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The Visual Tongue-Twister Effect: Phonological Activation
in Silent Reading

DE11011All McCwratert AND CHARLES A. PusFerrt

thilversity of Phtsiwah

We Amuse the activation of phoseletical inforamtion *non silent reedit. and report two
eaperimeas dammestratiat a raid tootoe-twister effect. lunpnents of seramatie ac-
ceptability took later fat saneness which wand initial cowman or mamma' pas
Alban only in miens such as /p/ and 1W toompoeorists.M. canned wish mimed
ftweseitaNy aseehr antences Ulnae coated.. a adornl mix claimant). In addition.
coseareat NOCAglatioP with a t011eatwisla phrase slowed perforinsace. but did not Pro-
duce reliable specific into when the vocalization phrase repeated the same word-
Wad canoed (for example. bald /in as the sentences twin read. We arm that the
WNW Nad1111 limes for issass-twisies is cased brinerfermice due to the similarity of the
dad* teresentaioos asowaiically activated daring redid. The lack of opecific laser.
femme between CONCOMA romantics anti she reading task senate that these adomati
tally activated phonetic representation are art Wawa motor propane and this the
concUMNII vamination parodied is not as appropriate method to emusine she ph000looical
Information wad arid readied.

At least since Htscy's study of reading
(190111961), the role of speech processes in
silent reading has been an active research
issue. Muck work has addressed the plausi-
Wily of speech recoding prior to lexoad ac-
cess (Baron, 1973; Kleiman, 1973; Frederik-
.= & K=11, 1976; Barron & Baron, 1977;
Catboat*. Davelser. ionasson, & Besner.
1977: Develear,Coftheart, Boner, & Jonas-
son, 1978; Meyer & Ruddy, Note 1). Result
have been mixed concerning this receding
issue Nee McCusker, Hillinger, and Bias
(1911) for a detailed review). However, it is
possible that speech processes have their
important role in skilled reading in auto-
matic activation processes that are part of
lexical access. but not necessarily prior to

This work is supponed by the kmamint Research
and Development Center. which is supported in pan
by the National Institute of Education. Is includes
work reported at she meeting of the Psychononic So
can to Phoenix. Arizona. in 1979 end the unpublished
master's thesis of the first author. Requests ror re
plate should be seat to the first author. Learning Re.
search and Development Censer. University of
Pittsburgh. Penn.

672
4023-137142/4110673-11402.01$
AMON In* AohiNic Nom as.11.1.1.011M10.1111. 4..

it, We have recently made this argument in
some detail. suggesting how such activation
processes might occur and how they would
support comprehension (Perfetti & Mc-
Oatchen, in press). Automatic activation is
difficult to demonstrate but there Is my
gestive evidence from word vocalization
tasks (Navon & Shintron, 1911), and back-
ward visual masking research (Naish, 1910;
Perfetti, Bell & McCutchen, Note 2).

On the other hand, there is evidence for
the assumption that comprehension is sup-
ported by phonological processes. For
example, comprehension of sentences, as
reflected in verification times, is reduced by
concurrent vocalization (Kleiman, 1973)
and by phonological confusions within a
sentence (Baddeley & Hitch, 1974; Bad-
delay & Lewis, 1981: Tseng. Hung, &
Wang, 1977). However, concurrent vocali-
zations interfere with comprehension only
when a fairly precise comprehension is re-
quired. Thus. following a =ties of studies%
Levy (1973, 1977, 197(1) reported that con-
current vocalization interfered with mem-
ory for wording but not for gist (Levy.
197P). Slowiaczek and Clifton (1910) added

4



THE VISUAL TONGUETWISTER EFFECT

data to further modify this conclusion,
showing that concurrent vocalization does
interfere with comprehension. provided
comprehension demands are peat enough.

General Assumptions ofa Model ,f
Speech Processes in Skilled Reading

Even in those studies which assume
phonological activation occurs during
reading. the codes involved in this activa
tion have not been explicitly described. It
has been generally assumed (Kleiman.
1973: Levy. 1977. 1978: Slowiaczek &
Clifton. 1980) that concurrent vocalization
has its detrimental effect because speech
mechanisms used in concurrent vocaliza-
tion are used implicitly in reading (hence
the term "suppression" in reference to this
paradigm). However. a model of speech
processes in reatling does not need to as-
sume the operation of some general all-
Purpose speech meehanism. Neither
must it assume that all vocalization inter-
feres equally with reading, Instead. speech
codes. both those used in speaking and
those used in reading. may be specific for
speech segments or even features of ar
ticulation. Thus, if words in the sentence
being read activate the same phonetic code
repeatedly. interference could result,: Fur.
thennore. if concurrent vocalization re
quires those same codes. then interference
should increase as the items to be read be-
come more -phonetically similar to those
being spoken.

Testing these hypotheses requires some
assumptions concerning the nature of the
linguistic codes and their role in the reading
process. The following assumptions pro-
vide a broad frame% ork for a model. dis-
cussed in more detail in Perfetti and
McCutchen (in press). We assume that
even when access to the lexicon is provided
directly by the visual pattern of the printed
word. a consequence of this lexical access
is an automatic activation of some pho-
nological features. This is not to suggest
that the complete phonological represents-

673

tion of every word is activated. Such de-
tailed phonological activation may require
too much time to be a part of efficient
reading, Specifically. we suggest that
phonetic specification may be incomplete
ard biased toward the beginnings of words.
In addition. since function words (e.g., de-
terminers. prepositions. conjuctions) gen-
erally work as syntactic coordinators. they
may not requite such elaborate representa-
tion. neither semantically nor phonologi-
cally. Bradley (Note 3) had observed differ-
ences between limetion and content words
in other reading tasks. and we intend what
follows to apply only to the content words
of sentences,

An abstract phonological representation
containing information about the word-
initial phoneme and general phonetic shape
would be useful in reading. especially dur-
ing the integration processes of comprehen-
sion. Together with abbreviated semantic
information activated during the initial ac-
cess of the lexicon. word-initial phonetic
information could Provide a concise index
by which to reassess specific words. if that
became necessary during comprehension.
Such a specific lexical index helps in re-
trieving a name and examining its specific
semantic aspects within the context of a
given sentence. a process we refer to as ref-
erence securing (Ferretti & McCutchen. in
press).

