were no

facilitation effects for Freqch-primed iow prototypicality

| trials. Adding probes which were more ihterﬁediate in \

{ prototypicality (Experiment 4) to both the high and‘léw, |

_prototypicality sets used in Experiments 2 ané 3 resulted ﬁ ‘

significant betw eﬁ-language differences for both the high and

; the low prototygjcal%ty same category and different category

. trials. 1In addition, facilitation effects persisted over th

three lags for English-primed but not for French-primed triajg

.- where only one difference, that at the first lag (lag 0), was \

£ significant.

; " These slower reaction tipes.to the second as c9mpared \\

g o to theﬂfirst language primes could conceivably be attributed \.
to additional time required to translate from a weaker to a \
stronger language or to a difference in ghe spé;d of |

: perceiving‘words in the two languages.  The fact that there

was no between-language difference for high prototypical

trials (Experiment 3) precluded attributing between-language

D T R U )
e e RSkt e

- differences at low protbtypicality to either of these

" explanations.

’,

I 4 .
Unlike the study by Macnamara (1967) which

s ey o o
S T T

investigated the speed with which English and French words
vere matched to a picture labelled by the word, there appeared
to be no oSservable bétween-language differences which could
be attributed to decoding speed. It is possibleAthat a

difference in decoding Speed did exist and could have been
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manifested at SOAs which were shorter than those used in the
present study. It is probable, however, that the nature of
the task was such that decoding speed might not have been a
factor contributing to a significant between-language
difference at even the shortest SOAs. The same five French
primes were repeated throughout the experiment reducing the
liklihood of differences in speed of decoding..

Where in Macnamara's same category condition a basic
level prime labelled (named) the concept depicted in a
dréwing, in the present investigation the concept iabelled by
the more abstract, taxonomic category prime presumably evoked
a nuhber of associates in preparation for making judgments as
to the category membership of items depicted in.the dravings.
Results for the same category trials of Experiments 3 and 4
taken together were interpreted as indicating that the French
language prime evoked a more restricted number of associates
and, conseguently, a more restricted meaning, than did the
English prime, slowing judgments about category membership.

The second language prime activateé associates as
quickly as did the first language prime;but'appeared to
activate fewer associates. The few associates which were
activéted corresponded to the high -prototypical (domiyant)
instance; of the category. According to the model (Collins &
Loftus, 1975) the nodes corresponding to these associates
would be situated near and/or be strongly bonded to and/or
share common features with the nodes corresponding to the

prime. Given the results at low prototypicality, the low

.
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prototypical associates of the French prime appeared to have

relatively weaker bonds or fewer common features with or be

relatively more distant from the prime than corresponding
associates of the English prime. Tﬁe first presentation of
the ;econd language prime (Experiment 4) seemed to lower the
threshold for activation at lag O making the digtant nodes
more accessible to the second presentation of the prime and,
consequently, resulting in a faster verification of the probe.

Tﬁese results can be accommodated within two models of
the way words and pictures are categorized. The first model
suggests an abstract, modality-free representational system
neutral for pictures and words (Chase & Clark, 1972). In this
case, categorization might ;e based on a set of features which
is common to anpabstracé representation of pictures and words.
In a neutral or modality-free system a Fren;h prime might -
activate fewer features than the English prime.

Alternatively the results can be interpreted within
the framework of a model which assumes a separate knowledge.
base for worqs and imadés as well as a separate
reprﬁfentatiopalisystem for each of the biliﬁgual's two
langﬁages (Paivio & Désrochers, 1980). According to these
investigators the two verbal systems are cqnnected through
representations corresponding to translation equivalents and
through an image system which is specialized for processing
nonverbal m;terial. In the processing of words and pictgres
in the present study at least two possibilities emerge: (1)

