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ABSTRACT

BILINGUAL LEXICAL RETRIEVAL

by

Evelyn P. Altenberg

Adviser: Professor Helen S. Cairns

Two questions about bilingual language processing were
investigated: 1) Does the bilingual have one unified lan-
guage processing system, used for processing in both lan-
guages, or two processing systems, one for each language?,
and 2) If the bilingual has two language processing
s?stems, is one "shut off" while the other is "on," or are
both systeTsAalways available and/or operating? These two
questions were exgﬁined with respect to one aspect of bi-
lingual processing: bilingual'lexical retrieval.

It was demonstrated that a monolingual lexical re-
trieval system must have at least a scanner, containing
a knowledge of phonotactic constraints, and a lexicon,
containing linguistic tags (words) and their semantic
representations. A search model of monolingual lexical

retrieval was assumed.

iv



Experiments 1 and 2 investigated the question of
whether the bilingual has one or two sets of phonotactic
constraints. German-English bilinguals rated the accepta-
bility of visually presented nonwords as new words of Ger-
man or new words of English. The nonwords were either
legal in both languages‘(e.g., FLESS), illegal in both lan-
guages (e.g., TLON), legal only in English (e.g., TWIF),
or legal only in German (e.qg., ZWOK). It was found that
bilinguals rated the last two groups differently, depend-
ing on whether the items were rated as potential English
or potential German words. It was also found that the bi-
linguals' ratings in English were the same as the ratings
of a monolingual English control group. Thus, the bi-
lingual has a knowledge of two sets of phonotactic con-
straints, one for each language, and the constraints for
English are the same as those of English monolinguals.

Experiments 3 and 4 investigated the question of
whether the bilinguél's.two lexical retrieval systems (i.e.,
two sets of phonotactic constraints and two lexicons) ére
always available during processing. The experiments were
lexical decision tasks, in which the nonwords were the
same four groups used in the rating task. The lexical
decision task is sensitive to phonotactic constraints,
since monolingual reaction time is faster for illegal non-
words than for legal nonwords.

The major finding was that bilinguals had a different



overall pattern of reaction times to the items than did

the monolingual control group. This would not be expected
if the bilingual simply "shuts off" the retrieval system of
one language while processing in the other. Thus, both
lexical retrieval systems must be operating during bilin-
gual lexical retrieval.

Another finding was that there was no difference in
overall reaction time between monolinguals and bilinguals.
One can thus reject any model of bilingual lexical retrieval
which assumes that bilinguals always add an extra step du-
ring retrieval, which monolinguals do not. Further, the
bilingual must organize the words from both languages into
two separate lexicons, rather than one large lexicon, since
one large lexicon would incorrectly predict longer bilin-
gual reaction times, due to longer search times.

A number of possible models of how bilingual lexical
retrieval might work, if both systems are operating during
processing, were examined. It was concluded that a paral-
lel exhaustive model best predicts the results. According
to the parallel models, the bilingual has two lexical re-
trieval systems and both systems are always simultaneously
operating during lexical retrieval. Further, according to
the parallel exhaustive model, the bilingual does not make
a decision in the lexical retrieval task, or during lan-
guage processing, until input from both lexical retrieval

systems has been received.
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Chapter 1

INTRODUCTION

fhe major focus of this dissertation will be two ques-
tions relevant to bilingual language processing. They are:
1) Does the bilingual have one unified language processing
system, used for processing both languages, or two process-
ing systems, one for each language? and 2) If the bilingual
has two language processing systems, is one "shut off"
while the other is "on," or are both systems alﬁays avail-
able and/or operating? The hypothesis that one system is
operating while the other is shut off will be called the
monolingual hypothesis, since it assumes that the bilin-
gual processes as a monolingual does. The hypothesis that
both systems are used in processing will be called the bi-
lingual hypothesis.

The term bilingual will be used to refer to an indi-
viduél who is fluent in two languages, with native or
near-native ability in both. It will not refer to a lan-
guage learner, or to an individual who is not proficient
in both languages.

Questions 1) and 2) will be examined with respect to



one aspect of bilingual language processing: bilingual
lexical retrieval. Lexical retrieval is the process of
retrieving words from memory, in order to produce.or com~
prehend spoken or written speech. It will be demon-
strated that a monolingual lexical retrieval system must
have at least a scanner, containing a knowledge of phono-
tactic constraints, and a lexicon, containing linguistic
tags (words) and their semantic representations. Phono-
tactic constraints are those rules which indicate, for a
given language, which sounds can be combined with which
other sounds to form words. With respect to bilingual
lexical retrieval, questions 1) and 2) can thus be formu-
lated as follows: l) Does the bilingual have one set of
phonotactic constraints and/or one lexicon, used for lexi-
cal retrieval in both languages, or two sets of phono-
tactic constraints and/or two lexicons, one for each
language? and 2) If the bilingual has two sets of phono-
tactic constraints and/or two lexicons, is one "shut off"
while the other is on (the monolingual hypothesis) or are
both always available and operating (the bilingual
hypothesis)? Five experiments which are relevant to these
questions will be described. It will be concluded that
the bilingual has two lexical retrieval systems, i.e.,

two sets of phonotactic constraints and two lexicons, one
for each language.» It will also be demonstrated that both
lexical retrieval systems are always available and operat-

ing.



The first section of chapter 2 will discuss the
literature relevant to bilingual 1anggage processing. It
will deal with the question of whether the bilingual has
one or two sets of rules for processihg, and one or two
mental lexicons (question 1l). It will be demonstrated
that, at the level of sentence processing, much of the
experimental evidence is eqﬁivocal with respect to ques-
tion 1, although it will be argued that it is most reason-
able to assume that the bilingual has two syntactic
processing systems. The literature dealing with the cate-
gorical perception of phonemes supports the hypothesis
that phonemes are perceived by bilinguals via a unified
processing system which is used for processing in both
languages. The results of studies dealing with the per-
ception of phonotactic constraints suggest that the bi-
lingual has two sets of phonotactic (or graphemic) con-
straints, one for each language. (This will be confirmed
by experiments 1 and 2, described in chapter 4.) It will
also be argued that the bilingual's lexicon confains two
sets of semantic representations linked to two sets of
linguistic tags, one set from each language.

Assuming that the bilingual has two sets of phono-
tactic constraints and two sets of linguistic tags, chap-
ter 2 continues with a discussion of the literature rele-
vant to the question of whether the two sets of phono-

tactic constraints and two sets of linguistic tags are



simultaneously available during processing. This is ques-
tion 2, the monolingual vs. bilingual hypotheses. The
review of the small body of relevant literature suggests
that both sets of constraints may be available to the bi-
lingual, supporting the bilingual hypothesis. The final
section of chapter 2 will discuss the literature relevant
to theories of monolingual lexical retriéyal.

Chapter 3 contains a discussion of theories of bi-
lingual lexical retrieval. It then describes the rationale
behind the design of the five experiments, and the overall
procedure used in running the studies.

Chapter 4 describes experiments 1 and 2, in which
monolingual and bilingual subjects rated the acceptability
of visually presented nonwordsl_ The results of these
experiments are relevant to question 1 becausé they confirm
the existence, for the bilingual, of two sets of phono-
tactic constraints.

Chapter 5 describes two lexical decision tasks (ex-
periments 3 and 4) which address question 2. The results
of these experiments indicate that the bilingual hypothesis
most accurately describes bilingual lexical retrieval.

That is, the results support the hypothesis that both
lexical retrieval systems are simultaneously awvailable to
ﬁhe bilingual. The results also provide evidence for
deciding among some of the specific models possible under

the bilingual hypothesis. Experiments 3 and 4 also provide



data which shed some light on the operation of the scan-
ner.

In addition, the lexical decision tasks provide
evidence indicating that the bilingual's two sets of lin-
guistic fags are stored separately, rather than in one
large lexicon. Question 2 is again raised: are these two
sets of linguistic tags simultaneously available for ac-
cessing, or is one set shut off while the other is on?
Experiment 5, discussed in chapter 6, addresses this ques-
tion. Its results are problematic and cannot be inter-
preted as support for either position.

Chapter 7 concludes with a brief discussion of the
findings and their relevance to a;theory of bilingual

lexical retrieval. 3



Chapter 2

LITERATURE DISCUSSION

BILINGUAL LANGUAGE PROCESSING

One vs. Two Language Processing Systems

This section addresses the question of whether the
bilingual has one unified system for language perception,
used for processing both languages, or two processing
systems, one for each language. The discussion of the lit-
erature relevant to this question is divided into two
parts: the first deals with the bilingual's processing of
rules; the second addresses the question of whether the

bilingual has one or two lexicons,

One vs. Two Sets of Rules

The following discussionldf the literature is
organized according to the level of language processing
which the studies tap.

Sentence processing. Diller (1974, p. 259) makes

an excellent point when he states that it would be impos-
sible for a proficient bilingual to have a merged syn-
tactic system, since "no two languages are grammatically

similar enough to be compoundable." Technically, of course,



any two syntactic systems can always be compounded in the
sense that there can always be one system containing two
sets of rules, one set for each language. However, there

would never be any rexson to compound two systems in this

——

- way. The spirit of Diller‘fs argument remains true, i.e.,

no two syntactic systems are so similar that the same
rules can be used for each language. One can at most sug
gest that the bilingual has one set of rules for those
rules that are the same in both languages, and two sepa-
rate sets of rules for places in which the syntax of the
languages differ.

Taylor (1976) notes that a bilingual may fail to
understand a language that is known to him if it is
contextually unexpected. This is evidence for two per-
ceptual systems, with one shut off while the other is on.

Macnamara (1967a) assumes that the bilingual has
two separate language systems, with an output switch and
an input switch.

A bilingual can decide to speak in one language
rather than the other independent of his environment,
and so he acts as though he had a language switch
controlling his language output system. On the
other hand, when he sees some print or hears some
words in one of his languages he automatically car-
ries out the decoding process in the appropriate
language. In this case he acts as though he had a
language switch at the beginning of his input or
decoding system which is controlled by the environ-
ment. (p. 67)

Most of the experiments dealing with sentence

processing have been interested in testing whether or not



switching from one language to another takes time. It
will be demopstrated that the results of some of the switch
experiments conflict with one another. Also, they share a
common methodological problem. Further, it will be demon=-
strated that the switch experiments in general cannot pro-
vide direct evidence for question 1 at the level of sen~
tence processing. This is because, if no switch time is
found, there could still be two systems which operate
simultaneously and speakers require no time to go from one
to another. If a switch time is found, the studies
described below cannot indicate at which level the switch
is being made. That is, the studies cannot indicate
whether the switch is occurring at the syntactic, lexical,
or phonological/graphemic levels (of ét any combination

of these).

Kolers (1968) had bilingual subjects read unilin-
gual and bilingual passages aloud and silently. Bilin-
gual passages contain sentences which are made up of some
words from one language and some words from another. He
found that with silent reading, bilinguals' scores on a
comprehension test based on the passages were equal to
the scores of monolinguals on the unilingual passages.
(The bilinguals had to read the passages in the same amount
of time that monolinguals had needed for them.) However,
he found that bilingual subjects needed more time to read

bilingual passages aloud than to read unilingual passages



aloud. He concludes that reading aloud requires switching
while reading silently requires no switching. TPe dif-
ference between reading aloud and reading silentiy could
be due to the fact that reading aloud requires speeéh pro-
duction in addition to perception. There may be switching
only in production. Further, in reading silently it is
possible that no switch was noted because subjects could
skip words since context could often supply the needed
information. In reading aloud, words could not be skipped.
Macnamara énd Kushnir (1971) describe a series of
experiments in which bilingual‘subjects read bilingual and
unilingual passages and sentences. Their results conflict
with those of Kolers because they found that switching
during silent reading of passages took an observable
amount of time. Further, they found that when subjects
were asked to judge the truth or falsity of sentences
they read silently or heard on tape, reaction times in-
creased with the number of languagé switches in the sen-
tence. ::Surprisingly, however, they found that providing
subjects with visual cues so tﬁat they could anticipate
the switches slowed them up. They conclude that this is
because subjects tried to alert both systems at once.
However, if there is a switch here, there is no way of
knowing at which level (s) of processing the switch occurs.
Neufeld (1976) attémpted to replicate some of Mac-

namara and Kushnir's findings, with switches limited to
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single lexical substitutions. Like Kolers, he found that
subjects reading passages and sentences needed no time to
switch. When subjects heard sentences on tape and the
lexical substitutions occurred randomly, switching took
time but when the substitute words were placed at phrase
boundaries, switching did not take an observable amount of
time. Again, if there was a switch, there is no way of
knowing, on the basis of this study, at which level(s) 'of
processing the switch occurred.

Pandi (1975) also had subjects judge sentences as
true or false. He found that a sentence was judged as true
or false as rapidly if it was preceded by a sentence in the
other language as if it was preceded by a sentence in the
same language. He suggests, on the basis of the above re-
sults, that bilinguals can maintain activity in two sets
of language-specific processes and require no time to switch
from one set to another. However, he found that mixed
sentences which had to be judged true or false took longer
to be processed. He attributes this to violations in syn-
tax in the mixed sentences. His results can also be in-
terpreted as support for the position that switching within
sentences imﬁoses a burden on processing, while switching
between sentences does not. Again, if there is a switch,
this study cannot indicate at which level the switch oc-
curs.

Wakefield, Bradley, Yom and Doughtie (1975)
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demonstrated that for bilingual subjects sentences in
which the language switch occurred within major constitu-
ents took more time té process than sentences in which the
switch occurred at a major boundary. This fits in with
Neufeld's and Pandi's findings and suggests that switch-
ing languages imposes a burden and that i@‘is easier to
handle fhis extra burden at certain points during process-
ing than at others. If there were one unified system of
processing, switching languages should not impose a burden,
and it should be irrelevant where switches occur. The
authors' results are supported by Lipski's (1978) finding
that bilingual code-switching obeys a rather stringent set
of sentential constraints. Again, however, there is no
way of knowing whether the switch occurred at the syn-
tactic, lexical or phonological levels.

