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In contrast to age-linked improvements in a wide range of cognitive abilities,
a few processes seem to show relatively little age-related change, at least after
early childhood. Data from memory, matching, and semantic-categorization tasks
suggest that the degree of age-related change may be minimized when a task
emphasizes more perceptual types of knowledge representations. For example,
the degree of developmental change may be minimized when individuals recall
the spatial locations, rather than the names, of objects (Kail & Siegel, 1977). In
fact, the ability to recall an item’s spatial location may be fairly equivalent in
children and adults (Finkel, 1973; Kail & Siegel, 1977). Children may also
perform as well as adults on perceptual priming tasks and on incidental learning
tasks requiring listeners to recall whether a male or a female talker produced a
particular word (Drummey & Newcombe, 1995; Graf, 1990; Greenbaum & Graf,
1989; Hayes & Hennessey, 1996; Lindberg, 1980). In addition to the minimized
developmental change on these memory tasks, the degree of developmental
change may be less when individuals match two stimuli on the basis of a physical
attribute, as opposed to a name (Keating & Bobbitt, 1978). Finally, the degree of
developmental change may be reduced when individuals judge picture–picture
stimuli relative to word–word stimuli on a category judgment task (decide
whether two stimuli, e.g., cat–dog versus cat–bed, are from the same or different
semantic categories) (Rosinski, Pellegrino, & Siegel, 1977). These data suggest
that the degree of age-related change may be influenced by the type of knowledge
representation underlying accurate performance.

Our previous research on multidimensional speech processing using the Gar-
ner task shows a similar pattern of results (Garner, 1974; Jerger et al., 1993). We
asked participants to attend selectively to an auditory dimension of speech
(speaker’s gender) while ignoring a linguistic dimension (spoken word), and the
reverse. In thecontrol condition of the task, the nontarget dimension was held
constant while the target dimension varied. In theorthogonalcondition of the
task, both the nontarget and the target dimensions varied unpredictably across
trials. The logic of the Garner task for speech dimensions, which are not
processed independently, is that participants cannot ignore irrelevant variation of
the nontarget dimension (Pomerantz, Pristach, & Carson, 1989). Thus, perfor-
mance for the target dimension is affected by what is happening on the nontarget
dimension; that is, despite the listener’s intentions, response times are slower for
the orthogonal condition (with both dimensions varying unpredictably) than for
the control condition (with only the target dimension varying). This difference in
performance defines Garner interference.

Our study (Jerger et al., 1993) reported a difference in the degree of age-related
change for the auditory versus the linguistic dimensions of speech, as illustrated
in Fig. 1. When the gender of the talker was the target dimension, the degree of
Garner interference from to-be-ignored word variability was fairly similar in
children and adults. When the word was the target dimension, on the other hand,
the degree of Garner interference from to-be-ignored talker-gender variability
was significantly greater in children than in adults. Thus, the degree of devel-
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opmental change on this speeded-classification, selective-attention task also
seemed influenced by different types of knowledge representations. An auditory-
perceptual dimension, when opposing a linguistic dimension, seemed to mini-
mize developmental change when it was the target and to maximize develop-
mental change when it was the nontarget.

An interesting phenomenon that diverges from the above pattern of Garner
interference is Stroop interference (Stroop, 1935). A generic Stroop task requires
individuals to process a perceptual dimension while ignoring a linguistic dimen-
sion. For example, individuals are asked to name the ink color or the talker
gender of word stimuli while ignoring the word. The to-be-ignored words are
varied to represent congruent or conflicting relations between dimensions (e.g.,
the word “blue” printed in blue or red ink, respectively; the word “daddy” spoken
by a male or female talker, respectively). The to-be-ignored semantic content
affects performance, despite a participant’s intentions, and response times are
slower for the conflicting type of stimulus than for the congruent type of
stimulus. The difference in performance between the two types of stimuli defines
Stroop interference.

FIG. 1. Degree of Garner interference from to-be-ignored word variability (attend to talker
gender) and talker-gender variability (attend to word). Redrawn from Jerger et al. (1993).
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The degree of Stroop interference in both the visual and the auditory domains
shows significant age-related change (Comalli, Wapner, & Werner, 1962; Jerger,
Martin, & Pirozzolo, 1988). Even though participants are attending to a percep-
tual dimension while ignoring a linguistic dimension, the conflicting task-irrel-
evant information of the Stroop task disrupts performance more in younger than
in older individuals. A possible explanation for this effect is that a conflicting
type of Stroop stimulus sets up competing responses (Lew, Chmiel, Jerger,
Pomerantz, & Jerger, 1997; MacLeod, 1991). With increasing age, children
become more adept at inhibiting the inappropriate response and resisting inter-
ference (Bjorklund & Harnishfeger, 1990, 1995; Dempster, 1992, 1993; Har-
nishfeger, 1995). We propose that developmental change in the degree of Stroop
interference is associated with the presence of conflicting task-irrelevant infor-
mation, an overriding condition that enhances age-related change.