récoding information from words to pictures, (2) recoding

e e e o ———
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information from pictures to words and accessing the first
language system through translation. 1In the first instance, a
prime‘might be converted to an {hage code in preparation for
pictures. In this event, the second language prime would
activate fewer associates within the second system., 1In the
éecond form of recoding, a picture might be named and/or
converted into a verbal code before categorization or
verification. Such a conversion would be in line with the
thinking:of'some.ilvestigators (Vyéotsky, 1962; Bruner,
Greenfield & Olver, 1966) who consider"categogization to be
primarily a verbal task. It is possible that the slow
reaction times’for low prototypicality French trials can be
attributed to a strategy adopted by the nonfluent bilinguals.
In Experiment 4, where only one probe was employed, subjects
might use the French prime in verifying the category
membership of only the high prototypical items. Howeve;, when
a French prime did not activate g sufficient number of
associages to interface with those activated by the pro%e,
subjects might have translated the prime .afil verified low
prqtotfpfcal instances through the first language sygtem. aThe
adequacy of phese models iﬁ regard to the processing of
category informaticn in a second langquage is a topic for

future research. ]
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Some Problems in the Interpretation of Results

¢ Some of fhe principal results obtained for each of the
three condiéions (physically identical, same category,
different category) were similar to those reported in other .
priming studies conducted with m&nolingual subjects. However,
there was a lack of correspondence between certiin!jmportant
results in the present investigation and those ofnsimilar -
studies. This raises questions about the in;erpretafion of
results from this paradigm and has implications for

understanding both monolingual and bilingual semantic

processing.

Physicaily Identical Results

Consistent with results in similar paradigms (Belier,'
1971; Posner, Boies, Eichelman & Taylor, 1969) overall
reaction times were faster for physically identical pairs than
" for categorically identical or different pairs. in Experiments
2 and 3. In addition, differential effects of prime similar
to those of Rossh (1975) were obtained. Priming with a
taxonomic category label, whether in English or in French,
facilitated responses to high prototypical instances of the
category and inhibited responses to low.
. Rosch (1975) has explained facilitation and inhibition:
effects for physically identical stimuli by claiming that the
representation generated by a superordinate category word

contained information that was more like the high than the low
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prototypical member, thus facilitating the encoding of the
former and interfering with the “encoding of théxlat;er.
Although Rogcﬁ i4mplied that activated instances (i.e. high
prototypical instances) somehow laterélly inhibited
neighboring less activated @nstances (i.e. low prototypical
instances), it was Loftus g:975) who interpreted Rosch's
results within the framework of spreading activation. She
sugge;ted that when activation from the prime spread to highly
prototypical instances, this somehow drew away from the low
prototypical members. Althéugh the use of this "hydraulic
effect" accommodated the physically identical results in
Rosch's investigations and in the presenl study, it was not a
particularly Eompellin; explanation since it involved
introducing some inhibitory bonds into an otherwise excitatory
model. This model has attributed the facilitation effect of 5
prime on both immediate and distant associates to an
uninhibited spread of activation from one cognitive unit to
another along relational éaths (Collins &‘Quillian, 1969). An
alternative interpretation of Rosch's results, one which
suggests that the inhibition effect at low prototypical%}y
might not be a function of interference at encoding and that
both encoding and postencoding processes might be facilitated
g; an advance prime is developed below.

Recent evidence (Neely, 1976, 1977) has revealed that
strategic processing was implicated in tasks where certain

expectations were initiated by the presentation of the prime.

Although there was no direct manipulation of expectancy
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Sffects in the present invéstigaﬁion, the nature of the task
4nd the instructions to the subjects could provide
participants with a set of expectations. Subjects would be
expecting to ‘make decisions about category membership because
instructions emphasized the making of these decisions and
because three quarters of the trials required a category
membérship rather tﬁhﬂ.a physically identical decision. When
subjects were instructed to make semantic level judgments and
were faced with two‘identical items they were, as Posner
(1978, p. 110) has suggested, in a "horserace between ph&sical s
. match of the two arrays and'a match of these items to the
| category." High'protdtypical items did not only match each
other but also matched the prime, whereas low prototypical
items matched each other but did not as readily match the
+ prime, . ‘

Although both Rosch (1975) and Loftus (1975)
hypothesized that subjects perfprm a physical mgtch before agi
retrieval of category information taﬁes piace, witﬁ priming
influencing encoding time, there is’;o direct evidence that
physical match does occur before retrieval of information
about the superordinate category. Consideriég the possibility
that category information isuretrieved during the physically
identical condition, Loftus (1975) hypothesized that the
operations involved in pﬁysically magching the items mighé
overlap with those involved in the retrieval of category

information.
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Developing this idea, one might suggest that for hfbh

