
Attentional Modulation of Word
Recognition by Children
in a Dual-Task Paradigm

Purpose: This study investigated an account of limited short-term memory capacity for
children’s speech perception in noise using a dual-task paradigm.
Method: Sixty-four normal-hearing children (7–14 years of age) participated in this
study. Dual tasks were repeating monosyllabic words presented in noise at 8 dB
signal-to-noise ratio and rehearsing sets of 3 or 5 digits for subsequent serial recall.
Half of the children were told to allocate their primary attention to word repetition
and the other half to remembering digits. Dual-task performance was compared to
single-task performance. Limitations in short-term memory demands required for the
primary task were measured by dual-task decrements in nonprimary tasks.
Results: Results revealed that (a) regardless of task priority, no dual-task decrements
were found for word recognition, but significant dual-task decrements were found for
digit recall; (b) most children did not show the ability to allocate attention preferentially
to primary tasks; and (c) younger children (7- to 10-year-olds) demonstrated improved
word recognition in the dual-task conditions relative to their single-task performance.
Conclusions: Seven- to 8-year-old children showed the greatest improvement in word
recognition at the expense of the greatest decrement in digit recall during dual tasks.
Several possibilities for improved word recognition in the dual-task conditions are
discussed.

KEY WORDS: word recognition, noise, dual task, attention allocation,
short-term memory

S hort-term memory (STM) plays a crucial role in processing speech
(Baddeley, 1986; Baddeley &Hitch, 1974; Pisoni & Sawusch, 1975).
Limitations in STM can interfere with perceptual processing and

learning of speech. For instance, STM deficits have been linked to lan-
guage impairments in children (Gathercole & Baddeley, 1990).

Increased STM capacity is required in adults when listening to speech
in noise (Rabbitt, 1968). However, children’s STM is limited in comparison
with that of adults, as measured by both memory span (Gathercole, 1998,
1999) and dual-task performance (Irwin-Chase&Burns, 2000; Karatekin,
2004; Manis, Keating, &Morrison, 1980). Thus, in situations that require
increased processing demands, children may experience performance
limitations due to STM constraints more frequently than adults in sit-
uations that require increased processing demands. In addition, children
have less access to linguistic knowledge and automated processes thatmay
alleviate some of the demands on STM capacity (Elliott, 1979; Nittrouer &
Boothroyd, 1990). Adult–child differences may become even more appar-
ent in challenging listening conditions. It has been well documented that
children’s speech perception ismore susceptible tonoise than that of adults
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(Elliott, 1979; Elliott et al., 1979; Fallon, Trehub, &
Schneider, 2002;Hall,Grose,Buss,&Dev, 2002; Johnson,
2000). Thus, childrenmay not have the capacity necessary
to accommodate these added demands and, as a result,
may be more adversely affected by noise than adults.

STM and speech perception in noise exhibit some-
what parallel age trends.STM span (defined as an ability
to retain information for brief periods of time) increases
rapidlyduring childhoodandadolescence (Gathercole1998,
1999), becoming more adultlike by the age of 12 years.
However, complex working memory (defined as the abil-
ity to manipulate and store material simultaneously)
showsasteepdevelopmental slopeup to theage of 16years
(Gathercole, 1999). Children’s speech perception in noise
follows a similar trajectory. Elliott and colleagues (1979)
tested children between 9 and 17 years of age using the
Speech Intelligibility in Noise (SPIN) test (Kalikow,
Stevens, & Elliott, 1977). The task was to repeat the last
word in high-predictability sentences presented in bab-
ble at a 0-dB signal-to-noise ratio (SNR). Nine-year-olds
performed more poorly than 11-year-olds, whereas 11-
and 13-year-olds performed more poorly than 15- and
17-year-olds. Johnson (2000) measured the identifica-
tion of consonants presented at a 13-dB SNR to children
(6- to 15-year-olds) and adults (18- to 30-year-olds).
Mean consonant scores for adults and 14- to15-year-old
children were not significantly different from one
another, but both were significantly higher than the
scores of 6- to 7-year-olds. Stuart (2005) reported similar
age-associated improvement in the recognition of words
presented in steady-state and fluctuating noise. Chil-
dren in the 6- to 11-year age range showed poorer per-
formance than adults, whereas the 12- to 15-year-olds
performed at an adult level. Similarities in the develop-
ment of STMand speech perception in noisemay bemore
than coincidental. As STM increases with age, children
maybe better able tomeet the capacity demands required
for auditory processing when listening to speech in noise.
Todate, the relationshipbetweenSTMcapacityandspeech
perception in noise in typically developing children has
not been established.

Tomeasure the capacity demands required for speech
processing in adults, serial recall tests or dual-task par-
adigms have been commonly used. Serial recall of au-
ditorily presented items requires both processing of
acoustic information and subvocal rehearsal formemory
retention. Without rehearsal, phonological information
quickly fades after 2 s (Baddeley, 1986). Because per-
ceptual processing and rehearsal share the same STM
resources, if one process requires more capacity, trade-
offs must occur (Baddeley & Hitch, 1974). For example,
Rabbitt (1968) presented a series of numbers auditorily
in both quiet and noise. When items to be recalled were
presented in noise, perceptual processes required more

capacity for acoustic-phonetic encoding, leaving fewer
resources for rehearsal and resulting in a reduction in
recall accuracy. This is a specific case of a more general
paradigm of presenting two tasks that compete for a
general limited capacity (Kahneman, 1973), known as a
dual-task paradigm.