We assume that the codes used in the ac-
tivation of these phonological repre-
sentations include some consonant fea-
tures. rather than merely vowel sounds.
The consonant assumption is made for two
reasons. First. consonants carry more lin-
guistic information than vowels. That is.
consonants more specifically identify words.
so consonants would be more helpful in
securing specific lexical reference. Second.
consonants do not have the acoustic dura-
tion that vowels do and so are more com-
patible with the speed at which silent read-
ing can occur.

Finally. we assume that the consonant
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code includes distinctive features of ar-
ticulation. There is evidence that such fea-
tures are part of memory for speech
(Natalia% 1967; Wickelgren. 1965, 1966)
and also cues for perception of fluent
speech (Colo, Jakiatek. & Cooper. 1978).
Other features. for example. voicing, might
also prove important.

These assumptions guided the two ex-
periments reported below. The experiments
manipulated the similarity of the consonant
code both *Min silently read semences
and between these 'sentences and concur-
rently vocalized phrases. The first manipu.
lotion results in visual tongue-twisters. that
is. silently read sentences that repeat initial
consonants across several words of a sen-
tence, The rationale of the visual tongue-
twister is as follows. As each succeed-
ing lexica! item is accessed, its abstract
phonological representation is added to the
others already stored in temporar; mem-
ory. The phonological representations of
words from tongue-twisters should be sim-
ilar (especially at the important wordinitial
segment) and cause the kinds of similarity
confusions often obset ved in memory
tasks., Thus tongue-twisters should take
longer to read than phonetically "neutral"
sentences (those containing a natural mix of
phonemes).

The second manipulation examined wheth-
er the mechanism of the phonological ac-
tivation that occurs in reading is shared by
vocalization. If the specific phonological
code required during the silent reading of
tongue-twister sentences is occupied by
vocalization. then the reading of tongue-
twisters should be additionally impaired by
concurrent vocalization of a phrase which
repeatedly activates the same code. For
example. reading a tongue - twister with
many initial is and d's should be addition-
ally impaired by vocalizing phrases with al-
veolar consonants. A/ or Id/,

EXPERIMENT

The first experiment tested the tongue-
twister hypothesis and the additional ef-

fectsofooncurrent vocalization. The tongue -
twister hypothesis would be confirmed by
longer acceptability judgments for sen-
tences repeating a given word-initial con-
sonant. or place of articulation. The possi-
bility of specific phonetic interfere:nee
irom concurrent vocalization was tested by
varying the phonetic content of the concur-
rent vocalization phrase., This specific in-
terference would show itself either as in-
creased times to judge the sentences or as
disfiuencies in the articulation of the vo.
calized phrase. To properly evaluate pos-
sible trade-offs in this dual task situation.
both fluency on the vocalization task and
perfonnance on the sentence judgment task
were measured.

To assess the specific phonetic interfer-
ence between vocalizing and reading. a
-.control" phrase was used. This phrase
contained only vowels so as to control for
the general effect of concurrent vccalim-
tion. regardless of the phonetic content.
The performance of subjects vocalizing the
vowel phrase was used as a baseline to test
for any effect specific to the phonetic simi-
larity between the consonant vocalization
phrases and the word-initial consonants of
the sentences being read,

We assume the importance of phonetic
codes in reading is in aiding reaccess to
specific words in memory. Accordingly.
interference between codes activated dur-
ing reading and those activated during vo-
calization may increase as the reading com-
prehension task becomes more demanding.
Thus, reading longer sentences might pro-
duce more interference than reading shorter
sentences. The experiment also varied the
length of the sentences to be read to test for
an effect of memory load.

Method

Subjects, Subjects were 36 University of
Pittsburgh undergraduates fulfilling class
requirements. With the exception of ap-
proximate counterbalancing according to
sex. the 36 subjects were randomly as-
signed to one of the three experimental

6



TOE VISUAl TONGUE-TWISTER EFFECT

conditions. The conditions differed ac-
cording to which phrase the subject was to
vocalize during the reading task. One group
of twelve subjects vocalized a phrast filled
with the word-initial bilabial consonant /pi
whale reading, a second group vocalized a
phrase filled with alveolar hi, and a third
group vocalized the vowel phrase /a/,
tali, fol. Jul.

Materials. The vocalization phrases. to-
gether with sample sentences from the
reading task are presented in Table I. Three
sets of syntactically parallel sentences were
constructed for the reading task. The par-
allelism was achieved by abstracting the
syntactic frame used in a sentence in one
set and repeating it in a sentence in each of
the other sets. For example, one syntactic
frame was (ADJECTIVE + NOUN +
VERB + PREPOSITION + ARIICLE +
NOUN),The sentence sets differed accord-
ing to the nature of the word-initial conso-

67S

fleets, One set of sentences repeated
word-initial bilbial consonants (/b/ or /pi),
and one set repeated word - initial alveolar
consonants (id/ or /1/). A third set of
phonetically "neutral" sentences contained
a natural mix of word-initial consonants.
excluding both bilabials and alveolars,
Each semantically acceptable neutral sen-
tence was a semantic as well-as syntactic
match to either an acceptable bilabial or al-
veolar tongue - twister, That is, half the
neutral sentences were paraphrases of bila-
bial tongue- twisters and half were para-
phracts of alveolar tongue-twisters.

Half of the sentences in each set were
semantically arseptabk. and half were not.
Meaningless sentences were constructed by
rearranging content words across sentences
within a given consonant type.: Thus
semantic anomalies were created while the
meaningless sentences remained syntacti-
cally parallel to meaningful, acceptable

TABLE 1
Eic4MP4 15 01 '.AIISJALS EXPEMMINI

Vocalization phrases

Sentences in reading task

-Yes-

-yes-

vowel.
Bt labial

Alveolar

Short
Bi

Alveolar
Neutral

Alveolar.

