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ABSTRACT

This research examined visual and auditory imagery in adults and 5-year-old
children. We focused on 3 broad issues: 1) parallels between visual and
auditory imagery; 2) static and dynamic imagery processes within the visual
and auditory modalities; and 3) individual differences in these imagery
processes. In Experiments 1 and 2, adults completed a set of four tasks
of visual and auditory imagery and self-report measures of imagery. In
Experiment 3, the set of imagery tasks was presented to 83 5-year-old
children. Although children were less consistent in their imagery use than
adults, there were interesting parallels between the children’s and adults’
performance. Across the 3 experiments, we found little or no relationship
between static and dynamic imagery processes within the visual and auditory modalities. In contrast, significant correlations were observed across
modality for dynamic imagery. These findings highlight the importance of
examining cross-modality parallels in the development of imagery processes.

Mental imagery is most often associated with vision, but imagery can occur in
any sense modality. In particular, it is a common experience to hear voices,
music, and other sounds with “the mind’s ear.” There are a number of interesting parallels between imagery in vision and imagery in audition [1-5]. For
example, just as visual images contain information about perceived object
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properties such as shape, size, and color [6], auditory images contain information about perceived sounds, including pitch, loudness, and temporal sequence
[7, 8]. In addition, both visual and auditory imagery share common neural
pathways and processing mechanisms with their corresponding perceptual
systems [9-13].
Despite these parallels, the relation between visual and auditory imagery
processes is not well understood. An interesting question is whether some aspects
of imagery might be shared across the visual and auditory modalities. Past
research examining the relation between individual differences in the use of
visual imagery and auditory imagery has yielded mixed results. Whereas selfreport studies show that individual differences in imagery vividness tend to be
correlated across the visual and auditory domains [14], the available behavioral
evidence indicates that individual differences in visual imagery and auditory
imagery are not related. For example, when Aleman and colleagues compared
auditory and visual imagery in musically trained and untrained participants they
found that differences in auditory imagery were not associated with similar
differences in visual imagery [15]. However, Aleman et al. reported group means
for correct performance in the auditory and visual tasks with no assessment of
the extent that imagery was in fact used by the participants to perform the tasks
[15]. Thus, this study does not address the question of whether extensive use of
imagery in the visual modality might be reflected in other modalities as well.
One goal of our research was to examine the relation between visual and auditory
imagery using both behavioral and self-report measures.
In addition, a primary goal of this research was to examine the relation between
visual and auditory imagery from a developmental perspective. Since Piaget and
Inhelder’s early studies of visual imagery in children [16], researchers have been
interested in the role that imagery processes play in cognitive development.
However, little is known about the relation between visual and auditory imagery in
children. Mirroring the adult literature, most developmental research has focused
on visual imagery. Evidence from the most recent studies suggests that visual
imagery processes show continuities across development, with similarities
between children and adults emerging as early as the preschool years [17, 18].
For example, Kosslyn, Margolis, Barrett, Goldknopf, and Daly compared the
performance of 5-, 8-, and 14-year-old children and adults on tasks of visual image
generation, maintenance, scanning, and rotation [18]. Although the youngest
children were generally less adept at these imagery tasks compared to adults,
they showed similar patterns of performance.
Less is known regarding young children’s ability to generate, maintain,
inspect, and transform auditory images. The few available studies of auditory
imagery in children have either examined musical imagery and the role of early
musical training in facilitating cognitive development [19-21], or compared
the relationship between sensory deprivation (blind or deaf children) and
differences in auditory imagery [22-24]. In this research, we extended previous
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developmental work on basic auditory imagery processes and examined the
relation between visual and auditory imagery in both adults and children.
In addition to the comparison of imagery use across modality, we were
interested in the extent that imagery use would be related across different types
of tasks within a modality. Both visual and auditory imagery appear to be
comprised of independent sub-processes [1, 25]. For example, performance
on tasks that require the inspection of static visual images shows little or no
relationship with performance on tasks that require the transformation of visual
images, such as mentally rotating a 3-dimensional figure [10, 25]. In auditory
imagery, tasks that involve a temporary phonological store for the comparison
of one sound with another do not seem closely related to tasks that involve an
articulatory rehearsal process for generating auditory images involving language
[26-28]. Accordingly, we used two types of tasks in each modality, one in
which static images were compared and one in which images were dynamically
transformed. Thus, this research is an extension of past work examining the
sub-processes within modalities as well as an investigation of cross-modality
correlations in the use of imagery.
EXPERIMENT 1
In Experiment 1, adults were asked to complete a set of imagery tasks that
assessed static and dynamic processes in both visual and auditory imagery. In
addition to the behavioral imagery tasks, the participants completed a set of
questionnaire measures in order to assess self-reported individual differences in
both visual and auditory imagery.
Our goal was to develop a set of imagery tasks that ultimately could be used
with young children, so all of the tasks involved the comparison or manipulation
of the sizes or sounds of common animals. The static visual imagery task was
adapted from Moyer’s research in which adults were asked to compare animal
sizes [29], and the static auditory imagery task was adapted from IntonsPeterson’s research in which adults were asked to compare the volume of sounds
[30]. Size comparison tasks have been used to assess visual imagery in past
research [31-33] and are within the capabilities of preschool-aged children [32].
Dynamic imagery has been assessed with different types of methods in the
visual and auditory modalities. Most dynamic visual tasks require mental rotation
[6, 34], but mental rotation does not have an obvious analog in the auditory
modality and thus was not the best choice for our research. Instead we used a
dynamic auditory imagery task adapted from research by Intons-Peterson [30]
and then developed an analog of this task for assessing visual imagery. For the
dynamic auditory tasks, we asked participants to imagine increasing the volume
of one animal sound to match the volume of a louder one. In order to have a
parallel measure of dynamic visual imagery, we designed a new task in which
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participants were asked to mentally match the size of two animals (e.g., imagine
a bee growing to the size of an elephant).
Past research indicates that people vary considerably in the extent to which
they use images in tasks designed to elicit imagery [35]. For example, when asked
to imagine and compare the sizes of common objects, some adults generate and
inspect visual images, whereas others tend to rely instead on their knowledge of
the relative sizes of the objects [36]. Kosslyn and others assess the use of imagery
by examining the correlation between differences in the size or volume of the
images being compared and the reaction times to perform the judgments [37].
Thus, in our research we varied the sizes and volumes of the animals being
compared. Based on findings from previous research [29, 30, 32], for the static
imagery tasks we predicted that reaction time to compare the sizes of two
imagined animals or the volumes of two imagined animal sounds would
increase as the difference in the animals’ size/sound volume decreased. For
example, if a person is using imagery when comparing the size of two imagined
animals, it should take longer to decide which animal is larger when the size
difference is small (a duck compared with a cat) than when it is large (a duck
compared with an elephant) [29, 38]. The assumption is that size and volume
differences are represented in images and that these differences affect real-time
processing [30, 37].
For the dynamic tasks, we predicted that the time needed to mentally match
the size or sound volume of two animals would increase as the differences in size
or volume increased. For example, when imagining one animal growing to the
size of a second animal, it should take longer when the size difference is large
(a bee growing to the size of an elephant) than when it is small (a bee growing to
the size of a mouse). For all of our tasks, we interpreted the correlations between
size/volume differences and reaction times as an index of imagery use.
Method
Participants