In typical environments, children do not always
listen to speech under optimal listening conditions. For
example, classrooms that are often filled with unwanted
background noise and reverberation may not provide an
optimal acoustical environment for learning (Knecht,
Nelson, Whitelaw, & Feth, 2002). Learning includes mul-
tiple, simultaneous, and sequential tasks that compete
for a limitedprocessing capacity.Childrenarebombarded
with new information every day and often are faced with
multiple tasks. Considering the limited STM capacity in
children, noisy listening conditions can degrade learning
due to the additional STMdemands required for auditory
processing of the speech signal. Determining how much
STM capacity is required for children to understand
speech in noise and how these demands impact perfor-
mance during simultaneous tasks may provide insight
into the extent to which noise is harmful in a learning
situation.

The current study investigates an account of limited
STMcapacity for children’s speech perception in noise. A
dual-task paradigm was used to measure the STM de-
mands required for word recognition in noise while chil-
dren performed a competing memory (serial digit recall)
task. Capacity models of attention (Kahneman, 1973;
Navon&Gopher, 1979, 1980;Wickens, 1991) propose that
limitations in performance occur when two tasks compete
for the same processing capacities. In the current study,
a memory preload technique (Baddeley & Hitch, 1974)
wasused to create competition for STMcapacity. A serial
recall task was chosen to compete with word recognition
because both tasks presumably require processing ca-
pacity in phonological STM (Baddeley, 1986). When the
two tasks put excessive demands onprocessing resources,
one should witness a decrement in performance relative
to the tasks in isolation. It was predicted that the dual-
task decrement would be greatest for the youngest chil-
dren, as they have the smallest STM capacity and the
least access to linguistic experience that may lead to
efficient listening strategies. For older children, it was
predicted that dual-task decrements would persist but
wouldbe substantially reduced comparedwith theyounger
cohorts.

Attention allocation is determined by the capacity
demands of the task imposed by activities in which the
person is engaged and their goals. When more attention
is allocated to a task, more STM is available for pro-
cessing information. These allocation decisions are pre-
sumed to be under control of the individual. Therefore,
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if, in the current task, attention is primarily given toword
recognition, children may show little or no decrement in
word recognition but a substantial decrement in serial
recall (secondary task). The decrement in the secondary
taskwill be proportional to the amount of STM resources
allocated to the primary task. In other words, the dec-
rement in secondary task performance provides informa-
tion about the capacity demands of the primary task. In
line with the predictions previously mentioned, one
would expect a greater decrement in serial digit recall
(in the dual task versus isolation) for younger children.
Alternatively, if primary attention is given to the serial
recall task, a dual-task decrement should be shown for
word recognition. Primary and secondary task determi-
nation was manipulated in this experiment through
instruction. This manipulation allows examination of
the ability of children to control allocation of their pro-
cessing resources and to note any developmental changes
in this ability.

Method
Participants

Sixty-four children between the ages of 7 and14 years
participated in the present study. The children were
assigned to two experimental groups of 32 participants
based on their instructions for the dual-task condition.
Participants in Group 1 were also completing additional
tasks for a separate study.1 Within each experimental
group, equal numbers of children were assigned to four
age groups (7–8, 9–10, 11–12, and 13–14 years). Age and
gender (16 males, 16 females) were matched between
the two experimental groups (see Table 1). All partici-
pants spoke American English as their first language.
None had a diagnosed history of speech, language, or
hearing problems. All participants had normal hearing
(≤15 dBHL from 250–8000Hz). Phonological STMwas
assessed using the Digit Span subtest of the Wechsler
Intelligence Scale for Children–III (WISC-III;Wechsler,
1994), and receptive vocabulary was assessed using
the Peabody Picture Vocabulary Test–Third Edition
(PPVT-III; Dunn&Dunn, 1997). Only those participants
whose standard scores on both tests fell above –2 SDs of
age-appropriate norms were included. Means and SD for
age, raw PPVT-III, and raw Digit Span scores are sum-
marized in Table 1.

Stimuli
Word recognition. Stimuli were phonetically balanced

kindergarten (PBK) monosyllabic words (Haskins, 1949)
recorded by a female talker with a general American
English dialect.2 PBK List 3 was used for baseline mea-
sures of word recognition in the single-task condition,
and 25 words randomly selected from the 100 words in
Lists 1 and 4 were used for word recognition in the dual-
task condition.3 The stimuli were equated at 65 dB root-
mean-square (RMS) amplitude across the entire word
using Level 16 software (free download available at
http://hush.unl.edu/LabResources.html) and digitally
mixed with speech-shaped noise at +8 dB SNR using
Adobe Audition 1.5. The noise always began 50 ms be-
fore the beginning of the word and lasted for at least
50 ms after the end of the word. The beginning and the
end of 50-ms noise were linear-amplitude-ramped to
prevent misperception of noise as a stop consonant due
to abrupt change in amplitude.

