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Preschool children and adults flexibly shift their preferences for
auditory versus visual modalities, but do not exhibit auditory
dominance

Nicholaus S. Noles and Susan A. Gelman
University of Michigan

Abstract

The goal of the present study is to evaluate the claim that young children display preferences for
auditory stimuli over visual stimuli. This study is motivated by concerns that the visual stimuli
employed in prior studies were considerably more complex and less distinctive than the competing
auditory stimuli, resulting in an illusory preference for auditory cues. Across three experiments,
preschool children and adults were trained to use paired audio-visual cues to predict the location
of a target. At test, the cues were switched so that auditory cues indicated one location and visual
cues indicated the opposite location. In contrast to prior studies, preschool age children did not
exhibit auditory dominance. Instead, children and adults flexibly shifted their preferences as a
function of the degree of contrast within each modality (with high contrast leading to greater use).
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Understanding and explaining children’s induction and categorization behaviors are
important goals for developmental psychologists. Two broad approaches — one focusing on
associative and similarity-based processes and the other focusing on children’s theories — are
at the center of an ongoing debate (e.g., Gelman & Waxman, 2009; Sloutsky, 2009).
Similarity-based and associative learning approaches suggest that basic cognitive and
perceptual processes, such as the ability to detect statistical regularities (Rakison, 2004) and
judge perceptual similarity (Sloutsky & Napolitano, 2004), are sufficient to guide children’s
categorization and induction. In contrast, theory-based approaches argue that children
additionally make use of domain-specific knowledge, ontologies, causal relations, and non-
obvious properties (Carey, 2009; Gelman, 2003; Gopnik & Sobel, 2000; Wellman &
Gelman, 1998).

One key point of contention concerns the role of category labels. Hearing the same label for
two items increases the likelihood that children (and adults) will generalize information
from one item to the other (Balaban & Waxman, 1997; Gelman & Coley, 1990; Gelman &
Markman, 1986, 1987; Sloutsky & Fisher, 2004; Xu, Cote, & Baker, 2005). Yet there are at

© 2011 Elsevier Inc. All rights reserved.

Address correspondence to Nicholaus Noles: Department of Psychology, University of Michigan, 530 Church Street, Ann Arbor, Ml
48109-1043, nicholaus.noles@gmail.com, Phone : 517-505-5561.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Noles and Gelman

Page 2

least two possible explanations for this result. One possibility is that conceptual similarity
guides the effect. On this view, the label conveys information regarding category
membership, and items from the same category are assumed to share many important
features. Evidence in support of this interpretation is that the same effect holds when
synonyms are used (Gelman & Markman, 1986, Study 2), or when conceptual similarity is
detectable by subtle featural cues (Gelman & Markman, 1987, Picture-Only Condition).
Furthermore, when children hear non-linguistic sounds (e.g., tones; emotional expressions)
rather than linguistic labels, children do not make use of them to guide their categorization
(Balaban & Waxman, 1997; Fulkerson & Waxman, 2007; Xu, 2002; Xu, Cote, & Baker,
2005).

In contrast, an alternative possibility is that the labeling effect is due to perceptual similarity
(Sloutsky & Fisher, 2004; Sloutsky, Fisher, & Lo, 2001). In one prominent similarity model,
the SINC (Similarity, Induction, Naming, and Categorization) model, labels are perceived as
perceptual features of objects, and items with the same label are judged to be more similar to
one another than are items that are unlabeled, or that receive different labels. Moreover, the
model stipulates that young children find auditory cues to be more salient than visual cues
(Napolitan & Sloutsky, 2004; Robinson & Sloutsky, 2004; Sloutsky & Napolitano, 2003).
Thus, labels affect children’s inferences because they are auditory cues, and therefore have
greater perceptual salience.

The present paper does not examine the SINC model in general, but examines the
foundational claim that auditory cues are more salient than visual cues for young children. In
prior research testing the auditory dominance theory, young children were presented with
stimuli with both auditory and visual components, and the relative salience of the two cues
was tested (Napolitan & Sloutsky, 2004; Robinson & Sloutsky, 2004; Sloutsky &
Napolitano, 2003). Specifically, a modified switch design was employed (e.g., see Werker,
Lloyd, Cohen, Casasola, & Stager, 1998) that trained participants to use cross-modal cues to
complete a task. Visual and auditory stimuli were paired (e.g., a visual display including a
circle, pentagon, and triangle might be paired with a burst of white noise), and each pair
reliably indicated that a target stimulus would appear at a certain location (e.g., one pair
appeared on the right side of the computer screen; another pair appeared on the opposite side
of the screen). At test, conflicting cues were presented so that one modality indicated that
the target was in one location, whereas the other modality indicated the opposite location.
Participants did not receive feedback, so they could only rely on a preferred modality to
predict the target’s location. In two sets of studies, 4-year-olds displayed an auditory
preference, whereas adults showed a visual preference (Robinson & Sloutsky, 2004;
Sloutsky & Napolitano, 2003). Napolitano and Sloutsky (2004) expanded on these results by
exploring the mechanisms that might underlie auditory dominance in children, concluding
that children exhibit “a default auditory dominance” (p. 1869) when stimuli are unfamiliar,
but that when the visual stimuli are familiar, the pattern can reverse.