Ninety-two undergraduates (71 females and 21 males, mean age 19.1 years,
predominantly White) participated in exchange for course credit.
Development of Stimuli

Animal pairs were used as stimuli for the imagery tasks because:
a) they have been used in previous imagery research [37-39];
b) they are familiar to adults and children; and
c) animals vary in both size and the volume of the sounds they make and thus
could be used for both the visual and auditory imagery tasks.
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In an initial pilot study, 33 college students were given a list of 20 animal
names and asked to rate the size and sound volume of the animals on a 7-point
scale from very small (i.e., 1) to very big (i.e., 7), and from very soft (i.e., 1) to
very loud (i.e., 7). From these data, we selected 10 animals to create a stimulus
set of 18 animal pairs that varied in size and volume differences. Four random
orders of the animal pairs were used in the experiment.
Procedure

Each participant was tested individually in a 30-minute session. First the
experimenter asked participants to generate and describe a visual image of a dog
and an auditory image of a dog barking. Based on self-reports, all participants
were able to generate and describe these images. Then participants were given
the four types of imagery tasks (static visual, dynamic visual, static auditory, and
dynamic auditory). Task instructions and stimuli were presented aloud by the
experimenter, and participants responded by clicking a computer mouse connected to a laptop computer. After completing the imagery tasks, participants rated
the size and sound volume of the animals and completed self-report imagery
questionnaires. Table 1 presents a complete list of the animal pairs and their
mean differences in size and sound volume.
Static Visual Imagery: Animal Size Comparison [29]—For each of 18 trials,
participants imagined 2 animals side by side and decided which one was larger.
To begin each trial, the experimenter named the first animal, waited until the
participant reported having formed a visual image of it, and then named the
second animal. Participants clicked the computer mouse to indicate that they
had made the decision and then said the name of the larger animal. Reaction
times were measured from the presentation of the second animal name to the
participant’s mouse click. When the difference in size was small, participants
were expected to take longer to decide which animal was larger than when the
difference was large [29, 38].
Dynamic Visual Imagery: Animal Size Matching—For each of 18 trials, participants imagined 2 animals side by side and then imagined the smaller animal
growing until it was as big as the larger animal. To begin each trial, the experimenter named the larger animal, waited until the participant reported having
formed a visual image, and then named the smaller animal. Participants clicked
the computer mouse when they had matched the size of the two animals. Reaction
time was recorded from the name of the smaller animal to the mouse click. When
the size difference between the two animals was large, participants were expected
to take longer to imagine the smaller animal growing to the size of the larger
animal than when the size difference was small.
Static Auditory Imagery: Animal Sound Comparison (adapted from IntonsPeterson [30])—For each of 18 trials, participants imagined 2 animal sounds and
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Table 1. The Mean Size and Volume Differences for Stimuli
Used in Experiment 1 (N = 92)
Animal pair

Size difference

Animal sound pair

Volume difference

cow-lion

0.03 (0.92)

bee-mouse

0.00 (0.57)

duck-pigeon

0.37 (0.49)

dog-cow

0.33 (1.09)

cat-pigeon

0.64 (0.67)

pigeon-mouse

0.57 (0.77)

pigeon-mouse

0.72 (0.48)

cat-pigeon

1.00 (0.81)

mouse-bee

0.73 (0.45)

duck-pigeon

1.04 (0.76)

dog-cat

0.91 (0.53)

lion-cow

1.26 (1.05)

elephant-cow

1.32 (0.68)

cat-mouse

1.57 (0.75)

cat-mouse

1.36 (0.59)

dog-cat

1.71 (0.81)

cow-dog

1.68 (0.88)

elephant-cow

1.84 (0.98)

dog-mouse

2.27 (0.61)

cow-duck

2.00 (1.04)

lion-cat

2.57 (0.75)

cow-cat

2.03 (1.02)

cow-cat

2.60 (0.85)

elephant-dog

2.16 (1.15)

cow-duck

2.88 (0.77)

dog-mouse

3.27 (0.89)

elephant-dog

3.00 (0.61)

lion-cat

3.29 (0.97)

dog-fly

3.00 (0.61)

dog-fly

3.30 (0.91)

elephant-duck

4.19 (0.42)

cow-fly

3.63 (1.20)

cow-fly

4.68 (0.68)

elephant-duck

3.84 (0.99)

elephant-bee

6.00 (0.00)

elephant-bee

5.43 (1.15)

decided which one was louder. To begin each trial, the experimenter named the
first animal sound, waited until the participant reported having listened to an
auditory image, and then named the second animal sound. Participants clicked
the computer mouse to indicate that they had made the decision and then said the
name of the louder animal sound. Reaction time was measured from the name
of the second animal sound to the mouse click. When the difference in sound
volume was small, participants were expected to take longer to make the loudness
discrimination than when the difference was large.
Dynamic Auditory Imagery: Animal Sound Matching (adapted from IntonsPeterson [30])—For each of 18 trials, participants listened to an auditory image
of an animal sound and then imagined a second softer animal sound increasing
in volume until it was as loud as the first. To begin each trial, the experimenter
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named the first animal sound, waited until after the participant reported having
listened to an auditory image, and then named the second softer animal sound.
When the participant had mentally matched the volume of the two animal sounds,
he or she clicked the computer mouse. Reaction time was recorded from the
name of the softer animal sound to the mouse click. When the difference between
the two animal sounds was large, participants were expected to take longer to
mentally turn up the volume of the softer sound to the volume of the louder one.
Self-Report Measures of Imagery