Long

Bilabial

Alveolar

Neutral

Bilabial

Mixed
Bilabial

Mixed
Alveolar.
Neutral:

Alt es 1 u St
Pack a paw of purple pampers.
Take a taste of tender turtle

Both bags were in she bus
Twenty toys were in the trunk
Seven! pines were in the chest
Tiny towel were in the tuck

The Press published the poem and promised to pay
for permission
The detective discovered the danger and decided
to dig for details
The investigator found the hazard and chose to
hunt for answers.

The puppies puzzled the peninsula and processed
to please for paper

The purpose of the play was to please
the brave prince
The task oldie st:vice was to destroy the
target territory
The intention of the film was to entertain
the noble king.
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tenteoces. Due to this procedure. mean-
ingless sentences generally required seman-
tic analysis to reach a -no" decision. but
tome also contained a minor syntactic vio-
lation..

In addition. sentences were either short.
three content words. or long. five or six
content words. With all words counted.
short sentences averaged six words and
long sentences averaged ten words.

Thus there were three sets of short
sentencesone of bilabial tongue-twisters.
one of alveolar tongue-twisters. and one of
neutral sentencesand three set, of long
sentencesone bilabial. one alveolar. and
one neutral. Each of the six sets contained
12 test sentences. 16 semantically accept-
able and 16 Unacceptable. In addition to the
test sentences. there was a practice set of
24 sentences and three lead-in sentence% t
begin each test set.

Two blocks of sentences were created:
one containing all of the long sentences and
one containing all of the short sentences
Order of presentation of the blocks was
counterbalanced across subjects. In addi-
tion, within each block the order of the
three sets of sentencesbilabial tongue-
twisters. alveolar tongue-twisters. and
phonetically neutral sentenceswas coun-
terbalanced following a Latin square design.

Procedure. The subject's task was to
read each sentence as it was presented on a
CRT and. as quickly and accurately as pos-
sible. press a button matted -yes" if the
sentence made sense or one marked -no" if
it did nut. Thc. 24-sentence practice file ac-
&maimed subjects with the procedure Pre-
sentation of sentences was under control of
a pDp 11:15 computer. which controlled
displays and recorded response times and
errors. Response times were measureo
from the time the entire sentence came into
view until the subject responded. The sub-
jects began their vocalizations simulta
neous with their keyboard response which
brought the sentence into view, The vocali-
zations were recorded on a cassette re
corder and scored for fluency,

Prior to the appearance of the first prac-
tice sentence. subjects practiced the vocali-
zation phrase in isolation. and during the
practice trials subjects were instructed to
develop a comfortable rhythm in articulat-
ing the phrase. (This rhythm was used as a
criterion for rhythm deviation in later
scoring of vocalization fluency.) The in-
structions emphasized accuracy in the
reading task as primary. but subjects were
instructed to make their decisions as
quickly as possible. as well as to fluently
repeat their vocalization Phrase.,

ReAtt11$ of Ltperimnt 1

In order to take into account any trade-
off between reading speed and vocalization
accuracy. analyses were done on both
latencies and a combined score which re-
flected the dual nature of the task (fluen-
cy/latency) Data were analyzed in a 3 (vo-
calization group) x 3 (sentence type) x 2
(sentence length) analysis of variance. with
the last two factors repeated measures.

Lateurte$. Analyses of variance were
done on response latencies for semantically
acceptable and unacceptable items. Revolts
for the semantically acceptable sentences
are more interpretable. because subjects
were required to read the whole sentence to
make an -acceptable" judgment. Early
negative decisions were possible for unac-
ceptable sentences Therefore. subject
means of correct decisien times for accept-
able items of each sentence type and length
are displayed in Table 2.

'The main result of interest was that
tongue-twisters required more time to ver
ify than neutral sentences, The subject
analysis of acceptable sentences revealed a
main effect of sentence type. Ft2,66) =
10.04. p - ..001. A planned orthogonal con-
trast indicated that O of the variance of
the main effect was due to the difference
between neutral sentences (2.90 seconds)
and tongue-twisters (3.08 seconds), F(1.66)
= 19.25.p < .01. For acceptable sentences.
the tongue-twister effect was not significant
in the item analysis F(2,90) = 1.57,p = .2.

8



TABLE 2
Bicemos Toils von "Accerusta" Inms 4$1.0: EltrtiuMENt

11 Obis;

Ahoy lir

Esafiesx type mom

Gra" mom

Shot 2.72 2.0 2.79 2.67
Loss 3.57 4.011 4.05 3.90

Slum 2.34 2.3$ 2.42 2.31
Lost 3.40 3.36 3.37 3.31

Shan 2.23 2.35 2.33 2.31
Loos 3.14 1.43 3.41 334

2.90 3.05 3.10

However, for unacceptable sentences the
tongue- twister effect was significant in both
the subject analysis, F(2,66) it 10.24, p <
.001, and the item analysis. F(2.90) ts 7.53,
p .001. The difference between mac-
ceptable toamie-twisters and neutral sen-
tences accounted for 9696 of the variance of
the main effect of the subject analysis.

The subject analysis of acceptable ten -
lances also showed that long sentences re-
quired more time than short sentences. 3.58
seconds compared with 2.45 seconds.
F(1.33) tr 107.55. p < .001. This effect was
also significant in the item analysis, Ft1,90)

135.10. p < .001. For unacceptable sen-
tences. the length effect was also signifi-
cant, F(1,33) in 125.02 for the subject
analysis, and F(1,90) t. 250.42.p < .061 for
the item analysis.

There was some evidence of a sentence
type x length interaction such that the
length effect was larger in toegoe-twietere
than neutral sentences and the tongue-
twister effect was reliable for long sec-
teem only. For acceptable items, this in-
teraction was significant in the subject
analysis. F(2.66) = 7.02. p < .13. 'out not in
the item analmis, F(2,90) = 2.00. p = .14.
However, for the unacceptable items. this
interaction was not significant in either the
subject analysis or in the item analysis.

Vocalization group was not significant in
either the subject analysis of acceptable
sentences. F(2.33) a 1.67. p in .2, or the
analysis of unacceptable sentences. F < 1.