Before concluding that children overall are biased to attend to auditory cues, however, it is
important to demonstrate that the stimuli provide a fair test by including cues that are as
evenly balanced between the two modalities as possible. One can readily imagine tests in
which the two modalities are not evenly balanced. For example, if one were to compare an
“easy” auditory distinction (e.g., a pleasant bell tone versus a loud undulating siren) with a
“hard” visual distinction (e.g., two different paintings of waterlilies by Monet), it might not
be surprising to find that people show an auditory preference. In contrast, if one were to
compare a “hard” auditory distinction (e.g., two musical tones played on a synthesizer, less
than 0.5 decibels apart in volume) with an “easy” visual distinction (e.g., a small black dot
versus a large red star), people might then show a visual preference. In other words, intuition
suggests that some comparisons may be more balanced than others.
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Pretesting in prior experiments demonstrated that the stimulus sets used were individually
discriminable (i.e., listeners could tell the difference between the two stimuli within a given
modality), but this does not mean that the contrasts between stimuli within a given modality
were of the same magnitude between stimuli across modalities. For example, both a small
contrast in visual stimuli and a large contrast in auditory stimuli may be individually
discriminable. However, when presented in concert, one modality may draw more attention
than another, or the combination of the two cues may diminish the relative contrast between
the different cues within the low-contrast modality.

We hypothesized that the choice of stimuli employed in prior experiments may have
significantly influenced modality preferences in several ways. First, in some experiments,
there were more visual stimuli to encode and compare than auditory stimuli. For example,
Robinson and Sloutsky (2004) pitted two sounds against six shapes (two sets of three each).
Second, visual stimuli were more complex than auditory stimuli. Sloutsky and Napolitano
(2003) contrasted simple computer-generated tones with detailed landscapes at different
depths of view (e.g., close-up pictures of plant leaves and wide shots of forests). Third, the
contrast between modalities was not well controlled. The auditory stimuli used in these
studies varied integral stimulus dimensions (i.e., volume, pitch, and timbre), whereas the
visual stimuli varied separable stimulus dimensions (e.g., shape) (see Robinson & Sloutsky,
2004). Individuals perceive separable and integral stimulus dimensions in different ways
(Garner, 1974). For example, changes in integral dimensions yield categorical changes in
perception. A small change in timbre categorically changes the nature of a sound (e.g.,
consider the difference between a note played on a piano and the same note played on a
saxophone — both instruments produce the same note, but the two sounds are obviously
different), but even large changes on separable dimensions do not necessarily influence the
broader construal of perceptual objects (e.g., changing the color or size of a square doesn’t
make it any less square).

Napolitano and Sloutsky (2004) attempted to address some of the uncontrolled variability
across dimensions mentioned above (e.g., single vs. multiple objects; shapes vs. scenes) by
varying the complexity and familiarity of visual and auditory cues. Unfortunately, the
experimental manipulations used in these studies introduced additional uncontrolled
variability. For example, shapes (simple) were compared to landscapes, whole animals, and
animal faces (complex). Likewise, computer-generated tones (simple) were compared to
doorbells, barking dogs, and dial tones (complex). Furthermore, whole animals (familiar)
were compared to animal faces (novel), but this comparison is not symmetrical because, in
addition to the format change in the two stimuli sets, faces and whole animals may not be
processed or categorized in the same way (e.g., even if children are familiar with a raccoon,
they may not attend to a raccoon’s specific and differentiating facial features). These
contrasts cross a host of categorical and perceptual boundaries that are not captured by the
simple dimension of "complexity" or "familiarity". In other words, participants were
presented with layers of uncontrolled, structured variables that may guide their preferences
and perhaps the deployment of their attention.

Finally, in prior tests, the specific auditory stimuli had additional attributes that may have
increased their distinctiveness. Some of the sounds included a dynamic aspect such that they
changed over time (e.g., a duck quacking, a dog barking, a laser sound; Napolitano &
Sloutsky, 2004; Robinson & Sloutsky, 2004), whereas the pictures were static, with no
dynamic changes. Similarly, some of the sounds varied in their valence (e.g., a burst of
white noise was included in Robinson & Sloutsky, 2004, which can be aversive), whereas
the visual stimuli were more neutral in valence.
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To summarize: Despite the wealth of prior evidence investigating the hypothesis that
children show auditory dominance, this question has yet to be tested with stimuli for which
auditory and perceptual contrasts are systematically manipulated, while controlling for item
complexity and familiarity. We suggest that such a test provides a neutral test of modality
processing biases.