&
prototyp1cal1ty items where.the prime is gresented in advance

of the probes and subjects are 1nstrug§ed to make category
- judgments, category match operations might precede physical

identity operations. A prime presented simultaneously with

\\physically identical probes might not initiate’ category g

Tatching operations. Rosch (1975) reportea Hat whén a prime
‘was presented simultaneously with the probes it had no
tacilitation effect on hfgh prototypical physically identical.
-pairs, ‘It did hav; a facilitative effect when presented in

\

advance of the probes. ’'She conciuded that advance priming
affected the encoding of physically identical pairs. 1If, ;s
has been suggested, subjects are set to make category
judgments, an aflvance prime might have facilikatiye effgcts on
both enco@ing and category matching operatiohs,_ Determining
vhether category matching operations dd take place when a
physical match is required wouid be a subject fb; a future
invespigation. ‘

For primed low prototypicality, pﬁysically identical
items, the items are not easily recognized as members of the

primed éategory slowing the execution of a same response. " The

.slowing of reactlon time at low prototyplcalltygcan be

L=
-

%xplamed as a function of both an instructional set whlch °
encouraged the determination of a category match and of a

diminished benefit from the prime. This explanation.could

BN

A
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account for the unexpected same category result in Rosch's >

-expeciments when similar reaction times were obtained
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regardless whether the prime was presented in advance of or
simultaneously with th® probes. Rosch expected less

facilitation for low prototypical items than high in the case

of an advance prime because she predicted that, as with

.physically identical pairs, there should.be inhibition at ‘the

encoding stage, thus 1ncrea51ng reaction time for low items.

If the 1nterpretat10n suggested above is correct, then there

would be no 1nh1b1t1on in the encodlng of low prototypical

same category pairs and, possibly, equ1valent fac111tat1on at
high and low prototypicality. The inhibition effect would. .
occuronly with physically identical low prototypical pa{;e
forkreesons discussed above.

Intérpretiqg results as indicating that strategic
Processes did develop very quickly, in both‘the first and

second language trials, at least withinh the shortest SOA (200

msec.) in Experiments 2 and 3, finds support in recent studies

. where evidence for the development of strategic processing has

been reported at SOAs as short as 200 msec (Antos, 1979) .and
250 msec (Myers & Lorct, 1980). This would ‘also be in line

with the suggestion (Qosner, 1978) that stretegic processing
might develop much more rapidly.after stimulus onset than the

350 msec originaily proposed (Posner & Snyder, 1975),

Same Catego;y Results
Several results in the present investigation were
consistent with predictioﬁs from the general spreading

activation model (Collins & Quillian, 1969; Collins & Loftus, .
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1975) and hosx of the available empirical evidence. The
finding, for the same categééy condition of'Experimgnts 2, 3
and 4, that reactio; times were faster wﬁen prime;probe pairs’
were strongly associated than when they were weakly associated
cérreéponds to the results of numerous studies (Beckér, 1980;
Fischler &'Goodman, 1978; Lorch, 1981, 1982; Massaro et 'al.,
1978; Myérs & Lorch, 1980; Ratcl?ff & McKoon, 1981; Roscb,
1975). The general facilitative'effect of a relatéd prime .

-

relative to a meutral-prime or unrelated prime condition in ’
the two priming studies (Experiments 2 and 3) is consistent
with most findings in a wide variety of priming paradiJmsl
(Caramazza & Brones, 1980; Meyer & Schvaneveldt, 1871; Neely,.

1976, 1977; Posner & Snyder, 1975; Rosch 1975).. Finally,

"
there was some evidence in support of Fhe finding in
ExperimenE 4 that ghe facilitative effect of the prime is
reduced with time and int;}vening activity (Loftus, 1973;
Scarborough et al., 1977).