There is a problem with the Wakefield et al. study.
Subjects were divided into a Main group (whose sentences
had language sWitches occurring at the major constituent
boundaries)Aand an Off group (whose sentences had lan-
guage switches occurring at a point within one of the major
constituents). Thus, it was possible for subjects in the
Main group to anticipate those points in the sentence
where a switch was likely to occur. For example, one of

the sentences is, The number of persons who have taken up

parachuting as a sport/ esta definitivamente aumentando

(is definitely increasing). Subjects might anticipate a
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switch at that boundary if it had not occurred earlier in
the sentence. It would be interesting to compare reaction
times when the switch occurred early in the sentence to
when it occurred later, as well as to replicate the study
with the same subjects getting both Main and Off sentences.
As stated abbve, the findings of the switch experi-
ments are equivocal. For example, the results of Kolers
(1968) and Wakefield et al. (1975) conflict with one another
as do the findings of Macnamara and Kushnir (1971) and
Neufeld (1976). Furthe;,.Neufeld's and Macnamara and
Kushnir's and Pandi's results may have been‘influénced by
the fact that some sentences may be harder to judge as true
or false than others. Also, as pointed out by Pandi, by
interpolating some words from one language onto a passage
or sentence from another language, one runs the risk of
having syntactically odd sentences. Although the authors
attempted to minimize such oddities, it is possible that
they were not eliminated entirely. This is a problem for
all of the switch experiments. Thus, the findings of Neu-
feld, Pandi and Wakefield et al., which can be interpreted
as suggesting that it is easier for the bilingual to handle
a switch at a sentence boundary than within a sentence,
can also be due to the fact that putting the switch at a
sentence boundary will lead to less violations in syntax
than having a switch occur within a sentence. Finally,

even if there is a switch, there is no way of knowing, on
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the basis of the above experiments, at which level it oc-
curs. |

Forster and Clyne (1968) present evidence which sup-
ports the view that bilinguals have two sets of processing
strategies at the syntactic level. Since they do not use
a switch experiment, their_results are not subject to the
problems of the switch experiments. Bilingual subjects
were given a sentence-completion task. Some sentences
were right-deleted (the second half of the sentence was
deleted) and some were left-deleted. Data with monolin-
guals indicated that German monolinguals had smaller right-
deleted - left-deleted differences than did English mono-
linguals. The authors found that "the results for bilin-
guals matched the results obtained for separate groups of
German and English speakers, provided that the bilinguals
were highly fluent in both languages" (p. 113). They
state that "within the terms of sentence-completion experi-
ments, the operating characteristics of the production
systems of German and English speakers are comparable to
those of bilingual speakers of both languages" (p. 119).

Their results suggest two separate systems at the
syntactic level{ with no interaction between them during
the sentence completion task. Diller's argument that a
proficient bilingual must have two sets of rules is thus

supported.
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Categorical perception of phonemes. The evidence

from studies on bilingual categorical perception of pho-
nemes suggests that at this level bilinguals perceive pho-
nemes via a unified processing system used for processing
in both languages.

Caramazza, Yeni-Komshian and Zurif (1974) conducted
a study of the perception of voice onset time of Canadian
French-English bilinguals. They noted that monolingual
Canadian French speakers perceive voice onset time (VOT)
differently from monolingual Canadian English speakers,
specifically that French speakers "show both a wider range
of perceptual uncertainty and a different division of the
VOT continuum than . . . Canadian English speakers" (p.
312). They prepared stimuli sets consisting of syllables
that varied only on VOT. For example, one set was per-
ceived as ranging from /ba/ to /pa/. Biliﬁgual subjects
were tested in an English session and in a French session.
Subjects were asked to indicate, for each syllable, whether
it was the voiced or voiceless consonant of the pair (e.g.,
whether the syllable represented /pa/ or /ba/). The
authors found that there was no significant difference 'in
the perception of the syllables, regardless of language
set. That is, the crossover values for the syllables were
the same, regardless of language. (The crossover value is
the point along the continuum of VOT at which subjects no

longer perceive, e.g., /ba/ but rather perceive /pa/.)
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The authors found, however, that production of stop
consonants was different in the two sessions (i.e., VOT
for /p,t,k/ was different, depending on language mode).
Thus, although the bilingual subjects produced the conso-
nants differently, they had a unified system of perception,
regardless of language set.

A similar test of perception by Albert, Obler, Zurif
and Caramazza (described in Albert and Obler, 1978, p. 39)
with Hebrew-English bilinguals revealed similar results.
"The perceptual performance curveé for the bilinguals fell
between those of the monolingual groups." Garnes (1977)
tested the perception of duration of sounds with Icelandic
monolinguals and Icelandic-English bilinguals. She found
that bilinguals had less accurate perception than mdno-
linguqgls, supporting the results of the other studies.
Thus, the experimental evidence indicates that bilinguals
have one processing system used for the categorical percep-
tion of phonemes in both of their languages.

Perception of phonotactic constraints. Phonotactic

constraints are those rules which indicate, for a given
language, which sounds can be combined with which other
sounds. For example, the phonotactic constraints of Eng-
lish must specify that a word in English can begin with
the sequency /bl-/. The word initial sequence /bz-/, how-
ever, does not meet the phonotactic constraints of English.

These constraints have also been called morpheme structure
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constraints (Halle, 1959) and have been represented in a
competence grammar via lexical redundancy rules (Chomsky
and Halle, 1968). A legal sequence in a language is one
which meets the phonotactic constraints of that language;
an illegal sequence is one which does not meet the phono-
tactic constraints of the language. A distinction should
also be made between graphemic and phonemic legality and
illegality. Just as there are constraints on sequences of
sounds in a language, there are constraints on sequences
of graphemes. Graphemic and phonemic legality may not
always be identical. For example, in German the word-ini-
tial‘grapﬁemic sequency CL~ is illegal, although a possi-
ble pronunciation of this sequence, /kl-/, is phonemically
legal. The term phonotactic constraints will be used to
refer to either phonemic or graphemic constraints.
Godkewitsch (1972) spelled 80 pentagrams out orally
in English to German-English bilinguals and English mono-
lingual subjects. For example, ICHLY would sound like:

eye-see—-aitch-el-why. Half of the pentagrams were legal

only in German and half were legal only in English. Sub-
jects listened to the pentagrams through white noise, and
then wrote down the letters. Subjects were scored as to
their accuracy in correctly writing down the pentagrams
heard through the noise. N

Godkewitsch found that bilinguals did better on Ger-

man than on English pentagrams, and that bilinguals made



17

more errors on English pentagrams than monolingual subjects.
However, his conclusion that "language habits which are not
relevant to the task at hand can 'supplement' relevant
habits when the stimulus situation becomes more ambiguous"”
(p. 65), is not justified. Althougﬁ the author assumes
there are two sets of phonotactic constraints which can
interact, the study provides no evidence for this, since
these subjects were dominant in German, and could have had
one set of rules which was more accurate for German than
for English. These results also cannot be generalized be-
cause even if one assumes two sets of constraints in this
case, there was no reason for subjects not to use rules
from both of their languages, since subjects were not told
the sequences would be from one language or another.
There was no reason for them to shut one system off.
Anisfield and Gordon (1971) had one group of sub-
jects which had had a single semester of German, and one
group which had had introductory classes in French or Span-
ish. A tape of 48 nonsense words was played, and subjects
had to rate them as potential English words on a scale of
1-5. (l=perfectly acceptable, 5=impossible.) The nonwords
were either legal in both English and German (EG), legal
in only one of the languages (EG or EG), or illegal in both
(EG). In order to control for possible misperceptions of
the nonwords subjects later wrote them down in regular

English orthography. The categories EG and EG were so
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highly misperceived that not enough items were left for a
meaningful analysis of their acceptability.

The only significant difference between the German
students and the control group was for the category EG:
German students, EG = .55; control group, EG = .39. The
authors conclude that "exposure fo German sounds improves
their perceptibility" (p. 292).

This does not necessarily meén that'these subjects
had one processing system for botﬂ languages. It could
simply mean that in a task involving writing down syllables
heard on tape, which is not necessarily a language-specific
task, subjects used whatever skills they had. The German
students had had greater experience than the other stu-
dents in distinguishing German syllables from English syl-
lables.

The responses of the German students and the control
group on the acceptability judgments also suggest that the
results do not reflect a'single processing syétem. This
is because the responses for the EG stimuli are in the re-
verse direction from what one would expect: German students,
EG = 2.42; control group, EG = 2.69. If the two systems
influence one another in a general way, then illegal L,
sequences should be less acceptable in L.

It should also be pointed out that whatever conclu-
sions are drawn from this study may apply only to second

language learners and not necessarily to those who are
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flyent in two languages, and whose grammar (s) are rela-
tively stable.

Anisfeld, Anisfeld and Semogas (1969) played tapes
of clusters plus vowel sequences to Lithuanian-English |
bilinguals. The consonant clusters were of four types:
EL, EL, EL, and EL. In experiment I, subjécts were asked
to estimate for each cluster the number of natiﬁe speakers
of English, and the number of native speakers of Lithuan-
ian, who would accept it as the beginning of a name for a
new product. In experiment II, subjects were asked to
indicate on a five-point scale raﬁging from "definitely
yes" to “definitély no" whether each cluster actually did
occur as the beginning of English words and as the begin-
ning of Lithuanian words..

The authors assume that "If the bilinguals' judgments
of acceptability in English were not influenced by their
knowledge of Lithuanian, then there should be no dif-
ference between EL and EL sequences . . . and between EL
and EL sequences" (p. 259). Thus, their null hypothesis
for English is: EL + EL = EL + EL, and for Lithuanian is:
EL + EL = EL + EL. Their results for bilinguals cause
them to reject this null hypothesis and to conclude that
"the two linguistic systems of the bilinguals studied
were not tightly sealed off from each other" (p. 261).

However, their null hypothesis assumes that the four

groups of consonant clusters are comparable on all factors
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except their legal status. As the authors point out, the
frequency of occurrence of the consonant clusters was not
controlled and this could have been a variable influenc-
ing subjects' responses. Also, the degree of markedness

of the clusters was not controlled, and this can also play
arole, since Pertz and Bever (1975) demonstrated that
adolescents and children have an awareness of the degree of
markedness of consonant clusters that do not occur in their
own language.

An additional problem with the study is that sub-
jects' perception of the syllables was not controlled for,
i.e., there is no way of knowing whether  the consonant
cluster perceived by the subjects was the same as that in-
tended by the authors, since this was an aural task. Thére
is strong avidence from Anisfeld and Gordon (L971), dis-
cussed above, that in fact subjects often do not cor-
rectly perceive illegal sequences. This receives further
support from Cochen, Tucker and Lambert (1967), who demon-
strate that French and English monolingual and bilingual
subjects are least accurate in perceiving sequences that
do not occur in either language, and most accurate in per-
ceiving sequences that occur in both languages.

Also, it is not clear that experiment I taps only
subjects' knowledge of phonétactic constraints, since it
deals with the syllable's acceptability as the beginning

of a name for a new product. Subjects may take factors
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other fhan legality into account in making such a decision.

However, the results of the study suggest that bi-

- lingual subjects did not use the same constraints for
processing in their two languages, since the results for
EL and EL sequences were diffeient for bilinguals, depend-
ing on language set. That is, in both experiments I and
II, both older bilinguals and younger bilinguals rated EL
nonwords as better in the English condition than in the
Lithuanian condition, and rated EL nonwords as better in
the Lithuanian condition than in the English condition.

This tentative conclusion received further support
from a pilot study which I conducted with English-German
bilinguals. The bilinguals were 50 yvears old or older.
All spoke German natively and had been speaking English for
at least 30 years. The monolinguals were 13 Queens Col-
lege undergraduate students with no more than eight years
of study of a language other than English. In no case was
that other language German.

The stimuli were 56 nonwords which began With conso-
nant clusters that were either legal in both 1angﬁages,
legal only in one language, or illegal in both languages.
The average frequencies of the legal consonant clusters
in each group were controlled. However, markedness of the
clusters was not controlled. Frequency of the consonant
cluster in each language was determined using word count

books (Meier, 1964 for German and Kudera and Francis, 1967
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for English.) The clusters were followed by either "a" or
"i", and either "n", "s", or "t". (These are of high fre-
qﬁency in both English and German.):

Subjects were asked to rate the acceptability of
visually presented nonwords as néw words of English and as
new words of German, where l=completely acceptéble and
5=completely unacceptable. The results are as follows:

Monolingual Group Bilingual Group Bilingqgual Group
English (N=13) English (N=4) German (N=4)

EG 1.96 2.82 3.05
EG 2.14 2.75 4,09
EG 3.30 3.78 3.07
EG 4.26 4.13 4.46

Highest possible score is 5.

Although any comparisons between the monolingual and
bilingual groups must be cautious since the groups dif-
fered in age (and education), it is clear that the direc-
tion of responses was the same. Also, the respdnses of
the bilinguals varied, depending on whether they were asked
to rate a nonword as acceptable in German or in English
(despite the fact that the same nonwords were used for both
the English and German conditions.)

Conclusions. The following question was raised at

the beginning of this section: 1) Does the bilingual have
one unified system of rules for language perception, used

for processing both languages, or are there two processing
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systems, one. for each language? The answer to this ques-
tion véries, depending on the level of processing to which
one is referring. For those studies in which sentences
served as stimuli and in which the functioning of a pro-
posed switch mechanism was investigated, the results are
equivocal (for example, the results of Kolers, 1968 and
Wakefield et al., 1975 conflict with one another). How-
ever, the results of Forster and Clyne (1968) and the argu-
ments of Diller (1974) suggest that the proficient bilin-
gual requires two sets of rules.

The results of studies dealing with the categorical
perception of phonemes indicate that phonemes are per-
ceived by bilinguals via a unified processing system
which is used for processing in both languages.

Those studies dealing with the perception of phono-
tactic constraints suggest that the bilingual has two sets
of phonotactic (or grapheﬁic) constraints, one set for
each language. In order to confirm this‘conclusion and
begin to address question 2, more extensive studies,
using visually presented nonwords, were conducted. The
studies (experiments 1l and 2) are described in chapter 4.
Chapter 2 will continue the discussion of question 1 by
investigating the question of whether the bilingual has

one or two lexicons.



24

One vs. Two Lexicons

A distinction needs to be made between two parts of
the lexicon: the semantic representations and the linguis-
tic tags (words) referring to the representations. A
number of questions can be raised about the organization
of the tags, the semantic representétions, and their rela-
tion to one another in the bilingual's lexicon.

The bilingual must have two sets of linguistic tags
(two sets of words) for at least most of his/her vocabulary
(with the possible exception of cognates and/or homonyms).
It is not clear, however, that the bilingual has two sets
of semantic representations, and two hypotheses are pos-
sible: la) the independent hypothesis, according to which
there are two sets of semantic representations, one for
‘each language, and 1lb) the interdependent hypothesis, ac-
cording to which there is one set of semantic representa-
tions linked to tags from both languages.

L, tag (e.g., house) L, ta§ (e.g., maison)
semantic semantic
representation representation

The Independent Hypothesis

Ly tag (e.g., house) L, tag (e.g., maison)

/

semantic
representation

The Interdependent Hypothesis
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The question of semantic representations is not neces-
sarily identical to the question of whether the bilingual
has one or two memory stores. That is, Onecan conceive
of a bilingual having two separate semantic stores while
at the same time having one memory store for things like
pictures, events, etc. The question of memory stores will
not be discussed.

One can also ask whether the answers to the questions
above will vary, depending on the language acquisition back-
ground of the bilingual. This question has been extensively
discussed in the literature and will be addressed first.