The purpose of this study was to explicate the developmental course of
multidimensional processing interactions between two auditory dimensions (the
gender of the talker and the spatial location), with and without the presence of
conflicting task-irrelevant information. The ability to appreciate these perceptual
dimensions of speech is evidenced from an early age (Morrongiello, Fenwick,
Hillier, & Chance, 1994; Spence & DeCasper, 1987). In fact, an infant’s
orientation to the voices and the spatial locations of talking people has been
suggested as an important precursor behavior to spoken language (Locke, 1997).
One of us has also observed that the ability to allocate attention is achieved
earlier in a spatial context than in other contexts (Lane & Pearson, 1983). We
defined developmental functions for Garner interference and another interference
phenomenon known as the Simon effect (Hedge & Marsh, 1975). To some
investigators, Simon interference resembles a spatial variation of Stroop inter-
ference (Faber, Molen, Keuss, & Stoffels, 1986; Hasbroucq & Guiard, 1991;
Umilta & Nicoletti, 1992).

The Simon effect reflects the observation that adult response times are faster
when the locations of a stimulus and of a response are congruent (on the same
side) and are slower when the locations are conflicting (on opposing sides), even
though the spatial location is irrelevant to the task (Lu & Proctor, 1995; Simon,
Craft, & Webster, 1973; Simon, Small, Ziglar, & Craft, 1970). The difference in
performance between the conflicting and congruent types of trials defines Simon
interference. Whereas Garner interference derives from irrelevant stimulus vari-
ability over a series of trials, Simon interference derives from an initial tendency
to respond toward a source in space. Simon and colleagues (Simon & Berbaum,
1990) proposed a primitive innate tendency to react toward a source of stimu-
lation, perhaps analogous to the directed orienting response of animals. This
initial tendency to react to the irrelevant source, rather than to the content, of a
stimulus facilitates or delays responding to the relevant attribute, producing
Simon interference.

Defining the developmental courses of Garner interference and Simon in-
terference simultaneously allows us to address several questions about the develop-
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ment of the capacity for inhibition and resistance to interference. Bjorkund (1995)
clarified the distinction between these two concepts, noting that inhibition refers to
the ability to inhibit an external or internal response(s) whereas resistance to inter-
ference refers to the ability to ignore irrelevant information. One of our questions
concerned what pattern of results would characterize the developmental course of
Garner interference for two opposing auditory dimensions. The developmental
course is difficult to predict from previous findings if the results are determined by
the dimension’s level of abstraction. Clearly, an auditory dimension seems to
predominate when opposing a linguistic dimension, minimizing change when it is the
target and maximizing change when it is the nontarget (Fig. 1). It is unclear, however,
how an auditory dimension will interact with another auditory dimension across age.
The developmental course of Garner interference is more predictable, however, if the
results are driven by the dimension’s relevance, that is, target versus nontarget.
Dempster’s (1992, 1993) model of age-related change in resistance to interference
proposes that children have more difficulty than adults in resisting perceptual sources
of interference. To the extent that Dempster’s model transfers to the Garner task,
there should be an age-linked decrease in the degree of Garner interference from both
irrelevant talker gender and spatial location. To the extent that our previous results
transfer to the present Garner task, our findings also predict that the to-be-ignored
auditory dimension will produce greater interference in children than in adults. In
contrast to these predictions, the developmental course of Garner interference again
becomes difficult to predict if age-related change in resistance to interference is a
factor of not only the source of interference but also the nature of the target. If a target
perceptual dimension interacts with the interfering effect of a nontarget perceptual
dimension, for example, then there may be less age-related change in the degree of
interference for either dimension.

The previous findings for Stroop interference suggest that the presence of con-
flicting task-irrelevant information enhances the degree of age-related change for a
target perceptual dimension. Thus, another question is whether the developmental
courses of Garner interference due to irrelevant spatial variability and of Simon
interference due to irrelevant spatial conflict will differ significantly. If conflicting
information represents an overriding condition, results are predicted to show a greater
degree of age-related change for Simon interference than for Garner interference. To
the best of our knowledge, results from our lab are the first data describing the
developmental course of Simon interference and comparing Simon interference and
Garner interference. A few previous investigators, however, have studied stimulus–
response compatibility effects in children (Alluisi, 1965; Ladavas, 1990).

METHOD

Participants and Demographics

Participants. Individuals were 100 children (50 boys and 50 girls) and 20
adults (6 men and 14 women). Ages ranged from 3 years 6 months to 16 years
10 months for the children and from 18 to 48 years for the adults. Child
participants were recruited from cooperating educational programs; adult partic-
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ipants were recruited from local universities. The criteria for participation were
(a) no diagnosed disabilities and (b) English as the native language. The racial/
ethnic distribution was 106 Whites, 5 Hispanics, 5 Asians, 3 Blacks, and 1 Arab.