Other principal results vere not in line with
predictions from the original model and were consistent with
the findings of ogly s;me of the published studies. For the

English and French-primed trials in Experiment 2 and for

'English-primed trials in Experiment 3, prototypicality

(dominance) had no effect on the magnitude of priﬁing
facilitation even at the smallest SOA. This was supported by

the, K results of some studies (Neely, 1977; Warren, 1977) but

‘not others (Becker, 1980; Lorch, 1982; Ratcliff & McKoom,

1981). The latter group of studies reported results that were
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‘consistent with predictions from the spreading activation

model (Collins & Quillian, 1959; Collins & Loftus, 1975) which
specified more facilitatibn for high than for low dominance
items. 1In addition, results in Experiments 2 and 3 revealed
{that priminé facilitation did not increase with increase in
SOA. These results were consistent with those of some
investigations (Myers & Lorch, 1980; Neely, 1977) but not
others (Antos, 1979; Fischler & Goodman, 1978; Neely, 1976;

Ratcliff & McKoon, 1981), contradicting predictions that, with

Itime, ctivation spreads (Collins & Loftus, 1975). Finally,

the results for the English and French-pfimed trials of
Experiment 2 gnd for the English—prjmed trials of(éxperiment 3
revealed that there was no interaction between domfhgnée and
SOA. The moéfl would 'predict greater facilitation f&r high
than low dom;nance items‘at the short SOA and a greater
facilitation for low dominance items at the long than at the
short SOA. The findings of the present study were supported
by some investigations (Lorch, 1982; Neely, 1977; Ratcliff &
McKoon, 1981, Experiment 1) but not others (Myers & Lorch,

S~

1980; Ratcliff & McKoon, Experiment 2)., The results of the

‘ present investigation which appear to be at variance with some

experiments and with the model are considered further.

Lorch (1982) has attributed the lack of dominance
effect on the magnitude of facilitation in the Neely (1977)
lexical decision and the Warren-(1977) naming latency tasks to
their use of a median-split procedﬁre to partition stimuli

into those oqvhigh and low associative strength resulting, as
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he suggested, in a lack of statistical power. This
explanation wouldgnot apply to the present inveétigation.
First, the selection of the exberiﬁental stimuli was based on
independent ratings of items as high or low in
prototypicality. Second, unlike the Neely (1977) and Warren
(1977) studies, there was a significant reaction time (
di:ferénce between high and low prototypical triais indicating
a difference in associative strengtﬁ between the prime and
probes at each lével. In the present investigation éhere is
at least one possible interpretation for the finding that

dominance does not affect the magnitude of facilitation.

The finding that dominance had no effect on the amount

" of facilitation might suggest that the prime had fully and

completely activated all members of a category even at the
shortest SOA. Such an interpretation would be appropriate for
the Neely (1977) and Wa}ren (1977) resultg whereﬁequivalent
faciiitptibn of high and low dominance items was coupled with
the finding of no difference in reaction time between high and
low dominance trials. In the present .investigation
(Eiperimgnt 2) equivalent t&ilitation of high and low
prototypicality i%?ms and a significant difference in reaction
time between high and low.trials would preclude such an

interpretation. A less elegant explanation, but one which

better accommodates the data, follows.

The model (Collins & Quillian, 1969; Collins & Loftus,
1975) assumes that the retrieval of information from semantic

memory consists of a two-stage process. Associates to the
¢
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prime and probe are activated in what isEassumed‘to be a

parallel, intersecting activatién process. When associates to

_the prime and pfobe are activated, the selection protess

evaluates these associates with respect to the target
superordinate-subordinate relation. Proéotypicality
(dominance) wouid affect the duration of'this evaluation
process. For the same category conditién of the present
investigation and, in accordance with the model, the prime
provides a headstart on the activation of a;sociates so that
vhen the probe is presented there is a savings in retrieval
time. If there is enough time to activate the appropriate

associates (as would be the case with high prététypicality

.trials) there would be additional savings in that the encoding

of the probes would be facilitated. 1In addition, since the
activation level of high prototypicality probes is very high,
the evaluation process could be completed quickly resulting in
fast reaction times and substantial facilitation of both
engﬁding and postencoding processes. In the case of low
ﬁfototypicality.items results would suggest that an advance
prime would have little or no facilitation effect on encoding.
If infprmation from an advancé prime had helped in the ’
encoding of low prototypical pairs, facilitation effects would
have been obtained for these pairs in the physically identical
condition (see discussion of physically identical condition in
this section). 1In-fact, there was no such benefit obtained.
In interpreting same category results, Rosch (1975) and Loftus