The compound-coordinate distinction. The compound-

coordinate distinction was proposed by Weinreich (1953).

He suggested that there are compound bilinguals who have

two sets of tags with one set of semantic representations
(the interdependent hypothesis above), and coordinate bi-
linguals, who have two sets of tags and two sets of semantic
representations (the independent hypothesis). He also sug-
gested that there are subordinate bilinguals, for whom the
semantic representation of one of the languages is mediated

via the other.

L2 tag (e.g., maison)
L, tag (e.g., house)

semantic representation

Subordinate Bilingual
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The original proposal was that an individual would_
likely be a compound bhilingual if the two languages had
been learned.at.the same time and in the same environment,
for example if both were used interchangeably in the home.
An individual would likely be a coordinate bilingual if
the two languages were learned in different environments,
e.g., one at homa and one at school. An individual would
be a subordinate bilingual if the second language was
learned through the medium of the first, for example, in a
classroom.by learning words and their translation equiva-
lents. A subordinate would not be a balanced bilingual
and would always need to translate from the second lan-
guage to the first, in order to comprehend an utterance.

There are a number of problems with the compound-
coordinate~subordinate distinctions as discussed, among
others, by Diiler (1974) and Beardsmore (1974). There
are problems with the definitions of the terms as well as
with the experimental evidence which attempts to support
the distinctions.

Ervin and Osgood (1954) revised the definitions of
Weinreich, collapsing the compound/subordinate distinc-
tion. According to their definitions, if someone learned
a second language through the medium of his/her first lan-
guage (e.g.,lin school), or if someone learned the two
languages in the same environment, they would both be

compound bilinguals. On the other hand, someone who learned
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English as a child at home, and French as a child at school
and from his/her peers would be a coordinate bilingual, but
so would someone who learned English as a child in England
and French as an adult in France, because both had learned
the two languages in separate'environments.

Beardsmore points out that although cases can exist
where both languages are used interchangeably by the same
person, it is more common to find early specialization in
language usage in infant bilinguals (e.g., one person,
one language), even if both parents are bilingual. Further,
even given cases where both parents use both languages, each
language may still be used in diffefent contexts, to dis-
cuss different topics, etc.

Lambert and Rawlings (1969) use the terms in a dif-
ferent way. They state that a coordinate bilingual is one
who has learned the second language after the age of six,
while a compoun& ﬁilingual is one who has learned both
languages before the age of six. Lambert (1969) and
Genesee, Hamers, Lambert, Monomen, Seitz and Starck (1978)
use age ten as the cut-off point. Dillon, McCormack,
Petrusic, Cook, and Lafleur (1973) define compound bilin-
guals as those who learned both languages simultaneously;
coordinate bilinguals are those who learned one language
after the other.

Further, most authors agree that the compound/

coordinate distinction is a relative one, representing a
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continuum, so that it is only with individuals at the
extreme ends of the continuum that the distinctions among
individuals are clear.

Thus, a certain amount of confusion has arisen about
the definitions of the terms. However, most of the earlier
work uses the Ervin and Osgood definitions, while later
works often use the Lambert definitions.

There are also problems with the experimental evi-

" dence. Lambért, Havelka and Crosby (1958) found that co-
ordinate bilinguals had greater semantic differences be-
tween translation equivalents, as measured by semantic
rating scales, than did compound bilinguals. However,
Diller suggests that the cultural environment of language
learning, rather than the manner of language'learning,

may be responsible for this effect. Differences were
found, for example, among bilinguals who learned French in
Paris and English in Montreal and those who learned both
languages in Montreal. A similar argument can be made with
respect to Gekoski's (1970) finding that compound bilin-
guals had a greater average percentage of response equiva-
lence than coordinate bilinguals in intralingual and inter-
lingual free association tasks.

Lambert et al. also conducted a recall task with
French-English bilinguals. Subjects learned a list of
English words, followed by three presentations of a list

of nonsense words. Subjects' retention of the English
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list was then measured. Subjects then learned a second
list of English words, followed by three presentatiéns of
the French equivalents of the English list. Retention of
the second English list was measured. It was found that
compound bilinguals benefited from interpolation of the
French word lists, while for coordinate bilinguals, inter-
polation of the French list had about the same effect on
recall as interpolation of the nonsense words.
Jakobovits and Lambert (1961) also show a greater
influence of translation equivalents on the performance
of compound than éoordinate bilinguals. They found that,
for compound bilinguals, semantic satiation for words in
one language caused satiation of their translation
equivalents. Coordinates did not show such effects.
Lambert (1969) reports on a bilingual version of

the Stroop task. In the Stroop task, words are printed
in different color inks, and subjects are asked to name
the color; not the word. Greatest interference occurs when
the word is a different color from the ink color, e.g.,
the word red printed in yellow ink. In the bilingual ver-
sion, some of the color words are in the language of nam-
ing, and some in the other language. Lambert found that
coordinates had less interference from color words in the
non-response language than did compounds.

- It should be noted that the above experiments do not

necessarily support the interdependent hypothesis. An
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alternative interpretation of the results would be that
compounds also have two sets of semantic representations,
but with closer associations between translation equiva-
lents.

Lambert (1969) discusses a free recall experiment
in which subjects had to recall bilingual lists with ten’
examples of four different categories (e.g., ten types of
fish, ten male first names, etc.). In one kind of bilin-
gual list the categories and languages were concordant
(e.g., ten types of fish in English, ten male first names
in French, etc.). In another kind of bilingual list, each
of the categories contained equal numbers of English and
French examples (e.g., five fish in English and five in
French). He predicted that coordinates should do better
on the concordant list than compounds, while coordinates
should do worse than compounds on the discordant list.
His results confirm these predictions, which do not rely
on an association only among translation equivalents.

In Lambert and Rawlings (1969) bilingual subjects
are given a mixed-language list of associations and in-
structed to find the word that triggered them, e.g.,

-given chair, food, desk, wood, subjects have to come up

with table. They found that coordinate subjects made
more errors than did compounds. They suggest that coor-
dinates had difficulty dealing with a mixed list because

they have two separate systems. It is possible, however,
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that compounds have two systems and due to their background
have had greater practice in switching from one to the
other. Or, compounds have two systems which are organized
more similarly than.those'of coordinates, facilitating suc-
cess in this task. This will be discussed further below.

Genesee et al. (1978) also found differences among
compounds and coordinates, using age of acquisition (age
ten) as the determining factor in defining the groﬁps. Sub-
jects heard English words and their translation equiva~
lents on tape and pushed an English key or a French key,
depending on the language of the word they heard. Although
they found no difference in reaction time among the groups,
they found a difference in the subjects' averaged electro-
encephalic responses, which were also being measured. They
conclude that coﬁpound bilinguals were prone to adopt a
left-hemisphere biased strategy, and coordinate bilinguals
to adopt a more right-hemisphere biased strategy. How-
ever, it is not clear that the task involved lexical re-
trieval at all. Subjects may have been using only phono-
logical cues to make their decision. Thus, although the
results suggest differences in proceséing'depending on
age of acquisition, it is not clear that they say anything
about semantic"representations: |

Vaid and Lambert (1978) use an auditory version of
the Stroop task to evaluate cerebral hemispheric involve-

ment in early bilinguals (bilingual before age 5) and late
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bilinguals (Bilingual after age 10). In this auditory ver-
sion of the Stroop task, subjects heard the words "high" or
"haute" spoken in a high or iow pitch, and the words "low"
or "basse" spoken in a high or low pitch. 1In one condi-
tion, subjects indicated whether the word was spoken in a
high or low pitch. In a second condition, subjects respond-
ed only to word meaning. The authors tentatively conclude
that "age of onset of bilingualism is an important factor
influencing not only one's characteristic mode of approach
to verbal information,4but also the relative degree of in-
volvement of the two cerebral hemispheres" (p. 25).

Dillon et al. (1973) found no difference between com-
pound and coordinate bilinguals in a release from proactive
interference task. Triads of words were presented visual-
ly, followed by distractor tasks, followed by subjects
writing down the triad. One group had a shift in language
after trial four, another group did not. On trial four,
the language shift group recalled more than the non-
language-shift group. The authors had expected that coordin-
ate bilinguals would benefit more from a language switch
£han compounds, but no such difference among bilinguals was
founé. Arkwright and Viau (1974) also found no difference
between compound and coordinate bilinguals in an adapta-
tion of the Lambert and Rawlings association study.

Olton (1960, as cited in Macnamara, 1967a) had bi-

lingual subjects read a list of English and French words,
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some of which signalled an eieétric shock. He then pre-
sented'them with a new list in which some words were
translations of the signal words. He found no difference
between compounds:.and coordinates in their responses to
the translations.

Walters and Zatorre (1978) use a tachistoscope
presentation of four-letter nouns. Their subjects show a
word identification advantage in the right visual field.
They conclude that, regardless of which language was learned
first, there is a left hemisphere advantage for processing
of both languages. Although their task is not identical
to that of Genesee et al. it should be noted that the two
studies reach different conclusions about which hemisphere
is involved in proﬁessing.

The experimental evidence supporting the compound-
coordinate distinction is far from compelling and there
is no clear support for the notion that the organization
of the bilingual's lexicon will vary depending on the lan-
guage acquisition background of the individual. The focus
of the following discussion will therefore shift from at-
tempts to prove the validity of the compound-coordinate
distinction, to attempts to describe the bilingual's lexi-
con. The compound-coordinate distinction will no longer
be considered except to note that it is important to con-
trol for the language acquisition background of bilingual

subjects as much as possible, and to realize that all
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conclusions drawn from studies may be limited by the lan-
guage background of the subjects.

The independent-interdependent nypothesis. la) the

independent hypothesis and 1lb) the interdependent hypothesis
of the bilingual's semantic representations will now be
examined. Diller (1974) suggests that it is impossible for
a proficient bilingual to have merged linguistic systems.
With regard to vocabulary, "a glance through a good bilin-
gual dictionary should show the impossibility of a compound-
ed vocabulary. The vast majority of words in French, for
example, have to be defined by at least two English words,
and vice versa. . . . No two languages are similar enough
to allow morpheme-by-morpheme correspondences" (pp. 259-
260). Despite the force of this argument, numerous experi-
ments have been conducted which attempt to decide between
the independent and interdependent hypotheses. The results
of most of these studies have been interpreted as support-
ing the interdependent hypothesis. However, it will be
demonstrated, in the discussion of the literature which fol-
lows, that the results of most of the experiments can be
interpreted in other ways as well.

For example; some experiments (e.g., Kolers, 1966,
Kintsch, 1970) can be interpreted as supporting only the
hypothesis that there are connections between translation
equivalents in the bilingual's two languages. Other ex-

periments (e.g., Liepmann and Saegert, 1974, Dalton, 1971)
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are not clear as to whether they are testing the existence
-of two sets of semantic represenﬁations or verifying the
existence of two sets of linguistic tags. Most important-
ly, the results of some of the studies (e.g., Taylor, 1971,
Nott and Lambert, 1968) can be interpreted as supporting
either the interdependent hypothesis, or the revised inde-
pendent hypothesis. The term "revised independent
hypothesis" will be used to refer to the hypothesis that
the bilingual has two sets of semantic representations
(with connections between and within languages, e.g., be-
tween translation equivalents), and that both sets of
semantic representations are simultaneously available to
the bilingual, such that no difficulty is experienced in
going from one set to the other. The following discussion
of the studies will be organized according to the experi-
mental task used.

1. The association task. In the association task

subjects respond to a stimulus word by saying or writing
down whatever word(s) it brings to mind. Bilingual ver-
sions of the task have been used in at least two ways:

a) to note the nature of the response, depending on lan-
guage of response (e.g., Kolers, 1968, Lambert and Moore,
1966) and b) to note the number of responses, under various
conditions (e.g., Taylor, 1971, Macnamara 1967b). Experi-
ments examining the nature of the response will be discussed

first.
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Kolers (1968) gave non-balanced bilinguals word as-
sociation tasks in Fnglish and in their native language
(either Spanish, -German or Thai) and found that for concrete
words, subjects responded similarly in both of their lan-
guages. For abstract words, subjects' associations were
less 1ikely to be the same in the two languages. For exam;
ple, subjects are more likely to give the same association
in their two languages to a concrete word like tree than
to a more abstract word like freedom. Kolers concludes
that "some information can be stored in such a way that it
is readily accessible in either of two languages. Other
information is, in terms of its accessibility, closely
bound to the language by which it was stored in the mind"
(p. 82).

Lambert and Moore (1966) developed word—-association
norms for groups of English and French Canadian monolin-
guals, and Canadian English-French bilinguals. The bilin-
guals responded once in English and once in French. The
authors found that the bilinguals responded in each of
their languages with. associations comparable to those of
- the corresponding monolingual subjects.

French (1975) used an aséociation task with Japanese-
English bilinguals which measured the affective meaning of
translatioﬁ equivalents using rating scales. She found
that words in the mother tongue had greater emotional value

than words in the other language.
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However, none of the association tasks described above
can be used as evidence for either the independent or inter-
dependent hypotheses. This is because, if the bilingual
produces the same associations to translation equivalents,
this does not necessarily reflect an intérdependent system.
There could be two sets of semantic representations which
are organized similarly. And if the bilingual produces
different associations to translation equivalents, this
does not necessarily reflect two independent systems. There
could be one set of semantic representations but the words
useé may not have been perfect translation equivalents.

This is supported by Kolers' finding with concrete and ab-
stract words. As he suggests, the concrete words, such

as tree-Baum, may be more nearly equivalent in meaning

in the two languages than more abstract words like freedom-
Freiheit.

Macnamara (1967b) administered four tests to Irish-
English bilinguals. The tests were a) word-naming in
Irish (saying as many single words as possible in Irish,
in three minutes, given three Irish stimulus words),

b) word-naming in English, ¢) language switching (saying
as many different words as possible in one minute, alter-
nating from one language to the other, without translat-

ing, e.g., plume-table-maison-run . . .) and d) translat-

ing (saying first a word in one language and then its

equivalent in the other, e.g., plume-pen-pli-fold).
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Macnamara concludes in fa&or of the independent
hypothesis on the basis of his results that the number of
responses in the switching and translating conditions
(where plume-pen are counted as one response) are fewer
than the number of responses:in the word-naming conditions.
However, once translation pairs are counted as one re-

. sponse, translation scores are no longer comparable to
word-naming scores, since one would have to say twice

as many words in the translation taskvin order to get a
score equal to that in the word-naming task. Also, in the
switching and translation tasks subjects had to bear in
mind which language they were up to at the same time that
they were trying to think of responses. Thus, the re-
duced number of responses may be due to the extra burden
that these tasks place on memory. Macnamara also failed
to control for this extra burden on memory in a revised
version of the task.

Even if Macnamara's results were valid, they need
not necessarily support the independence hypothesis.
There could be one set of semantic representations, but
these would have to be related to two sets of linguistic
tags and subjects may require time to switch from using
one set of linguistic tags (and one set of phonological
rules) to using the other.