Self-report measures of imagery were included to determine the extent that
participants’ reports about their imagery were related to their performance on
the behavioral tasks.
Vividness of Visual Imagery Questionnaire [40]—For each of 16 items on the
VVIQ participants were asked to generate and rate the clarity and vividness
of visual images (e.g., a sun rising above the horizon) on a 5-point scale ranging
from 1 (“perfectly clear and as vivid as normal vision”) to 5 (“no image at all,
you only ‘know’ that you are thinking of the object”).
Individual Differences Questionnaire [41]—For a subset of 30 of the 86
items in the IDQ (a measure of habitual use of imagery, use of imagery to solve
problems, and vividness of daydreams, dreams and imagination), participants
indicated on a 5-point Likert scale the extent to which each statement (e.g.,
“My thinking often consists of mental pictures or images”) described their
own thinking (1 = very uncharacteristic or untrue, strongly disagree; 5 = very
characteristic or true, strongly agree).
Bett’s Questionnaire Upon Mental Imagery–Auditory Imagery Scale [42, 43]—
For each of the 12 items on the QMI, participants were asked to imagine a
sound (e.g., the clink of glasses) and rate the clarity and vividness of each
auditory image on a 5-point Likert scale ranging from 1 (“perfectly clear and as
vivid as normal hearing”) to 5 (“no image at all, you only ‘know’ that you are
thinking of the sound”).
Self-Report of Imagery for Behavioral Tasks—A subset of the participants
(N = 52) were also asked to report on their use of imagery in the specific tasks
used in this experiment. For example, for the size comparison task, participants
were asked if they used imagery on every trial or only when the size differences
were small.
Results and Discussion
Error trials in which participants failed to follow task instructions, did not
respond or responded incorrectly, or in which there was experimenter error
accounted for 0.5% of the data and were excluded from the analyses. Trial order
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was unrelated to mean reaction times for all four types of imagery tasks and
was not included as a variable in subsequent analyses.
Static Visual Imagery: Animal Size Comparison

Overall, size difference was negatively correlated with mean reaction time,
r = –.64, p < .005 (see Figure 1); when the size difference was small it took
longer to decide which animal was bigger. This result is consistent with what
we would expect if participants were using imagery. However, as in past
research, there were individual differences in the extent that the data from participants showed this correlation pattern. The predicted negative correlation
between size difference and reaction time was significant for 26 of the 92
participants (28%) (p # .10).
Dynamic Visual Imagery: Animal Size Matching

Overall, size difference was positively correlated with mean reaction time,
r = .92, p < .001 (see Figure 2); when the size difference was small, it took less

Figure 1. Mean reaction time in milliseconds to decide which animal in the
pair is larger in the Animal Size Comparison Task in Experiment 1.
The size difference between the animals in each pair
increases from left to right on the X axis.
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Figure 2. Mean reaction time in milliseconds to make the smaller animal
grow to match the size of the larger animal in the Animal Size matching
Task in Experiment 1. The size difference between the animals in
each pair increases from left to right on the X axis.

time to make one animal grow to the same size as the other. This finding is
consistent with what we would expect if participants were using imagery. The
predicted positive correlation between size difference and reaction time was
significant for 55 of the 92 participants (60%) (p # .10).
Static Auditory Imagery: Animal Sound Comparison

Overall, volume difference was negatively correlated with mean reaction time,
r = –.64, p < .005 (see Figure 3); when the volume difference was small it took
longer to decide which animal sound was louder. This result is consistent with
what we would expect if participants were using imagery. The predicted negative
correlation between reaction time and volume difference was significant for
31 of the 92 participants (34%) (p # .10).
Dynamic Auditory Imagery: Animal Sound Matching

Overall, volume difference was positively correlated with mean reaction time,
r = .90, p < .001 (see Figure 4); when the difference in volume was large, it
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Figure 3. Mean reaction time in milliseconds to decide which animal sound
in the pair is louder in the Animal Sound Comparison Task in Experiment 1.
The difference in volume between the animal sounds in each pair
increases from left to right on the X axis.

took longer for one sound to be “turned up” to match the volume of the second
sound. This finding is consistent with the interpretation that participants were
using imagery. The predicted positive correlation between reaction time and
volume differences, was significant for 56 of the 92 participants (61 %) (p # .10).
Relationships Among the Imagery Tasks
Each participant’s correlation between reaction time and size/volume differences for the four imagery tasks was used as a measure of their imagery use for
that task. We used these correlations to assess the extent that imagery use in
one type of task was related to imagery use in another (alpha level was set at
p < .008 for six comparisons). Although the two visual imagery tasks (static and
dynamic) showed some degree of relation, r = –.27, the correlation did not reach
significance. This result is consistent with past research showing little relation
between the inspection of visual images and the transformation of them [6].
What is interesting about the present data is that the same pattern was found
for auditory imagery. Performance on the static sound comparison task and the
dynamic sound matching task were not significantly correlated, r = –.21.
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Figure 4. Mean reaction time in milliseconds to mentally increase
the volume of the softer animal sound to match the volume of the louder
animal sound in the Animal Sound Matching Task in Experiment 1.
The difference in volume between the animal sounds in each pair
increases from left to right on the X axis.