(1975) have suggested that the prime could be more beneficial

- v b T
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to the evaluation of low than high prototypicality pairs
bggause, as revealed in the neutral coﬁdition (see Figure 5),‘
it is substantially more difficult to determine whether two
low prototypical items are members of a category. It may be
that for tasks that are assumed to make more processing . -
demands than do naming or lexical decision tasks (Myers &
Lorch, 1980) the prime differentially influences the encoding
and postencoding operations at high and low prototypicality

with the result of equal facilitation at each level of

<

grototypicality; Although the assumption of differential
effects of prime on tpe encoding and postencoding operations
involved in processing high and low prototypical pairs is
consistent with results obtained in the present investigation,
the validity of this suggestion would require some direct
evideﬁce of the effect of a prime on each processing
operation. Neither this ihvestiéation 6or that of Rosch
(1975) unambiguously demoristrates the effect of the priﬁe on
each processing operation.because both encoding and
po;tencoding operations are confounded within each condition
of the experiments.

Two major results in the pfesent investigation are not
consiégenyfwith predictions of a model (Collins & Loftus,
1975) which assumes that activation spreads f;om more highly
to less highly activated nodes and does so over time. The
present investigation (Experiments 2 and 3) revealed t%at, for
_ low prototypical itemsi facilitation was not greater at the

“longer than at the shorter SOA nor did facilitation increase

"Frm
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..explainedLjy'an alternative activation model (Wickelgren,
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with increase in SOA. One simple explanation might be that

the smallest SOA (i,e. 200 msec.) -was long enough to allow

for a complete spread of activation. The inclusion of an even '
smaller SOA, for examﬁle 50 msec.,, and a subseguent comparison
of facilitation effects might have revealed an increase in
facilitation at 200 SOA. The most compelling arqument against
such an explanation of present results is based on the

findings of a recent study (Lorch, 1982) which used a category

" judgment task similar to the one used in Experiments 2 and 3,

Using SOAs of 150, 300, 450 or 600, the investigator reported
an increase in facilitation with increase in SOA.

The present results are incopsistent with predictions
from the original sgreading activation model and ‘can be
1976). Th1s model differs from the original only in thec @
proposal. that the activation process is instantaneous. The
model has received sUpport in some investigations (Dosher,
1981; RJﬁcliff & McKoon, 1981; Wickelgren, 1976) and could be ’
used to interpret the results of other stud?es‘(Myefs & Lorch,
1980; Neely, }977; Warren, 1977) which have failed to find'an
increase in facilitation with increase in SOA. 1In line with
the alternative model, information is stored in a semantic
network with strongly associated concepts closer together than
weakly associated concepts. Activation from the prime (and
eventually from the probe) spreads through the network at a

very rapid rate {1 msec. per link). The activation process is

not limited by the time between prime and probe (SOA) but

T R e b on

s e e L e T N SR

T TR s Sl SO B L 10 T Y g



.

122

rather by the proximity (or strength of the bond) between
prime and probe. Probes that are closely associated to the
prime would have a higher activation level and therefore would
be processed more quickly than those more distantly
associated, This model can explain the priming effects, the
difference in reaction times between high and low prototypical
trials and the similar facilitation effects across SOA found
in the present study. ‘It does not, however, explain the
increases in reaction time with increase in SOA. As has been
suggestéd previously, these differences might reflect the
increasing involvement of strategic processes (Posner &
Snyder, 1975) in a task where the sﬁbject must verify more
than one type of relafionship (e.g. physically identical and:,
category membership). Alternatively, the pattern of reactioﬁ
times‘might simply reveal a tendency for respohse times to
vary with the rate of presentation of the stimuli when that
rate remains constant within a block of trials. \
Although the Wickelgren model (1976) appears to
accommodate the data from this investigation, thexquestion of
Py

wvhy activation appears to spread in some situations but not

others needs to'be further investigated. .