Taylor (1971) asked English-dominant French speak-

ers to write down associations to a written word under
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various conditions: a) change from one langﬁage to the other
was permitted whenever subjects wanted, b) language switch
was required every fifth item, c¢) language switch was re-
quired every third item, d) language switch was required
every second item, and e) subjects were required to use
only one language. The number of associations for condi-
tions a) and b) was not significantly different from the
number for condition e). However, for conditions c) and
d), the number of associations dropped. As Albert and
Obler (1978, p. 56) point out, this may be due to the fact
that "obligatory frequent switch interferes with produc-
tion of associations, perhaps by unnaturally requiring at-
tention to the language of response." The fact that con-
ditions a) and b) were the same as cdndition e) supports
éither the interdependent hypothesis or the revised inde-
pendent hypothesis.

The results of Rlike-Dravina (1971) can be inter-
preted in the same two ways. In an association task where
subjects were told they could respond in either language,
she found that subjects whose first contact with a second
language had been at the school or university level
switched from one language to another, but usually respond-
ed with a translation equivalent, e.g., rot-red. Subjects
who had been speaking one or more languages fluently since
childhood or early youth also gave translations, but fre-

quently also continued the association chain, e.g., rot-

apple.
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2. Stroop task. Dalrymple-Alford (1968), Dyer (1971),

and Lambert and Preston (1967), using the bilingual Stroop
test, and also Hamers and Lambert (1972), in an auditory
version of the bilingual Stroop test, demonstrate that bi-
lingual subjects are adversely affected on this task
whether the stimulus word is in the language of response or
in the other language. It should be noted that it is the
second language's semantic representation, not just its
tag, that is accessed and causing interference. This claim
can be made because Dalrymple-Alford reports that bilin-~
guals had longer reaction times to color words (e.g.,
green) than to non-color words (e.g., book), in the Stroop
task. Thus, the meaning of the word must be accessed.
(However, he fails to indicate whether or not the color

and non-color words were equated in terms of frequency,
number of letters, etc.). The results can be interpreted
as support for the interdependent hypothesis or for the
revised independent hypothesis. fhat is, both sets of
semantic representations may be automatically accessible

to the bilingual. These studies can also be interpreted

as support for the notion that there are two sets of
semanticurepresentations; with connections between transla-
tion equivalents. Lambert (1969) presents some support

for this in his finding that "bilinguals can gate out the
other language distractors better than same language

distractors when the color words (and color names) of the
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two languages are phonemically dissimilar" (p. 107). This
suggests that the strength of the association- between the
translation equivalents determines the degree of inter-

ference.

3. Recall tasks. There are numerous studies which

use tasks in which subjects are instructed to recall lists
of words in one or both of their languages. Some of these
will now be described. Almost all of them have been inter-
preted as supporting the interdependent hypothesis. |

In Young and Saegert (1966) subjects learned two
lists of words. The second was a translation of the first,
with the words in the same order as the first list for some
subjects, and in a random order for other subjécts. They
found that the number of trials to learn the second list
was less if the translations were in the same order as in
the first list, than if they were in a random order.

Kolers (1966) had subjects recall lists with words
and their translation equivalents, as well as lists with
unrelated words from both languages. Words appeared
either once, twice, three timés or four times. He found
that "n/2 occurrences of a word and its translation have
the same effect upon the recall of the word in one lan-~
guage as n occurrences in that language" (p. 318).

Kintsch (1970), in a task involving recall of lists
with translation equivalents, found that "word meanings

interfere with récognition of language-specific forms . . .
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(but also that "language-specific cues intrude when sub-
jects are concentrating upon word meanings. . ." [p. 409]).
Kintsch‘and Kintsch (1969) found greater errors in

learning a 1ist of words and their translations than in
learning a list of unrelated words. However in..another
task, which involved subjects producing the word after a
stimulus word in a list, no difference was found between
such lists. The authors claim that this is because the
second list tapped only short-term memory, where the
acoustic features of words are stored. They claim that
the first experiment involved long-term memory. However,
it is not clear why the first experiment necessarily in-
volves long-term memory, and the second short-term memory.
Segalowitz and Lambert (1969) trained subjects to
recognize a specific subset of words within a larger list.
They were then given a new list containing within it the
original subset, as well as English and French synonyms
of the subset. Subjects pushed a button if the words on
the new iist were not from the original subset. The longer
the subject's reaction time, the greater the doubt about
whether the word was on the original list. It was found
that reaction time to other language synonyms was greater
than reaction time to other language neutral words. This
can also be viewed as supporting the interdependent hypothe-
sis or'the hypothesis that there are associations between |

translation equivalents.



43

The experiments cited so far can be taken as evidence
for the interdependent hypothesis. However, since the ex~
periments all involve only words and their translations,
they can also be taken as evidence for the hypothesis that
there are two sets of semantic representations with connec-
tions between translation equivalents. Lopez and Young
(1974) and MacLeod (1976) also conducted bilingual recall
tasks involving learning liéts of words. Their results
again support either the interdependent hypothesis or the
hypothesis that translation equivalents are associated.

The experiments to be discussed next cannot be inter-
preted as involving only translation equivalents. Kolers
(1965) , Lambert, Ignatow and Krauthamer (1968), Nott and
Lambert (1968), Dalton (1971) and Saegert, Overmeyer and
Kazarian (1973) found that bilingual recall of bilingual
lists of unrelated words was equal to recall of unilingual
listsf This supports the interdependent hypothesis'if it
is assuméd that switching from one set of semantic repre-'
sentations to another imposes a burden. It supports the
revised independent hypothesis if one assumes that switch-
ing from one set to the other does not impose a burden.

An additional problem with this task is that there is no
way of knowing whether the semantic representations or
only the linguistic tags were accessed.

Liepmann and Saegert (1974) presented subjects with

15 lists of 16 items each from a pool of 32 common words.
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One group was given items in one language, another group
was given mixed-language lists. The authors reasoned
that if concepts are stored independently of language (the
interdependent hypothesis) then the mixed language group
should be worse than the one language group on recall of
later lists. If itéms are stored as language specific
units then the mixed lahguage group should be better than
the one language group. They find that the mixed language
group experienced no difficulty in recall on the first list
but that their recall became worse than the recall of the
one language group on succeeding lists. The authors inter-
pret their finding as support for the interdependent
hypothesis. However, it is again not clear in this case
whether subjects needed to access semantic representations
or only needed to access linguistic tags. It is also
interesting to note that although this study was similar
to those by Dalrymple-Alford, Young, etc. described im-
mediately above, the same interpretation was given to op-
posite results. In the first set of studies, it was found
that recall of bilingual 1lists was equal to recall of uni-
lingual lists. Liepmann and Saégert found that recall for
the mixed language list was worse than for the unilingual
list. Yet all authors conclude in favor of the interdepend-
ent hypothesis.

Saegert, Hamayan and Ahmar (1975) found that trilin-
guals were easily able to report the language of input of

linguistically mixed lists of words. However, when the
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words were in a senténce, subjects tended to forget the
language of the word. They conclude in favor of the inter-
dependent hypothesis, and.postulate a selective attention
mechanism to account for their results. However, a selec-
tive attention mechanism is also compatible with the re-
vised independent hypéthesis.

Three recall studies whose results have been inter-
preted as supporting the independent hypothesis will now
be describgd. Dillon et al. (1973) (described above) found
that in the recall of triads, groups that had a language
switch after trial four recalled more than groups that did
not. Since switching languages aided the subjects in re-
call, this supports the view that the languages are
processed independently. However, there is again no way
of knowing if the tags or also the semantic representa-
tions were accessed.

Tulving and Colotla (1970) found that subjects' re-
call of unilingual and bilingual lists was equal, if the
words were recalled from primary (short-term) memory. Re-
call from secondary memory was better for unilingual than
for bilingual lists, and better for bilingual than for
trilingual lists. The authors conclude that a multilingual
person's different languages exist in relative isolation
from each other. Secondary and primary memory, however,
are somewhat arbitrarily defined.

Goggin and Wickens (1971) presented bilingual subjects
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with lists of words in a series of tests. They demon-
strated that release from proactive interference (leading
to improved recall) occurred when either the language or
the semantic category of the items changed. They suggest
that the words from the two languages may’be psychological-
ly distinct, and state that the data can be interpreted as
support for the position that there is a separate memory
storé for each language.

4. Other tasks. Palij (1978) provides additional evi-

Ga2nce for an association between translation equivalents
in the bilingual's two languages. He uses a lexical deci-
sion task in which bilinguai subjects were visually pre-
sented with pairs of letter strings, and instructed to indi-
cate whether orxr not both strings were words. 1In the case
where both were words, some were translation pairs and
some were unassociated pairs. It was found that reaction
time for the translation pairs was significantly faster
than for the unassociated pairs. |

Fiszman (1978) also used a lexical decision task.
Bilingual subjects viewed a probe word followed by a re-
lated or unrelated word. On half the items, there was a
language switch from the probe to the second word. Fisz-
man found n6 effect of language switch on bilingual reac-
tion time; Again, this supports either the interdependent
hypothesis or the revised independent hypothesis.

However, Meyver and Ruddy (1974) (described by
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Gonzales [1977]1) found different results in a paired lexical
decision task with German~English bilinguals. Like Fisz-
man, they had pure trials, where both words were from the
same language, and mixed trials, where one word was from
each language. For both the pure and mixed list, there were
trials in which the words were semantically related and
trials in which the words were semantically unrelated. Un-
like Fiszman, the authors found that reaction times for pure
pairs were faster than reaction times for mixed pairs. This
supporté the independent hypothesis. They also found that
reaction times were faster for related pairs than for un-
relatedzpairs, for both the pure and mixed trials. The
authors interpret their results as supporting a model in
which associations among related words between languageé

are as direct as associations within languages.

MacKay and Bowman (1969) found that if subjects re-
peated a unilingual sentence 12 times their rate of produc-
tion increased. They then found that repeating a transla-
tion of the original sentence facilitated speed of produc-
tion more than repeating an unrelated sentence. This is
taken as support for the interdependent hypothesis. How-
ever, once subjects heard the beginning of the translation
sentence they may have been able to predict what the rest
of the sentence would be. This could have caused the
facilitating effect for the translation sentences.

The studies described above have problems of various
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kinds, and thus leave unresolved the question of whether

the bilinguél has one or two sets of semantic representa-
tions. However, given Diller's (1974) argument that "no

two languages are similar enough to allow morpheme-by-
morpheme" correspondences (p. 260), it will be assumed that
the bilingual has two sets of semantic representations

which are both available durihg processing, with connections
among the semantic repfesentations between and within lan-
guages. That is, it will be assumed that the revised inde-

pendent hypothesis is true.

The.Monolingual vs. Bilingual Hypotheses

Assuming that the bilingual has two sets of phono-
tactic constraints (which will be confirmed by experiments
1l and 2), and since the bilingual must have two sets of
linguistic tags, this section will address the guestion of
whether the bilingual simply shuts one system off and
processes as a monolingual does, or . whether both sets of
constraints and both lexicons are always available to the
bilingual during processing. Since it is also assuméd that
the revised independent hypothesis is correct, i.e., that
the bilingual hypothesis is true for the two sets of
semantic representations, the monolingual vs. bilingual
hygotheses with respect to the bilingual's lexicon reduces
to.the question of whether both sets of linguistic tags aré
always available to the bilingual. The linguistic tags

must, of course, be labeled according to language since in
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production bilinguals rarely have any difficulty producing
the language appfopriate tag. ‘

There is little experimental evidence avéilable which
is directly relevant to the monolingual vs. bilingual
hypotheses. However, a series of -bi-alphabetic lexical
. decision tasks conducted by Lukatela, Savié, Gligorijevié,
Ognjenovié and Turvey (1968) lend some support to the bi-
lingual hypothesis. The bi-alphabetic lexical decision
tasks were conducted in Serbo-Croatian. Serbo-Croatian is
written in the Roman alphabet and in the Cyrillic alphabet.
Most of the characters in each alphabet are unique to that
alphabet, but some characfers are common to both alphabets
and receive the same phonological interpretation in each.
Others are cbmmon to both alphabets and receive different
phonological interpretations in each. For example, the
letter "E" is pronounced [EJ in both languages, while the
'letter "pP" js pronounced [p2] in the Roman alphabet and‘
[r2] in the Cyrillic alphabet (Lukatela, Savig, Ognjenoﬁié
and Turvey, 1978).

Subjects were asked to push the "yes" button if the
item (or items) pfesented was a Roman word, and to push
the "no" button if the item (or items) was not a Roman
word. There were letter stringsof various types, includ-
ing items which Weré»ﬁoman words and impossible Cyrillic
items (i.e., they contained uniquely Roman letters), items

which were Roman words and possible but non-existing



50

Cyrillis words (i.e., they contained no uniquely Roman let-
ters), items which were both Roman and Cyrillic words, etc.
The authors found that "a letter string--if its

structure permits--will receive both the Roman and the
Cyrillic phonological interpretations . . . whether or not
this phonological bivalence impairs lexical decision in

the assigned alphabet mode depends on whether or not the
letter string has a lexical entry in one of the alpha-
bets" (p. 164). In these studies, the structure of a let-
ter string is defined as permitting two phonological inter-
pretations if the letter string contains no uniquely Roman
letters. The authors tried to constrain these items so
that they were legal in both languages. The authors' find-
ings thus support the bilingual Hypothesis because they
support the hypothesis that two modes of processing are
simultaneously available to the bilingual or bi-alphabetic
speaker.

They also found that "a letter-string that was non-
sense in Roman but a sensible Serbo~Croatian word in
Cyrillic was rejected as a word with some difficulty" (p.
151). That is, the Cyrillic linguistic tag was accessed
even when subjects were in a Roman mode.

Hamers (1973) describes a series of studies which
also suggest that the linguistic tags from both languages
are simultaneously available to the bilingual. She used

words which are spelled the same in French and English
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but which have different meanings in the two languages
(e.g., pain means bread in French). These words are re-
ferred to as semantically ambiguous (SA) words. Hamers
asked Ffench-English bilinguals as well as English and
French monolingual subjects to state the first word that
came to mind when presented with a word. Twenty bilingual
subjects received a French list and twenty received an Eng-
lish list; The SA words were among the words on each list.
She found that some of the bilingual associates
given to the SA words were related to the meaning of the
word in the other language (e.g., the response of butter
to the English word pain). This was more likely to happen
when the SA words were more frequent in the other language
than in the language of response. She concludes that bi-
linguals cannot restrict their verbal décoding processes ¢
to one language. : o
It should be. noted that Hamers' study can only be

viewed as supporting the biliﬁgual hypothesis if it is
assumed that SA words are not treated differently from
other linguistic tags. That is, it may be that these
words have a single graphemic and possibly also a single
phonological representation, in contrast to other lin-
guistic tags.