Digit recall. Stimuli were sets of three or five digits
randomly generated by a computer. Familiar digit se-
quences such as local area codes and zip codes were re-
moved from the cohorts. Ascending or descending patterns
of consecutive digit sequences also were removed.

Experimental Tasks and Procedures
All experiments were conducted at Boys Town Na-

tional ResearchHospital (BTNRH) inOmaha, Nebraska,
in a single-walled sound booth (Acoustic Systems) meet-
ing American National Standards Institute (ANSI) S3.1-
1999 (ANSI, 1999). Participants were recruited through
the BTNRH Human Research Subjects core database4

and were paid for their participation. The average dura-
tion of an experimental session was 1.5 hr.

Word recognition (single task). Two lists, each com-
prising 25 monosyllabic words from PBK List 3, were
used to measure single-task (baseline) performance for
word recognition in speech-shaped noise at 8 dB SNR.
This SNR was used based on the results from a pilot
study. Specifically, this SNR was found to provide an
appropriate level of difficulty (avoiding both ceiling and
floor effects) for the age group tested. The two half lists
(Words 1–25 and Words 26–50) were determined to be

1Children in Group 1 were seen for two visits on separate days. During their
first visit, children completed hearing screening, digit span, single digit
recalls, and word recognition tasks in addition to recalling nonsense words
presented in a short story. During this visit, digit-recall tasks in isolation
were completed first. During their second visit, the children first completed
dual tasks and then an additional listening task for a different study.
Children were provided with frequent breaks and tangible rewards to
help maintain their motivation throughout the session.

2Recordingwas extracted from the SpeechAudiometryMaterials CD (Harris
& Hilton, 1991). Sampling rate and amplitude resolution of the original
recording were 44.1 kHz and 16 bits, respectively.
3List 2 was not used in this experiment due to the lack of list equivalency
with other lists. However, Lists 1, 3, and 4 have been found to be equivalent
in behavioral results (in % correct scores; Haskins, 1949), and in computation
analysis of word frequency, neighborhood density, and frequency (Meyer &
Pisoni, 1999).
4The human subject database was developed by Boys Town National
Research Hospital Computing Core through funding support from
National Institutes of Health Grant P30-DC004662.
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equivalent and phonetically balanced and thus were coun-
terbalanced across participants within each age group.
Words were played through a 24-bit CardDeluxe sound-
card, amplified and routed to Sennheiser headphones (HD
250) and presented binaurally at 65 dB SPL. The ran-
dompresentation of stimuliwas controlled by aWindows-
based experimental program called Behavioral Auditory
Research Tests (BART; BTNRH Computing Core, 2006).
Children’s articulation was screened using Bankson and
Bernthal’s (1990) Quick Screen of Phonology. As long as
articulation errors were consistent and speech was in-
telligible, children with mild articulation problems were
included. Children were told that they would hear a word
in the middle of a “/sh/ sounding noise.” They were in-
structed to ignore the noise and repeat the word loudly
and clearly andwere encouraged to guess if theywere un-
sure of aword. Verbal responseswere scored online by the
experimenter. Only correct repetitions of the entire word
were scored as correct.

Serial digit recall (single task). Strings of three or
five digits were visually presented in the center of a com-
puter screen using PowerPoint (Microsoft Office 2003).
Prior to the display of digits, a warning picture appeared
on the screen along with an audible command (“Look at
the numbers”). The five-digit sets were displayed on the
screen for 3 s, and the three-digit sets were displayed for
2 s. Participants were instructed to remember the num-
bers in the exact order in which they were presented on
the screen and were encouraged to keep rehearsing the
numbers quietly as many times as possible until they
were asked to say the numbers. After 10 s of silence, par-
ticipants were asked to recall the numbers. All partici-
pants were tested with five digits in the first block. Each
block consisted of five sets of digits. If a participant

scored 100% in five-digit recall, the three-digit recall
task was not administered and their ability to recall
three digits was assumed to be 100%. Participants who
did not score 100% in the five-digit recall task also
completed the three-digit recall task. Digits were scored
using the conservative method described by Gillam,
Cowan, andDay (1995). Specifically, eachdigitwas treated
as an individual item, and only digits that were recalled in
exact serial positionwere scored as correct. If insertion of a
nontarget item or omission of a target item occurred, the
remaining items were counted incorrect even if they were
recalled in the correct sequence. For example, if the target
was “23456”’ and the responsewas “3456,” the score was
0% correct.

Dual task. Digit recall and word recognition were
combined to create a dual task. A memory preload tech-
nique (Baddeley & Hitch, 1974) was used to increase
processing load in phonological STM and to create com-
petition for attentional resources. Each trial began with
the display of digits on the screen. The removal of digits
from the computer screen was followed by auditory pre-
sentation of five monosyllabic words randomly selected
from PBK Lists 1 and 4. After repetition of five words,
the participant was asked to recall the preloaded digits.
Figure 1 depicts a line drawing of dual task (see Panel A)
and the sequence of a dual-task trial (see Panel B). The
random presentation of digits and words was controlled
by a Windows-based experimental control program spe-
cifically developed for this dual-task paradigm. Although
two different software programs were used for the
single- and dual-task conditions, the same sound card
and headphones were used and the stimulus levels were
equivalent (65 dB SPL) across the single- and dual-task
conditions. All participants completed two blocks of dual

Table 1. Means (and SDs in parentheses) of participants’ profiles.