Measures.Hearing sensitivity was assessed with a standard pure tone audi-
ometer. Word recognition ability was assessed with the Word Intelligibility by
Picture Identification (WIPI) test (Ross & Lerman, 1971). The test items were
tape-recorded and played back via a multichannel recorder fed through ampli-
fying and attenuating circuits to a loudspeaker. Soundfield speech detection
thresholds were obtained via the standard procedure (Stach, 1998) with the WIPI
word materials. Verbal abilities were estimated with the Peabody Picture Vo-
cabulary Test–Revised (PPVT-R, Form L) (Dunn & Dunn, 1981) . Nonverbal
abilities were estimated with the Southern California Figure–Ground Visual
Perception Test (Ayres, 1978) in children 8 years of age or younger, with the
Block Design subtest of the Wechsler Intelligence Scale for Children–Revised
(Wechsler, 1974) in children 9 to 16 years of age, and with the Block Design
subtest of the Wechsler Adult Intelligence Scale–Revised (Wechsler, 1981) in
individuals 17 years or older. Handedness was determined by coloring and toy
activities in younger children (Bryden, 1982), by writing and drawing activities
in older children, and by a standardized questionnaire in adults (Annette, 1970).
Socioeconomic status was estimated with the Hollingshead four-factor index
(Hollingshead, 1975). Each measure was administered and scored according to
the standardized technique.

Characteristics.All participants had hearing sensitivity within normal limits,
that is, less than or equal to 20 dB hearing level at all test frequencies between
500 and 4000 Hz (American National Standards Institute, 1989). The ability to
detect speech and to recognize spoken words was consistently within normal
limits. The preferred hand was the right hand for 97 individuals and the left hand
for 23 individuals. The average Hollingshead Social Strata Score (1.25) was
consistent with a major business and professional socioeconomic status. Partic-
ipants were arranged into six groups of 20 each according to age. In subsequent
figures, each group is denoted by the average age in years. Table 1 summarizes
demographic data for the groups. Nonverbal skill was equivalent among the
groups, but verbal ability tended to be higher in the older groups:F(5, 114)5
2.08, p 5 .07. To the extent that verbal intelligence aids the capacity for
inhibition and resistance to interference (Dempster, 1991), the “anchors” of the
developmental functions may represent inappropriately superior performance.
Thus, a lack of any age-related change would be a persuasive finding.

Materials and Instrumentation

Garner interference and Simon interference.Each speech target was digitized
and stored in a computer by means of the SoundScope/16 program (GW Instru-
ments) and MacADIOS II software and hardware (GW Instruments) sampling at
22 kHz with 12-bit amplitude resolution. The targets were played back through
an anti-aliasing filter to one of two loudspeakers. A loudspeaker was placed to the
right and to the left of the participant at an azimuth of 45° relative to the center
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of the individual’s head. The loudspeakers were at eye level at a distance of
approximately 100 cm from the participant. To obtain reaction times, the com-
puter triggered a counter/timer with 1-ms resolution at the initiation of a target.
Pressure on either one of two response (telegraph) keys stopped the counter/
timer. After the computer finished outputting the signal, the reaction time was
read and stored and the response was tallied as correct or incorrect. The response
keys were mounted on a board, separated by a distance of approximately 12 cm.
A blue circle equidistant between the two keys designated the “start” position
assumed before each trial. When spatial location was the target dimension, each
response key had a colorful ribbon mounted above it from the loudspeaker on the
corresponding side; for example, the ribbon connected the loudspeaker on the
right side to the key on the right side. When the talker-gender input was the target
dimension, each key had a picture of a man or of a woman mounted above it. The
position (right versus left side) of the pictures on the response card was coun-
terbalanced among participants. The fundamental frequencies of the voices were
108 Hz (male) and 204 Hz (female).

Procedure

General.Testing was carried out within a 812 3 9-ft double-walled sound-
treated booth in two separate sessions. The sessions occurred on separate days for
100% of children between 3 and 5 years of age and for 45% of children between
7 and 16 years of age and on the same day for the remaining participants. The
between-day sessions were typically about 11 days apart. Five 3-year-old chil-
dren required a third session, which occurred about 9 days after the second
session. The two same-day sessions were always separated by at least a 1-h
(noon) break. The target dimension was spatial location in one session and talker
gender in the other session. We have demonstrated that performance in children
does not differ as a function of within-day versus between-day sessions with this

TABLE 1
Average Nonverbal and Verbal Abilities (Standard Deviations in Parentheses)

for Each of Six Age Groups

Descriptors

Age groups (age range in years)

3 4 5 6 7–16 18–48

Age in months 44.55
(1.54)

52.50
(3.62)

65.24
(3.19)

76.50
(4.08)

124.70
(33.5)

323.85
(124.07)

Nonverbal skill
in percentile

75.65
(23.23)

82.70
(23.13)

87.03
(13.22)

82.28
(18.63)

89.18
(11.97)

89.95
(7.88)

Verbal skill in
percentile

70.40
(23.78)

76.85
(17.27)

80.48
(17.83)

71.15
(24.57)

85.70
(13.81)

85.95
(15.41)

Note.Each group consisted of 20 participants (N 5 120). In subsequent figures, each group is
denoted by the average age in years.
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approach (Jerger, Elizondo, Dinh, Sanchez, & Chavira, 1994). The two types of
sessions were counterbalanced across participants. The child participants re-
ceived candy and/or a small toy for reinforcement.