" This is the position taken by Elerick (1977) with
respect to cognates. He suggests that the bilingual's

lexicon has "union entries," in addition to entries for
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words that are unique to each language. Union entries are

single underlying representations for items such as

desierto - desert, teléfono - telephone. The bilingual
must also have two sets of phonological rules, one for
each language, to relate the underlying representation to
the two phonetic outputs. These rules include some that
would not be part of a monolingual's grammar for English
or Spaniéh. Elerick states that the apparent simplifica-
tion of having union entries results in a complication of
the bilingual's grammar as a whole, and leads to simpli-
fication and change. He cites examples of Spanish words
used by some bilinguals in the ﬁnited States, whose pro-
nunciation has changed as a result of this process: e.g.,
teléfono - teleféh, poblaciéh - populaciéi. In effect,
some features of the English form have been adapted in
Spanish. If thé bilingual had two separate lexicons,
these changes would not be expected.

If one assumes that Elerick is corredt and that SA
words as well as cognates have one underlying representa-
tion, then question 2 (the monolingual vs. bilingual
hypothesis) is still relevant but moved to another level.
That is, one must now assume, with respéct to SA words,
that these are words with single underlying represénta-
tions which afe.linked to two different semantic repre-
sentations,ﬂone from each language. Question 2 is thus

reformulated to ask whether thése two routes to semantic
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representations are always available to the bilingual, or
whether the route to the contextually inappropriate
semantic representation is blocked.

Thus, Hamers' results can be viewed as supporting
one of two positions: 1) There are two sets of linguistic
tags (including SA words), both of which are always avail-
able to the bhilingual, or 2) There is one set of lin- |
guistic tags for SA words. This set is linked to two
semantic representations and these two routes aré always
simultaneously available to the bilingual. The results
of Lukatela, Savié, Gligorijevié, Ognjenovié’and Turvey
(1978) support the first position, since they demonstrate
bi-alphabetic interference without the use of SA words.
The analysis of Elerick supports the second position.

In either case, the bilingual hypothesis is supported.

Five experiments, described in chapters 3, 4, 5
and 6, were conducted which further investigate the bi-
lipgﬁal vs. monolingual hypotheses, by investigating bi-
lingual lexical retrieval. Chapter 2 concludes with a
aiscussion of the literature relevant to monolingual
lexical retrieval, a necessaty prelude to a discussion

of bilingual lexical retrieval.
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THEORIES OF MONOLINGUAL LEXICAL RETRIEVAL

Part of what speakers of a language must do in order
to understand a sentence is to retrieve the words of that
sentence ahd thebinfofmaﬁion that is stored about the word
from memory. There are two major groups of models of
lexical retrieval--the search models represented by Forster
(1976) and Landauer (1975), and the direct access models
represented by Morton (1970) and Marslen-Wilson and Welsh
(1978) . Each of these models will now be briefly
described.

In Forster's model (1976, pp. 267-269), lexical
access involves an active search process. He assumes that
ﬁemory is structured and organized in some way and that
. the organization of the mental lexicon is not too dif-
ferent from the organization of the words in a diction-
ary. There is one lexicon proper, called the master file.
.There are three peripheral access files to this master
file, "one organizing words by orthographic properties,
one by phonotological properties, and one by semantic
and syntactic properties" (i.e., one for reading, one for
speech perception, and one for speech production). "The
entry for a word in the master file contains all the in-
formation that we have about that word, while the entry
for the same word in each of the peripheral access files

simply contains a description of the stimulus features
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of the word (the access code) and a pointer to the cor-

responding entry in the master file."

During retrieval, there must be preparation of a
coded description of the stimulus word and then a search
through. the access file, "comparing the description of
the target item with the access codes in each actual
entry." The description may include the first few let-
ters of the word, and/or the first syllable. It may be
a morphologically analyzed and/or unanalyzed form, i.e.,’
each word may be filed under a number of descfiptions,,
and a range of techniques is used for locating an item.

The entries in the access filés are grouped to-
gether in bins. "Thus, the first stage of lexical access
involves calculating which bin . . . the test word is
likely to belong to." "Within each bin, the entries are
listed according to the freqﬁency of occurrence of the
word." When a sufficiently accurate match between the
description and the access code "is obtained (there be-
ing a variable criterion of sufficiency), the search
terminates, the pointer specified in that entry is used
to access the master file, and ﬁhen a detailed comparison
between the properties of the stimulus item and the
properties of the word specified in the master file must
be made." This is the post-access check.

For example, if the word henchman is visually pre-

sented in a lexical decision task, there will be a search
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through the orthographic access file for, e.g., the first
few lettéré, or the first syllable of the word. When a
similarity between the stimulus and an entry exceeds some
pre&iously defined criterion, the search stops, "and the
pointer is used to direct the system to the entry in the
master file. At that point, the full orthographic
specification of henchman needs to be extracted and com-
pared with the properties of the input stimulus."

The model predicts a terminating search for words
and an exhaustive search for legal nonwords. That is,
the search for a word terminates when the word is found;
the search for a legal nonword continues through the en-
. tire access file.

Forster proposes that.there are two qﬁite inde=-
pendent access functions, "one that computes an approxi-
mate address on the basis of the sensory features of the
target word, and one that computes an approximate address
based on presumed semantic properties" (the produc-
tion access file) (p. 277). This is to account for the
facilitating effect of words in context. In sentences,
both sets are searched simultaneously and the semantic
search is often the fastest. Thus, he assumes that the
production access file is used in perception.

Landauver (1975, pp. 497-501) presents a model of
retrieval which is like Forster's in that it requires an

active search for words. However, in his model there is
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random storage and undirected retrieval and, unlike Forster,
he assumes that the lexicon is notﬂstrucéured and organized
in any way. One result of the way his model is set up is
that theré are multiple entries for each word, one entry
for each time the word is encountered.

According to Landauer, the memory store consists of
a three-dimensional space, with storage loci distributed
throughout the space. "Data are entered into this memory
successively in time. . . « At any given point in time there
is just one locus into which new data are written." The
locus available for new data entry is at the tip of a
pointer, which moves "slowly, erratically and ceaselessly
through the space in a 3-dimensional random walk. In each
successive epoch the pointer may or may not move one step
in any direction." If the time between two entries is
short, then the two storage loci will be near one another.
If the time is longer, the locations will be more inde-
pendent of one another. "When the pointer encounters an
edge of the storage space, it re-enters thevspace again
from a symmetrically opposite point."

In order to retrieve something from memory, an
undirected search is begun. A signal is sent out from
the pointer. If the signal encounters a memory location
with all or some of the information sought, the informa--
tion is returned to the pointer (and from there to the

homunculus [the rest of the information processing system]).
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"The search signal spreads uniformly in all directions, as
an expanding sphere, . . . up to a limited radius. . . ."
Memory loci are searched in a random order with respect to
the conﬁent of the search signal. The same volume of
storage space - is always searched. "The time required for
memory search is assumed to be a function only of how far
the locus of stored information is from the pointer."

Any kind of information can go anywhere, and once
entered, the contents of the memory cannot be rearranged
or systematically erased.

"[Elach time the same information is encountered, a
new record of it is entered in a new location. . . ." Thus
presumably, during a lexical decision task, a) the input is
put in memory and b) a search is made for another instance
of that input. The more occurrences of that input there
have been in the past, the more likely the pointer will be
to encounter an instance of the word in a shorter period of
time.

Morton's model (1970, pp. 206-209) does not require
an active search through the lexicon. Thus, the order
that words are stored in is irrelevant. Rather, this is
a direct access model, with threshold devices which
respond automatically when they receive appropriate input.

In this system, each word has a corresponding logo-
gen; Each'lbgogen has a specification of the word's | |
acoustic, visual and semantic attributes. The logogen is

a counting device that is incremented everytime it receives
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an inpﬁt which matches one of the characteristics of the
word. "When the count exceeds a certain critical value
the appropriate response is made available." "The critical
value is not the same for all logogens" (Morton, 1970).
Note that in this system memory elements are accessed di-
rectly.

Thus, for example, if the word cat is the stimulus,
all words beginning with "c" would have their count
raised, as well as all three letter words. Those words
whose second letter was "a" would also have their count
raised. When the count for a logogen was raised above a
certain threshold by a series of increments, then the
word would become available.

"[Flollowing the operation of a logogen its
threshold is reduced. Fewer sensory attributes will
then be needed to produce the response again." Follow-
ing this threshold lowering, the critical value "rises
more slbwlf'tbward its original value." "[T]lhe more a
word is used, the lower the resting level of the critical
count." If a noisy stimulus is presented, and no
response is available, all the tresholds in the system
are lowered.

The effect of a context (for example, a sentence)
is to cause "the Cognitive System to send semantic in-
formation to the Logogen System." (The Cognitive System

represents the long-term store and is responsible for
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"such organizational and associational phenomena as might
manifest themselves in a particular task.") "Attributes

such as <noun>», <animate> , <male> might be produced by the

sentence 'He was a drunken ' and all logogens
whose semantic Sets contained these attributes would be
incremented .accordingly. These increments would effectively
reduce the amount of sensory information required to pro-
duce the response, the attribufe counts from the two

sources Simply adding without regard to source."

Marslen-Wilson gnd Welsh (1978, pp. 56-60) present a
theory of lexical access which is a "direct accesé model
of word-recognition ... . which is similar in many ways to
the logogen system, but which makes no claims for the
existence either of internal counting mechanisms or of
allfor-none thfeshold based decision functions."

Given an aural input, they assume that by the time
the first few phonemes of a word have been heard, there.
hés been activation of a class of possible word-candidates.
As in the logogen model, these become activated when they
receive as input an attribute which matches one of the
attributes of the represented word. Each elemgnt in this
cohort of word-candidates "will then continue to moﬁitor
the subsequent input signals. Unlike logogens, these ele-
ments are assumed to have the ability to respond actively
to mismatches in the input signal. Namely, at such point

as the input diverges sufficiently from the internal
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specification for an element, then that element will re-
move itself from the pool of word-candidates." (In the
logogen theory, all words have their thresholds raised by
matching 1nformat10n, until one of them reaches the criti-
cal level. Non-matchlng information simply fails to raise
the logogen's count, but does not eliminate any candi-
dates.) According to Marslen-Wilson and Welsh, "as
more of the input is heard, more and more elements will
remove themselves from consideration. The size of the
original cohort will be progressively reduced, until even-
tually only a single candidate remains. At this point we
may say that the word is recognized. Note that recogni-
tion is achieved without needing to invoke individual
thresholds for each recognition element." They assume
that the initial pattern-matching processes do not re-
quire a perfect match between the input and the specifica-
tions of words in the lexicon.
A word in memory can also be informed about the re-

quirements of context. It can then determine,

whether or not the word it represents is either

syntactically possible or semantically plausible at

that point in the utterance. In just the same way

as memory elements withdraw from the pool of word-

candidates when they no longer f£it the acoustic-

phonetic input, so they will also drop out when they

do not fit the specifications of context. This will

have the effect of accelerating the process of par-

titioning the initial cohort of word-candidates

down to a single choice.

However, this incorrectly predicts that incongruous words
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will not be retrieved by listeners. For example, given

the sentence, They served coffee and stereos, the model

predicts that the element for stereos would have removed
itself from the pool of word candidates on the basis of

context. Yet listeners are able to process sentences with

incongruous words.

Lexical Retrieval and Phonotactic Constraints

Although there are problems with all of these models,
and each of them makes somewhat different predictions
about various aspects of lexical retrieval, there are cer-
tain facts which all of them must account for.

A number of studies using the lexical decision task
(in which subjects must indicate whether or not a étting
- of letters is a word) have found that the reaction time
for illegal nonwords (e.g., bzik) is faster than the reac-
tion time for legal nonwords (e.g., blik) (Foster and
Amey, undated, Schuberth and Eimas, 1977), Snodgfass and
Jarvella, 1972). Subjects are able to reject illegal non-
words faster than legal nonwords apparently because their
decision making apparatus recognizés that the illegal non-
words could not possibly be words, while the legal non-
words could. The illegal nonwords can thus be rejected
without any further consideration. This indicates that
subjects have knowledge of the phonotactic (in this case,

graphemic) constraints of their language. This knowledge
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is invoked either prior to, or simultaneous with, access-
ing the mental lexicon. Consequently, all of these models
must incorporate a set of phopotactic constraints, here-
after referrea to as the scanner, which operates during
lexical retrieval. |

Thus, a general model of lexical retrieval involves
a scanner and a lexicon. There are at least two ways of
describing the relationship_between the scanner and the
lexicon: a) the scanner is a-set of constraints separate
from:'the lexicon, invoked prior to or simultaneous with
accessing the lexicon, and b) the scanner is incorporated
into the lexicon as part of the procedure for determining
in which bin to search for an item (for example, as in
Forster's model).

It is unlikely that b) is true. This is because
Forster and Amey (n.d.) fiound that illegal nonwords that
are similar to words, e.g., bexause, have longer reaction
times than equally illegal nonwords that are ﬂot similar
to words. This suggests that the words were acéessed and
the scanner was bypassed. It also suggests that the scan-
ner operates simultaneous to the accessing of the lexicon,
rather than prior to the lexicon's being accessed. This
is further supported by the finding of Snodgrass and Jar-
vella (1972) that words have faster reaction times than
illegal nonwords. This result would not be possible if the

scanner operated prior to the accessing of the lexicon.
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Chapter 3

BILINGUAL LEXICAL RETRIEVAL

This chapter discusses bilingual lexical retrieval.
It is &ivided into three major sections. Section 1 dis-
cusses a number of assumptions relevant to bilingual lexical
retrieval. Section 2 discusses specific models of bilin-
gual lexical retrieval. The third sectiqn describes the
rationale and design of experiments 1 to 5, which will pro-
vide evidence indicating how lexical retrieval works for
bilinguals, while the final section describes the overall

procedure of the testing sessions.

ASSUMPTIONS

It will be assumed, on the basis of the evidence
which will be présented in chapter 4, that the bilingual
has two sets of phonotactic constraints, i.e., two scan-
ners, one for each language. Three further assumptions are
'necessary.

It will be assumed, on the basis of the evidence'pre-
sented in chapter 2, that the bilingual has two separate

lexicons, i.e., two acts of linguistic tags linked to two
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sets of semantic representations. It will also be assumed,
.again on the basis of the evidence presénted in chapter 2,
that the scanner operates simultaneous with, rather than
prior to, the accessing of the lexicon. (These assumptions
will be discussgd further in chapter 5.)