However, the item analyses showed a main
effect of vocalization group, both for ac-
ceptable items, F(2,100) se 55.73, p < .001.
and for unacceptable items, F(2.180) um
27.46. p < .001. For the acceptable items.
this effect was due to long times for the
vowel vocalization group. For the unac-
ceptable items. this effect additionally re-
flected shorter times for the alveolar vo-
Milani Vol".

Owl task OntanarC. While the subject
analysis showed a tongue-twister effect.
none of the analyses of latencies showed
specific interference between the COSMO-
mai content of the tongue-twisters being
read and the consonant content of the vo-
calized phrase. However. it was possible
that processing trade-offs were occurring
and that a dual task measure might provide
evidence for specific interference between
reading and vocalizing. The dual task mea-
sure reflected both response times. as
reported above, and the subject's vocal-
ization which had been recorded on a
cassette recial*: and scored for fluency.

This fluency store reflected both dis-
fluencies in the subject's articulation of the
phrase and noarbythmic pauses in articula-
tion. The fluency score was derived by as-
signing one of three possible points to the
subject's vocalization during a reading trial.
A vocalization trial was scored as 2 if it
contained no disfluenciws, as a t if it con-
tained one disfluency, and as 0.ff it con-
tained two or more. Intedudge agreement

9
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of two judges in assignment of these scores
was 90%.

The dual task measure was the !whoa&
subject's total fluency score during pre-
sensation of a given sentence set to the
mean decision time for that sentence set.
An analysis of variance of this dual task
measure (fluencyllatency) showed some
evidence of specific interference between
the phrase the subject was articulating and
the consonant content of the sentence he or
she was reading. F(4,66) = 2.68, p < .05,
To simplify the results of this analysis.
Table 3 expresses performance on this
measure as a ratio of performance on neu-
tral sentences of a given length. The results
are most simply seen in the overall sum-
glary at the bottom of Table 3. In contrast
to control subjects. bilabial subjects did
distinctly worse on both types of tongue-
twisters compared with neutral sentences.
More suggestive is that alveolar subjects
did significantly worse on alveolar sen-
tences. in agreement with the specific in-
terference hypothesis.

Discussion of Experiment

The results of Experiment I demon-
strated the visual tongue-twister effect.
Before this can be accepted as a genuine
phonetic effect. another explanation must

be considered.. This is the painefillY that
test sentences differed in their intrinsic sen-
sibility and that the more sensible sentences
were the neutral sentences. If so, the des*
sine time differences might reflect ultimate
sensibility differences, not the effect of
consonant repetition. This possibility can
be rejected. First. each neutral sentenre
was carefully matched. semantically arid
syntactically, to a tongue-twister.. Second.
data on the meanimgfidness of the sentences
were collected. An independent group of
subjects rated each sentence for its mean-
ingfulness on a five point scale. The vari-
ance of each item on this meaningfulness
measure was triten to be an index of agree-
ment concerning its acceptability. We con-
sidered this variance measure more sensi-
tive to item differences than means across
ratings. The m. an of these variance scores
for neutral sentences was .26. for bila-
bial tongue-twisters. .34. and for alveolar
tongue-twisters, .69. This measure was
used as a covariate in a new hew covari-
ance analysis of latencies, The results
of this analysis replicated the pattern we
have reported for the item analyses of
latencies. Them was a significant tontine-
t w ste r effect for unacceptable items .
F12,091 M 3.94. p < .01, and a nonsignifi-
cant difference for acceptable items. with

TABLE 3
VVAI Tsp. Pi 1 li%Pta Vie PI 4'0 htur14110 01' Di 48 7 ass 1114twat to. fw iRot

Expo IRMO% I

al)tart

Vocidizabon
grump Sentence length Neutral

Sena " Ink

Alveolar

Vowel Shun 100 107 .91
Long 100 KS 98

Beal Short I 410 96 .91
Long 1 rig 95 93

Alveolar Shun 100 rs .1)
LAI% 1 00 .93 .10

Overall summary
vowel 99 .901

Btlabtal .96 .92
Alveolar .90

In
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judgmeats Of neutral sentences requiring
Ins time, RUPP) is 1.54. p .2.

Several questions remained. however.
triter Experiment 1. Of asejor importance
was the lack of specific interference for the

Vamp These subjects showed only
general tame-twister effect and not a

la vocalization interfaence effect.
only one group of the subjects show-

spec& interference. and then only in
the dual task measure, specific interference
effects were muck in doubt. We also
thought it necessary to replicate the
teepee- twister effect on an expanded set of
hems and to demonstrate a consistent effect
across items as well as subjects. These con-
skkazions prompted Experiment 2.

EXPEntmEhT 2

The second experiment differed from the
Era in three ways. First. since the variance
smog subject groups was large in Experi-
meat 1. yawl verses consonant vocaliza-
tion was made into a partially within-
subject factor in the second study. Each
subject vocalized a vowel phrase and a con-
temn, phrase and thus became his own
control. Second. the vowel phrase. which

so difficult for subjects in Experi
moat 1. was changed from 1st. /i/. tali. /of.

to a meaningful phrase (I owe you an
LOU.").. This was done to reduce both

ry load and interference from the
phrase that names the ktters A. E.

0. U. Finally. a third type of tongue-
r and its corresponding vocalization
added. This addition involved the
consonants. ik/ and lig. With this ad-

lion. there were three sets of tongue-
. as well as three onsonant wean.

groups within which to detect spe-
interference.

ethod

Sohjects.. Subjxts were 48 University of
undergraduates fulfilling class

meats. With the exception of conn-
ing according to sex. the 48 sub-

s were randomly assigned to one of
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three experimental conditions, 16 in each.
(Because the critical data depended oa ac-
curate sentence decision?, subjects with
error rates over 2S% were replaced. This
resulted in the replacement of 25 subjects.
distributed rather evenly across the three
conditions.) Each condition differed ac-
cording to which consonant phrase the
subject was to vocalize. Thus, there
three subject groups: one vocalizing the
vowel and bilabial phrases, one vocalizing
the vowel and alveolar phrases. and a third
vocalizing the vowel and velar phases.