Garner interference and Simon interference.Each participant was seated at a
child- or adult-size table containing a response board. For the child participants,
a co-tester sat slightly behind the child, keeping him or her focused on the task
and assuring (1) that the child’s head was maintained in a slightly bent-down,
straight-forward position and (2) that the child’s hand was on the start position
prior to each trial. If a participant’s head or hand was not in the correct position
for a trial, the tester “bombed” that trial (with replacement). The participants
listened to the utterance “baba,” spoken by a male voice and a female voice. The
intensity level of the utterances was approximately 75 dB sound pressure level at
the imagined center of the participant’s head. For reaction-time measures, the
participant was instructed to push the correct response key, using a whole hand
movement, as quickly and as accurately as possible. Each participant spontane-
ously used his or her preferred hand. The interval between the participant’s
response and the next target varied randomly between 2 and 5 s.

Tables 2A and 2B illustrate the types of trials and types of conditions when the
spatial location was the target dimension (Table 2A) and when the gender of the
talker was the target dimension (Table 2B). The Garner task consisted of a set of
targets administered in the control condition with the nontarget dimension held
constant and in the orthogonal condition with the nontarget dimension varying
irrelevantly. Administration of the two Garner conditions for each target dimen-
sion was counterbalanced across participants. The presentation of each condition
comprised 12 trials. When spatial location was the target dimension (Table 2A),
one half of the trials were from the loudspeaker on the left side and one half from

TABLE 2A
Garner Interference: Targets, Nontargets, Types of Trials, and Types of Conditions

when Spatial Location Was the Target Dimension

Target dimension
(spatial location)

Nontarget dimension
(talker gender)

Type of
trial

Type of
condition

Primary characteristic
of condition

Left
Right

Male
Male

Congruent
Congruent

Control The nontarget talker gender
was held constant

Left
Right
Left
Right

Male
Male
Female
Female

Congruent
Congruent
Congruent
Congruent

Orthogonal The nontarget talker gender
varied irrelevantly

Note. The participant was asked to ignore talker gender. When spatial location was the target
dimension, all of the trials were congruent. Participants always moved their hand toward the source
in space, pressing the right key for the right spatial location and the left key for the left spatial
location. Thus, only Garner interference (and no Simon interference) can be computed. For this
illustrative participant, the talker gender held constant for the control condition was the male speaker.
Overall, the talker gender to be held constant was counterbalanced among participants.
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the loudspeaker on the right side. The participants were instructed to ignore the
talker and attend selectively to the spatial location, pressing the left key if the
utterance came from the left spatial location and the right key if the utterance
came from the right spatial location. For the control condition, the gender of the
talker was held constant. One half of participants heard the male voice and the
other one half of participants heard the female voice. For the orthogonal condi-
tion, the gender of the talker varied irrelevantly and randomly. Approximately
one half of the utterances from each loudspeaker were the male voice and one
half were the female voice. When the participants were attending selectively to
spatial location, all of the trials were congruent. Individuals always moved their
hand toward the source in space, pressing the key corresponding to the spatial
location. Thus, only Garner interference (and no Simon interference) could be
computed.

When talker gender was the target dimension (Table 2B), one half of trials
involved responding to the female voice and one half involved responding to the
male voice. The participants were instructed to ignore the spatial location and
attend selectively to the gender of the talker, pressing the key labeled with the
woman picture for the female voice and the key labeled with the man picture for
the male voice. For the control condition, the spatial location of the talkers was
held constant. The constant location was the left loudspeaker for one half of
participants and the right loudspeaker for the other one half of participants. For
the orthogonal condition, the spatial locations of the talkers varied irrelevantly
and randomly. In approximately one half of trials the talker’s voice came from
the left loudspeaker and in approximately one half of the trials it came from the
right loudspeaker. When the participants were attending selectively to the gender

TABLE 2B
Garner Interference and Simon Interference: Targets, Nontargets, Types of Trials, and Types

of Conditions when the Gender of the Talker Was the Target Dimension

Target dimension
(talker gender)

Nontarget dimension
(spatial location)