Group Age group (years) Chronological age (years) PPVT Digit span

Gender

NM F

1 7–8 7.6 (0.5) 113.9 (21.4) 13.5 (2.0) 4 4 8
9–10 10.2 (0.7) 150.4 (11.3) 15.5 (3.7) 4 4 8

11–12 12 (0.4) 152 (20.3) 16.3 (3.3) 4 4 8
13–14 13.5 (0.5) 167.3 (13.7) 18.1 (4.0) 4 4 8

Group 1 total 10.8 (2.3) 145.63 (25.7) 15.8 (3.6) 16 16 32

2 7–8 7.6 (0.5) 114.5 (16.5) 13.6 (1.9) 4 4 8
9–10 10.2 (0.7) 130.4 (17.1) 14.3 (3.4) 4 4 8

11–12 12.1 (0.2) 155.4 (13.2) 15.1 (2.7) 4 4 8
13–14 13.5 (0.5) 165.1 (10.0) 16.8 (2.4) 4 4 8

Group 2 total 10.8 (2.3) 141.1 (24.7) 14.9 (2.8) 16 16 32

Overall total 10.8 (2.3) 143.4 (25.1) 15.4 (3.2) 32 32 64

Note. PPVT = Peabody Picture Vocabulary Test; M = male; F = female.
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tasks: word recognition with a competing three-digit
recall task and word recognition with a competing five-
digit recall task. The order of three- and five-digit com-
peting task conditions was counterbalanced within each
age group. Prior to the experiment, all children were
given a practice session consisting of two dual-task
trials.

To examine the effects of task priority on speech rec-
ognition, the children in Group 1 were instructed to place
their primary attention on word recognition, and the
children in Group 2 were told to exert more effort at re-
membering the digits. As a way of encouraging children
to pay primary attention to their directed task, partici-
pants were told that they would get points for both

Figure 1. Panel A: Line drawing of dual task. Panel B: State diagram of dual-task sequences.
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repeating words and remembering digits, but they would
get extra points for their primary task. Recall that par-
ticipants in Group 1 also were completing tasks for
another study. For that reason, they received the single
tasks on the first day of a 2-day visit and the dual task on
the second day. The time gap between the first and sec-
ond day visits varied from aminimum of 1 day to a max-
imum of 2 weeks. Group 2 completed the single and dual
tasks in a 1-day visit. However, independent group t tests
revealednogroupdifference inword recognition, t(1, 62)=
1.867, p > .066; three-digit recall, t(1, 62) = –0.073, p > .94;
or five-digit recall, t(1, 62) = 0.833, p > .38. In addition,
correlation analysis revealed that neither the task order
nor the time interval between single and the dual tasks
correlated with any of the measures of task performance
(see Table 2 ). Therefore, the difference in the task order
between Group 1 and Group 2 did not affect children’s
performance significantly.

Results
Development of STM and Word
Recognition in Noise

STM capacity was measured by both the Digit Span
subtest and the three- and five-digit serial recall tasks in
the single-task conditions. Children in both groups showed
an increase in digit span (see Table 1) and five-digit
serial recall (see Table 3) with age. Performance on the
three-digit recall task was greater than 97% regardless
of age, suggesting that children had little difficulty with
this task. However, scores decreased and participant
variability (SD) increased for themore difficult five-digit
recall task. Age effects also were statistically significant
for both the digit span, F(3, 56) = 4.6, p < .007, and the
five-digit recall, F(3, 56) = 10.1, p < .003. No statistically
significant group differenceswere found in STMspan for
either the three- or five-digit serial recall task. As can be

seen in Table 3, word recognition in noise in the single-
task condition improved with age, and these age effects
were found to be significant,F(3, 56) = 5, p < .005. Finally,
a significant correlationwas found between age andword
recognition in noise (r = .363, p < .003). Although Group 1
achieved slightly higher scores than Group 2, F(1, 56) =
4.1, p < .05, both groups showed similar age-related
trends for word recognition in noise.

STM Demands for Word Recognition
in Noise

To measure children’s limitations in STM capacity
for processing speech in noise, dual-taskword recognition
in noise was measured in the presence of a competing
digit recall task. STM demands for word recognition in
noise were measured in two different levels of attention
allocation: primary and secondary. Given the logic of the
dual-task paradigm, it was expected that limitations in
capacity demands required for the primary task would
result in decreased performance in the secondary task.
Recall that the magnitude of the decrement in the sec-
ondary task (relative to baseline) was expected to be
roughly proportional to the capacity demands required
for processing the primary task. Because the children in
Group 1 were told to focus on the word recognition task,
a decrement in dual-task digit recall was expected. Al-
ternately, the children in Group 2 were told to focus on
digit recall, whichwould be expected to result in decreased
word recognition scores. For the remainder of this ar-
ticle, decrement refers to a reduction in performance for
the dual-task condition relative to the single-task (base-
line) condition.