Different Cateéory Results

The finding of overall slower reaction tifes for
different as compared to same category results corresponds to
those of Rosch (1975) and to numerous other studies (Caramazza

& Bfones, 1980); Collins & Quillian, 1972; Gellatly & Gregg,

S,
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1975; Glass et al., 1974; fyers & Lorch, 1980; Rips et al.,
1973). PFacilitation effects fog high and low prototypicality
.énglisb-primed trials correspond to the results of kosch‘
(1875) but not Myers and Lorch (1980). Like the present
investigation both these studies used a'categor; judgment task
where negative fesponses were sought to items which were
clearly unrelated (eg. Furniture‘--‘wrench - dress).
Different.category findings are more readily .explained
by feature comparison than by network models of semantic
memory.  The first of the two-stage compérison process
hypothesized by the feature comparison model (Smith et al.,
1974) suggests a quick, holistic comparison of the features of
prime and probe where either a very large or very small
~ overlap of features is quick%y judged as same (positive

3

response) or different (negative responsé). Although the
network model (Cgllins & Quillian, 1969; Collins & Loftus,
1975) has mentioned both strength -of relation and shared
associaiions as factors contributing to relatedness effects,

*

‘generally, relatedness has been interpreted (Anderson,.1956;
Glass & Holyoak(j1975) to mean strength of rélation between
two concepts or nodes in the network. If relation strength is
emphasized this leads to the prediction that reaction times
would decrease with increase in relatedness for both same
(true) and different (false) responses. For the present
investigation where different category pairs are completely

unrelated this would have meant much slower reaction times for

different category results and conseduently no facéﬁitation at Jf
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high and lowv prototypicality.

Holyoak and Glass (1975) and Lorsh (1981) have
suggested that the relatédness of false éentences in some
experiments has been manipulated so as to maXimize the
influence of shared associations ratﬁer than the influence of
strength effects. False (different) conditions are

constructed by simply interchanging items used to construct

the true (same) conditions. An explanation based on the

extent of shared associates rather than distance might be more

consistent with the results of the present investigation which

has used a similar procedure to construct different category
pairs. . The facilitation effects for the different category
stimuli would suggest a quick comparison made possible by the

very small feature overlap between prime and probe in this

[y

condition.

t

~

' The experiments reported above have revealed
between-language assymetries in the p?ocessing of category
information by moderately fluent bilinguals. Familiar French
taxonomic category labels used as primes in a category
judgment task fécilitated the processing of only very highly

prototypical instances of these categories. " Results were

' interpreted as suggesting that category primes in the second

language evoke fewer associates and, consequently, a more

restricted meaning than do primes in the first language.
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It is this inferior performance in basic operations in
the second language which can contribute to deterioration in
more complex operations such as comprehending a written or
oral passage. In tasks such as studying from a text, where
input speed can be controlled, an individual can compensaté
for slower or less complete decoding by rehearsing or
translating to the dominant language. In a situation, such as

¢
listening to a lecture, where auditory presentation places

14

- great demands on short term memory and reasoning ability, a

person who functions in a weaker language might be placed at a

considerable disadvantage. When it is possible to rehearse or
translate the decoded input for reorganization in the dominan;
language, long term negative effects on the gquality of the
information one acquires might be minimal. Where fast
decoding of input is essential to full comprehension, the
bilingual who is less than fluent in a second langquage would
appear to face serious problems in performing some very basic

information processing operations. :
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APPENDIX A

Sample of drawings used in Experiments.

136

T e by 3 5
. )



L e T

, : 137

APPENDIX B

Mean reaction time (in msec.) for phys1ca11y identical, sate
category and different category data at high and low 1evels of
prototypicality and 200, 500 and 1650 SOA for neutral, Engl1sh
and French primed trlals - Expmr1ment 2,

Physically Identical

High Low
. v » .

SOA: 200 500 1650 200 500 1650
Neutral 752 762 ‘800 + : 796 817 866
English 728 717 741 848 910, o4
French 739 735 745 . 876 043 945

Same Category , .

‘'High ’ Low
SOA: * 200 500 1650 . 200 500 1650
Neutral 1046 1138 1141 o 1512 1608 1642
English 939 916 871 1370 1352 1355

French - 954 897 949 1438 1336 1511

Different Category

High , Low
SOA: 200 500 1650 - 200 500 1650
Neutral 1253 1201 1325 1462 1475 18656
English 1121 1163 1274 1380 1416 1651

French 1195 ° 1213 1268 1499 1478 1631



Analysis of variance summary table

in Experiment 2.