Materials. Four sets of 40 sentences were
constructed. incorporating sentences from
Experiment 1 when appropriate. Only sen-
tences containing five or six content words
were used. In one of the sets. each sentence
contained five or six content words begin-
ning with bilges' phonemes 1161 or /p/). An-
other set was tilled with word-initial alveo-
lar phonemes (Id/ or A/). and a third with
word-initial velar phonemes Off °ran-
fourth sentence set contained phonetically
neutral sentences with a natural ink of
word-initial consonants. excluding bilabial.
alveolar. and velar consonants. The sin-
Wnces were again constructed as syntactic
paralkis: a syntactic pattern used in one
sentence of a given consonant set was re-
peated in a sentence in each of the others.
As in Experiment 1. half of the sentences in
each set were semantically acceptable and
half were not, Unacceptable sentences
were constructed as in Experiment 1. inter-
changing content words across sentences
within it given consonant type. Syntactic
acceptability was preserved as much as
possitk in the unacceptable sentences to
ensure a semantic basis for the judgment.
Each of the 20 acceptable phonetically
neutral sentences was a semantic as well as
a syntactic parallel to a tonguetwister. The
tongue-twister sets were represented as
equally as possible in the set of matched
neutral sentences: 7 of the acceptable neu-
tral sentences were phonetically neutral
paraphrases of bilabial tongue-twisters. 7
were neutral paraphrases of alveolar

11
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Pt -twisters. and 6 were neutral pow
Phrases of velar tionlae-twisters. axampks
of the %vegansu phrases and sentences
used in Experiment 2 are presented in
Table 4.

The four sets of 40 sentences produced a
total of MO sentences. which were read by
all =hints. These were presented In two
biocus of SO sentences each. Etch block
cottoned 20 sentences (IS acceptable sad
10 unacceptable) from the phonetkally
Neutral set and 20 front each of the sets of
toapue-twister sbilabial. alveolar. and
velar. Within blocks, each sentence set
began with a lead-in sentence. and a prise-
lice set of 21 acetones was constructed
which preceded the experimental blocks
dories presentation. In order to make vo-
calization a withinsubject variable. each
subject law one block of sentences while
voce liafrag the vowel phrase and the other
block while vocalizing the consonant
phrase. In addition. order of presentation of
the sentence sets within blocks was coun-
terbalanced across subjects. following a
Latin squat design. Order of presentation
of block and vocalization was also counter-
balanced. Thus each of the 411 subjects rep-
resented a unique combination of coalt
must vocidizatior. block order, vocalization
order. and order of the sentence sets within
each block n2x2x4),

In order to evaluate the possibility of
differences in intrinsic meaning of sea-

*sects *nisi* and across seem= sets ma
to equate the blocks as much as mate.
the test senteales were rated on a five point
comprehenshlity scale by an independent
moo of isbnets trader no time coalmine.
Tose subjects were instructed to rate a
sentence as a 5 Wit made pocket sense. as a
1 if it was total nonsense. and as a 3 if they
could not decide whether it made sense.
(Very few sentences sue rated as 3. sad
tho4e that were an rated were rewritte
The variance of each item on this mew
lightness mason WO again taken lobe an
index of agreement concerning its ac-
ceptability. The wan of these variance
scores for neutral sentences was .37 On at

.39). for bilabial tongue-twissen. .34 (SO la
.301. for alveolar. .51 an = .43). and for
vein,. .43 OD ts, .37). in art analysis of vari-
ance. tongue-twisters were not differeat
from neutral sentences. F13.1361 1.67.p

-.10. Based on thew ratings, the two
blocks of sentences were constructed so as
to be approximately equal in the numblr of_
sentences. rated S. 4. 2, and 1 that hey
contained.

Procedure. The procedure was the same
as in Experiment 1. except that the subjects
vocalized two phrases. one for the that
block of SO sentences. and a second phrase
for the remaining block of 00 sentences.
Half of the subjects vocalized the vowel
phrase first. and half vocalized their coma
nant phrase alveolar. or velar)

TABLE 4
Essstrt es us liertatsts. Eertiteseeo 2

Vocaltration phrases

Seneemees is rest as task

-Yes-

Vowel.
Nasal.

Alveolar
Velar

I owe see so I O.U.
Park a paw of wok twolim.
Take a taste of *Wet turtle
Catch the crones of cocoa motes.

Bilabial. The home bars were bastehl n bap to the bash.
Alveolar His tall take were take, as truth by the Jonas.

vetsr pas cans weft claimed as the cause of the crash
Neutral. esageensle4 Marks were behestd by las scat.

Velar. The arum* clothes were aracesarated as the cast of the cook.

12
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THE VISUAL TONGUE-TWISTER EFFECT

first. Subjects read each sentence and
*deed its semantic acceptability, preaing
die appropriate button as soon as a decision
had been made. Each subject's concurrent
vocalization was recorded on a cassette
svxorder, and response latency as well as
accuracy of the acceptability judgments
were recorded by the computer.

Resoles of Experiment 2

Analyses were done on latencies. errors,
fluency. and on the combined score de-
scribed previously (fluencylatency). Ac-
ceptable sentences were analyzed sepa-
rately from unacceptable sentences, as well
as combined.

Ureocie.. The results of interest from
the analysis of reading speed were these: (1)
tongue- twisters required more time to ver-
ify than neutral sentences; (2) latencies
were longer during vocalization of the con-
sonant phrase than the vowel phrase: (5)
there was no evidence of a specific interac-
tion between consonant vocalization phrase
(bilabial. alveolar. or velar) and tongue-.
twister sentence type.

Thi tongue-twister effect was significant
in the subject analysis of acceptable and
unacceptable sentences combined. F(3.126)
= 9.13. p r .001. The comparison between
tongue-twisters and neutral sentences ac-
counted for 98.6% of the sariance of the
main effect. F(I.126) = 27.01. p .01. The
tongue-twister effect was also significant in
the analysis of acceptable sentences only,
with 3.10 seconds required to judge accept-
able tongue-twisters compared with 2.72
seconds for neutral sentences. F43.1261
13.06. p < .001. The comparison between
tongue-twisters and neutral sentences ac-
counted for 95% of the variance of the main
effect. F(1.126) -2 37.32. p < .01., The
tongue-twister effect was also significant
across items. regardless of whether accept-
able sentences were analyzed alone, F(3.72)
= 7.58. p < .001. or combined with unac-
ceptable sentences. F(3.152) * 7.09, p <
.001, In the analysis of unacceptable sen-
tences only. the tongue-twister effect was
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only marginal. Ft3,126) = 2.33, p .011.