A third assumption is that lexical access proceeds
via a search model rather than a direct access model. Al=-
though all of the models described in chapter 2 have prob-
' lems, the choice of a search rather than a direct access
model for this study is not an arbitrary one. This is be~-
. cause the lexical decicion task, which will be used in ex-
periments 3, 4, and 5, requires subjects to identify items
as words or nonwords, and the passive models do not ade- )
guately account for the identification of nonwords. Since
it is assumed that all models have a scanner for the detec-
tion of illegal nonwords, it is solely the recognition of
legal nonwords which is relevant here. Morton sets up a
mechanism which pgéhibits the recognition of legal non-
words. In order to account for subjects’ responées to
noisy stimuli, Morton proposes (according to Marslen-Wilson
and Welsh, 1978, p. 49), "that the listener is‘able to
lower all thresholds in the logogen system, and then recir- -
culate the original input through it. This procedure is re-
peated, if,necessafy, until a logogen responds." If this
happeﬁs wheneVer‘thé”logogen system fails to produce an out-

put, +then how could nonwords ever be detected?
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Marslen-Wilson and Welsh would have to claim that
legal nonwords have longér reaction times than words be-
cause in orde: to detect a nonword every element has to
be eliminated as a candidate, whereas in order to access a
word all elements but one must be eliminated. Thus the
longer reaction time is due only to the time required to
eliminate one more element as a candidate. This explana-
tion seems weak, given the significant differencé in reac-
tion time between legal nonwords and words found by a num-
ber of different investigators (Rubenstein, Garfield and
Millikan, 1970; Snodgrass and Jarvella, 1972; Forster and
Chambers, 1973; and Forster and Bednall, 1976).

The active model has no problem with the detection
of legal nonwords, since it assumes an exhaustive search

for them.

MODELS Of‘ BILINGUAL LEXICAL RETRIEVAL

None of the monolingual models discussed in chapter
2 makes any specific claims about how lexical retrieval
works for bilinguals. There are, however, two general
"possibilities. One is that the bilingual shuts off one
lexical retrieval ‘system including one set of phonotactic
constraints, on the basis of contextual information (e.qg.,
social situation, native language of other speakers, etc.) .,
and then processes as a monolingual does. This is the

monolingual hypothesis. Another possibility is that the
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bilingual processes via the lexical retrieval systems of
both languages. This is the bilingual hypothesis. Each
of these two general hypotheses represents a range of
possible models, which will now be described.

The monolingual hypothesis has two possibilities,
because shutting off the inappropriate lexical retrieval
systems may or may not take a measurable amount of time.
It would not take a measurable amount of time if it is
done once, at the beyinning of a language situation, rather
than repeatedly for each word, or if the other system is
shut off simultaneous with the activation of the appropri-
ate lexical retrieval system.

The bilingual hypothesis has a number of possibili-
ties. One of these is that the bilingual proceéses via
both lexical retrieval systems simultaneously and then
rejects one output as inappropriate to the language con-
text. This is analogous to the theory that a monolingual
processes all meanings of an ambiguous sentence in paral-
lel, and then rejects the contextually inappropriate mean-
ings. This will be called the parallel processing model.
It requires that the bilingual have some kiﬁd of "language
check" to determine which output is appropriate to the
language context and which is inappropriate and should be
rejected. |

Another possibility is that the bilingual processes

via both lexical retrieval systems, but not simultaneously.



68

Rather, one system at a time is operating. This is analo-
gous to the theory that a monolingual processes the mean-
ings of an ambiguous sentence serially, one meaning at a
time. This will be called the serial processing model.

The parallel and serial models can each be either
self-terminating or exhaustive. The term "self-terminat-
ing™ will be used to mean that processing in the contextu-
ally inappropriate language terminates when a response can
be made in the contextually appropriate language. The .
term "exhaustive" will be used to indicate that both lexical
_ retrieval systems operate, either in parallel or serially,
even if a response is alfeady available in the contextual-
ly appropriate language. The models described thus far
are diagrammed on the following pages.

"L2" will.be used to refer to the contextually inap-
propriate language. Each lexical retfieval system will
be assumed to consist of a scanner and a lexicon (which may
contain access files).

Note that in the serial self-terminating model A, if
a lexical item is retrieved in Ly the L, system is not
activated. Only if no item is found in L1 is the L, system
activated.

Another possibility is that the L, system is acti-
vated only if the item is found to be illegal in L;. That
is, the language check receives information from the scan-

ner. This implies that only the illegality of an item in
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L, is a cue to switch to the L, system. This is the ser-

1
ial self-terminating model B.

J In the parallel self-terminating model A, both
lexical retrieval systems..are operating simultaneously but
if a word is retrieved in the contextually appropriate
language before the L, system completes processing, the L,
system is shut off.

- Again, another possibility is that the language check
receives information directly from the scanner, and shuts
off the L, system if the item is found to be legal in Ly
regardless of whether or not it is a word in L. This
is the parallel self-terminating model B.

A series of experiments will be described which are
-able to distinguish between the monoiingual and bilingual
hypotheses, and which will shed some light on the range of
-models which each of these hypotheses represents. The
question of whether the bilingual has two lexicons, one
for each language, or one large lexicon, will also bé ad-

dressed. The following section will describe the design

of the five experiments.
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I The Monolingual Model

context Model IA-shutting off Lo takes

P no time
. X Model IB-shutting. off Lj takes
L, system ~7 L, system time '

response

II The Serial Exhaustive Model

context
L, system

L2 system

language check

response

IIT The Parallel Exhaustive Model

L1 sys?em L2 system
language check

response

IVA The Serial Self-Terminating Model A

context

L, system word found language check——response

no word found

L, system language check —response



IVB Serial Self-Terminating Model B

context
legal item

L1 system language check——response
illegal Ll

L, system language check—->response

VA The Parallel Self-Terminating Model A
Ll system L2 system

If Ll word
language check

response

VB The Parallel Self-Terminating Model B

Ll system L2 system

If legal in Ly

language check

|

response
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THE EXPERIMENTS

Experiments 1 and 2--Rating Tasks

Experiments 1 and 2 are designed to confirm the
existence, for the bilingual, of two sets of phonotactic
constvaints, using an adaptation of the Anisfeld, Anisfeld
and Semogas (1969) design. If bilingual German-English
subjects are asked to rate the acceptability of different
types of nonwords in each of their two languages, thén this
can indicate whether or not the bilingual has two sets of
phonotactic constraints. The nonwords are of four dif-
ferent types: legal in both langauéés (EG), legal only in
English (EG), legal only in German (EG), and illegal in
both languages (EG). For example, German-English bilin-
guals can be asked to rate the acceptability of PFLOK as
a possible new word of English or of German. PFL- is a
legal word initial consonant cluster in German but not in
English. If bilihguals rate the nonwords identically,
regardless of lahguaée'mode, then this would be evidence
for one set of phonotactic constraints; if the nonwords are
rated differently, depending on whether they are rated as
acceptable in German or English, then the bilingual must
héve a knowledge of two sets of phonotactic constraints.
Further, a comparison with monolingual speakers can indi-
cate whether or not the bilingual's phonotactic constraints
are the same as the monolingual's. Experiments 1 and 2

were therefore rating tasks using these four different
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types of nonwords. In experiment 1, the initial consonant
cluster of the nonword determined the legal status of the
nonword; in experiment 2, the final consonant cluster of

the nonword determined the legal status of the nonword.

Experiments 3 and 4--Lexical Decision Tasks

Since experiments 1 and 2, described in detail in
chapter 4, confirmed the existence of two sets of phonotac-
tic constraints, expefiments 3 and 4, lexical decision
tasks, were conducted to see if both sets of constraints
are available during bilingual lexical retrieval, or if one
is "shut off" while the other is on (the bilingual vs.
monolingual hypotheses). In the lexical decision task,
subjects indicate whether or not a string of letters is a
word. As discussed in chapter 2, it has been established
by a number of investigators that monolingual reaction
time to illegal nonwords is faster than monolingual reac-
tion time to legal nonwords (Forster and Amey, undated;
Schuberth and Eimas, 1977; Snodgrass and Jarfella, 1972),
indicating that subjects' knowledge of phonotactic con-
straints (the scanner) is invoked in this task. Experi-
ments 3 and 4 investigated among other things, whethér the
legal status of the item in L2 would have an effect on Ll
reéction time.

In expériment 3, one lexical decision task was con-

ducted with bilingual German-English subjects in English
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and one in German;.in experiment 4, one lexical decision
task was conducted with bilinguals in English. In both
experiments, monolingual subjects participated in an Eng-
lish lexical decision task. The nonwords in the task were
the same as those used in the rating tasks, and were thus
either legal in one language only, legal in both languages,
or illegal in both languages. The words also contained
consoﬁant clusters which were either legal or illegal in
the other language. Experiment 3 contained words and non-
words whose legal status in English and German was deter-
mined by their initial consonant cluster. Experiment 4
contained words and nonwords whose legal status in English
and German was determined by their word-final consonant
cluster.

If one takes the models of bilingual lexical re-
trieval outlined in chapter 3 and charts the results that
each would predict in this lexical decision task, one
finds that the models can be distinguished from one another,
i.e., each of the models makes different predictions about
reaction time for the various letter strings and subject
groups. A chart for each model is reproduced in tables 1
to 8, indicating its predictions for the lexical decision
task.

Examples of some of the predictions of the different
models will now be discussed. All of the models assume,

on the basis of various studies (Forster and Bednall, 1976;
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Snodgrass and Jarvella, 1972; etc.), that monolinguals.
respond faster to illegal than to leéal nonwords and slower
to words than to legal nonwords. They make no prediction
about the relation for monolinguals between words and il-
legal nonwords, since there is no way of knowing whether
the scanner will operate faster or slower than the access-
ing of a particular word.

Model IA, the monolingual model which assumes that
the language check does not take a measurable amount of
time, predicts that the reaction time for bilinguals in
English should equal the reaction times for the monolin-
gual group. Model IB, which assumes that the language check
will contribute to bilingual reaction times, predicts that
the reaction times for bilinguals will be greater than those
for monolinguals on all letter strings by a relatively
small constant. Most importantly, both monolingual models
predict no significant difference in the overall pattern
of reaction times for monolinguals and bilinguals. If
such a difference is found, it would be evidence in support
of the bilingual hypothesis.

Model II, the serial exhaustive model, also predicts
that~bi1inguals will have longer overall reaction times
than monolinguals. It also predicts that the reaction time
for bilinguals for nonwords that are illegal Ll’ legal L,
should be longer than the reaction time for nonwords that

are illegal Lqs illegal L,.
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Model III, the parallel exhaustive model, predicts,
for example, that nonwords which are illegal Ly legal Lo
will have reaction times equal to nonwords which are legal
in Lqs illegal L,, and to nonwords which are legal Ly, |
legal L2.

‘Model IVA is the serial self-terminating model which
assumes that the L, system is activated only if no word is
found in L;. It predicts that bilinguals will have longer
reaction times than monolinguals for nonwords, but not for
words. Model IVB is the serial self-terminating model
which assumes that the L2 system is activated only if an
item is found to be iilegal in Ly. It predicts, among
other things, that legalﬁLl, illegal L, nonwords should
have shorter reaction times than illegal Ly legal L, non-
words.

Model VA is the parallel sclf-terminating model
which assumes that the L, system is shut off when a word is
found in L;. It predicts equal reaction times for monolin-
guals and bilinguals for words and L, legal items. Model
VB assumes that the L, system is shut off when it is deter-
mined that an item is legal in L. Like model III, it pre-
dicts that illegal Lys legal L, nonwords will have reac-
tion times equal to those for legal L, illegal L, non-

words.
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Experiment 5--Paired Lexical Decision Task

Experiment 5 was designed to investigate the ques-
tion of whether both seﬁs of linguistic tags are simultan-
eously available and accessed by the bilingual (the bi-
lingual hypothesis) or whether only one set of linguistic
tags at a time is available to the bilingual (the monolin-
gual hypothesis). Since it is assumed, on the bésis of
the evidence discussed in chapter 2, that the bilinéual's
two sets of semantic representations are simultaneously
available, the term "lexicon" will hereafter be used to
refer to a set of linguistic tags.

There are words in German and English which are
spelled the same but have different meanings in the two
languages. For example, the word rock means skirt in
German. These words will be referred to as homonyms. If
the bilingual shuts the German 1exi¢on off while process-
ing in the}English mode, then only the English meaning of
rock should be available to him/her.. If, however, both
lexicons are automatically accessed by the bilingual then
both meanings should be available during processing.

These two hypotheses were tested using a paired lexi—
cal decision task. In the paired lexical decision task,
two words are presented at the same time (with one dis-
played above the other), or sequentially (one after the
other). Subjects respond yes if both are words and respond

no if both are not words. It has been established that
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subjects respond yes faster if the words are associated than
if they are not (Meyer and Schvaneveldt, 1971; Becker and
Killion} 1977; and Fischlexr, 1977). That is, reaction times

to doctor-nurse are faster than to doctor-lamp. German-

English bilinguals can be in an English mode and presented
with pairs of words in which the first word is a homonym
and the second word is associated to its German meaning,

e.g., rock-dress. If bilingual subjects respond faster to

such pairs than to pairs where the second word is unassoci=

ated to either meaning of the homonym (e.g., rock-dream)

this would provide evidence that the German meaning, and
thus the German linguistic tag, was accessed while subjects

were in an English mode. The reaction times to rock-dress

pairs can also be compared to the reaction time to pairs
where the homonym is associated to its English meaning,

e.g., rock-stone.

OVERALL DESIGN OF THE EXPERIMENTS

There were two testing sessions, conducted approxi-.
mately four months apart. During the first session, experi-
ments 1 and 3 were conducted. During the second session}
experiments 2, 4.and 5 were conducted. Experiments 1 aﬁd
2 were the rating tasks, experiments 3 and 4 were the lexical
decision tasks, and experiment 5 was the paired lexical
decision task.. The order of the tasks for the different

éubjects groups 1is indicated on table 9.
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Bilingual subjects were also given a dominance test
in each of their languages. It should be noted éhat the
dominance test served not only to indicgte the subjects'
stronger language but also helped tb put the subjects in
the appropriate lénguage mode. It should élso be noted
that the rating task was alWays given in the same language .
as the preceding experiment. For half the bilingual sub-

jects this was German, for the other half it was English.



80

Chapter 4

EXPERIMENTS 1 AND 2--RATING TASK

Two studies are described in which bilingual and mono-
lingual subjects were asked to rate the acceptability of
written nonwords. Written ﬁonwords were used, rather than
aurally presented nonwords, in order to avoid the problem of

subjects misperceiving illegal sequences.