Figure 2 showsmean percent correct scores for word
recognition (Panel A) and digit recall (Panel B) in the
single- and dual-task conditions as a function of task
priority. Two separate two-way mixed analyses of var-
iance (ANOVAs) were conducted. The dependent vari-
ables were percent correct digit scores and word
recognition, and the independent variables were group
and task (single vs. dual).When the childrenwere told to
give priority to the word recognition task (Group 1 =
words priority in Figure 2), no decrement in word recog-
nition was observed, but a significant decrement in digit
recall was observed for both the three- and five-digit
conditions, F(1, 31) = 51.6, p < .0005, and F(1, 31) = 467,
p < .0005, respectively. Dual-task decrements in digit
recall in the presence of a competing word recognition
task were predicted in accordance with a limited ca-
pacity account. Thus, decrements in digit recall suggest
that processing speech in noise is a capacity-demanding
task. Unexpectedly, dual-task improvements in word re-
cognition in noise were observed, and the improvements
were statistically significant in both the three-digit,
F(1, 31) = 17.5, p < .0005, and five-digit, F(1, 31) = 9.4,

Table 2. Pearson correlations (N = 64) between the improvement in
word recognition in the dual-task conditions and the confounding
variables.

Potential confounding
variables

Word improvement
in three-digit
condition

Word improvement
in five-digit
condition

STM (digit span) –0.199 –0.2
STM (five-digit serial recall) 0.184 –0.109
PPVT –0.176 –0.121
Task order –0.131 –0.144
Word list –0.2 0.067

Note. None of the correlations was significant at a = .05. STM =
short-term memory.
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p < .01, conditions. Although little or no decrement in
dual-task word recognition was expected when the pri-
mary attention was on word recognition, improved dual-
taskword recognition is contradictory to a limited capacity
model.

When children were told to focus on the digit recall
task (Group 2 = digits priority in Figure 2), dual-task
decrements in word recognition were expected. Contradic-
tory to this prediction, however, significant improvements
in word recognition were found in both the three-digit,
F(1, 31) = 13.8, p < .005, and five-digit, F(1, 31) = 8.5,
p < .01, conditions. Similarly, although little or no decre-
ment in dual-task digit recall was predicted, significant
decrements were observed for both the three-digit,
F(1, 31) = 30.8, p < .0005, and five-digit, F(1, 31) = 370.8,
p < .0005, conditions. In other words, regardless of task
priority (words vs. digits), the children in both groups
showed the same pattern in the dual-task conditions
(i.e., improvement in word recognition and decrement
in digit recall). This finding suggests that children in the

7- to 14-year age range may not have developed top-
down controlled attention allocation based on task prior-
ities. Inbothgroups,word recognition innoise significantly
interfered with both three-digit recall and five-digit recall.
This indicates that processing words in noise is a high-
capacity task for children, even at relatively good SNRs.

Age Effects on STM Demands for Word
Recognition in Noise

Because there was no group difference in dual-task
performance due to task priority, the data were col-
lapsed across groups to examine the effects of age on
STM capacity demands for speech perception in noise.
Based on a limited capacity model, dual-task decrements
were expected to diminishwith age.Mean percent correct
scores (±1 SD) for word recognition and digit recall are
plotted as a function of age group in Figure 3. Single- and
dual-task word recognition scores are summarized in
Table 4. Four separate one-way repeated-measures

Figure 2. Means and ±1SD (indicated by error bars) of percent correct scores for word recognition (Panel A) and digit recall
(Panel B) in single- and dual-task conditions as a function of task priority. Brackets and asterisks denote comparisons that were
significant (*p < .01; **p < .005; ***p < .0005).

Table 3. Mean percent correct (and SD in parentheses) for single-task digit recall and word recognition in noise.

Age group (years) Group Single-task three-digit recall Single-task five-digit recall Single-task word recognition in noise N

7–8 1 97.1 (5.9) 68.9 (15.2) 77.5 (9.1) 8
2 99.1 (2.5) 70.5 (26.1) 75.5 (9.9) 8

9–10 1 98.8 (2.6) 89.5 (8.5) 83.0 (7.6) 8
2 97.5 (4.9) 78.5 (21.9) 79.0 (5.6) 8

11–12 1 98.8 (3.5) 93.0 (10.6) 88.0 (9.1) 8
2 99.1 (2.5) 91.5 (9.4) 79.5 (5.4) 8

13–14 1 100 (0) 98.8 (2.4) 87.0 (6.0) 8
2 99.1 (3.2) 94.0 (10.0) 86.0 (7.1) 8
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ANOVAs were conducted for each age group to deter-
mine if there were significant differences across single-
and dual-task conditions for word recognition in noise.
Dual-task word recognition with three- and five-digit
recall was compared with the baseline performance
(single-task word recognition) as a within-group factor
(see Table 4). The Bonferroni method for multiple hy-
pothesis tests was used to adjust a levels (.05/4 = .0125).
Improvements in word recognition in noise were signif-
icant for the 7- to 8-year-olds in the three-digit condition,
F(1, 15) = 13.1, p < .005, and for the 9- and 10-year-olds
in both the three-digit,F(1, 15) = 12.6, p < .005, and five-
digit conditions, F(1, 15) = 17.1, p < .005, but not for
the 11- to 12-year-olds or 13- to 14-year-olds. Because

these older children performed at very high levels for
baseline measures, there was relatively little room for
improvement. As a result of improved word recognition
in the dual-task conditions for the younger children, the
performance gap between younger and older children
was reduced, and the age effects apparent for single-task
word recognition in noise disappeared in the dual-task
conditions.