(There was, in general, much more variabil-
ity in the unacceptable sentences in the
subject analyser. probably due to variable
"exit rules" that allowed subjects to ter-
minate processing when they read a seman-
tic anomaly, regardless of its position in the
sentence.)

Subject analyses also showed a signifi-
cant effect of vss:alizalion phrase. Judg-
ments of acceptable sentences were longer
during vocalization of the consonant phrase
than the vowel phrase. 3.13 seconds coin.
pared with 2.87 seconds. F(1,42) = 7.48, p

.01.- The vocalization effect remained
significant in the subject analysis of accept-
able and unacceptable sentences combined.
F(1,42) = 4.60. p < .04. However, it failed
to reach significance in the subject analysis
of unacceptable sentences only. F(1.421 =
1.60. p = .2. despite a 170-millisecond dif-
ference between means.

In none of the subject analyses was there
a significant specific interaction between
consonant vocalization and tongue-twister
sentence type. F < 1 in all subject analyses.
The item analysis of acceptable sentences
also showed no interaction. F < 1,

These results are summarized in Table 5,
which displays subject means for accept-
able sentences. The main effect of sentence
type., the visual tongue-twister effect, is
seen in row 4. The tongue-twisters required
an average of 370 milliseconds longer to
process than phonetically neutral sen-
tences.

Errors. In the subject analys!s of errors
on acceptable sentences, the tongue-twister
effect was again significant. F(3.126) =
3.86. p = .01. with the difference between
tongue-twisters and neutral sentences ac-
counting for 53% of the variance of the
main effect. F(I,126) = 6.37, p < .03. In
this analysis, however, the vocalization ef.
fect (vowel or consonant) was not signifi-
cant, < 1,

Fluency, Since this measure is appropri-
ate only in analyses of subject performance
over entire sets of sentences, only a subject

. .13
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TABLE S
Beams:Rd Times von -ACCEPTARLE" SttN rooms (Sea EXPERIMENT 2

Vocalisation
group VOCMITIMIOR

Sentence type Group
meanNeutral Bilabial Alveolar Velar

BilabiaV Yowl 2.30 216 2.93 2.79 2.77
Vowel Consonant 2.71 3.18 3.08 3.10 3.02

Ahvobri Vowel 240 2.76 2.67 2.90 2.66
Vowel Consonant 2.65 3.86 2.94 3.02 2.92

Marl Vowel 2.79 3.27 3 28 3.34 3.17
Vowel Consonant 136 3.37 3.36 3.71 3.30

Sentence type means 2.72 3.11 3.04 3.14
Vocalization means Vowel 2.87

Consonant 3.13

analysis is reported. While the analysis of
errors showed only a tongue-twister effect
and no vocalization effect. the fluency
analysis showed only a vocalization effect
and no tongue-twister effect. F < I.: Sub-
jects made fewer disfluencies during the
vocalization of the vowel phrase than the
consonant phrase. F(1.42) = 29.75. p <
.001. There was also a significant interac-
tion between vocalization and order of vo-
calization.F(1,42) = 4.85.p < .01. such that
vocalization of the vowel phrase showed
even fewer disfluencies after practice with
initial vocalization of the consonant phrase.

Dual task measure. The analysis of the
combined measure (fluency/latency) did not
reveal specific interference from concur-
rent consonant vocalization in any group.
The pattern of results was unchanged from
the latency analyses. The tongue-twister
effect remained. F(3.126) = 11.09.p < .001.
with neutral sentences compared with
tongue-twisters. F( 1 ,126) = 31.08. P < .01.
accounting for 93% of the variance of the
main effect. Also remaining was the vocali-
zation effect, F(I.42) = l0.0. P < .003-

Discussion of Experiment 2

Experiment 2 confirmed the tongue-
twister effect with all three sets of
tongue-twisters and showed the robustness
of the effect across subject and item
analyses. In order to further test whether

the tongue-twister effect was genuinely
phonetic. we compared performance on
the neutral sentences with the specific
tongue-twisters wi.a which they were both
semantically and syntactically matched.
This analysis was performed to-make cer-
tain that those tongue- twisters which were
not matched in meaning to a neutral sen-
tence were responsible for the tongue-
twister effect. This analysis of semantically
matched items confirmed the tongue-
twister effect. Tongue-twisters required a
mean of 3.14 seconds to verify, while the
matched neutral sentences required stain-
candy less time, 2.84 seconds. F(1.311)
6.39, p < .02.

Still another nonpho.Atic explanation
could be offered for the tongue-twister ef-
fect. Perhaps the repetition of the same
grapheme in word-initial positions makes
the sentence visually confusing. quite apart
from its phonetic content. Some tongue-
twisters did contain word-initial repetitions
of a single grapheme. for example. (1) The
dark drifts of the desert were dry and dusty.
However, others contained only word-initial
repetitions of place of articulation with the
graphemes more variabk. for example. (2)
The Sired, dirty donkey turned toward the
door. The voiceless velar /k/ provides an,
interesting case. since it has three different
spellings in English. The word-initial
phoneme could, therefore, be repeated

14



THE VISUAL TONGUE-Minn EFFECT

while the graphemes chanted. for example.
(3) The curved claws of the kitten were
clean and quick.

In order to examine whether the tongue-
twister effect was due to phonetic repeti-
tions or letter repetitions (as Baddeky and
Lewis (1981) suggested), a post-hoc analy-
sis of variance was performed on a subset
of the items. Sentences with 100% of the
content words containing the same word-
initial phoneme and grapheme. such as (1),
were compared with sentences containing
content words with mixed initial graphemes,
such as (2) and (3). The criterion for the
mixed classification was that a maximum of
three of the five or six content words (up
to 60%) contain the same initial grapheme.
According to this criterion. 46 of the 60
tongue-twisters used in Experiment 2 were
analyzed. The 14 sentences in which more
than 60% but less than 100% of the content
words began with the same grapheme were
excluded from this analysis, so as to make
the same-grapheme and mixed-grapheme
sets as different as possible. The difference
between the mean latencies for the same -
grapheme sentences (3.11 seconds) and the
mixed- grapheme sentences (2.97) was not
significant, F < 1.