Type of
trial

Type of
condition

Primary characteristic
of condition

Male
Female

Left
Left

Congruent
Conflicting

Control The nontarget spatial
location was held constant

Male
Female
Male
Female

Left
Left
Right
Right

Congruent
Conflicting
Conflicting
Congruent

Orthogonal The nontarget spatial
location varied irrelevantly

Note.The participant was asked to ignore spatial location. For this illustrative participant, the male
picture was mapped to the left response key and the constant spatial location was the left side. When
talker gender was the target dimension, individuals moved their hands toward the source in space
(congruent trials) on one half of trials and away from the source in space (conflicting trials) on one
half of trials within each condition. Thus, both Garner interference and Simon interference can be
computed. Overall, the spatial location to be held constant and the position (right versus left side) of
the pictures on the response card were counterbalanced among participants.
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of the talker, individuals moved their hands toward the source in space (congru-
ent trials) on one half of the trials and away from the source in space (conflicting
trials) on one half of the trials within each condition. Thus, both Garner inter-
ference and Simon interference could be computed. The procedure in Table 2B
is a variation of the Pomerantz task for assessing Stroop interference and Garner
interference simultaneously (Jerger et al., 1994; Pomerantz, Pristach, & Carson,
1989; see also Clark & Brownell, 1976).

Scoring. Performance was quantified by the reaction times of correct re-
sponses, that is, the time between the onset of a target and the execution of a
motor response. When spatial location was the target dimension (see Table 2A),
the degree of Garner interference was quantified by the difference between
performance in the orthogonal and control conditions for the congruent type of
trials. When talker gender was the target dimension (Table 2B), the degree of
Garner interference was quantified by the difference between performance in the
orthogonal and control conditions, either (1) for the congruent type of trial only
or (2) collapsed across the types of trials. The degree of Simon interference was
quantified by the difference between performance for the conflicting versus
congruent types of trials, collapsed across the types of conditions. Figure 2
illustrates how we calculated the interference effects, collapsing across type of
trial or type of condition, for four example trials from Table 2B. When the boxes
in Fig. 2 are numbered sequentially, Garner interference is calculated as the
difference between reaction times in the orthogonal condition (boxes 5, 6, 7, and
8) and in the control condition (boxes 1, 2, 3, and 4). Simon interference is
calculated as the difference between the reaction times for the conflicting type of
trial (boxes 2, 3, 6, and 8) and the congruent type of trial (boxes 1, 4, 5, and 7).
A value of this approach for comparing Garner interference and Simon interfer-
ence is that each interference effect is calculated from the same set of reaction
times, thus eliminating task-specific influences.

Simple auditory reaction time.A simple reaction-time measure always pre-
ceded the experimental conditions for each target dimension. When the gender of
the talker was the target dimension, we obtained six simple reaction times to the
male talker and six to the female talker. The loudspeaker was constant for a
participant and counterbalanced across participants. When spatial location was
the target dimension, we obtained six simple reaction times to the left loud-
speaker and six to the right loudspeaker. The talker-gender input was constant for
a participant and counterbalanced across participants. Only the key correspond-
ing to the predetermined correct response was labeled on the response board. The
purpose of this measure was to quantify a participant’s ability to detect and
respond to auditory input. To control for developmental differences in these
sensory and motor abilities, we subtracted each participant’s simple reaction time
from all of his/her experimental choice reaction times (Donders, 1969; Mont-
gomery, Scudder, & Moore, 1990; Sternberg, 1969). Subtracting a constant from
each participant’s experimental measures does not affect the differences between
the types of conditions/types of trials.
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FIG. 2. Depiction of the targets, types of trials, and types of conditions for four illustrative
trials when talker gender is the target dimension and spatial location is the nontarget dimension.
When the boxes are numbered sequentially, Garner interference is calculated as the difference
between reaction times in the orthogonal condition (boxes 5, 6, 7, and 8) and in the control
condition (boxes 1, 2, 3, and 4). Simon interference is calculated as the difference between the
reaction times for the conflicting type of trial (boxes 2, 3, 6, and 8) and the congruent type of
trial (boxes 1, 4, 5, and 7).
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Data analysis.The participants’ mean reaction times for correct trials were
analyzed with regression analysis or with a mixed-design analysis of variance
with one between-subjects factor (age group) and several within-subjects factors
(e.g., type of condition, type of trial, target dimension) (Pedhazur, 1982). Error
rates are not reported. Overall, errors were few. This finding is consistent with
previous studies commenting on children’s apparent aversion to making errors
(Jerger et al., 1993; Shepp & Swartz, 1976). When errors were observed, they
were consistent with the reaction-time data, occurring for the more difficult type
of condition (orthogonal) or type of trial (conflicting).