Source _ ~af
I (soa) 2
I1XS (Subject) 34
T (Prototypicality) 1
TXS 117
P (Prime) 2
PXS 34
IXT 2
I1XTZXS 34
IXP 4
IXPXS 14
TXP 2
. TXPXS . 34,
IXTXP 4
IXTXPXS. 68
S 17
~ N\
P
L4
R ‘,aﬁe e e ‘Z o7

APPENDIX C

Mean SqQuare

68500.8
27750.5

1501990.1
40347.8

27425.1
4484 .9

26412, 1
--11751.6
3324.2
4605.5

134112,0
6135.8.

3525.9
- 4710.5

277983.0

37.23
6.11
2.25

.12

21.86

. -

[ sl

138

for physically identical data
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A

Analysis

of variance

Experiment 2,

Source

I (soa)

IXS (Subject)

T (Prototypicality)

TXS

P (Prime)

PXS

IXT
IXTXS

IXp
IXPXS

TXP
TXPXS

IXTXP
IXTXPXS

S

summary table

af

APPENDIX D*

Mean Square

99232.1
110507.0

1741210.0

226920.0

1221150.0

27013.8

' 8030.7

' 63783.0

80885.0
29542.4

45936.5
16050.6

18969.0
27750.6

966946.

st i g v

for same

*]39

category data in

Sig.

F Level
.éo s N.S,
76.73 <,001

45,20 . <.001
.13 n.s.
2.74 <.04
2,86 n.s
.68 n.s.
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Analys1s of variance summary table for different category data in

Experiment 2.

Source

Il(soA)

I1XS (Subject)

T (Prototypicality)

TXS

P (Prime)

PXS

IXT
IXTXS

IXP
1XPXS

TXP
TXPXS

IXTXP
IXTXPXS

s

\

r

Mean Square

605431.0

387869.0

6428760.0

258798.0

75092.7
32693.9

36292.1
86645.9

43960.2
30813.2

40035.2
36616.6

20149.,1
34353.1

197832.0

*

Sig.

F Level
1.56 n.s.

24.84 , <.001

2.30 n.s.
.az ’ n.s.
*1.43 n.s.
1.09 - n.s.
.59 ' n.s.
-~ N
-»
<
-
7




. S 141

k)
H

APPENDIX F

Mean reaction time (in msec.) for physically identical, same
category and different category data at high and low proto--
typicality and 200, 500 and 1650 SOA for neutral, English and
French primed trials - Experiment 3.

%

&
. Physically Identical

K . - High Low
SOA: 200 500 1650 200 500 {%59
/ Neutral 799 815 849 B14 855 913
/ English 775 742 - 785 855 913 955
/ French 779 739 827 862 " 916 995

/
¢ f §
f' . . Same Category

/ High . Low
SOA: 200 500 1650 200 500 1650
Neutral 1104 . 1193 1153 1537 1551 1779
English 900 909 962 1360 1283 " 1406
French 974 889 1006 1562 . 1488 1609

. ' Different Category

High \ Low
SOA: 200 500 1650 . 200 . 500 1650
Neutral 1223 1253 1304 1380 1551, 1525
English 1173 1183 1178 1391 1441 | 1442

French 1171 1175 1230 1464 1551 1480

~ 'R

e - \ [
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Analysis of variance summary table

in Experiment 3.

Source

1

I (soa)

"1XS (Subject)

T (Prototypicalitf)
TXS

P (Prime)
PXS

IXT
IXTXS

. IXP

IXPXS

TXP ) '
TXPXS

" IXTXP

IXTXPXS

S

af .

A S
]
-

%

APPENDIX G

Mean Square
161427.0
50058.9 "

936379.0
19191.8

776.3
4262.,.6

46819.8
17731.6

1308.7
3887.2

98832.5
8476.7

7925.9
3809.3

$45219.0

\

3.22

hg.79

- ('1

.18

4,36 -

.34

Sig.