Present Experiments

The current experiments were designed to test the one of the central assumptions of the
SINC model: that the auditory modality is dominant in young children. We did so by
making use of a modified switch design, as in prior research, but systematically varying the
visual and auditory cues presented as stimuli. Experiment 1 was designed to employ stimuli
that exhibit roughly equivalent levels of complexity and contrast across modalities. In
particular, we aimed to include stimuli that were highly discriminable on both the auditory
and visual dimensions in order to permit a test of auditory versus visual dominance when
there are no barriers to perceiving or noticing the contrasts being displayed. In Experiments
2 and 3, we varied the nature of the contrasts presented, to examine flexibility in preference
for auditory versus visual cues. Due to the importance of familiarity in prior work
(Napolitano & Sloutsky, 2004), we kept the familiarity of the items constant throughout the
experiments.

Napolitano and Sloutsky (2004) demonstrated that modality dominance is somewhat
flexible, but they concluded that children exhibit auditory dominance and that preferences
for visual stimuli were moderated by stimulus familiarity. In contrast, we will demonstrate
that children do not exhibit auditory dominance and that modality preferences are driven by
the relative “distance” between stimuli within each of the competing modalities. We also
expand upon previous experiments examining modality flexibility by testing adult
participants.

Experiment 1

Method

Participants—Although this investigation was primarily focused on children’s modality
preferences, we tested both children and adults. Testing adults afforded us an opportunity to
determine if child and adult preferences differed, as well as a means to fully characterize any
developmental differences that we discovered. Sixteen 4-year-olds (6 female, 10 male, Mzge
=4.39, SD = .46) and sixteen adult undergraduates (4 female, 12 male) participated.
Children were recruited from [removed for blind review], representing a wide variety of
social and economic backgrounds. Most participants were Caucasian-American. Adults were
tested in a laboratory setting and received course credit for participation, whereas children
were tested at their school and received a sticker for their efforts.

Materials—Stimulus design is a very important aspect of this investigation. Poor stimulus
matching is the key confounding factor in prior investigations (see Napolitano & Sloutsky,
2004; Robinson & Sloutsky, 2004), and our approach is based on presenting children with
similar experiments employing stimuli that reveal their modality preferences. The ideal way
to create stimuli that control within and between modality contrasts would be to individually
calibrate the stimuli viewed by each participant. However, the task employed in both this
study and previous investigations is very challenging for four-year-olds. Between 26% and
32% of the children who participated in Robinson and Sloutsky’s (2004) core experiments
were unable to successfully complete the training task. Critically, the attrition rate for such a
study might be massive, perhaps yielding a highly selected study sample that might not
reflect the population-level predictions that are offered by the SINC model. Thus, our goal
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in designing materials for the present study was to create systematically varied stimuli with
large and reliably discriminable differences.

Rather than simply choosing shapes and sounds that were different, we created stimuli that
systematically and symmetrically varied on matched stimulus dimensions. We focused on
manipulating only integral stimulus dimensions of both visual and auditory stimuli, but hue
and timbre were not manipulated because changing them often results in categorical changes
within a stimulus dimension (e.g., playing different notes at different volumes does not
make a saxophone sound like a different instrument, but playing the same note with both a
piano and a saxophone results in categorically different sounds, even if the notes have the
same volume and pitch). Also, rather than focusing on the specific values for different
stimulus dimensions, our manipulations, and therefore our within and between modality
contrasts, emphasized large magnitude differences (e.g., magnitude ratios ranged from 1:2 to
1:3 in all experiments) of the same degree and distance. One of the foundational elements of
psychophysics is that humans can match the intensity of stimuli across modalities and
compare different kinds of stimuli. So long as a person is presented with discriminably
different stimuli, they can match the brightness of a light to the loudness of a tone, the
intensity of an electric shock, the length of a line, the size of a shape, or a multitude of other
sensations (e.g., Stevens’ Power Law, for a review, see Stevens, 1975). By applying the
same ratio manipulations (e.g., shape one is twice as saturated as a shape two, and the pitch
of sound one is twice as high as sound two), we leveraged this aspect of perception to create
equivalently spaced stimuli within each modality. This approach contrasts with the approach
used by Sloutsky and Fisher (2004), who employed stimuli with different, unmeasured
levels of contrast both within and across modalities. Their standard for a “good” contrast
was one that children could discriminate when the stimuli were presented unimodally.
Finally, because contrasts between novelty and familiarity were presented as important
dimensions in previous investigations, we used familiar auditory and visual stimuli (piano
notes and colored circles, respectively) and manipulated these stimuli on dimensions that are
not easily nameable. For example, it is unlikely that most preschool age children have
learned specific labels that differentiate between individual piano notes or specific saturation
levels.