RESULTS

Age-Related Change in Simple Auditory Reaction Time

Auditory simple reaction time decreased significantly with increasing age:
r 2 5 0.4,p 5 .0001. The extent of the decrease was approximately 445 ms, from
about 830 ms for the 3-year-olds to 385 ms for the adults. An age-related
decrease in simple reaction time for children and between children and adults has
been noted repeatedly (Andersen, Starck, Rosen, & Svensson, 1984; Good-
enough, 1935; Guttentag, 1985; Weissberg, Ruff, & Lawson, 1990). Again,
experimental data are adjusted reaction times, that is, adjusted for the differences
in simple reaction time.

Garner Interference: Developmental Course of Processing Interactions
between Dimensions

Figure 3 shows performance for the two conditions of the Garner task as a
function of age. The left-hand panel depicts results when participants were voting
on the basis of the gender of the talker while ignoring spatial location; the
right-hand panel depicts results when participants were voting on the basis of the
spatial location while ignoring the gender of the talker. The difference between
the two conditions defines, respectively, Garner interference from irrelevant
spatial variability (target5 talker gender) and Garner interference from irrele-
vant talker-gender variability (target5 spatial location), as shown in Fig. 4.
Analysis of these data involved one between-subjects factor (age group) and two
within-subjects factors (type of condition and target dimension). Again, only the
congruent types of trials were considered for comparing the degree of Garner
interference between dimensions.

Performance for the control and orthogonal conditions differed significantly
for both target dimensions: Condition,F(1, 114)5 89.14,p 5 .0001; Condi-
tion 3 Dimension,F(1, 114)5 0.03,p 5 .87. The same pattern of results was
observed for all age groups: Condition3 Age, F(5, 114) 5 0.62, p 5 .68;
Condition3 Age3 Dimension,F(5, 114)5 0.99,p 5 .42. Thus, the processing
of the target dimension was significantly affected by irrelevant variability of the
nontarget dimension in all groups. The auditory dimensions of talker gender and
spatial location are not processed independently by either children or adults.

Age per se significantly affected overall adjusted reaction times, collapsed
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across the conditions and the dimensions: Age,F(5, 114)5 26.48,p 5 .0001.
This finding agrees with previous observations (e.g., Kail, 1995). The average
reaction times for identifying the targets decreased by about 200 ms as age
increased from 3 to 26 years. However, the relation between the conditions and
the dimensions remained the same regardless of age: Condition3 Age, F(5,
114) 5 0.62,p 5 .68; Dimension3 Age, F(5, 114)5 0.25,p 5 .94; Condi-
tion 3 Age 3 Dimension,F(5, 114)5 0.99,p 5 .42. As highlighted in Fig. 4,
the difference between the conditions, or Garner interference, does not show
significant developmental change for either target dimension. The average inter-
ference from spatial location and from talker gender is roughly 50 ms, fluctuating
between about 30 and 75 ms for both dimensions. The processing interactions
between dimensions are symmetrical for these two auditory dimensions of
speech.

Relative Discriminability of the Dimensions

Some previous studies in adults have observed that differences in the discrim-
inability of the dimensions may influence the degree of Garner interference (e.g.,

FIG. 4. Garner interference (difference in response times in the control and orthogonal condi-
tions) from irrelevant spatial variability (target5 talker gender) and irrelevant talker-gender vari-
ability (target5 spatial location) as a function of age. Only the congruent-type trials were considered.
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Carrell, Smith, & Pisoni, 1981). The idea is that variability of a nontarget
dimension that is difficult to discriminate produces less interference. Tradition-
ally, the discriminability of the dimensions is inferred from the reaction times in
the control conditions (Garner & Felfoldy, 1970). Pilot data in adults indicated
equivalent discriminability of these two target dimensions (unadjusted reactions
times in a control condition of 458 ms for talker gender and 453 ms for spatial
location). As seen in Fig. 3, however, reaction times of the present participants
differed significantly in the control conditions, with responses to the talker-
gender targets about 40 ms slower than responses to the spatial-location targets:
Dimension (control conditions only),F(1, 114) 5 15.31, p 5 .0002. Slower
reaction times for the talker-gender dimension were observed for all ages:
Dimension (control conditions only)3 Age, F(5, 114)5 0.84,p 5 .53.

Slower reaction times in a control condition imply that the slower dimension
is less discriminable. This raises a question of whether results may have been
influenced by differences in the discriminability of the dimensions. The obtained
pattern of results, however, does not seem to be influenced by poorer discrim-
inability of the talker-gender dimension. As an example, the 3- and 5-year-olds
show relatively large differences between the control conditions in Fig. 3, yet
these two age groups show more, not less, interference from talker-gender
variability, as seen in Fig. 4. Another example is the 26-year-old group, who has
relatively less difference between the control conditions yet shows one of the
larger differences in the magnitudes of the interference effects. Overall, these
data seem more attuned to previous investigators who concluded that the dis-
criminability between dimensions cannot account for the degree of Garner
interference (Eimas, Tartter, Miller, & Keuthen, 1978; Mullennix & Pisoni,
1990; Pomerantz, 1983; Pomerantz & Sager, 1975).