Dual-task digit recall decreased significantly com-
pared with single-task digit recall for all age groups (see
Panel B of Figure 3). Again, separate repeated-measures
ANOVAswere conducted for each age group (Bonferroni-
adjusted awas used). As before, single-task performance
was used as the baseline. The observed decrement in

Figure 3. Means and ±1SD of percent correct scores for word recognition (Panel A) and digit recall (Panel B) in single- and dual-task
conditions as a function of age group.

Table 4. Single- and dual-task word recognition scores and repeated-measures ANOVA results within each age group.

Age group (years) Single-task
Dual-task with
three-digit

Dual-task with
five-digit

ANOVA (adjusted a = .0125)

Comparison F p

7–8 76.5 88.5 83.5 Single vs. dual with three-digit 13.2 .0002*
Single vs. dual with five-digit 5.4 .034

9–10 81.0 88.3 89.0 Single vs. dual with three-digit 12.6 .003*
Single vs. dual with five-digit 17.1 .001*

11–12 83.8 89.8 87.0 Single vs. dual with three-digit 7.1 .018
Single vs. dual with five-digit 1.5 .24

13–14 86.5 90.0 89.0 Single vs. dual with three-digit 2.4 .14
Single vs. dual with five-digit 1.6 .22

Note. For all comparisons, N = 16; df = 1, 15; and a = .0125. ANOVA = analysis of variance.

*Statistically significant at a Bonferroni-adjusted a.
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digit recall in the dual-task conditions was significant
(p < .0125) for all age groups (see Table 5).

To determine if there was an age-associated decre-
ment in digit recall, two separate one-wayANOVAswere
conducted for the three- and five-digit recall decrements
(absolute differences in performance between the single-
and dual-task conditions; see Table 6). The decrement in
three-digit recall differed by age group, F(3, 60) = 9.258,
p < .009, with the 7- to 8-year-old group showing the
greatest decrement (35.2%). Post hoc tests (unequal var-
iance assumed and Games–Howell adjustments used)
revealed that the decrement in three-digit recall for the
youngest group was significantly different from both
the 9- to 10-year-olds (p < .011) and the 13- to 14-year-
olds (p < .009), suggesting that 7- to-8 year-old children
require greater STMcapacity to recognizewords in noise
compared with older children. For the more challenging
five-digit recall condition, a one-wayANOVA revealed no
statistically significant age-associated differences in dual-
task decrements. This finding is partially due to unequal
variance between the groups and small sample size (n= 8).
In general, for all age groups it appears that the com-
petingword recognition task significantly interferedwith
dual-task digit recall.

Confounding and Latent Variables
for Word Recognition

Dual-task improvements are not typically observed
in split attention tasks. It is possible that confounding
effects of uncontrolled variablesmay have contributed to
this unusual finding. This possibility was assessed by
examining the correlations between improved word rec-
ognition and five potentially confounding variables. Spe-
cifically, it is possible that the participants with better
STM (as measured by either the Digit Span subtest or
the five-digit recall task) performed better than those
with poorer STM. Alternatively, a larger vocabulary (as

measured by the PPVT) may have facilitated word rec-
ognition. Finally, task order (dual task first, single-task
second, or vice versa) or differences in word list difficulty
may have influenced results. As shown in Table 2, no sig-
nificant correlations were found between improvements
in word recognition in the dual-task conditions and any
of these potentially confounding variables.

Discussion
In general, an account of limited capacity in STM for

children’s poor speech perception in noise was partially
supported. The following predictions were made in the
current study based on the hypotheses of limited ca-
pacity and developmental STM deficit:

1. Dual-task deficit was expected in both tasks due to ca-
pacity limit. However, children showed decrements in
dual-task performance relative to single-task perfor-
mance for digit recall but not for word recognition in
noise. Therefore, the hypothesis for dual-task decre-
ment due to limited capacity was partially supported.

2. Themagnitude of dual-task decrement was expected
to vary by age of listener due to developmental changes
in STM capacity. This age trend is observed only in

Table 5. Single- and dual-task digit recall scores and repeated-measures ANOVA results within each age group.

Age group (years)
Single-task

three-digit recall
Dual-task

three-digit recall
Single-task

five-digit recall
Dual-task

five-digit recall

ANOVA

Comparison F p

7–8 98.1 62.9 69.7 38.0 Three-digit 51.9 .003
Five-digit 37.0 .002

9–10 98.1 82.6 84.0 54.0 Three-digit 29.7 .006
Five-digit 25.6 .0001

11–12 98.9 78.8 92.3 63.8 Three-digit 20.0 .0004
Five-digit 40.4 .001

13–14 99.6 92.1 96.4 76.3 Three-digit 9.2 .009
Five-digit 25.6 .0001

Note. For all comparisons, N = 16; df = 1, 15; and a = .0125. All comparisons are statistically significant.

Table 6. Means (and SDs in parentheses) of the amount of decrement
in digit recall due to a competing word recognition task.