Stimuli consisted of two auditory and two visual stimuli. The auditory stimuli consisted of
two computer-generated tones created by manipulating volume and pitch, and leaving
timbre constant. One sound (AUD1) was a low volume, low pitch note (G5, 98 Hz); the
other (AUD,) was a high volume, high pitch note (D4, 294 Hz). Children were tested in
multiple locations, so precise estimations of volume are unavailable. However, the relative
difference in volume between the two auditory stimuli was defined in the audio files and
remained constant. The quiet sound (approximately 60 dB) was 34% of the volume of the
loud sound (approximately 80dB). Auditory stimuli were created and manipulated using
GarageBand. Visual stimuli consisted of colored circles 5.08 cm in diameter that were
similarly manipulated. Visual stimuli consisted of three elements: hue, saturation, and
brightness. As with the auditory stimuli, only two stimulus dimensions were manipulated.
VIS4 was a bright red circle (rgb values = 255, 0, 0); VIS, was a very dark red circle. We
created VIS, by reducing the saturation and brightness values used in VIS, by
approximately 66% using Adobe Photoshop (see Figure 1b). Cross-modal cues, consisting
of paired visual and auditory stimuli were presented for 2000ms.

These stimuli were created to use large and roughly equivalent contrasts (i.e., 1:3 ratios) on
two dimensions. In contrast to previous studies, we varied a restricted number of stimulus
dimensions and we carefully avoided adding additional uncontrolled variables in the process
of manipulating the variables of interest. Critically, the variability both between and, more
importantly, within the competing modalities was dramatically cleaner than in previous
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research. Additional stimuli included a digital photo of a reclining cat and a digital photo of
the same cat wearing a novelty giraffe hat.

Procedure—The experimental session involved three phases: 1) warm-up, 2) training, and
3) testing. Each participant was presented with a short introduction to the task. The
experimenter said, “Today we’re going to play a game called ‘Where’s Amy?” Amy is my
cat and she loves to play hide-and-go-seek. We play the game by pointing at the screen and
guessing where Amy is hiding. She might be hiding here or here [experimenter indicated
each side of a computer screen]. Amy might be hiding anywhere, so we’re going to give you
hints to help you guess where she’s hiding.” The experimenter then began the warm-up
phase, saying “Whenever this happens [experimenter played audio-visual pair 1], Amy is
always hiding over here [e.g., on the left-hand side of the screen], and whenever this
happens [experimenter played audio-visual pair 2] Amy is always hiding over here [e.g., on
the right-hand side of the screen].” After each hint was presented, a picture of a cat appeared
on the side of the screen indicated by the experimenter. The pairing of the auditory and
visual stimuli and the side to which each pair refers was counterbalanced between subjects.
After the experimenter presented each hint twice, the training phase began.

In the training phase, participants were presented with fourteen train trials with visual and
verbal feedback. The experimenter controlled the pace of the experiment, waiting for the
participant to respond to the stimuli before providing feedback and continuing on to the next
trial. At the end of every training trial, visual feedback was provided. A picture of a cat
would appear in the target location after children made their response. When a child
provided a response, the experimenter would say, “Good job,” when the child guessed
correctly, or “Oops! She’s over there” (pointing to the correct location) when the child was
incorrect. If the child guessed incorrectly on one of the first six trials, then the experimenter
replayed that trial, saying, “Remember, when this hint happens, Amy is always hiding here,”
before continuing on to the next trial. After the first six training trials, the experimenter only
provided verbal feedback (e.g., “good job” or “oops, she’s over there”) and did not replay
trials. Each audio-visual pair perfectly predicted the cat’s location during the training phase.
If participants correctly indicated the cat’s location on either four of the final six trials or on
all of the final three trials, then they entered the test phase.

In the test phase, the experimenter provided the participant with additional instructions:
“Now we’re going to keep playing the game, but Amy is going to stay hidden. You’re going
to guess where she’s hiding, but she’s not going to appear. At the end, Amy is going to do a
special trick for you.” Test trials were identical to training trials except that they lacked
feedback, and the auditory/visual pairings were switched. For example, if the participants
experienced VIS;+AUD, and VIS,+AUD, as training stimuli, then they received VIS+
AUD> and VIS,+ AUD; during the test phase, so that each modality indicated a different,
competing hiding place. After completing 12 test trials, participants were presented with a
picture of the cat wearing a novelty giraffe hat and the experimenter said, “Look, there’s
Amy in her Halloween costume!”

Presentation software was used to present stimuli on laptop computers with 14.1-inch
screens. Children were tested in free spaces at their preschools and adults were tested in
private rooms. Experimental sessions were identical for children and adults except that
adults did not receive a sticker for their participation.

