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The effect of divided attention
on speech production
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This study examined the effect of divided attention on language production. Subjects recalled
information learned and performed mental arithmetic tasks simultaneously. Compared with a
no-arithmetic control condition, speech produced in the divided-attention condition showed less
information recalled, more frequent prolonged pauses, and extensive deterioration in clausal and
sentential structures. Attention deficit seems to disrupt message construction, the smooth flow
of speech output, and sentence construction processes in speech.
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There are two aspects to language performance, an au­
tomatic low-level routinized process and a creative volun­
tary process. The automatic processes are associated with
the phonology of the language, the low-level syntactic or­
ganization, and articulatory function, whereas the crea­
tive voluntary processes are associated with lexical selec­
tion and the construction of conceptual relations (Garrett,
1982; Levelt, 1989). The automatized subroutines of lan­
guage performance can be executed with little demand on
conscious attention. Conversely, the creative voluntary
component can be executed only with the consumption
of conscious attention (Bock, 1982; Butterworth, 1980;
Flores d'Arcais, 1982, 1987a, 1987b; Levelt, 1989).
There is evidence that the processing of inflections or
other types of basic syntactic rules in a lexical decision
task or word-naming task is automatic (Katz, Boyce,
Goldstein, & Lukatela, 1987; Lukatela , Kostic, Feld­
man, & Turvey , 1983; West & Stanovich , 1986; Wright
& Garrett, 1984). On the other hand, there have as yet
been few studies demonstrating that performance on the
higher level language structures in speech production re­
quires much conscious attention .

The present study was undertaken to determine what
aspects of speech production would be impaired by at­
tention and memory limitations. The attentional constraint
was created by asking subjects to perform two concur­
rent tasks. In the divided-attention condition , while the
subjects were orally recalling what they had learned from
a prior task, they were adding up a series of random num­
bers delivered through earphones. In the full-attention con-
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dition, the subjects simply recalled what they had learned.
We predicted that the simultaneous mental-addition task
would reduce the quantity of information recalled, im­
pede the smooth flow of speech, and degrade the quality
of the higher order structure of the sentences (e.g . ,
degrading the completion of a clause or sentence).

METHOD

Subjects
Fifty-two native-English-speaking subjects participated in the exper­

iment for psychology course credit at Kansas State University. Twenty-six
of them were assigned randomly to the full-attention condition; the other
26 were assigned to the divided-attention condition.

Materials
Two articles were presented auditorily by a tape recorder. One arti­

cle (726 words) was a narrative biography of Elizabeth Blackwell , a
19th century woman striving for a medical education and career. The
second article (847 words) was an expository discussion of agriculture
in developed and developing countries.

In the divided-attention condition, a sequence of 15 random single­
digit numbers was used . The first 10 numbers were from I to 9 with
the number 4 repeated once, presented in one random sequence. The
last 5 numbers were from 2 to 5 with the number 3 repeated once , also
presented in one random order following the first 10 numbers. A sec­
ond random order was derived for the same 15 numbers with the same
constraints. Both random orders were used for each article, with the
order of presentation counterbalanced. The accurate sum for the series
of numbers was 66.

Procedure
The art icles were read at normal conversational speed by a native­

English-speaking American male . First , half of the subjects listened to
one of the articles, and the other half listened to the other article (order
counterbalanced). When the presentation of the first article was com­
plete, the subjects had 2 min in which to recall orally what they had
heard on the tape . Their recall was tape-recorded. Immediately after
the recall of the first article , the same process was repeated for the other
article . In the full-attention condition, the subjects were told to do their
best to recall, in 2 min, as much as possible of what they could remem­
ber about the contents of the article .

In the divided-attention condition, the subjects performed the recall
and mental-addition tasks simultaneously . The instructions indicated that
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the purposeof this experiment was to investigate people's ability to per­
form two tasks at once . In the 2-min recall period, the 15 single-digit
numbers were presented through earphones. The subjects were asked
to recall as much as they could from the article while adding the num­
bers cumulatively as each number was being read . They were further
told to do their best on both tasks and to divide their attention as evenly
as possible between the two tasks .

A pilot study had shown that subjects recalled far more in the early
part of the 2 min than they did in the later part . Because of this ten­
dency toward decreasing productivity over the 2 min, the presentation
of the random numbers was paced at a decreasing rate from 2 sec per
digit at the beginning to 15 sec per digit at the end . The interval was
increased by about I sec for each successive digit . The initially faster
rate was used to produce a noticeable disrupting effect on the robust
production that occurred early in the recall period . As the total sum ac­
cumulated over time, the memory and attent ionalload might have been
building . Progressively slowing the presentation rate would even out
the memory and attention load over the whole course of the 2-min re­
call better than would a uniform rate of presentation.

At the end of recall in the divided-attention condition, the subjects
reported the sum of the numbers . The whole experiment took about
40 min .