Age-group
(years)

Three-digit
decrement

Five-digit
decrement N

7–8 35.2 (19.5) 31.7 (20.8) 16
9–10 15.6 (11.4) 30.0 (23.7) 16
11–12 20.2 (18.0) 28.5 (17.9) 16
13–14 7.5 (9.9) 20.1 (15.9) 16

Note. The term decrement means absolute difference in percent correct
scores between the single-task and the dual-task.
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digit recall during dual tasks. Dual-task decrement
in three-digit recall decreased with age. However,
dual-task decrement in five-digit recall did not
significantly differ with age.

3. Changing the primary task (or task priority) was
expected to alter the attention allocation pattern as
evidenced by a shift in which task demonstrated the
greatest dual-taskdecrement.However,most children
in our study did not demonstrate top-down controlled
attention allocation based on task priority. Speech
processing appeared to receive preferential allocation
regardless of priority instructions.

An additional finding, which was not predicted, was
the fact that significant improvements in word recogni-
tion in noise were observed during dual tasks compared
with the single-task condition for the youngest two groups.

STM and Speech Processing in Noise
An account of the development of children’s speech

perception in noise based on a similar age-associated
increase in STM capacity was examined. Both STM ca-
pacity and word recognition in noise improved with age.
There was also a significant (but weak) correlation be-
tween STM capacity and single-task word recognition in
noise. However, the age-associated difference in word
recognition in noise disappeared in the dual-task con-
ditions as a result of improved word recognition by the
younger children (7- to 8-year-olds and 9- to 10-year-olds).
This improvement in word recognition by younger chil-
dren came at the expense of decreased digit recall in the
dual-task conditions.Dual-task decrements in digit recall
decreasedwith age. Therefore, age-associated differences
in word recognition in noise were traded off for age-
associated decrements in digit recall in the dual-task
conditions. This suggests that younger children may re-
quire greater STM capacity to process speech in noise at
performance levels comparable to those of older children.
However, the improvement in word recognition during
dual tasks (where capacity demands are higher) suggests
that limited capacity in STM may not fully account for
younger children’s generally poorer speech perception in
noise. Limited STM capacity may be only one of many
factors that contribute to the developmental changes that
are often reported for speech perception in noise tasks. In
the current study, it appears that a greater amount of
STM capacity was allocated to process speech in noise in
the presence of a competing task.

Attentional Modulation
and Speech Perception

Improved word recognition in noise during dual
tasks was unexpected and contradictory to a limited ca-
pacity model. Factors such as STM, vocabulary, task

order, and word list effects did not explain this unusual
finding. Although the current results would not be pre-
dicted from limited capacity models, previous work in
attention may allow speculation on possible mechanisms
underlying this effect.

One possibility is that children may have allocated
more resources to the word recognition task when the
overall task (i.e., the combination of tasks) becamemore
difficult. Urbach and Spitzer (1995) reported improved
visual discrimination in adults when a sample stimulus
and a test stimulus had different orientations relative to
a condition where both stimuli had identical orienta-
tions. Presumably the increased demands of the initial
task led to recruitment of additional attentional resources.
It is possible that in the current experiment, children may
have increased attentional resources during the dual task
to meet the increased processing demands of competing
tasks. However, this explanation is challenged by im-
proved word recognition during dual tasks even when
the priority of attention allocation was given to the digit
recall tasks.

Another possiblemechanism for improvedword rec-
ognition is a result of reduction or suppression of inter-
ference from irrelevant information that is mediated by
increased processing load in a relevant task. According
to Lavie’s (Lavie, 1995; Lavie & Tsal, 1994) theory of
attention, the extent of perceptual processing of irrele-
vant information is dependent on the processing load
required for a relevant task (Rees, Frith, & Lavie, 1997).
Because the processing load was higher during the dual
task compared with the single task, information that is
irrelevant to word identity (e.g., acoustic features re-
lated to talker identity) may not have been processed
fully. This may have made word recognition more ef-
ficient and less prone to errors. In line with this sup-
pression of interference account, Kim, Kim, and Chun
(2005) recently demonstrated a reduction of Stroop inter-
ference during a dual task when the type of concurrent
working memory load overlapped with distractor pro-
cessing. Specifically, in a color comparison Stroop task,
the relevant task was to determine whether the color
of a printed word was the same as the color of a patch.
Participants performed this task while simultaneously
remembering a random set of seven nonsense mono-
syllables. The verbal processing of the distractor (the
semantic content of the printed word) was limited by
concurrent memory load of verbal information, which
resulted in less interference with the primary task. In
the present experiment, split attentional resources also
may have limited the processing of distracting irrele-
vant acoustic features.

A third mechanism that may account for improved
recognition under limited capacity is shifts in phonetic
cue weighting. Gordon, Eberhardt, and Rueckl (1993)
demonstrated changes in the relative importance of
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acoustic cues for phonemic labeling when attention was
divided by a competing arithmetic task (decidingwhether
the difference between two pairs of numberswas identical
or not). It was found that in the identification of /ba/ ver-
sus /pa/, participants’ reliance on a weaker cue (F0-onset
frequency) increased in the presence of a competing task,
whereas their reliance ona stronger cue (voice onset time)
decreased. Children’s phonetic cue weighting has been
shown to differ from that of adults (Nittrouer, 1992, 2005;
Sussman, 2001). One may presume that child weighting
patterns are less effective than mature weighting strat-
egies. It is possible that dual-task demands resulted in
shifts in children’s weighting functions that were more
optimal for this speech in noise task.