Results and Discussion

All participants tested in Experiment 1 mastered the training phase, predicting the location
of the cat with impressive accuracy (M= 96% and 100% correct over the 14 training trials,
for children and adults respectively). After completing the test trials, participants were
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classified into different responder types using the same criteria employed by Sloutsky and
colleagues. If participants relied on auditory cues on 75% or more of test trials, then they
were designated as an Auditory Responder; if they relied on visual cues on 75% or more of
test trials, then they were designated as a Visual Responder. Participants who did not meet
either criterion were designated as Mixed Responders. Note that Mixed Responders did not
significantly prefer either modality (i.e., they responded at chance as calculated by the
binomial theorem).

Most participants, 93.75% of children and 87.5% of adults, were Visual Responders, relying
on visual cues when presented with conflicting cross-modal cues. The remaining
participants were Auditory Responders (2 adults) and a Mixed Responder (1 child) (see
Table 1).

This basic response pattern was also reflected in participants’ overall use of auditory cues
(see Figure 2). Including the responses of all participants, children relied on auditory cues on
only 3% of trials, and adults relied on auditory cues on only 13% of trials. Rather than
exhibiting a preference for auditory stimuli, our participants overwhelmingly relied on
visual cues when guessing the cat’s location (97% of children’s trials; 87% of adults’ trials).
Preference for the visual stimulus was significantly greater than chance for both children,
#(15) = 22.43, p< .001, and adults, {15) = 4.35, p=.001. An independent samples t-test
found no statistically significant differences in auditory cue use between age groups, {30) =
1.19, p=.244.

Experiment 2

The pattern of responses exhibited by participants in Experiment 1 did not result in the
auditory preferences consistently reported in prior research (e.g., Robinson & Sloutsky,
2004). When exposed to cues that were matched across modalities in terms of complexity,
stimulus dimensions, and relative degree of contrast, both children and adults demonstrated
a strong preference for visual cues. These results would seem to undermine the argument
that children display an auditory bias. However, the strong visual bias found in Experiment
1 may be explained in several ways. First, it is possible that participants possess an
overarching preference for the visual modality, but that children’s lack of visual dominance
in prior research is attributable to the structure of the stimuli in those studies. Second,
individuals may flexibly shift their modality preferences in response to the particular
contrasts that they observe. If children’s modality preferences are guided by the structure of
test stimuli, then they will appear to be “auditory dominant” or “visual dominant” as a
function of the stimuli selected for use, as reported by Napolitano and Sloutsky (2004).
Third, it is possible that the auditory cues employed in Experiment 1 were indistinguishable
and that participants could only distinguish between the visual cues.

In Experiment 2, we address these possibilities by retaining the same auditory contrast used
in Experiment 1, but reducing the contrast between the visual stimuli. Thus, participants
were presented with a “difficult,” low-contrast visual pair and an ‘easy,’ high-contrast
auditory pair. If participants possess an overarching preference for the visual modality, then
they should continue to employ that modality, even when it is made less salient due to low
contrast. Conversely, if participants flexibly shift modalities in response to changes in cue
contrast, then this argues for flexibility rather than a dominant modality. Furthermore, such a
finding would demonstrate that participants could distinguish the auditory stimuli employed
in Experiment 1 but did not rely on them.
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Fifteen 4-year-olds (7 female, 8 male, M,y = 4.39, SD = .50) and sixteen adult
undergraduates (10 female, 6 male) participated in this experiment. Three additional
children were tested but failed to meet the training criterion. Child participants were
recruited from [removed for blind review]. The participants came from a variety of ethnic
and racial backgrounds. Adults were tested in a laboratory setting and received course credit
for participation; children were tested at their school and received a sticker for their efforts.
None of the children or adults had participated in Study 1.

The materials included the same auditory cues as in Experiment 1 but different visual cues.
Specifically, the contrast between visual cues was reduced in Experiment 2 compared to
Experiment 1. In Experiment 2, VIS; was a bright blue circle (rgb values = 0, 0, 255) and
VIS, was a pale blue circle. VIS, was created by reducing the saturation of VIS, by 50%
(see Figure 1a). In contrast to the visual stimuli used in Experiment 1, these visual stimuli
varied on one dimension (saturation) and the manipulation was smaller (a 50% reduction in
saturation instead of a 66% reduction).

The procedures employed in Experiment 2 were identical to those used in Experiment 1.
Participants who did not meet this criterion were thanked for doing an excellent job and their
session was halted.