METHOD
Materials
There were two sets of stimuli, one in which the ini-
tial consonant cluster of a nonword (experiment 1) deter-
mined its legal status in German and English, and one in
which the final consonant cluster of the nonword determined
its status (experiment 2). These same nonwords were also
used in experiments 3 and 4, the lexical decision tasks.
Each set consists of 48 nonwords containing four
groups of 12 nonwords each. Each group contains four con-
sonant clusters, with three different nonwords constructed
for each consonant cluster. The EG group consists of non-

words whose initial or final consonant cluster is legal in
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both languages, e.g., FLESS, DERL. The EG group consists

of nonwords whose initial or final consonant cluster is
legal in English and illegal in German, e.g., -TWOG, HEISP.
The EG group contains nonwords whose consonant cluster is
illegal in English and legal in German, e.g., ZWOK, TANF.
The EG group contains nonwords whose initia% or final conso-
nant cluster is illegal in both languages, e.g. SREF,

VAZG.

Initial Consonant Cluster Nonwords

A variety of factors were taken into consideration
in tﬁe construction of the initial consonant cluster non-
words. See table 10. In order to avoid £he question of
whether phonemic recoding takes place during reading, all
consonant clusters selected have the same orthographic and
phonolqgical legal status in German and English. If
phonemic recoding takes place, this means that graphemic
representations are converted fo phonological representa-
tions during reading. Thus, consonant clusters like CL-
were avoided because, although CL- is orthographically il-
legal in German, its pronunciation /k1l/ is phonologically
legal in German. Other factors controlled for were fre-
quency, markedness and distance from English and German.

Frequency. Frequency was the primary determinant
uséd in selecting the four consonant clusters for each

group. Word-initial consonant cluster frequency was
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-

tabulated by using frequency word counts. For English, A

Computational Analysis of Present-Day American English, by

KuCera and Francis (1967) was used. The fregquency of each
consonant cluster was determined by reference to the
authors' alphabetical listing of all the words iﬁ their
corpus plus its frequency. It was thus possible to obtain
the frequency of, for example, FL~ in word initial position
by adding up the frequency of all words beginning with FL.
A frequency percentage was then obtained by dividing this
raw score by 1,014,232, the total number of words in the
Kudera and Francis corpus. That is, it was possible to ar-
rive at a figure indicating what percentage of all items

in the corpus begin with FL.

For'German, Deutsche Sprachstatistik, by Meier (1964)

was used. Meier lists only words with a frequency of ten

'or more. The frequency of each consonant cluster was de-
termined by referring to the alphabetical listing and fre-
quency count of words with a frequency of ten or more.

Since, according to Meier, the original corpus contained
10,910,777 words and the alphabetical word list of those
words with more than ten occurrences contained 96.3% of

the original corpus, then the alphabetical word list must
contain a total of 10,507,078 words. Consequentiy, the

raw score of each consonant cluster was divided by 10,507,078

in order to arrive at a frequency percentage for each
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consonant cluster. These frequencies are indicated on
table 10. Consonant clusters were selected for each group

so that the average frequency of eachvgroup of consonant

E oS

clusters would be as equal as possible, and so that Ger-
man and English average frequencies would be as equal as

possible.

Markedness. Since the markedness values for conso-
nant clusters does not already exist in the literature, a
chart of such values for the consonant clusters of German
and English was developed by C. E. Cairns and myself. This
chart is reproduced in table 11, and the markedness values
for the consonant clusters indicated on table 10 are taken
‘from this chart.

Markedness values were determined by using the fol-
lowing criteria: 1) which consonant appears in positions
of neutralization; 2) how positions of neutralization are
defined; 3) text frequency:; and 4) universal criteria (ac-
cording to Cairns, 1969; Greenberg, 1965; and_Pertz and
Bever, 1975).

The discussion below will present the reasoning used
for the determination of markedness values of the chart.

Sonorant. According to universal criteria, the
least marked consonant clusters contain obstruents followed
by sonorants. Consequently, [~-sonorant] is marked follow-
ing an obstruent.

Voicing. According to universal criteria (Greenberg,
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1965), consonant clusters whose first consonant is voice-
less are less marked than those whose first consonant is
voiced. Consequently, in the first poSition,.[+voice] is
marked.

Nasal. According to universal criteria, a consonant
cluster whose second consonant is [+nasal]l] is more marked
than one whose second consonant is [-naéal]. Also, more
consonants appear to the left of [-nasal] consonants than
of [+nasal] consonants, specifically, in German and Eng-
lish only /s/ or /5/ can appear to the left of a nasal
consonant.

Continuant. Since all stops appear to the left of
liquids in English and German, but very few fricatives
do (only /f,s,%,8), a fricative before a liquid or glide
is marked for continuancy. However, a éonsonant preceding
a nasal consonant is marked iﬁ it is [-continuant] since
it would be less marked to have a fricative in that posi-
tion.

Coronal. [+coronall non-continuanﬁs are marked in
consonant clusters because they suppress a following /1/,
i.e., */tl1,d1, stl, &tl1/ but /pl,bl,kl,gl,spl/.

Among continuants, [~coronal] continuants are more
marked than [+coronal] continuants (in the first conso-
nantal position) because [+coronal] continuants allow more
different phonemes to.follow tﬁém than [-coronal] continu-

ants.
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Anterior. [—anterior] is marked in. consonant clust-
ers on the basis of text frequency and also because less
can appear after /sk/ than after /sp/."

Strident. Fricatives which are [-strident] (i.e.,
/8/)-are marked for strident because fewer phonemes can
appear after /6/ than after /f/ and /s/. .

Lateral. [+lateral] is marked because /1/ does‘nof
appear after /t/ or /d/, and because [-lateral].liquid is
more frequent than [+lateral] liquid.

Glides. Glides are marked because more phonemes can
appear to the left of a ligquid than of a glide.

Consonantal. The feature [consonantal] is used to
distinguish liquids in second or third position of initial
clusters from vowels, i.e., to distinguish clusters of
two to three members from onsets which would be one phoneme
shorter. The feature [glide] is used to signal the occur-
rence of a /w/ (or /v/ invGerman) as the final member of
an onset cluster. | |

Delayed Release. [+Delayed release] is marked be-
‘cause it constrains what can follow it, i.e., only /1/
and /v/ can follow a [+delayed release] phoneme. Also,
according to universal criteria, [+delayed release] is more
marked than [-delayed release].

Consonant clusters were selected so that the average
markedness of the consonant clusters in all four groups is

as equal as possible. Special care was taken to ensure
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that the consonant clusters which are illegal in both lan-
guages are no more marked than the consonant clusters occur-
ring in one or both of the languages. This was to ensure
that subjects not notice anything odd 6r bizarre about any
of these consonant clusters.

Distance from English and German. The distance of

the cqnsonant clusters was calculated in two ways: a) using
a methqd geveloped by Greenberg and Jenkins (1964) and

b) calculating the least number of phonemes, graphemes or
features needed to convert the illegal cluster to a legal
cluster in German and/or English.

An illustration of the Greenberg and Jenkins method
follows. If there is, for example, a two phoneme cluster
such as /cv/ (spelled zw in German), its distance from Eng-
lish is calculated by indicating in the first column%below,
the number of simultaneous substitutions of phonemes that
can be made, i.e., either one phoneme can be changed at a
time, or both phonemes can be changed at the same time. The
second column indicates the number of ways this can be done
and the third column the number of these changes which re-

sult in English words. The identity substitution is allowed.

1>

B

Te'

(/c =x = »v/)

NP

2 1
1 1l (changing both phonemes results in legal
sequence)
2 out of 3
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Thus, for /cv/, if /3 / is substituted for /c/ it re-
sults in a possible English sequence (as in avarice). How~-
ever, there is nothing that can be substituted for /v/ to
create a possible English sequence, since no word in Eng-
lish begins with /c/. Thus, the first number under column
C is 1, not 2. Since chahging both phanemes certainly re-
sults in a legal sequence, /cv/ allows 2 out of 3 possible
substitutions. /$1/ (schl) is closer to English since it

allows 3 out of 3 possible substitutions.

A B C
1 2 2 (/§os =1s1/, /1=>r = gr/)
2 1 1 (changing both phonemes results in legal sequence)

3 out of 3

This method was used for all consonant clusters, substitut-

ing graphemes as well as phonemes.

The rest of the nonword. After the initial consonant

clusters were selected, the rest of the nonword was con-
structed by randomly adding a vowel or diphthong that oécurs
in both languages, taken from the following set: "a, e, i,
o, u, au, ei, ie." The vowel or diphthong was followed by

a consonant or geminate occurring in final position in

both English and German: "b, 4, £, g, k,.l, m, n, P, r, S,
ss, t, tt, %, z." Thus, other than the initial consonant
cluster, the rest of the nonword was always legal in both
languages. All vowels and consonants were randomly added

to the initial consonant cluster, but constrained so that
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the vowels and consonants are equally distributed over all
four groups of nonwords, and so that the same consonant
cluster is not followed by the same vowel or consonant more
than once. (That is, once SCHNAM was constructed, SCHNEM
or SCHNAD were no longer possibilitieé.)

All nonwords are monosyllabic, with from four to six
graphemes and phonemes. Each group of nonwords has an
average number of graphemes ranging from 4.92 to 5.25 and
an average number of phonemes ranging from 4.33 to 4.92.
Thus, the average number of graphemes and phonemes in each
group of nonwords was made as equal as possible.

Further, construction of the nonwords was constrained
such that none of the nonwords can be pronounced as actual
words of English or German. .That is, a nonword such as
STRIEM would be avoided, since it might be pronounced as
stfeam (/strim/). There are two groups of nonwords (I and
II) with the same initial consonant clusters, but with the
rest of the nonwords different, although meeting the above
criteria. Two groups were needed because the same non-
words were used in experiment 3 (below) where the design
requifed two groups of nonwords. All nonwords were typed

in uppercase letters. They are indicated on table 12.

Word Final Consonant Cluster Nonwords

Frequency. The consonant clusters for each group

were selected primarily on the basis of frequency. The
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consonant clusters are indicated on table 13. Frequency
here refers solely to the number of different lexical items
which end in a particular consonant cluster, not to the
number of times each of these items occurs. These numbers
were then converted to percentages, indicated on Table E.

For English, The Rhyming Dictionary of the English Language

by Walker (1936) was used to determine the frequency of
each consonant cluster. It contained approximately

50,000 lexical items. For German, Rucklaufiges Worterbuch

der deutschen Gegenwartssprache, by Mater (1967) was used.

It contains approximately 130,000 different lexical items.

Legal status. The EG consonant clusters (legal in

both languages) are both orthographically and phonologically
légal in both languages. The EG consonant clusters (legal
only in German) are both orthographically and phonological-
ly illegal only in English. The EG consonant clusters
are both orthographically and phonologically illegal in
both languages. .

However, although =-LTH and -RTH (of the (EG group)
are orthographically illegal in German, German has word
initial THR- which is pronounced [tr]. If -LTH and —-RTH
are pronounced [1t] and [rt], rather than [18] and [r6],
then they are phonologically legal.

Also, -WL is orthographically illegal in German but
is phonologically legal, as in the German word faul

(lazy), pronounced [frwl]. However, there were not any
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other word final consonant clusters in the EG group which
could be used instead of these.

Markedness. Given the small number of possible con~-

sonant clusters for each group, it was not possible to
select them on any basis other than orthographic and phono-
logical status and frequency. However, the consonant
clusters selected for the EG group were selected on the
basis of their plausibility of occurring in languages of
the world, and their similarity to clusters océurring in
English and German. Thus, -RSP is similar to -RST, which
occurs in both English and German, -ZB is the voiced coun-
terpart of -SP, which occurs in English, -PK is similaxr
to -PT, which occurs in English and German, and -ZG is the
voiced counterpart of -SK, which occurs in both English
and German.

The rest of the nonword. As with the word initial

nonwords, the rest of the nonword was always legal in both
languages. All begin with a single consonant taken from
the following class of consonants, all appearing in ini-
tial position in both English and German: "b, 4, £, g, h,
kx, 1, m, n, p, ¥, s, t, v, w, 2." The consonant is fol-
lowed by one of the following vowels or diphthongs: "a,

e, i, o, u, ei, ie." This was followed by one of the word
final consonant clusters. The different initial consonants
and vowels are again distributed as evenly as possible

among the four groups of nonwords. The same initial -
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consonant or vowel is again not used more than once with
any particular word final consonant cluster.

The nonwords are all monosyllabic. They consist of
four or five graphemes and phonemes. The average number
éf graphemes in each group ranges from 4.6 to 4.9, the
average number of phonemes ranges from 4.2 to 4.3. Due
to the design of experiment 4, all subjects rated the same
set of word final consonant cluster nonwords. All non-
words were typed in uppercase lefters. The nonwords are

indicated on table 14.

Subjects

v

Monolih&ual Subjects

All monolingual subjeéts were Queens College under-
graduate students who did not consider themselves to be bi-
lingual in any languages. None had ever studied a Ger-
manic language other than English or had any other Ger-
manic language spoken by members of their immediate family.

There were 20 monolingual subjects in the first test-
ing session. Six were male, 14 were female, two were left-
handed, and 18 were right-handed. The subjects' age
ranged from 17 to 25. Subjects were paid $l.- for every
20 minutes. The experimental time was approximately forty
minutes, which included participation in experiment 3.

There were 18 moholingual subjects in the second test-

ing session. Four were male, 14 were female, 4 were left-



922

handed and 14 were right-handed. Subjects' age ranged from
17 to 24. One student was older than the others but her
responses did not differ from those of the other monolin-
gual subjects. Subjects were paid $l.- for every 20
minutes. The experimental time was approximately one hour,
which included participation in experiments 4 and 5. Two

monolingual subjects participated in both sessions.

Bilingual Subjects

Twenty German-English bilingual subjects participated
in the first testing session. Eighteen of the same subjects
also participated in the secrnd testing session. The sub-
jects ranged in age from 18 to 26 years. One éubject was
43 but his responses did not differ from those of the other
subjects. All subjects were right-handed. Three were
male, 17 were female. Subjects were paid $l.- for every
20 minutes. .The first session lasted approximately one hour
and fifteen minutes. The second session lasted approxi-
mately one hour.

Table 15 contains information on the background of the
bilingual subjects. The information was obtained via a
questionnaire which subjects were asked to fill out after
completing the first testing session. All but three of the
bilingual subjects were undergraduate students at Queens
College. Of these, two were recent graduates of the col-

lege and one worked in the neighborhood of the college.
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Many of the bilingual subjects had grown up in homes where
German was spoken, many had also attendgd some classes at a
German school, and many were attending advanced German
classes at Queéns College.

The column headed "Self-Rated Overall Proficiency,"
on Table 15, indicates the subjects' self-rating of com-
parable overall proficiency in German and English, on a
scale of one to seven, where 1 = much better in German,

4 = equally skilled in German and English, and 7 = much
better in English. All the subjects rated themselves as
equal in both languages or as more proficient in English.
The columns headed "Dominance Test" indicate the results
of an objective test designed to confirm subjects' self-
rating.

The dominance test used was adapted from Johnson
(1953) . Subjects were asked to write down as many English
or German words as they could think of, in twé minutes.
Johnson suggests that subjects are able to think of more
words in their dominant language. The results of the domi-
nance test confirm the results of self-rating. (Articles
added to nouns were not counted as separate words, e.g..,
Das Kind was counted as one word.)