These underlyingmechanisms are highly speculative,
and the current data do not support any onemechanism in
particular. But they have in common the notion that
children may bring suboptimal processing strategies to
word recognition in noise that may be ameliorated by
forced attentional reallocation. This forced refocus of
processing strategy is necessary because it is clear from
the present study that voluntary allocation is limited in
children.

Development of Attention Allocation
Children in the current study showed immature top-

down controlled attention allocation according to task
priority. Children in all age groups failed to maintain
their baseline digit recall performance and showed a sig-
nificant dual-task decrement in digit recall even when
task priority was given to the digits. The lack of differ-
ence in results across the two priority-instruction con-
ditions suggests a major deficit in attentional control in
children.

Immature attention allocation in the 7- to 14-year-old
children in this study is somewhat consistent with pre-
vious findings; this consistency suggests that attention
allocation abilities begin to develop in late childhood.
Schiff andKnopf (1985) studied thedevelopmental changes
in attention allocation in 9-year-old and 13-year-old
children. Their dual tasks were detecting visually pre-
sented target symbols and recalling visually presented
letters simultaneously. Nine-year-old children did not
show a change in the duration of fixation on a target in
the dual-task condition compared with the single-task
condition. However, 13-year-old children fixated for a
shorter time on the target but at the same time improved
performance in recalling letters. The decrease in time
spent on target symbol detection was interpreted as an
improvement in attention allocation in accordance with
task demands. Irwin-Chase and Burns (2000) compared
children’s attention allocation by varying task priorities
for two visual detection tasks in both 8- and 11-year-old
children. It was found that 11-year-old children could

allocate attention according to task priority but 8-year-
old children could not. In the present study, themajority
of 11- to 14-year-old children did not show the mature
ability to allocate attention by task priority. Karatekin
(2004) measured pupillary dilation as an estimate of
attentional effort in a study of attention allocation in
10-year-old children and young adults. Pupillary dila-
tion was measured while participants rehearsed in-
creasing sequences of four digits to six digits to eight
digitswhile simultaneously pushing a button as soon as
they saw a rock on a monitor. As the length of the digit
string increased, pupillary dilation increased linearly in
adults but not in children. This finding indicates that
children have not necessarily developed the ability to
voluntarily allocate or recruit extra attentional resources
to meet increased processing demands by the age of
10 years.

Future Directions and Implications
Based on the findings from the current study, it is

difficult to draw any conclusions regarding the underly-
ing mechanisms for improved word recognition in the
dual-task conditions. Further investigations are needed
to test the validity of the possible mechanisms proposed
here. In this study, only one aspect of STM capacity was
investigated (STM span). Therefore, the development of
complex STM and attentional control will need to be
investigated in relation to children’s speech perception
in noise. In addition, in the current study speech per-
ception was assessed at a single, relatively favorable
SNR. To gain a clearer picture of the effects seen here,
additional studies using multiple levels and different
types of noise need to be conducted.

The current results may have clinical implications
in training children who exhibit difficulties processing
auditory information. For example, children with lan-
guage impairments exhibit difficulty inprocessing speech
in noise and have difficulty extracting the relevant
acoustic-phonetic features (e.g., temporal features such
as formant transition) from speech. These children also
can exhibit STM and attention deficits, which can make
their acoustic-phonetic representationsmore vulnerable
to noise interference or irrelevant information. For these
children, voluntary attention allocation to speech may
be difficult. Dual tasks may improve induced attention
allocation by adding a competing task. When capacity
limitation is induced by increasing a processing load
with a competing task, processing of relevant and sig-
nificant acoustic information may be facilitated by tak-
ing away the processing resources available for irrelevant
information and reallocating these resources to a dual
task due to the limitations in processing capacity. In ad-
dition, inappropriate cue-weighting strategiesmaybemod-
ified by reducing the amount of attention available for
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processing unimportant acoustic details to which children
may attend. However, these concepts are highly specula-
tive andwould require systematic evaluation in additional
studies to determine the feasibility of such an approach.

In summary, findings of the current study suggest
the following: (a) STM capacity and word recognition in
noise increase with age over the age range tested in this
study; (b) apositive butweak correlation (r= .363,p< .003)
exists between STM and word recognition at the favor-
able (8 dB) SNR used in this study; (c) in the presence of
limitations in processing capacity (e.g., dual-task condi-
tions), word recognition is not reduced by a competing
task; (d) themechanisms for younger children’s improved
word recognition in the dual-task conditions are unknown,
but they do not appear to be related to a developmental
deficiency in STM capacity; (e) younger children’s higher
performance for word recognition in noise during dual
tasks is accompanied by a larger decrement in digit
recall; (f ) although STM capacity may be important for
speech perception in noise, younger children’s improve-
ment in dual-task word recognition in the current study
suggests that their insufficiency in speech perception
may not be related to limitations in STM; and (g) chil-
dren’s top-down controlled attention allocation is not
fully mature at least up to 14 years of age.
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