Discussion

In Experiment 2, adults exhibited perfect accuracy during training (M= 100%), and
children, though they were less accurate than in Experiment 1, were also quite accurate (M=
74.0%). Table 1 reports the results during the testing phase. Applying the same criteria used
in Experiment 1, 66.6% of children and 68.8% of adults were Auditory Responders. The rest
of the children were Mixed Responders, but the rest of the adults — consisting of almost one-
third of the adult sample — were Visual Responders. This pattern was also reflected in an
overall preference for auditory cues exhibited by both age groups. Children used auditory
cues in 78% of test trials and adults used them in 67% of test trials. Children’s auditory
preference was significantly above chance, {14) = 4.12, p=.001, whereas adults’ auditory
preference did not significantly differ from chance, 15) = 1.46, p=.164. However, there
was no significant difference in performance between the two age groups, £29) = .77, p=.
768.

There was striking difference in performance between Experiments 1 and 2. The use of
auditory cues increased significantly for both children, £29) = 10.94, p< .001, and adults,
#30) = 3.74, p=.001. Considered together, the results of the first two experiments indicate
that children prefer visual cues when both visual and auditory cues are salient and
accessible, but that they also flexibly rely upon auditory cues when they are more
discriminable than visual cues. Experiment 2 also demonstrates that children’s visual
preference in Experiment 1 was not due to an inability to discriminate the auditory stimuli in
that experiment, as they were able to use the auditory cues successfully in Experiment 2.
Finally, we demonstrated a shift in cue preference without any associated changes in
“familiarity” within or between modalities.

Experiment 3

Before we can conclude that observers flexibly shift between modalities in response to
characteristics of test stimuli, we must demonstrate that participants can distinguish between
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the two low-contrast visual stimuli presented in Experiment 2. If the visual cues used in
Experiment 2 were indiscriminable or functionally identical to children, then participants
may have had no choice but to rely on auditory cues. In this situation, using the auditory
modality would be a necessity and not a shift in preferences. However, if children could
discriminate between VISq and VIS, in Experiment 2, but attended to the auditory modality
anyway, then our results suggest that children and adults flexibly attend to more high-
contrast modalities when presented with competing cross-modal cues. The goals of
Experiment 3 were two-fold. First, we intended to demonstrate that children can
discriminate between the visual stimuli employed in Experiment 2. Second, we intended to
replicate Experiment 1 with low-contrast auditory and visual stimuli.

Participants—Sixteen 4-year-olds (8 female, 8 male, M,y = 4.37, SD = .39) and 24 adult
undergraduates (9 female, 15 male) participated in this experiment. Thirteen additional
children were tested but failed to meet training criterion. An additional six children (Mg, =
4.78, SD = .13) participated in pretesting of the materials (see Materials section below).
Child participants were recruited from [removed for blind review]. The participants came
from a variety of ethnic and racial backgrounds. Adults were tested in a laboratory setting
and received course credit for participation; children were tested at their school and received
a sticker for their efforts. None of the children or adults had participated in Experiments 1 or
2.

Materials—The visual stimuli employed in Experiment 3 were identical to those used in
Experiment 2. New auditory stimuli that were roughly equivalent to the low-contrast visual
stimuli were created for Experiment 2. AUD; was a high pitch piano note (C4, 262 Hz) and
AUD, was a lower pitch piano note (C3, 131 Hz). Both notes were the same volume
(approximately 70 dB) and timbre (computer-generated piano notes). Across dimensions,
both auditory and visual stimuli varied by roughly the same amount on only one dimension
(i.e., VIS and AUD4 were double the brightness and pitch of VIS, and AUD,,
respectively). Because the auditory stimuli used in Experiment 3 were created using a 1:2
ratio, placing them in the same pitch class, and because the difference between each auditory
cue was smaller than the ratio used in Experiments 1 and 2, six additional children were
tested in a separate discrimination task using only the auditory stimuli in training and at test.
One child refused to complete the test session, but the remaining five children all used these
auditory stimuli to accurately predict the cat’s location (M= 100%), indicating that children
can discriminate and employ the auditory cues used in this experiment.

Procedure—The procedures employed in Experiment 3 were identical to those used in
Experiments 1 and 2.

Results and Discussion

Experiment 3 was more difficult than Experiments 1 or 2. Thirteen children failed to meet
training criteria in Experiment 3, in contrast to the earl: experiments (only 3 children failed
to meet criteria in Experiment 2 and no children failed to meet the training criteria in
Experiment 1). However, children who successfully completed training were as accurate (M
= 75.0%) as children tested in Experiment 2, and adults were very accurate (M= 100%)
during training.

The majority of adults (87.5%) were Visual Responders and the remaining adults (12.5%)
were Auditory Responders. Most children, 50% of our sample, were Visual Responders,
43.75% of children were Mixed Responders, and 6.25% were Auditory Responders (see
Table 1). On average, adults employed auditory cues on 13% of trials and visual cues on
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87% of trials (above-chance in use of visual cues, 423) = 5,44, p<.001). Similarly, on
average, children used auditory cues on 37% of trials and visual cues on 63% of trials
(above-chance in use of visual cues, £15) = 1.98, p=.067).