To recapitulate, all age groups show significant Garner interference from
irrelevant spatial and talker-gender variability. The degree of Garner interference
does not show significant developmental change for either target dimension. The
degree of Garner interference is symmetrical for these two auditory dimensions
of speech.

Garner Interference and Simon Interference: Effect of Conflicting
Task-Irrelevant Information on Processing Interactions

The effect of conflicting task-irrelevant information on the developmental
course of processing interactions may be examined by comparing, as a function
of age, the degree of Garner interference and Simon interference. The target
dimension is always the gender of the talker; the to-be-ignored dimension is
always the spatial location. Figure 5 shows performance as a function of age for
the orthogonal and control conditions of the Garner task, collapsed across the
types of trials (left-hand panel), and for the conflicting and congruent trials of the
Simon task, collapsed across the types of conditions (right-hand panel). Figure 6
details the degree of Garner interference from to-be-ignored spatial variability
(difference between types of conditions) and of Simon interference from to-be-
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ignored spatial conflict (difference between types of trials) as a function of age.
Analysis of these data involved one between-subjects factor (age group) and two
within-subjects factors (type of condition and type of trial).

Performance differed significantly between the orthogonal and control
conditions and between the conflicting and congruent trials: Condition,F(1,
114) 5 217.96, p 5 .0001; Trial, F(1, 114) 5 196.74, p 5 .0001. We
observed significant Garner interference and Simon interference in the par-
ticipants. In contrast to the previous results, however, both the difference
between the conditions and between the trials decreased significantly with
age: Condition3 Age, F(5, 114)5 2.40,p 5 .04; Trial 3 Age, F(5, 114)5
2.59,p 5 .03. As seen in Fig. 6, both the degree of Garner interference and
the degree of Simon interference declined significantly with increasing age.
The age-related change was about 45 ms for Garner interference (from about
120 ms to 75 ms) and about 65 ms for Simon interference (from about 130 ms
to 65 ms). Thus, in the presence of conflicting trials, the degree of interfer-
ence shows significant developmental change. The age-specific pattern of
change for Simon interference is consistent with Pearson and Lane’s (1990)

FIG. 6. Garner interference from to-be-ignored spatial variability (difference between types of
conditions) and Simon interference from to-be-ignored spatial conflict (difference between types of
trials). Data are plotted as a function of age.
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observation that the largest gains in the orienting of visual covert attention
occur between 7 and 11 years.

Dempster’s (1993) model proposes that sensitivity to perceptual sources of
interference initially increases before declining with increasing age. The increase
reflects children’s theorized shift of focus to perceptual sources of information
and the decrease reflects another theorized shift of focus to linguistic sources.
The data of Fig. 6 and Fig. 1 seem to reflect this claim. Post hoc pairwise
comparisons, however, were not sufficiently sensitive to detect differences be-
tween the means of the younger age groups. To probe this possibility, we
conducted trend analysis with age as a continuous, rather than grouping, variable.
The relation between age and both Garner interference and Simon interference
showed significant linear and curvilinear trends: Garner, linear2t(1, 117) 5
2.17,p 5 .03; quadratic2t(1, 117)5 1.92,p 5 .057; Simon, linear2t(1, 117)5
2.65,p 5 .009; quadratic2t(1, 117)5 2.07,p 5 .04. The developmental courses
in Fig. 6 have significant bends in the curves before declining linearly, offering
strong empirical support for Dempster’s hypothesized relation between age and
susceptibility to perceptual sources of interference.

In short, the presence of conflicting information seems to alter significantly
the developmental course of interference effects. The developmental course
of Garner interference was flat when calculated only with the congruent trials
(Fig. 4) and sloped significantly when calculated with both the congruent and
conflicting trials (Fig. 6). The difference between the conditions was influ-
enced significantly by the type of trial: Condition3 Trial, F(1, 114)5 52.88,
p 5 .0001. A trend toward this pattern of results has been observed previously
in adults on the Pomerantz task (Pomerantz, Carson, & Feldman, 1994).
Calculation of the interference effects was collapsed across this interaction,
nonetheless, in order to respect an important advantage of the Pomerantz task,
namely calculating each interference effect with exactly the same set of
targets. However, it seems the case that the type of trial may influence the
degree of interference more in children than in adults: Condition3 Trial 3
Age, F(5, 114)5 2.12,p 5 .07. Age-related change in the degree of Garner
interference declined from about 185 ms to 100 ms when calculated only with
the conflicting trials, in contrast to the flat developmental function when
calculated only with the congruent trials (Fig. 4). The effect of spatial conflict
was also noticeably accentuated in the more difficult Garner condition. The
developmental change in Simon interference declined from about 195 ms to
100 ms in the orthogonal condition and from about 70 ms to 40 ms in the
control condition.