The suggestion by Baddeley and Lewis
(1981) that phonetic similarity effects are
slue to visual confusions it in contradiction
to our explanation of the tongue-twister ef-
fect. In Baddeley and Lewis (1981) and
other related experiments (Baddeley &
Hitch, 1974), phonetic similarity was ma-
nipulated by repeating vowel-consonant
pairs throughout a sentence. that is. sen-
tences were tilled with rhymes. Rhyming
sentences required longer reading times in a
semantic acceptability task. Baddeley and
Lewis (1981) also found that counting aloud
did not interact with rhyming -based phonet-
ic similarity in either latencies or errors.
They concluded that the phonetic similarity
effect was due not to phonetic repetition
but to 1:sua/ repetition in the sentences
containing rhymes. They found support for
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this conclusion in correlations (r = .6) be-
tween sentence judgment times and a visual
repetition measure based on the number of
repeated digrams in a sentence.

While our comparison of same-grapheme
and mixed-grapheme tongue-twisters did
not show a significant difference between
the two types, there was a difference in the
direction predicted by the visual confusion
hypothesis. We further assessed visual
similarity in a manner comparable to Badde-
ley and Lewis (1981). The number of re-
peated digrams was counted in each of the
acceptable sentences from Experiment 2.
Following Baddeky and Lewis (1981) this
digram count included all the graphemes in
a word (not only word-initial graphemes)
and of the words in a sentence (function as
well as content words). Since sentence
length is correlated with reading time. each
sentence's digram count was corrected for
sentence length by dividing the number of
repeated diagrams by the number of words in
the sentence. The corrected digram score
for eich sentence was then correlated with
the average reading time for that sentence.
For of sentences. this correlation was not
significant, r = .18. p = .11. For the
tongue-twisters separately, this correlation
was zero, r = .03. whereas for the neutral
sentences separately, it was modest and in
the direction predicted by a visual hypothe-
sis, r = .40,p = .08. Thus whatever modest
effect there was, due to distant repetition. it
was clearly not responsible for the tongue-
twister effect. We conclude that our of

is phonetic.
A significant difference betwe.rit the

present experiments and those of Baddeley
and Lewis (1981) may partly account for the
differences in the role of visual similarity.
Baddeley and Lewis (1981) used rhymes
which contained repetitions of vowel-con-
sonant pairs and which were often repre-
sented by the same grapheme pair. Our
tongue-twisters, however, repeated word-
initial phonemes only. sometimes varying
the grapheme /c/ or /k/ and often repeat-
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ing place of articulation only, not the
Phonemeit/ and Id/, for example. While
our tongue-twister effect is not due to graph-
eme repetitions, tho: source of the similarity
effect observed in rhyming sentences by
Baddeky and Lewis (1981) and Baddeley
and Hitch (1974) remains wicker.

GENERAL DISCUSSION

The visual tongue-twister effect supports
the assumption that phonological processes
are involved in at kast some tasks of silent
reading. However, the lack of a consistent
interaction between consonant vocalization
and specific tongue-twister sentences does
not support the hypothesis that vocalization
"suppresses" phonological codes-used in
reading. By this hypothesis the vocalization
of a phrase repeating wordinitial alveolar
phonemes. for example. should cause spe-
cific impairment of performance on
tongue-twisters with repeated word-initial
alveolar consonants. There was no evi-
dence of such specific impairment in Ex-
periment 2. In Experiment 1, one of the two
consonant vocalization groups showed spe-
cific interference, but only on the combined
measure (fluency/latency). At this point,
then, only one group out of five has shown
a statistically significant interaction, and
none in reading times Lione.

These results raise some interesting
questions. We have argued that the visual
tongue-twister effect reflects phonological
processes specific to the phonetic content
of the words being read, especially the
word-initial place of articulation, On the
other hand, there is no evidence that spe-
cific phonetic interference is produced by
vocalizing. We are left with two theoretical
choices in explaining this pattern of results.
One is that our hypothesis that silent read-
ing involves specific phonetic processes is
incorrect. The second is that the concurrent
vocalization task does not tap the specific
speech processes important in silent read-
ing. We will argue that the latter is the cor-
rect conclusion. First, we will briefly re-
examine our hypothesis that siknt reading

activates specific phonetic information, or
what we will call the code assumption.

The Code Assumption and the
Tongue-Twister Effect

There is certainly no claim that word-
initial consonants are the only part of the
phonetic code in siknt reading. We did as-
sume, however, that such consonants are
an important part of the code. Relative to
vowels, consonants are high in information
value and they have discrete linguistic
value as opposed to the strictly acoustic
value that vowels have.. And. relative to
medial segments, initial segments are
highly informative and likely to be activated
during lexical access. The visual tongue -
twister effect does suggest that speech pro-
cesses in reading may include this sort of
code information. Sentences containing
specific phoneme or place repetition re-
quired more time to read silently, We have
argued that this difficulty may result from
confusions and reprocessing during the
securing of specific lexical references. (Sec
also Ferretti and McCutchen, in press.) In
temporary memory, the abstract and ab-
brevilted phonemic representation that is
sufficient to distinguish one word from an-
other in normal phonemically mixed sen-
tences is not sufficient in tongue-twisters.
Since all the content words of tongue-
twisters begin with the same consonant
(or with consonants shining place of &Vi-
olation). their abstract phonological repre-
sentationswhich are automatically acti-
vatedare similar, especially at the impor-
tant word-initial segment. Interference thus
results. In order to perform the suannno
reading task, subjects must reprocess the
words and obtain more complete word in-
formation from memory,

An essential feature of our hypothesis is
that the speech processing effects in silent
reading include automatic processes. not
easily subject to control. We can offer no
empirical proof of this assumption. How-
ever, if this assumption is correct. some of
the apparent discrepancy between the

16
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positive tongue-twister results and the
negative concurrent vocalization results is
explained, as we suggest below.