In contrast, the two static tasks and the two dynamic tasks were both strongly
related. There was a positive correlation for performance on the static visual
imagery task (Animal Size Comparison) and the static auditory imagery task
(Animal Sound Comparison), r = .37, p < .001. Similarly, there was a positive
correlation for performance on the dynamic visual imagery task (Animal Size
Matching) and the dynamic auditory imagery task (Animal Sound Matching),
r = .59, p < .001. These cross-modality correlations indicate that the participants
showed some consistency in their approach across the session.
Self-Report Measures
The three self-report questionnaires (VVIQ, IDQ, and QMI) all elicited a
substantial range in scores and had adequate reliability (Cronbach’s alpha = .84,
.88, and .85, respectively). In addition, the three questionnaires were all intercorrelated (VVIQ and IDQ, r = –.43, p < .001; VVIQ and QMI, r = .61, p < .001;
QMI and IDQ scores, r = –.25, p < .02). However, none of these measures
were related to participants’ performance on any of the imagery tasks. This
result adds to a growing number of studies that have failed to find a relation
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between self-report and behavioral measures of visual imagery [44-46] and
auditory imagery [7, 47].
In addition, for three of the four imagery tasks (size comparison, sound comparison, and sound matching), participants’ descriptions of their strategies during
the specific tasks used in this experiment did not predict performance. The
exception was the dynamic visual imagery task; participants who reported that
they formed images of the animals growing (N = 37) were more likely to show
a correlation between reaction time and animal size difference than participants who reported that the animals were immediately the same size (N = 14),
c2(2) = 11.30, p < .005. Overall, however, the evidence indicates that participants’ self-reports about imagery vividness and use are not predictive of actual
behavioral performance on imagery tasks.
EXPERIMENT 2
The findings from Experiment 1 indicated that our set of imagery tasks was
suitable for use with adults to examine individual differences in static and dynamic
imagery processes in vision and audition. However, subsequent pilot work
showed that our tasks needed to be substantially shortened and simplified to
make them appropriate for use with young children. In Experiment 2 we tested
a modified set of imagery tasks with a sample of adult participants. The procedure in Experiment 2 was changed from Experiment 1 in the following ways:
a) The number of test trials for each type of imagery was reduced from 18 to
12 because 18 trials per imagery task were too many for the children to
complete. To ensure that reducing the number of test trials would not
result in insufficient power, we reanalyzed the data from Experiment 1
using only 12 animal pairs and found that the reaction time patterns were
virtually identical to the patterns observed with 18 animal pairs.
b) Verbal responses were used instead of mouse clicks because many
pilot children either forgot to click the mouse or had difficulty limiting
themselves to task-relevant use of the mouse (despite prior practice and
reminders during the test trials).
c) In Experiment 1, participants generated images of two new animals on
each trial (no animal was presented more than once within two consecutive trials). To reduce potential interference and the memory demands
associated with remembering two new animals for each trial, in Experiment
2 participants were presented with a standard animal for each imagery
task. For the Animal Size Comparison Task (static visual imagery), participants were asked to compare a series of animals to the size of a cat,
and for the Animal Sound Comparison Task (static auditory imagery),
participants were asked to compare a series of animal sounds to the sound
of a dog barking. For the two dynamic tasks the largest animal (i.e.,
elephant) and loudest animal sound (i.e., lion roaring) were chosen as the
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standards. Thus, for the Animal Size Matching Task (dynamic visual
imagery), participants were asked to mentally increase the size of a series
of smaller animals to match the size of an elephant, and for the Animal
Sound Matching Task (dynamic auditory imagery), participants were
asked to mentally increase the volume of a series of softer animal sounds
to match the volume of a lion roaring.
METHOD
Participants

Eighty-three undergraduates (54 females and 29 males; mean age = 20.61
years) completed the modified set of imagery tasks and assisted with stimulus
preparation in exchange for course credit. The majority (75%) of the participants
self-identified as White (N = 62). The sample also included 13 Asians, 1 African
American, 1 Latino, 1 Pacific-Islander, and 4 multiracial students.
Development of Stimuli

The stimulus pairs for the Animal Size Comparison (static visual imagery),
Animal Sound Comparison (static auditory imagery), and Animal Size Matching
(dynamic visual imagery) tasks were constructed using eight of the stimulus
animals from Experiment 1 (pigeon was dropped because many children were
unfamiliar with pigeons) and an additional four animals for which size and
volume ratings had been obtained in Experiment 1: frog, pig, rooster, and sheep.
For the Animal Sound Matching Task (dynamic auditory imagery), it was necessary to select an additional animal sound that was relatively loud, but not as
loud as a lion roaring. Based on familiarity and mean volume ratings from
Experiment 1, horse neighing was selected.
Size and volume ratings for the new set of stimulus animals were obtained
from the participants and were used in the subsequent analyses (i.e., the size/
volume data and reaction times were collected within subjects). The mean size
and volume differences for the stimulus pairs used in each of the four imagery
tasks are provided in Table 2. For each imagery task, participants received the
test trials in one of 12 random orders.
Procedure

First the experimenter asked participants to generate and describe a visual
image of a dog and an auditory image of a dog barking. Based on self-reports, all
but two participants were able to generate and describe these images. Then
participants were given the four imagery tasks. Task instructions and stimuli
were presented aloud by the experimenter, and participants provided all of their
responses verbally. Reaction times were coded later from audio recordings of the
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Table 2. The Mean Size and Volume Differences for Stimuli
Used in Experiments 2 and 3
Mean
Size Comparison
(cat)
rooster
duck
dog
pig
frog
mouse
sheep
bee
fly
lion
cow
elephant
Sound Comparison
(dog barking)
rooster crowing
cow mooing
sheep baaing
elephant trumpeting
lion roaring
pig oinking
duck quacking
cat meowing
frog croaking
fly buzzing
bee buzzing
mouse squeaking

0.06
0.16
0.89
0.91
1.15
1.31
1.33
1.95
1.98
2.41
2.54
3.93

0.42
0.45
1.25
1.49
1.50
1.56
1.82
2.10
2.49
3.26
3.34
3.51

SD

Mean

SD

0.68
0.51
0.82
0.84
0.55
0.56
0.69
0.69
0.63
1.14
0.84
0.70

Size Matching
(elephant)
cow
lion
sheep
pig
dog
cat
rooster
duck
frog
mouse
bee
fly

1.40
1.52
2.60
3.01
3.04
3.93
4.00
4.10
5.08
5.24
5.88
5.90

0.54
0.72
0.66
0.79
0.69
0.70
0.60
0.60
0.57
0.60
0.69
0.58

1.12
1.19
1.21
1.26
0.95
1.18
0.94
1.05
0.92
1.15
1.06
0.92

Sound Matching
(lion roaring)
dog barking
horse neighing
rooster crowing
cow mooing
sheep baaing
pig oinking
duck quacking
cat meowing
frog croaking
fly buzzing
bee buzzing
mouse squeaking