In Experiment 3, unlike Experiments 1 and 2, children employed auditory cues significantly
more often than adults (see Figure 2), 38) = 2.44, p=.019. Although most children and
adults relied on visual cues in Experiment 3, adults employed auditory cues to the same
extent that they did in Experiment 1, £38) = .05, p=.962, whereas children’s use of
auditory cues increased significantly, {14) = 4.12, p=.001. Although this developmental
difference is consistent with findings reported by Robinson and Sloutsky (2004), our
analysis of individual response patterns indicates that only one child was an Auditory
Responder. Thus, the increased use of auditory cues in this experiment does not reflect a
strong preference for auditory cues, but rather reflects a dramatic increase in Mixed
Responders. This response pattern could have several possible sources. It is possible that the
additional difficulty of this task resulted in relatively more random or mixed responding. It
is also possible that children either employed both kinds of cues at test or responded at
random. Neither random responding nor shifts in cue preferences between individual trials
represent a response pattern that reflects auditory dominance.

Whereas Robinson and Sloutsky reported an absolute difference in preference (i.e., children
preferred auditory cues whereas adults preferred visual cues), we obtained a difference in
degree. Children preferred visual cues overall, but their use of auditory cues was greater
when contrasts within cross-modal stimuli were small. Critically, this effect of age was
driven by an increase in the number of children who used both visual and auditory cues, and
not by individual children who exhibited an overarching preference for auditory cues.

General Discussion

After equating visual and auditory cues more closely than in previous studies, we found that
both preschool children and adults exhibited a strong preference for visual cues. This finding
runs counter to predictions offered by the SINC model, and undermines the argument that
children possess a consistent preference for auditory cues. Instead, our data suggest that
children (like adults) tend toward a visual bias, though the extent of this bias shifts as a
function of the test items. When one dimension presents lower contrast than another
dimension, both children and adults are less likely to make use of that dimension on the
modified switch design. We attribute the difference between our findings and those of prior
reports as due to differences in stimuli. We deliberately created highly discriminable stimuli
(i.e., magnitude ratios between 1:2 and 1:3) that would be easy to process, where auditory
and visual dimensions were equated as much as possible, and where extraneous additional
factors (such as aversive and/or dynamic auditory stimuli) were excluded.

In discussing their findings, Robinson and Sloutsky (2004) argue that their results were not
driven by greater complexity of the visual stimuli, citing that children effectively encoded
and employed non-preferred stimuli in calibration studies. However, although children can
discriminate between complex unimodal cues when they observe them in isolation, they may
fail to fully process these stimuli or ignore them altogether when they are presented with
competing, more distinguishable cues. This result parallels findings presented by Napolitano
and Sloutsky (2004), who also found flexibility in children’s modality preferences.
However, the procedures and stimulus manipulations used in prior research introduced a
number of uncontrolled, competing variables, including qualitative and quantitative
differences between experimental conditions and specific sets of stimuli. Critically, when
these extraneous competing factors are removed, as they are in the present studies, children
exhibit flexible modality preferences that are heavily weighted by an overarching preference
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for visual stimuli. The relative distance between stimuli within stimulus dimensions appears
to predict modality preferences in both children and adults.

Robinson and Sloutsky (2004) also argue that when children do make use of visual cues, it is
because the stimuli are familiar and nameable. In order to fully reject any possible effects of
familiarity, we tested an additional eight adults and twelve children (M= 4.57, SD = .46) on
a condition that was similar to Experiment 1, except that the visual stimuli were replaced
with two novel shapes (an hourglass-shaped hexagon and a “blob” of three overlapping
circles, see Figure 1c), both of the identical blue hue. The auditory stimuli were unchanged
from Experiment 1. After the experimental task, children were asked to name the shapes,
and only one child was able to come up with a description (a child who reported that shape
B looked like “a cloud”). Thus, we concluded that we were successful in creating visual
stimuli that were unfamiliar and unnameable. In the experimental task, 100% of the adults
and 92% of the children (11/12) were classified as using visual cues to guess the cat’s
location -- and indeed did so on every trial. The remaining child responded at chance.
Because this test manipulated shape, and not color, these data are not directly comparable to
the data garnered in our other experiments. Nonetheless, these results demonstrate that
neither nameability nor familiarity was required in order for children to prefer visual cues.