What Does Vocal Suppression Suppress?

The concurrent vocalization paradigm is
based in part on the assumption that overt
vocalization interferes with covert phono-
logical activation. or ''recoding, and im-
pairs reading to the extent that this re-
coding is necessary in the reading task.
This is why failures to find such interfer-
ence effects is taken as evidence against
phonological processes in reading (Badde-
ley & Lewis, 1981: Levy, 1978). This as-
sumption stems, at least in part, from the
detrimental effect that overt vocalization
was found to have on performance in
short-term memory tasks (Murray. 1968).
However, the data from the studies pre-
sented here suggest that the vocalization ef-
fects evidenced in reading tasks are qual-
itatively different from those in short-term
memory tasks.

The tongue-twister effect suggests that
phonological information is activated dur-
ing silent reading. even when it hinders
performance. This activation appears to be
automatic. rather than strategic, if pho-
nological activation were an optional strat-
egy, one would think that subjects would
have abandoned it when faced with phono-
logically confusing sentences and dealt
solely with the meaning of the sentences.
Our subjects were not able to abandon their
phonological "strategy, as it is often
called (Barron. 1981: McCusker et 11..
1981). The activation of phonological in-
formation. we suggest, is not a strategy or
at least not an easily controlled one. In-
stead. it may be a process automatically
activated during silent reading, at least in
reasonably skilled adults.'

This automaticity may be the difference
between the phonological information acti-

We have recently replicated the lonnuetwister ef-
fect in both skilled and kss skilled fourthnrade read
era in an esperintent that controlled visual sunstarsty
by alternation upper and lower case between words.

vated during reading and the recoded
phonological image used during rehearsal in
memory tasks. This difference may explain
the effects that concurrent vocalization has
in reading compared with short-term mem-
ory tasks. Full phonological receding of the
sort employed in memory tasks is an op-
tional rehearsal strategy that may or may
n ot be abandoned, according to task de-
mands. Concurrent vocalization encour-
ages its abandonment. When subjects must
simultaneously vocalize during a reading
task, they cannot subvocally rehearse
items, and phonologically similar items no
longer produce more errors (Murray, 1968).
By contrast, concurrent vocalization did
n ot eliminate phonological confusions in
the present studies nor in previous reading
studies employing phonologically similar
material (Baddeky & Hitch, 1974: Badde-
ky & Lewis, 1981). It should be noted,
however, that in Murray's (1968) memory
task, the effect of concurrent vocalization
was to decrease recall of the phonemically
nonconfusing list to the low level of recall
of the confusing lists.. This is consistent
with the idea that rehearsal and vocaliza-
tion are sharing a limited articulatory mem-
ory resource. not a specific phonetic pro-
cess.

In reading, concurrent vocalization may
play a role similar to its role in memory..
That is. it may impair reading, not because it
interferes with phonological activation, but
because it requires capacity within a limited
capacity cognitive system. Waters (Note 4)
has investigated this question by equating
the effects of verbal and nonverbal second-
ary tasks on simple nonreading baseline
tasks and then comparing their effects on
reading. She has demonstrated that concur-
rent vocalization tasks interfere with read-
ing only insofar as they make additional
processing demands. There was no specifi-
cally verbal interference in her experi-
ments. Baddeley and Lewis (1981), on the
other hand. indicated that counting reduced
accuracy on their readiug task, while tap-
ping, a nonverbal task, did not. However,
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as Waters' research demonstrates, it is dif-
ficult to compare the specifically verbal in-
terference caused by two very different
secondary tasks without assessing their
general processing demands.

If, as we suggest, concurrent vocalizing
has its effect through increasing resource
demands, then the phonological activation
of reading should be his vulverable to re-
source limitations insofar as it is "'auto-
matic" (Schneider & Shif)er', 1977; Shiffrin
& Schneider, 1977). If it is an automatic
part of lexical activation, it should show no
effect due to concurrent vocalization. This
is what our experiments demonstrate.

Others have proposed this distinction
between assumedly phonological processes
that are vulnerable to suppression by con-
current vocalization and those that are not
affected. Similar distinctions have been
made by Baddeky and Lewis (1911) and
Dinner, Davies, and Daniels (1981) from
their examinations of the effects of concur-
rent articulation on homophony and rhyme
decisions. Our interpretations do, however,
differ from those offered by either, in two
important ways: First, that activation of
phonological information is an automatic
by-product of lexical access, not necessar-
ily a route to lexical access; second, that
any observed suppression effects may be
due not to interference with specific speech
mechanisms, but rather to more general ca-
pacity drains, as Waters (Note 4) argues.

Finally, it may be helpful to think of
phonological activation as a continuum.
with the automatic activation which occurs
u pon lexical access falling at the low end of
the activation continuum and resource-
demanding recoding of the sort involved in
rehearsal &Hinges the high end. Concurrent
vocalization may be noticeably disruptive
only for processes requiring the highest
levels of phonological activation, such as
rehearsal. since these processes also re-
quire cognitive capacity (see Perfetti &
HcCutchen, in press, for a more detailed
discussion). By this capacity interpretation,
many of the conflicting results from sup-

pression studies can be attributed to the
difficulty* the secondary tasks, not to
modality specificity as has been argued
(Levy, 1977,1978). It makes sense, by this
capacity interpretation, that Boddeley and
Lewis (1981) found that counting form one
to six did not interfere with rhyme judg-
ments, while Kleiman (1975) found that a
more difficult task such as digit shadowing
did produce interference. The capacity in-
terpretation of concurrent vocalization ef-
feels entails rejecting vocalization tasks for
isolating specific speech processes during
reading (see also Waters. Note 4.)

In summary, we have suggested that the
visual tongue-twister effect demonstrates
that phonological activation occurs in
reading sentences and that specific phone-
mic features are part of what gets acti-
vated. Because of the lack of specific in-
terforence of concurrent vocalization, we
have also suggested that concurrent vocali-
zation has its effect on processing resources
but not on automatic phonological activa-
tion. This suggestion, which now has evi-
dence (Waters, Note 4), eliminates much of
the difficulty in interpreting concurrent
vocalization effects that has arisen in the
research on speech in reading.
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