DISCUSSION

The purpose of the present study was to explicate the developmental course
of the processing interactions between two auditory dimensions of speech, the
gender of the talker and the spatial location. Prior to discussing the results,
however, we should note that the reaction-time difference in the control
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conditions (faster responses when spatial location was the target dimension)
may have been influenced by some contextual and compatibility effects
characterizing the experimental design. Regarding contextual effects, reac-
tion times for the spatial-location dimension were obtained in the context of
only congruent type of trials whereas reaction times for the talker-gender
dimension were obtained in the context of both congruent and conflicting
types of trials. A contextual difference between dimensions may have af-
fected obtained reaction times (Morin & Forrin, 1962; Proctor & Reeve,
1990). It is also the case that reaction times when spatial location was the
target dimension may have been faster in any event due to a greater com-
patibility between the stimulus–response mapping (Ben-Artzi & Marks,
1995). When the children were responding on the basis of spatial location, the
response itself was based directly on spatial location (right-sided stimulus
and right-sided response key). When the children were responding on the
basis of talker gender, on the other hand, the relation between the stimulus
and the response was arbitrary. The male talker was assigned to the left button
for one half of children and to the right button for the other one half of
children. The reaction-time difference between dimensions may be reflecting,
at least to some extent, differences in the degree of processing required to
map the target attributes for spatial location and talker gender to the response
keys. We did not include a Stroop-like mapping between the spatial-location
dimension and the response (left-sided response to right-sided stimulus) in
this initial study. Overall, both the contextual and the compatibility effects
represent interesting issues that require further study. Despite these effects,
the results nevertheless contribute new information about the nature of and
development of auditory processing interactions in a speeded-classification
selective-attention task.

First, these data add to our knowledge about the developmental course of
auditory processing interactions. The degree of Garner interference from
to-be-ignored spatial-location or talker-gender variability is of a similar
magnitude and does not show significant variation with age. A lack of
developmental change for auditory processing interactions is in distinction to
the more traditional finding that younger children’s performance is more
disrupted by irrelevant information in selective-attention tasks, involving
multiple signals or multiple dimensions (e.g., Pearson & Lane, 1991; Strutt,
Anderson, & Well, 1975). The present results seem consistent, however, with
the suggestion that younger children focus more on perceptual attributes
(Bach & Underwood, 1970; Felzen & Anisfeld, 1970).

The developmental courses of Garner interference for the talker-gender and
spatial-location dimensions also provide evidence about Dempster’s (1993)
proposal that children have more difficulty than adults in resisting perceptual
sources of interference. The lack of developmental change for Garner inter-
ference in the present study indicates that children do not always show less
ability to resist interference from a perceptual source. A target perceptual
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dimension minimizes the interfering effect of a nontarget perceptual dimen-
sion. Apparently, the developmental effect of a nontarget dimension depends
on the target dimension. Results suggest that theoretical models of age-
related change in interference should specify developmental effects not only
in terms of the source of interference but also in terms of the nature of the
target.

The pattern of processing interactions seems to change dramatically in the
presence of conflicting task-irrelevant information. Prior to these results, we
hypothesized different developmental courses for Garner interference and Simon
interference. We assumed that the effect of conflicting information would be
reflected only in the Simon effect, which is based directly on congruent versus
conflicting types of information. This was not the case. Simon interference did
indeed show significant age-related change as predicted, but so too did Garner
interference when the conflicting trials entered into the calculation of the inter-
ference effect. Thus, even a context of conflicting task-irrelevant information
seems sufficient to produce significant age-related change in a child’s ability to
resist interference from irrelevant variability.

These results are consistent with current models of cognitive development
emphasizing the importance of inhibitory mechanisms (Bjorklund & Harnish-
feger, 1990, 1995; Dempster, 1992, 1993; Harnishfeger, 1995). In the present
study, a conflicting type of trial sets up competing responses. An individual must
inhibit his/her initial tendency to respond toward the source in space and respond
by moving his/her hand in the opposite direction. Bjorklund and Harnishfeger
propose that individuals become more efficient with increasing age at inhibiting
primary response tendencies and resisting interference from competing sources.
Findings of this study support their proposal that inhibitory mechanisms underlie
some important aspects of developmental change.

In short, the present findings provide further evidence in support of the
important suggestion that interference is a multifaceted phenomenon (Dempster,
1992, 1993). Age-related change in interference seems to vary depending on the
source of the interference, the nature of the target, and the nature of the task. The
relation between age, the nature of the task, and the nature of the stimulus also
seems complex. A general characteristic of age in this study seems to be that the
interfering effect of irrelevant variability is accentuated by spatial conflict and the
interfering effect of spatial conflict is accentuated by irrelevant variability.
Age-related change seems accentuated if the context of the processing task
involves conflicting information, directly or indirectly. Overall, developmental
change seems critically dependent on the nature of the target–nontarget combi-
nation and the nature of the information-processing task.
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