"for physically identical data

Level:
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".  APPENDIX H

Analysis of variance summary table for same category data in

Experiment 3., -~

~

. ‘sig.-
Source df Mean Square F Level
I (SOA) 2 302269.0 1.89 n.s,
IXS (Subject) 34 159594 .0 :
T- (Prototypicality) 1 2011220.0 42,45, <. 001
TXS 17 473761.0
Cr .
P (Prime) 2 1683230,0 35,93 ° <,001
PXS: 34 46849.6
IXT . 2 89228.7 1.13 n.s.
IXTXS 34 79102.8
I1XP , 4 477551 1.01 n.s.
IXPXS . . 68 47359.0
TxP 2 209360.0 4.30 <.03
TXPXS ° 34 48737.3 L
. . {
IXTXP I 51613.4 .81 n.s.
I1XTXPXS 68 63572.0
s 17 1898340.0 ,
, 7
¢
l. '%
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APPENDIX 1

Analysis of variance summary table for d1fferent category data in
Experiment 3.

-
\
‘ \ ’ : sig.
Source ‘ af Mean Square F Level
I (soa) -2 i}zuszu.o .73 ' n.s.
I1XS (Subject) 34 69436.0 "
T (Prototypitality) 1 5459750.0 89.12 - <,001
- TXS 17 61265.7 _—
P (Prime) 2 139171.00 4.81 <,02
. PXS 34 28925, 2 \
IXT 2 56481.9 1.56 n.s.
IXTXS TR 36231.8
IXP- S 21675.9 1.16 © n.s. ‘
IXPXS o 68 - 18661.3 - ‘
T™®P 2 47796.5 1.99 n.s. .
TEPXS 34 24073.8 - X
IXTXP . 4 15602.3 . 81 n.s.
IXTXPXS 68 18513.7 . L s
-~ , .
s _ 17 1055510, 1



B .Y o T Iy [

LT

e -

-

Mean reaction time
1650 SOA as a

function

APPENDIX J

(in msec.) for same category data at 200 and
of prototypicality,
language and for different category data at 200 and 1650 SOA as a

presentation and
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function of prototypicality and language - Experiment 4. .

Same Cateqgory

&

High Low :
BL. LO L1 u L2 BL. LO L1 L2
-/
At 200 SOA: ,
Englisﬁ éHB 721 752 775 1101 966 963 1043
French 210 778 840 858 1216 1189 1154 1211
¥ £ G '
At 1650 SOA: .
English 967 804 813 956 1167 972 1059 1117
" French 1022 859 1038 1015 12717 1142 ' 1255 1287
"Different Category i
High ( Low
b]
At 200 SOA: .
.English 1007 1121
French 1058 ;1205
At 1650 SOA:
English . 1168 B : 1233
French 1158 1276
. <
- ” .
-
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"Analysis of variance
Experiment 4,

-\ Source

~

b
PO ¢ 7Y

1 (soA)
I1XS (Subject)

T (Prototypicality)
IXT

TXS

L (Language)
IXL

LXs . '

1

P (Presentation)
I1Xp
PXS
‘
TXL
IXTXL
TXLXS

TXP : L

IXTXP.
TXPXS

LXP
IXLXP,
LXPXQ

TXLXP !

IXTXLXP
‘TXLXPKS

—————

summary table for same

af

A

R

I

APPENDIX K

!

Mean Square

1186370.0
482131.0

9331240.0
237210.,0
38314.0

-2112780.0

713.3
543058.0

478032.0
67737.3
16347.6

268799.0
8796.9
36002.7

*11666.7
7519, 1
21791.9

34652.8
9088.7
12045.5

13023.1
2941,2
16240.5

2,46

343.55
6.19

' 38.91
.13

29.24
4.14

7.47
.24

.54
.35

2.88
.15

.80
.18

category data

P sl
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Sig.
Level
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Analysis of variance summary table for d1fferent category data in

Experiment 4.

Source

1.(soa)
S (Subject)

T (Prototypzcal1ty)
IXT
TXS

L (Language)
IXL
LXS

PXL

I1XPXL
PXLXS

e

>

Mean Square

441228,
249446,

441671
13475,
11367.

63966.
23639,
12542,

16533,
~ 875.
7891

0
0

.07/

3
3

8
1
3

7

2

.8

" 81g.
Level