1.50
1.74
1.90
1.95
2.72
3.07
3.33
3.60
3.99
4.77
4.86
5.01

0.95
1.04
1.32
0.99
0.87
0.87
0.90
0.98
1.02
1.20
1.10
0.83

session. After completing the imagery tasks, participants rated the size and sound
volume of the animals and completed self-report imagery questionnaires.
Static Visual Imagery: Animal Size Comparison [29]—For each of 12 trials,
participants were first asked to imagine a cat. The experimenter then asked
which animal was bigger, the cat or a new animal (e.g., “Which one is bigger the
cat or a sheep?”). When they heard the new animal name, participants imagined
the animal, compared it to the cat, and told the experimenter which animal was
larger. Reaction time was measured from the presentation of the new animal
name to the onset of the participant’s verbal response.
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Dynamic Visual Imagery: Animal Size Matching—For each of 12 trials, participants were first asked to imagine an elephant. Then the experimenter said
the name of a smaller animal (e.g., mouse). Participants imagined the smaller
animal growing slowly until it was as large as the elephant and told the experimenter when the two animals were the same size. Reaction times were measured
from the onset of the small animal’s name to the onset of the participant’s
verbal response.
Static Auditory Imagery: Animal Sound Comparison (adapted from IntonsPeterson [30])—For each of 12 trials, participants were first asked to imagine
the sound of a dog barking. The experimenter then asked which animal sound
was louder, the dog barking or a new animal sound (e.g., “Which one is louder,
the dog barking or a cow mooing?”). Participants imagined the new sound,
compared it to the dog barking, and told the experimenter which animal sound
was louder. Reaction time was measured from the presentation of the new
animal sound to the onset of the participant’s verbal response.
Dynamic Auditory Imagery: Animal Sound Matching (adapted from IntonsPeterson [30])—For each of 12 trials, participants were first asked to imagine the
sound of a lion roaring; then the experimenter said the name of a softer animal
sound (e.g., bee buzzing). Participants imagined the softer sound, slowly increased
the volume of the sound until it was as loud as the lion roaring, and told the
experimenter when they had mentally matched the volume of the two sounds.
Reaction times were measured from the onset of the name of the softer animal
sound to the onset of the participant’s verbal response.
Self-Report Measures of Imagery

Given that self-reported imagery vividness was unrelated to task performance
in Experiment 1, the assessment was reduced by dropping the VVIQ and QMI.
The IDQ, which assesses a broader range of imagery characteristics than the
VVIQ or QMI, was retained. Participants also completed a questionnaire regarding the extent that they relied on images to perform the imagery tasks or used
alternative strategies (e.g., using images to make comparisons only for small
size or volume differences or relying on general knowledge of animal size/sound
volume). In addition, participants were asked to complete a questionnaire about
childhood imaginary companions, but no differences in performance were
found between participants who did and did not recall having a childhood
imaginary companion.
Results and Discussion
Error trials in which participants failed to follow task instructions, did not
respond or responded incorrectly, or in which there was experimenter error
accounted for 2.64% of the data and were excluded from the analyses. The order in
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which participants completed the imagery tasks did not alter the pattern of results;
thus task order was not included as a variable in the subsequent analyses.
Static Visual Imagery: Animal Size Comparison

Overall, size difference was negatively correlated with mean reaction time,
r = –.65, p < .02. However, in contrast to Experiment 1 in which reaction times
varied across the 18 stimulus pairs, the reaction times for 10 of the 12 stimulus
pairs in this experiment were almost identical. The correlation was driven entirely
by the two animal pairs with the smallest differences in size, cat-rooster and
cat-duck. After removing these two pairs, size difference did not predict reaction
time. This finding is consistent with past research showing that adults use
imagery for size comparisons only when the differences are small [48]. We
instructed our participants to use imagery, but it is possible that the use of a
standard comparison animal for all of the test trials made this task too simple for
adults to use imagery even when instructed to do so. Overall, the predicted
negative correlation between size difference and reaction time was significant
for only 6 of the 83 participants (7%).
Dynamic Visual Imagery: Animal Size Matching

Overall, size difference was positively correlated with mean reaction time,
r = .94, p < .001. The predicted positive correlation between size difference and
reaction time was significant for 43 of the 83 participants (52%).
Static Auditory Imagery: Animal Sound Comparison

Overall, volume difference was negatively correlated with mean reaction time,
r = –.86, p < .001. The predicted negative correlation between sound volume
difference and reaction time was significant for 31 of the 83 participants (37%).
Dynamic Auditory Imagery: Animal Sound Matching

Overall, sound volume difference was positively correlated with mean reaction
time, r = .97, p < .001. The predicted positive correlation between sound volume
difference and reaction time was significant for 34 of the 83 participants (41%).
Relations Among the Imagery Tasks
Each participant’s correlations between reaction time and size/sound volume
differences for the four imagery tasks were used to assess the relations among the
different types of imagery (alpha level = p < .008). However, the interpretation
of these analyses was not as straightforward as in Experiment 1 because very
few participants appeared to use imagery for the Animal Size Comparison task
(static visual imagery). Neither of the correlations involving the static visual
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imagery task were significant; r = –.01, (static visual and dynamic visual imagery)
and r = .01 (static visual and static auditory imagery). However, if we focus on
the inter-task correlations for tasks in which the group means suggested that
participants were using imagery (i.e., dynamic visual, static auditory, and dynamic
auditory), the pattern of inter-task correlations found in Experiment 1 was
replicated; participants’ performance on the two auditory tasks was not correlated,
r = –.05, but performance was significantly correlated across modality for the
two dynamic imagery tasks, r = .44, p < .001.
Self-Report Measures
Scores on the IDQ showed adequate reliability, Cronbach’s alpha = .86
(Habitual Use of Imagery = .80; Problem-Solving = .65; and Vividness = .71);
however, as in Experiment 1, overall, participants’ scores on the IDQ were
mostly unrelated to their performance across the set of imagery tasks. The exception was a significant relation between IDQ scores and participants’ self-reported
task strategies for the Animal Size Comparison Task. Participants who reported
inspecting their images on all trials had higher IDQ scores (M = 120.47, SD = 9.47)
than participants who reported inspecting their images only for small differences
(M = 115.61, SD = 12.87) or using semantic knowledge (M = 106.78, SD = 12.92),
t(78) = 3.19, p < .002. Follow-up contrasts were conducted to determine how
self-reported strategies related to specific IDQ factors: participants who reported
inspecting their images on all trials had significantly higher scores on the Habitual
Use of Imagery factor, t(78) = 3.37, p < .002.
As in Experiment 1, participants’ descriptions of their strategies during the
imagery tasks used in this experiment did not predict performance. Thus,
whether participants reported using images or an alternative strategy (such as
relying on semantic knowledge of size/volume differences in the static comparison tasks or not using images at all in the dynamic tasks) was unrelated
to whether they showed the reaction time patterns associated with imagery use
on any of the four imagery tasks.
EXPERIMENT 3
In Experiment 3, we gave our four types of imagery tasks (static-visual,
dynamic-visual, static-auditory, and dynamic-auditory) to 5-year-old children.
We expected that the children would show evidence of using visual imagery
for the static-visual task because it was similar to tasks used in past research,
but the other three tasks were either new or had not been used with children.
Thus, one goal was to determine the extent that children would show the pattern
of responses associated with imagery use for these tasks. To the extent that the
tasks elicited the patterns of reaction times associated with imagery use, a second
goal of this experiment was to determine if children showed any consistency
in their use of imagery across task types.
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Method
Participants