Scoring
Before scoring the protocols, each of the two articles was analyzed

into idea units, roughly equivalent to propositions. The first article yielded
42 idea units ; the second article yielded 33 units. The recall protocols
were examined and scored in terms of two general categories of depen ­
dent measures. The first category was the number of idea units ; the sec­
ond (speech defect) was any departures from thesupposedly ideal speech
or delivery (Clark & Clark, 1977; Garrett, 1975). The latter category
was composed of number of within-elause pauses (5 sec or longer), num­
ber ofbetween-elause pauses (5 sec or longer), number of self-eorrections
(both factual and syntactic), number of retracings (i.e., the repet itions
of syllables, words , phrases, or clauses), number of sentence fragments ,
and number of miscellaneous wrong structures.

RESULTS

The data were analyzed by a set of analyses of vari­
ance, with subjects nested within attention but crossed with
article and with article crossed with attention. The results
showed that subjects in the divided-attention condition pro­
duced much less information and much poorer quality of
speech than did those in the full-attention condition .

The divided-attention group recalled fewer overall idea
units (23.8%) (including true and false) than did the full­
attention (33.3 %) group [F(1,50) = 22.17, MSe = .Oll,
p < .001]. The effect of article was also significant, with
33.3% of the ideas recalled for Article I and 23.8 % re­
called for Article 2 [F(1 ,50) = 45.74, MSe = .005, p <
.001], indicating a different a priori difficulty level for
the articles.

Furthermore, the total number of idea units recalled was
broken down into true and false units . The proportion of
true idea units recalled in the full-attentioncondition (M =
32 %) was significantly greater than that in the divided­
attention condition (M = 20%) [F(1,50) = 43.50, MSe =
.009, p < .00 1]. The proportions of false ideas gener­
ated (M for full attention = 1.4%; M for divided
attention = 1.8%) were too small to warrant an analysis .

The same analyses were conducted for speech defects,
that is, first an overall analysis and then an analysis for
each component of the defect. An analysis of overall
defects showed that the divided-attention condition pro-

duced a significantly higher number of overall defects
[F(1,50) = 62.81, MSe = 17.18, P < .001], with the
divided-attention mean more than doubling the mean in
the full-attention condition. With overall defects as the
dependent measure, no other effects were significant. For
mean numbers of the component defects, see Table I . The
attention manipulation produced a significant (p < .01)
effect on all of the component defects except corrections.
A possible explanation for this null result will be suggested
in the discussion section.

A separate analysis using number of pauses (disregard­
ing the within-between-clause distinction) as the depen­
dent measure, and attention condition and type of pauses
(within- vs. between-elause) as independent variables was
performed to test for the attention x type of pauses inter­
action. The results showed that the attention variable pro­
duced a significant main effect on pause [F(1,50) =
102.10, MSe = 2.16, p < .001], with the divided­
attention condition producing more pauses overall (M of
full attention = .47; M of divided attention = 2.53). The
interaction of attention with type of pauses was also sig­
nificant [F(1,50) = 6.68, MSe = 2.59, P < .05]. This
significant interaction indicates that the attention manip­
ulation generated differential effects for the two types of
pauses , with within-elause pauses being increased more
than between-elause pauses.

The overall mean of the totals given by the subjects on
the mental addition task across the two articles was 50.96
(the accurate sum was 66). In general, the reported sum
was below the correct sum. A significant negative corre­
lation between the proportions of idea units recalled and
the magnitudes of the generated sums [r(24) = - .44,
P = .00 1] suggests that subjects failed to add more num­
bers to the total when more attention was engaged in re­
calling information, and vice versa. This tradeoff rela­
tionship between the performances of the two concurrent
tasks is consistent with findings from many dual-task
studies in the divided-attention literature (Navon, 1985;
Wickens , 1984).

The generated sum from the mental arithmetic task was
also significantly correlated inversely with some speech­
defect component measures [with the number of correc­
tions, its correlation was r(24) = -.31, p < .01; with
fragments, it was r(24) = - .36, p < .0 1]. These neg­
ative correlations suggest that making a self-eorrection
or even uttering a fragment of a sentence is still attention
consumptive, despite the fact that such speech is
deteriorated.

Table 1
Mean Number of Speech Defects as a Function of

Full Vs Divided Attention.

WCP BCP Cor. Retr. Frg . WS Total
Attention (15%) (23%) (23%) (25% ) (12%) (2%) (100%)

Full .21.73 1.38 1.29 .40 .08 4.1
Divided 2.85 2.21 1.34 2.29 1.50 \.35 10.54

Note-WCP = within-elause pause , BCP = between-clause pause , Cor.
= corrections, Retr. = retracings, Frg. = fragments , and WS = wrong
structures. The numbers in parentheses are the percentages that spe­
cific types of speech defect contribute to the total defects .



DISCUSSION

The data showed that the divided-attention condition substantially re­
duced the quantity of meaningful production and degraded the quality
of the linguistic productive performance at the clausal , sentential , and
discourse levels. Retrieving the semantic units from memory while speak­
ing required attentional resources . The mental arithmetic task substan­
tially suppressed the message construction process at the conceptual level.
The latter finding agrees with the notion that the clausal or higher level
structure belongs to the creative voluntary aspects of language perfor­
mance, which require consc ious attention to operate (Garrett , 1982;
Levell , 1989).