Although most subjects were dominant in English,
all considered themselves proficient in both languages and

none experienced any difficulty with any of the tasks.
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Procedure

The monolingual subjects and half of the bilingual
subjeéts were given the following instructions: "Below:
are a series of nonsense words. How acceptable do you
think these strings of letters would be, as new words of
English?" These were printed on a sheet, followed by the
scale which ranged from completely acceptable (=1) to
completely unacceptable (=5). This was followed by the
nonwords, in a random order. An example of a sheet used
for the English rating task is reproduced in table 15.
The other half of the bilingual subjects received the
instructions and definitions of the scale translated into
German, and asking them to rate the acceptability of the

nonwords as new words of German.

RESULTS

The results of experiments 1 and 2 comparing the bi-
lingual ratings in the German condition and the bilingual
ratings in the English condition are indicated on table
17. A repeated measures analysis of variance was done for
both experiments, with one within factor (type of nonword: -
EG, EG, EG, and EG) and one between factor (language condi-.
tion: English vs. German). For both experiments 1 and 2,
there was a significant effect of type of nonword: experi-
ment 1, F(3, 54)=60.175, p< .001l; experiment 2, F(3,48)=

55.250, p<.00l. In experiment 1, no effect of language
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condition was found: F(1,18)=.380, p> .500, while in experi-
ment 2, there was a significant effect of language condi-
tion: F(1,16)=9.468, p=.008. There was a significant inter-
action of type of nonword and language condition: experiment
1, F(3,54)=19.403, p<.001l; experiment 2, F(3,48)=38.907,
p<.00l. That is, in both experiments bilinguals rated the
nonwords differently, depending on language condition. All
comparisons of means for individual types of nonwords were
made using a Tukey range test, at the .05 level of signifi-
cance. These results are indicated graphically on table
17. |

The monolingual results for experiments 1 and 2 are
lalso indicated on table 17. A repeated measures analysis
of variance was done for both experiments, with one within
factor (type of nonword) and.one between factor (subject
group: ﬁonolingual vs. bilingual in English). For both
experiments 1 and 2, there was again a significant effect
of type of nonword: experiment 1, F(3,54)=64.659, p<.001;
experiment 2, F(3,48)=115.341, p<.001l. For experiment 1,
there was a significant effect of subject group: F(1,18)=
7.590, p=.014, while in experiment 2, no difference was
found between the ratings of monolingual and bilingual
subjects: F(1,16)=3.324, p=.088. For both experiments 1
and 2, there was no interaction of subject group and type
of nonword: experiment 1, F(3,54)=.936, p=.430; experiment

2, F(3,48)=.664, p> .500. That is, bilinguals in the
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English condition had the same pattern of responses to the

nonwords as did English monolinguals.

DISCUSSION

There are two major findings of interest. Both sup-

~ port the hypothesis thét the bilingual has a knowledge of
two sets of phonotactic constraints. The first is the find-
ing of a significant interaction between bilingual language
condition and type of nonword in both experiments 1 and 2;
This indicates that bilinguals rated the nonwords different-
ly, depending on whether they were rated as potential Eng-
lish or German words.

Specifically, the Tukey range tests reveal that in
both experiments 1 and 2 the ratings of the nonwordjp as Ger-
man or English words was equal for the EG and EG groups.
This is just what one would expect, since the legal status
of these nonwords is identical in both German and English.
However, ratings in the German and English conditions
varied for the EG and EG nonwords, which is also what one
would expect if the bilingual has a knowledge of two sets
of phonotactic constraints. In experiment 1, there was
a significant difference between the rating for EG nonwords
in the German and English conditions, and a significant dif-
ference between the rating for EG nonwords in the German
and English conditions, in the directions expected: EG was

rated as better in English, EG was rated as better in
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German. In experiment 2, there was also a significant dif-
ference in the ratings for EG nonwords in the English vs.
the German conditions; with EG nonwords rated as more ac-
ceptable in the German condition than in the English condi-
tion. However, there was no significant difference between
ratings for the EG nonwords in the English and German con-
ditions in experiment 2. This méy have been due to the
fact that it was not possible to control the frequency of the
word final consonant clusters, although the frequency of
the word initial consonant clusters was controlled. None-
theless, the difference, althougn not significant, is in
the expected direction. (EG = English condition=2.963,

EG - German condition=3.519.)

The range test of bilingual ratings in the two con-
ditions also reveals one surprising result, which is not,
however, central to the main issue of one or two sets of
phonotactic constraints. There was a significant dif-
ferenée in the English condition between EG and EG non-
words in experiment 1 (2.232<3.284). This suggests that
despite the fact that both types of nonwords aré legal in
English and despite the contrdls used in the construction
of the nonwords, the EG and EG groups were not equally
acceptable. In fact, EG nonwords were rated as being as
unaaceptable_as EG nonwords, thpugh not as unacceptable
as EG nonwords in English.

The second major finding is that in both experiments
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1 and 2, there was no significantbinteraction between sub-
ject group (monolinguals vs. bilinguals) and type of non-
word in English. This indicates that bilinguals had the

same pattern of responses as did monolinguals, when asked

to rate nonwords as potential English words. One can thus
conclude, on the basis of experiments 1 and 2, that bi-
linguals have a knowledge of two sets of phonotactic con-
straints, one for each languagé, and further, that
German-English bilinguals have a knowledge of the same phono-

tactic constraints for English that English monolinguals

do.
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Chapter 5

EXPERIMENTS 3 AND 4--LEXICAL DECISION TASKS

Experiments 3 and 4 are lexical decision tasks. The
stimuli for experiment 3 are ones in which the initial
consonant cluster of the nonwords and words determines its
legal status in German and English. In experiment 4, the
final consonant cluster of the item determines its legal

status.

METHOD

Experiment 3--Word Initial Lexical Decision Task

Experiment 3 was conducted during the same testing
session as experiment 1. Monolingual subjects and bilin-
gual subjects were given the lexical decision task in Eng-
lish. Bilingual subjects also participated in a German
leXical decision task, where they were asked to decide 1if
an item was a German word or a nonword. Half of the bi-
lingual subjects did the English lexical decision task
followed by the German task; half did German first, fol-

lowed by English.
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Materials

All words and nonwords were monosyllabic. All items
appeared on the slides typed in uppercase letters;

Nonwords. Nonwords were the same as those used in
experiment 1. (See chapter 4 for a discussion of the cri-
teria used in their construction.) The nonwords are repro-
duced in table 12. Half of the monolingual subjects saw
nonword set I, half saw nonword set II. These two sets of
nonwords began with the same consonant clusters and met
identical criteria. For example, nonword set I contained
BLIEX and BLEM while nonword set II contained BLUN and
BLIEZ.

Words. There were two groups of English test words
and two groups of German test words. One group contained
words which were legal in the other language, that is, they
were possible but never actual words in the other language.
The second group contained words which were illegal in the
other language. The words contained the same initial con-
sonant clusters as did the nonwords, i.e., three words
began with BL-, three with FL-, etc.

The English test words are reproduced on table 18,
the German test words on table 19. Since there are 48
nonwords and 24 test words for each language, 24 filler
WordS-were selected for each language so that subjecté
- would see an equal number of words aﬁd nonwdrds{ Thé filler

words appear on tables 20 and 21.
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Frequency counts for the ‘English words were taken from
Kufera and Francis (1967) . Frequency counts for German
words were taken from Meier (1964). For all words, the fre-
quency indicated on tables 18 and 19 refers to the number
of occurrences of theword in the corpus. The mean number
of occurrences for each group is also indicated, as well as
the percentage of the entire corpus which the mean repre-
sents (so that German and English frequencies can be com-
pared) .

In almost all cases only the initial consonant cluster
of the word makes it illegal or legal in the other language.
The test words are both orthographically and phonologically
legal or illegal, in order to avoid the question of phonemic
recoding. Attempts were made, -as much as possible, to have
the rest of the word legal in both languages.

Selection of words was also constrained such that
words in 6ne language were not written or pronounced as
wdrds in the other language. For examplé, a German word
like braun would be avoided since it is proncunged much
like the English word brown.

Words with asterisks contain two morphemes. All
others contain one morpheme. There are two test words and
two filler words with two morphemes.

In order to keep the total number of legal and il-
legal items balanced, half of the English filler words are

legal in German and half are illegal in German; half of
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the German filler words are legal in English and half are
illegal in English. However, these words are only ortho-
graphically legal or illegal. This is because there were
not enough consonant clusters available meeting this con-
straint. Also, the ffequency, markedness, etc. of the
filler words was not controlled.

The number of graphemes for all words ranged f;om 4
to 7. The average for each group ranged from 4.83 to 6.
The number of phonemes for test words ranges from 3 to 6.
The average for each group ranged from 3.92 to 4.67. All

words were nouns, verbs or adjectives.

Subjects

Subjects were the same as those who participated

in experiment 1. They are described in Chapter 4.

Experiment 4--Word Final Lexical Decision Task

Experiment 4 was conducted during the same testing
session as experiments 2 and 5. Monolingual and bilingual
subjects were given the lexical decision task in English

only.

Materials

All items are monosyllabic and appeared on the slides
typed in uppercase letters.

Nonwords. Nonwords were the same as those used in

experiment 2. They are reproduced on table 1l4. Since
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bilingual subjects as well as monolingual subjects only
participated in an English lexical decision task, only one
set of nonwords was required.

Words. There were two groups of test words, one
containing words iegal-in both languages, the other con-
taining words illegal in German. In all cases, only the
final consonant cluster determines which group (EG or EG)
the word belongs to. The words contained the same word
final consonant clusters as did the nonwords, i.e., three
ended with -RCH, three with -LK, etc. In no case did sub-
jects sée any actual German words. All words were mono-
syllabic. The 24 test words are reproduced on table 22.

The number of graphemes of the test words ranged
from 4 to 6. The average number of graphemes was 4.6 and
5.1. The number of phonemes was 4 or 5, the average num-
ber of phonemes for the two groups of test words was 4.2
and 4.3 |

The 24 filler words appear on table 23. Due to a
scarci;y of appropriate consonant clusters, many of the con-
sonant clusters of the filler words are only orthographical-
ly illegal in German. The filler words were not controlled
for frequency, etc., although words with high frequencies
were usually selected on the assumption that subjects would
be more comforfable with more.common'words. The items of each
experiment were presented in a random order, subject to the
rest:iction that no more than three items from any group

appeared consecutively.
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Subjects

Subjects were the same as those who participated inv

experiment 2. They are discussed in chapter 4.

Procedure for Experiments 3 and 4

Subjects were seated in front of a screen, in a booth
which blocked out light from other sources.‘ The stimuli
were presented for 500 msec. by means of a Gerbrands tachis-
toscope attached to a timer. Subjects pushedveither a
"yes" button or a "no" button with their dominant hand.

Subjects were givennthe following instructions: "You
will see a series of slides with letters. Some of the
slides have words on them, and some have sequences of let-
ters that are not words. As quickly as possible, push the
button labeled yes if the item is an English word, and push
the button 1abé1ed no if the item is not an English word.
Try to respond as quickly and as accurately as possible."

For the German version ofAexperiment 3, subjects were
given a translation of the above instructions, with German
substituted for English. (Buttons were labeled Jja and
nein.)

The word "ready" or "vertig" was said before‘each
slide appeared. Subjects first saw a series of practice

slides.
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RESULTS

Monolingual and bilingual results in English on experi-
ments 3 and 4 are indicated on tables 24 and 25'fespectively.
Only correct responses..are included. Occasional trials with
extremely high or low reaction times were cut off using
Forster and Chambers' (1973) method. Each subject's mean
' reaction time over all test items was calculated, as was
the value two standard deviations above the mean and the
value two standard deviations below the mean. Any scores
more than two standard deviations from the mean were re-
placed by these values.

A repeated measures analysis of variance was done for
both experiments 3 and 4 with one between factor (subject
groups: monolingual vs. bilingual) and one within factor
(six types of stimuli: two types of words and four types of
nonwords). For both experiments, there was no significant
effect of subject groups: experiment 3, F(1,38)=2.330,
p.=136; experiment 4, F(1l,34)=.237, p>.500. That is, there
was no overall difference in reaction time between monolin-
guals and bilinguals. There was a significant effect of
type of stimulus: experiment 3, F(5,190)=35.885, p<.001;
experiment 4: F(5,170)=15.026, p<.001l. In experiment 3
there was a significant group by stimulus type interaction:
F(5,190)=2.912, pé.015, and in experiment 4 this interac-
tion was approaching significance: F(5,170)=2.148, p=.063.

All comparisons of means for individual types of stimuli



106

were made using a Tukey range test at the .05 level of sig-
nificance. These comparisons are.indicated graphically on
tables 24 and 25,

The results of the two groups of nonwords used in
experiment 3 are indicated on table 26. A repeated mea-
sures analysis of variance was done with two between subject
factors (subject type: monolingual vs. bilingual, and non-
word set: set I or II), and one within subject factor (type
of stimulus). There was no significant effect of nonword
set: F(1,36)=.071, p> .500.

Table 27 indicates bilingual means in the English
condition of experiment 3 when bilinguals participated in
the English task before the German task, and when they
participated in the’English task after the German task. A
repeated measures analysis of variance was done with one
between factor (order of presentation: English condition
first vs. English condition second) and one within factor
(type of stimulus). There was a significant effect of type
of stimulus: F(5,90)=16.994, p«<.001l, and there was a
tendency toward a significant effect of order of presenta-
tion: F(1l,18)=3.405, p=.082. There was no interaction of
order of presentation and type of stimulus: F(S,QQ)?.779,
p>.500. A similar analysis of variance was done compar-
ing bilingual means in German, depending on whether sub-
jects participated in the German task before 6r after.

participating in the English task. The means are also
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indicated on table 26. There was a significant effect of
type of stimulus: F(5,90)=15.848, p< .001, and again a
strong tendency toward a significant effect of order of pre-
sentation: F(1,18)=4.090, p=.059. There was no interaction
of order of presentation and type of stimulus: F(5,90)=
1.008, p=.418.

The number of bilingual and monolingual errors in
experiments 3 and 4 are indicated on table 28. For both
experiments, a repeated measures énalysis of variance was
done on the number ofrérrors. There was one between factor
(subject group: monolingual vs. bilingual) and one within
factor (type of stimulus). There was no effect of subject
group: experiment 3, F(1,38)=2.426, p=.128; experiment 4,
F(1,34)=2.068, p=.160. That is, bilinguals did not have
more errors than monolinguals. There was a significant
effect of type of stimulus: experiment 3, F(5,190)=13.466,
p<.00l; experiment 4, F(5,170)=10.460, p<.001. ”In._
experiment 3, there was no significant interaction of sub-
ject group and stimul