The initial sample of 100 5-year-old children was reduced to a final sample of
83 children (38 boys and 45 girls; mean age = 5 years 6 months; range = 4 years
11 months to 5 years 11 months) because 17 children chose not to return for the
second of the 2 sessions. The children who participated in both sessions (M = 5.5,
SD = 3.64) were significantly older than the children who participated in only
the first session (M = 5.25, SD = 3.60, t(98) = 2.43, p < .05, d = .49). However,
the two groups did not differ on gender, ethnicity, or verbal ability. Of the 83
children in the final sample, 72 (87%) were White, 9 (11%) were mixed race,
1 was Asian, and 1 was African American. Children received $10 per session
for participation.
Procedure

Each child was tested individually in two 60-minute sessions that were
separated by 1 to 3 weeks. In addition to the imagery tasks, the children completed measures of verbal ability (Peabody Picture Vocabulary Test–PPVT-III
[49]), waiting ability (NEPSY Statue Test [50]), visual working memory
(Mr. Peanut Task [51]), and verbal working memory (Backward Digit-Span [52]).
However, none of these measures were related to children’s performance on
the imagery tasks and will not be discussed further.
Overall, children were asked to complete 48 imagery trials that varied in
modality (visual or auditory) and whether they were dynamic or static. Given the
number and variety of trials and the demands of the imagery tasks, there were
substantial challenges in communicating the different requirements for the tasks
to the children and maintaining enough interest for them to comply with the
instructions. In pilot research we found that children were more familiar with
visual imagery than with auditory imagery and were better able to grasp what
we wanted them to do if we started with visual imagery and then moved to auditory
imagery. Thus, the visual imagery tasks were presented in Session 1 and the
auditory imagery tasks were presented in Session 2. The decision to block the
tasks by modality and start with the visual tasks raises the concern that the correlations between imagery tasks presented in the same session might be artificially
elevated. However, this possibility works against the predicted cross-modality
correlations and provides a more stringent test of the hypothesis that performance
on static and dynamic tasks within a modality would not be correlated.
Within each session, the order in which the static or dynamic imagery tasks
were presented was counterbalanced; half of the children completed the static
tasks first and half completed the dynamic tasks first. Although counterbalancing
task order is not recommended for individual differences designs [53], it was
important to counterbalance the order in which static and dynamic tasks were
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presented in this experiment because of the predicted pattern of inter-task correlations. If the two static tasks and the two dynamic tasks turned out to be
correlated as predicted (based on the results of Experiment 1), it was important to
be able to rule out the possibility that the correlations were due to order effects.
Before presenting the first imagery task in each session, the experimenter asked
children to generate and describe an image in the appropriate modality (i.e., a
visual image of a dog and an auditory image of a dog barking). The majority of
children said they could form visual images (82%) and auditory images (90%)
and provided adequate descriptions. Task instructions and stimuli were presented aloud by the experimenter, and the children provided all of their responses
verbally. For each imagery task, children completed the test trials in 1 of 12
random orders. The sessions were videotaped, and reaction times were coded
later from the audio portion of the videotapes. After completion of the imagery
tasks in each session, children were interviewed about the strategies they used
to perform the tasks.
Static Visual Imagery: Animal Size Comparison—Children first practiced comparing the sizes of pairs of real objects. The child was shown a rectangular
wooden block and asked to remember how big it was. Then the block was
removed and the child was shown two different comparison objects, one that
was smaller than the block (a paper clip) and one that was larger (a crayon box).
For each comparison object the child was asked to compare its size to the target
object (e.g., Which one is bigger, the block or the paper clip?). The child was
then asked to compare the sizes of imagined objects. After imagining a shoe, the
child was asked to imagine a) a marble and b) a couch, and tell the experimenter
whether the shoe or the comparison object was bigger.
For each of 12 test trials, children were asked to use visual images to decide
whether a cat or another animal named by the experimenter was larger. First
the experimenter introduced a hand puppet named Beamer who did not know
very much about animals and asked the child to help Beamer learn which
animals are bigger than a cat. The experimenter then asked the child to imagine
a cat (“Let’s think about a cat. Can you see the cat in your head?”). Next the
experimenter told the child, “Now I’ll say a different animal and ask you to make
a picture of it in your head. Look at the picture in your head, and as soon as
you know, tell Beamer which animal is bigger, the cat or the new animal.” For
each trial, the experimenter asked the child, “Which one is bigger, the cat or a
___?” Reaction time was measured from the presentation of the new animal
name to the onset of the child’s verbal response.
Dynamic Visual Imagery: Animal Size Matching—The experimenter introduced this task by slowly inflating a balloon with an air pump to demonstrate the
concept of an image growing slowly. Then the experimenter asked the child
to a) imagine a Frisbee, b) imagine a penny, and c) then to make the penny
grow slowly in his or her head (like the balloon) until it was as big as the
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Frisbee. The child was instructed to start making the penny grow after the
experimenter said “Begin” and to say “Okay” as soon as the two imagined
objects were the same size.
For each of 12 test trials, the experimenter asked the child to imagine an
elephant. Then the experimenter said the name of a smaller animal. Children
were instructed to start making the smaller animal grow slowly in their heads
once the experimenter said “Begin” and to say “Okay” as soon as the smaller
animal was a big as the elephant. Reaction times were measured from the onset
of the experimenter’s “Begin” to the onset of the child’s verbal response.
Static Auditory Imagery: Animal Sound Comparison—Children first practiced
comparing the volume of pairs of real sounds. The experimenter played two
pairs of sounds on a portable CD-player and asked the child which sound in each
pair was louder. The target sound (doorbell) was softer than one comparison sound
(car horn) and louder than the other comparison sound (clock ticking). Next the
child was asked to compare the volume of imagined sounds. The experimenter
asked the child to imagine the sound of a phone ringing and tell her which sound
was louder, the phone ringing or a) water dripping, and b) a fire engine siren.
For each of 12 test trials, children were asked to help Beamer learn which
animal sounds are louder than a dog barking. First, the experimenter asked the
child to imagine the sound of a dog barking. Then the experimenter told the
child, “Now, I’ll say a different animal sound and ask you to hear it in your
head. Listen to the sound in your head, and as soon as you know, tell Beamer
which sound is louder, the dog barking or the new sound.” For each trial, the
experimenter asked, “Which one is louder, the dog barking or a ___?” Reaction
time was measured from the presentation of the new animal sound to the onset
of the child’s verbal response.
Dynamic Auditory Imagery: Animal Sound Matching—The experimenter introduced this task by a) playing the sound of a phone ringing on a portable CD-player,
b) playing the sound of a clock ticking, and c) then slowly increasing the volume
of the clock ticking while asking the child to tell her when the clock ticking
was as loud as the phone ringing. Next the experimenter asked the child to imagine
the sound of a) a train whistle and b) soda fizzing, and c) then to imagine slowly
turning up the volume of the soda fizzing until it was as loud as a train whistle.
(A few children said they did not know what soda fizzing sounded like and
were asked to imagine the sound of popcorn popping instead.) The child was
instructed to start turning up the sound after the experimenter said “Begin,” and
to say “Okay” as soon as the soda fizzing was as loud as the train whistle.
For each of 12 test trials, the experimenter asked the child to imagine the
sound of a lion roaring. Then the experimenter said the name of a softer animal
sound. Children were instructed to start making the softer animal sound slowly
get louder in their heads once the experimenter said “Begin” and to say “Okay”
as soon as the softer animal sound was as loud as the lion roaring. Reaction times
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were measured from the onset of the experimenter’s “Begin” to the onset of
the child’s verbal response.
Imagery Task Interviews—Children were interviewed after completing the
imagery tasks in each session to obtain more information about their experiences
(e.g., how they performed the tasks and the perceived task difficulty), using a
format based on the Berkeley Puppet Interview [54]. Children were introduced
to two identical dog hand puppets (Iggy and Ziggy), and told that Iggy and
Ziggy had played the same imagery games the child just played and would like
to talk with him or her about them. For each question, the puppets made opposing
statements (e.g., Iggy: “I made a picture of the animals in my head.” /Ziggy:
“I didn’t make a picture of the animals in my head.”), and then the child was
asked, “How about you?” After administering 4-item interviews to the first 18
participants, the interviews were expanded and the items revised to provide
more task-specific information. The expanded interviews were used with the
remaining 65 participants. For the static tasks, the items targeted whether the child
had used images and whether it was easy or difficult to imagine the animals/animal
sounds. For the dynamic tasks, items assessed whether the child was able to
make the image transformations (e.g., whether they could see the animals growing
in their heads) and whether the image transformations occurred slowly or quickly
(e.g., whether the animal sounds got louder “fast” or “slow”). Within each
interview, the order in which the puppets spoke and whether the positive or
negative statement was presented first alternated across the set of items. The
order of which puppet spoke first for each item was also counterbalanced. In
addition to the puppet interviews, children were interviewed to determine if
they had imaginary companions [55].
Results and Discussion
Imagery Tasks