The present data support three conclusions. First, children and adults exhibit an overarching
preference for visual cues. We found no evidence for auditory dominance in preschool age
children. When presented with roughly equivalent large contrasts in each modality, both
children and adults preferred visual cues, and only one child in both experiments preferred
auditory cues. Although it may not be possible to perfectly match the salience and
discriminability of the auditory and visual modalities, our study is far more controlled than
previous studies in both the selection of manipulated dimensions and the contrasts both
within and between modalities. When presented with carefully matched cross-modal stimuli,
participants preferred visual cues and did not exhibit the auditory dominance that is required
by the SINC model. Perhaps most importantly, our data align more closely with the general
findings dating back to some of the earliest experiments in the modern perception literature
indicating that vision is the dominant modality for most non-infant humans (for a review of
early evidence of visual dominance, see Posner, Nissen, & Klein, 1976).

Second, when presented with cross-modal stimuli, both children and adult observers flexibly
employ the modality that possesses the greatest “distance” (contrast) between cues. The
dimensions of familiarity and complexity used in previous studies may also elicit shifts in
modality preference, but at present, these dimensions have not been sufficiently isolated
from other confounding factors. This conclusion is consistent with Napolitano and
Sloutsky’s (2004) argument that modality preferences are flexible. It differs, however, in
two major respects: (1) We find no evidence for a default auditory preference—and indeed,
our data are more consistent with a default visual preference. (2) In the present experiments,
both sets of results are influenced by the relative contrast between stimuli in each modality,
even when controlling for item familiarity. All other factors being equal, both children and
adults appear to prefer cues that are more contrastive. Thus, the flexibility we have obtained
does not rest on familiarity.

Finally, children are somewhat more likely than adults to employ auditory cues. This last
result aligns with prior claims by Sloutsky and colleagues, yet the size and consistency of
the effect is much smaller in our experiments. Furthermore, as noted earlier, this
developmental difference is one of degree, rather than a qualitative shift in preference. In the
one experiment finding developmental differences (Experiment 3), only one child was an
Auditory Responder and most children were Visual Responders.
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One of the central features of the SINC model is its framing of linguistic and auditory input
as perceptual features of objects. Much of the predictive and explanatory power of this
model relies on the assumption that children exhibit auditory dominance. By manipulating
within-modality contrasts in cross-modal stimuli, we have garnered results that both
replicate and refute the claims regarding auditory dominance in children. Based on the
outcomes of the three experiments reported here, we conclude that the data supporting prior
claims of auditory dominance in preschool age children resulted from the structure of the
cross-modal stimuli employed in previous research, and do not reflect a stable or default
preference for auditory stimuli by young children.

Although the stimuli and procedures employed in this study revealed that secondary
elements of prior studies yielded a false preference for auditory cues, these studies are not
ideal for evaluating the broader claims presented by Sloutsky and colleagues. For example,
Sloutsky and colleagues suggest that auditory dominance creates automatic pulls on
attention that result in the overshadowing of visual cues in young children. If children do not
prefer auditory cues, then what aspects of attention and perception influence children to
respond to cross-modal stimuli in a different manner than adults? Also, what is the source of
the predictive power of the SINC model if its assumption of auditory dominance is
incorrect? Future studies must focus on the role of attention in modality encoding and
preferences, and carefully consider how innocuous experimental design choices may lead to
illusory effects.

Researchers have tried to explain children’s competencies in terms of their knowledge or in
terms of their perceptual and associative capabilities, but similarity-based and theory-based
approaches to understanding children’s inductive behaviors have historically been
incomplete or inaccurate without the observations, and sometimes objections, offered by the
opposing approach. Rather than interpreting our findings as a dismissal of similarity-based
approaches, we see our findings as an indication that models relying only on the influences
of attention and perception to explain inductive reasoning present an incomplete picture of
children’s reasoning. Only by combining both similarity-based and theory-based approaches
will true progress be made toward understanding children’s induction and categorization
behaviors.

Highlights
* We challenge prior claims that preschool-age children are “auditory dominant.”

* We demonstrate that within and across modality contrasts, and not overarching
modality dominance, guides children’s modality preferences.

*  When presented with conflicting cross-modal cues, children attend to the
modality with the largest contrast between cues.

* This finding rejects one of the central assumptions made by the prominent
Similarity, Induction, Naming and Categorization (SINC) model, calling into
guestion the validity of the model and questioning the appropriateness of strictly
similarity-based approaches to understanding children’s induction and
categorization behaviors.

*  We conclude that models of categorization and induction must account for both
perceptual structure and intuitive theories.
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A) Low Constrast Stimuli

B) High Constrast Stimuli

C) Novel Shapes

Figurel.

A) Low contrast visual stimuli were manipulated on one dimension (saturation). B) High
contrast visual stimuli were manipulated on two dimensions (brightness and saturation), and
the size of the manipulation was larger. C) Novel, unnameable shapes.
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100+

" Children
B Adults

% Auditory Cue Use

Experiment 1 Experiment2  Experiment 3

Figure?2.
“% Auditory Cue Use” refers to the percentage of trials on which participants used auditory

cues to predict target locations.
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