Overall , fewer pauses were made in the full-attention condition than
in the divided-attention condition . However, under the full-attention con­
dition , more between-clause thanwithin-elause pauses were made , con­
sistent with other findings (Garrett, 1982; Grosjean, 1980), whereas
under the divided-attention cond ition , the reverse was true . The results
are consistent with previous findings, which have shown that, relative
to between-elause pauses, within-elause pauses are not a frequent phe­
nomenon in normal speech and are restricted to junctures of clearly
marked constituents (Butterworth, 1980; Clark & Clark, 1977; Gros­
jean, 1980) . Within-elause pauses were found to be an interval usually
not used by the speaker for switching attention to a different channel
of information (e.g ., to a distractor ; Goldman-Eisler, 1980). Thus , under
most circumstances in normal speech , the integrity of a clause is kept .
The within-elause pauses that were counted in the present data were
the ones that were at least 5 sec long. Such a pause is much longer than
the maximum length of a between-sentence pause of 2.5 sec normally
made in spontaneous speech (Butterworth, 1980) . Thus, a silent pause
of at least as long as was observed in our data is very rare and unnatural
in normal speech . Yet, it increased disproportionately in attentionally
strained situations. Such a high frequency of within-elause pauses sug­
gests that completing a clause normally requiressome uninterrupted sup­
plying of attentional resources. The concurrent task disrupted a linguistic
process that would otherwise have been executed as an integrated unit.
The smaller increase in between-elause pauses due to divided attention
suggests that a speaker normally stops between clauses longer and more
frequently, presumably to plan the next clause (Butterworth, 1980;
Ford & Holmes, 1978) .

Retracing provides several insights into the process of speech pro­
duction. Retracing of the elements already uttered prior to a pause seems
to be helpful or even necessary to many subjects in order to progress
with the sentence. It seems to be a means of prov iding time for plan­
ning the yet-to-be-said words (Deese, 1984) . It also serves as a means
of keep ing track of what has already been said without costing much
attention, since maintenance rehearsal costs little or no attention (Naveh­
Benjamin & Jonides, 1984) . Thus, increased redundancy in speech is
a sign of strained attentional resources . Also , it is as though the ele­
ments being repeated are some inseparable parts of a processing unit
of the sentence and cannot be interrupted within the unit by more than
5 sec and then be continued. When interrupted, the whole unit must
be re-uttered from the very beginning.

The more than tripled number of fragments in the divided-attention
over that in the full-attention condition (.40 vs. 1.50) indicates that con­
structing a complete sentence requires sustained attention and perhaps
memory as well . There seem to be two sources from which the frag ­
rnents were derived. First, under an attentionally strained condition, a
sentence often could not be continued, probably because the subjects
failed to retrieve the searched-for lexical items . Subjects often paused
in an "uh . . . " or "uhm .. ." for a long time, as if they could not find
the words they wanted, finally giving up the unfinished sentence and
starting a new sentence . Ifspeech is produced by undergoing three stages
of derivation, a conceptual stage (or a semantic stage) , a lexical access
stage (finding the right word to express the meaning), and a phonologi­
cal stage (pronouncing the word) (Garrett, 1975; Levelt, 1983,
Schriefers, 1990), such a difficulty would seem to res ide most likely
in the lexical access stage (Butterworth, 1980). The subjects often had
completed almost the whole sentence except for the last word or two .
The mean ing of these words seemed to have been planned, but the lexi­
cal item could not be successfully accessed . Lexical access in some cases
might be attention consumptive.
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A second source from which the fragments seem to have been de­
rived is that the subjects were interrupted during normal sentence pro­
duction by a sudden high information processing demand from the sec­
ond task of hearing an additional number and updating the sum . When
the subjects returned to the recall task, they hadforgotten the unfinished
sentence and thus had to start a new sentence. In this case, the stop was
sudden and the pause was a period of complete silence. This is another
phenomenon which occurred rarely under the full-attention condition
and yet increased remarkably in the divided-attention condition. It is
as though the memory of what had already been said was masked by
a second memory task, analogous to a visual mask in a perceptual task .
Fragments can be easily distinguished from false starts . In the case of
false starts, a prompt and forceful correction was usually made ; this
did not occur in the case of fragments .

The only defect component unaffected by the division of attention was
correction. A possible explanation is that correction itself may cost a
lot of attention since it presupposes self-monitoring, a process requir­
ing conscious attention (Levell, 1983, 1989).

Other signs of deterioration in production were infonnally observed
in the divided-attention condition . These included poorer organization
of information, less distinct pronunciation, and a softer voice . Also,
the subjects under divided attention more often used indefinite pronouns
(things, stuff) to express a meaning.

Neither in the full-attention nor in the divided-attention condition was
any violation of basic grammatical rules, such as subject-verb agree­
ment , found . This fact suggests that the application of such rules may
be automatic even though the design of the present study was not capa­
ble of prov ing this point unequivocally . See Jou and Harris (1991) for
an exploration of the role of such grammatical violations in reading.
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