Error trials in which children failed to follow task instructions, did not respond
or responded incorrectly, or in which there was experimenter error accounted
for 7.62% of the data and were excluded from the analyses.
Static Visual Imagery: Animal Size Comparison (N = 83)—For this task, children showed the predicted negative correlation between size difference and
mean reaction time, r = –.83, p < .001 (see Figure 5). This result replicates the
pattern of performance found in Experiment 1 with adults and previous research
on mental size comparisons in children [31-33]. The predicted negative correlation between size difference and reaction time was significant for 26 of the
83 children (31%).
Dynamic Visual Imagery: Animal Size Matching (N = 81)—Overall, children
did not show the pattern associated with the use of imagery. Size difference was
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Figure 5. Mean reaction time in milliseconds to decide which animal
in the pair is larger in the Animal Size Comparison Task in Experiment 3.
The difference between the animals in each pair
increases from left to right on the X axis.

not correlated with mean reaction time, r = .23, ns (see Figure 6). The predicted
positive correlation between size difference and reaction time was significant
for 9 of the 81 children (11%).
Static Auditory Imagery: Animal Sound Comparison (N = 83)—Overall, children did not show the pattern associated with the use of imagery. Sound
volume differences were not correlated with mean reaction time, r = –.39, ns (see
Figure 7). The predicted negative correlation between volume difference and
reaction time was significant for 5 of the 83 children (6%).
One possible explanation is that children’s failure to show the reaction time
pattern associated with using imagery for this task was due at least in part to
item effects. The selection of dog barking as the standard animal sound was
based on the familiarity of this sound; however, because dog barking is a relatively loud sound, this produced a disproportionate number of trials in which
dog barking was the louder of the two sounds. Item analyses indicated that the
two trials in which dog barking was the softer sound (dog barking-lion roaring
and dog barking-elephant trumpeting) had faster reaction times than predicted
on the basis of volume difference. Perhaps children did not need to use imagery
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Figure 6. Mean reaction time in milliseconds to make the smaller animal
grow to match the size of the larger animal in the Animal Size Matching
Task in Experiment 3. The size difference between the animals in
each pair increases from left to right on the X axis.

to make these two comparisons because their knowledge about the volume of
these two animals was particularly salient. The data provide some support for
this interpretation; when dog barking-lion roaring and dog barking-elephant
trumpeting were removed from the regression analysis, there was an overall
trend for children to show the predicted reaction time pattern, suggesting that
children may have been using imagery only for the pairs in which the dog was
the louder animal.
Dynamic Auditory Imagery: Animal Sound Matching (N = 78)—For this task,
children showed the pattern associated with the use of imagery. Overall, there was
a positive correlation between sound volume difference and mean reaction time,
r = .88, p < .001 (see Figure 8). The predicted positive correlation between volume
difference and reaction time was significant for 11 of the 78 children (14%).
Task Order Analyses—Regression analyses were conducted separately for
children who completed the static tasks first in each session (N = 42) and children
who completed the dynamic tasks first (N = 41). Children showed the same overall
reaction time patterns for the static tasks independent of whether they completed
the static tasks first (N = 42) or the dynamic tasks first (N = 41). For the dynamic
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Figure 7. Mean reaction time in milliseconds to decide which animal sound
in the pair is louder in the Animal Sound Comparison Task in Experiment 3.
The difference in volume between the animal sounds in each pair
increases from left to right on the X axis.

imagery tasks, children who completed the corresponding static task first showed
better performance (e.g., children who completed the Animal Size Comparison
Task first showed better performance on the Animal Size Matching Task).
However, these order effects did not alter the pattern of correlations among the
set of imagery tasks (i.e., the same pattern emerged for the full sample and for the
divided sample).
Relations Among the Imagery Tasks

One goal of this experiment was to determine if children would show the
same pattern of inter-task correlations found with the adults in Experiment 1—
significant correlations for the two static tasks and the two dynamic tasks, but
weak or no correlations for the visual tasks and for the auditory tasks. For the
children, three of the four predictions for inter-task correlations were found: static
and dynamic visual tasks were not correlated, r = –.08, ns; static and dynamic
auditory tasks were not correlated, r = .01, ns; but the two dynamic tasks
(visual and auditory) were correlated, r = .36, p < .002. The fourth prediction
(a correlation for the two static tasks) was not found, r = .08, ns. Given that
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Figure 8. Mean reaction time in milliseconds to mentally increase
the volume of the softer animal sound to match the volume of the louder
animal sound in the Animal Sound Matching Task in Experiment 3.
The difference in volume between the animal sounds in each pair
increases from left to right on the X axis.

very few children appeared to consistently use imagery when performing the
dynamic visual task and, in particular, the static auditory task, it is not clear how
to interpret these results.
Self-Report Imagery Measures

Children’s responses were similar whether they received the original set of
questions or the expanded revised set; data are presented here only for the children
who received the revised version (N = 65). Across all four imagery tasks, the
majority of the children said that they used images (range: 59-81%) and that
it was easy to generate the images (range: 55-75%). Chi-square analyses were
conducted separately for each imagery task to compare children who did and did
not show the predicted correlation between size/volume difference and reaction
time. These analyses indicated that children’s self-reports of imagery use were
unrelated to their reaction time patterns for any of the imagery tasks. Although
most children reported using imagery, few children showed the predicted
reaction time patterns across the set of imagery tasks. The lack of association
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between children’s self-reported use of imagery and their task performance is
not surprising given the results of Experiments 1 and 2. Like the adults, the
children’s self-reports of their imagery use during the tasks were unrelated to
their task performance.
GENERAL DISCUSSION
The subjective experience of mental imagery is familiar and compelling, but
research on this topic presents a variety of methodological and interpretive
challenges. Across different types of tasks, there is substantial variation in
the extent that one finds the reaction time patterns associated with the use of
imagery. Even when such patterns are found, their interpretation as evidence
of imagery can be controversial. More generally, whereas some theorists have
argued that mental images are central to a range of cognitive processes [48],
others have maintained that images are epiphenomenal [56].
However, Kosslyn et al. [4] have recently presented a compelling argument
for the functional importance of imagery in cognition. The use of visual imagery
can facilitate performance on a range of cognitive tasks involving memory [57],
problem-solving [58, 59], skill acquisition [60], and creativity [61]. Across many
types of studies, visual images appear to preserve the perceptual and spatial
properties of the objects and scenes they represent [62, 63] and the neural bases
of visual imagery overlap with the neural mechanisms underlying visual perception [10]. Comparatively less is known about the nature of auditory imagery,
but just as visual images contain information about perceived properties such
as shape and size, auditory images appear to preserve properties of perceived
sounds such as loudness [30] and timbre [9].
Here we present preliminary evidence that individual differences in imagery
processes show some consistency across the visual and auditory modalities.
In three experiments, we specifically instructed adult and child participants to
use mental images; thus, our findings are not informative about the extent that
participants use mental imagery spontaneously for performing our tasks.
However, even though our participants were instructed to use imagery, there
was considerable variation in the extent that they showed the reaction time
patterns associated with imagery use. Caution is warranted in interpreting the
nature of these individual differences, but in all three experiments, the strongest
correlations were found across rather than within the visual and auditory
modalities. In Experiment 1, the static visual and auditory tasks were correlated
and the dynamic visual and auditory tasks were correlated. In contrast, tasks
within modalities were only weakly related. In Experiment 2, the static visual
task could not be meaningfully used in cross-task comparisons because it did
not elicit imagery use; however, we replicated the pattern of correlations for the
other tasks (i.e., the visual and auditory dynamic tasks were correlated, but
the static and dynamic auditory tasks were not). In Experiment 3 with 5-year-old
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children, we once again found a correlation in imagery use for the dynamic
imagery tasks across visual and auditory modalities (note, however, the limited
number of children who used imagery in the dynamic visual task).
One potential concern about this research relates to the nature of the stimuli that
participants were asked to image. The advantage of using common animals and
animal sounds was that participants could use information stored in memory
to generate both the visual and auditory images in the absence of external input.
However, the decision to use animals as stimuli without pictorial or auditory
supports likely contributed to the variability in reaction times. Specifically, differences in how individual participants typically imagine animals might have
added noise to the data (e.g., when asked to form a visual image of a dog,
participants could generate an image of a small, medium, or large breed of dog).
We tried to reduce this problem by collecting size and sound ratings from the
participants, but there was probably still a range in the size or volume of images
for particular animals. In addition, participants, especially children, have varying levels of familiarity with animal species. Perhaps research using novel
visual and auditory stimuli that are objectively the same for all participants
might have some advantages. However, given the large number of stimuli needed
for this type of research, the use of novel stimuli would introduce memory
demands that would be challenging for adult participants and probably overwhelming for young children.
Another concern—one that is common to behavioral approaches to assessing
imagery—is that the data reflect the extent that participants were sensitive to
demand characteristics rather than the extent that they used imagery. We believe
our data argue against a strong effect of demand characteristics. During the
debriefing for Experiment 1 and Experiment 2, participants were asked if they
felt that they were expected to respond in a particular way. Of the 156 participants
who were asked, only 11 (7%) said they expected that the comparisons or
matching would take longer for some pairs relative to others. More generally,
the results of all three experiments showed that self-reported imagery vividness
and use was uninformative about whether or not participants produced the
patterns of responses that are associated with imagery use. The lack of correlation
between participants’ description of their imagery on the self-report questionnaires and their behavioral evidence of imagery argues against a strong effect of
demand characteristics.
Our results for the self-report measures replicate those of other adult studies
that have failed to find any relation between self-report and behavioral measures
of either visual imagery [44-46] or auditory imagery [7, 47]. The results of
Experiment 3 extend this finding to 5-year-old children. Both the dynamic auditory and static visual imagery tasks elicited patterns of performance from the
children that reflected the use of imagery, but individual differences in imagery
use were not related to children’s responses in a puppet interview about imagery.
In addition, although children’s descriptions of their invisible friends involve
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visual and auditory images, the children in Experiment 3 who reported having
invisible friends were not more likely to use imagery on our tasks than other
children. This result suggests that these children’s use of imagery does not differ
from that of other children. However, there is some research suggesting a dissociation
between the neurocognitive processes that underlie the representation of imagined
real objects and imagined “unreal” or fantasy objects [64]. Thus, it would be
interesting to explore the possibility that children with invisible friends might be
particularly likely to show evidence of imagery when asked to scan or manipulate
images of fantasy objects rather than the real-life animals used in our experiments.
With a few exceptions [25, 35, 65], most studies that have used behavioral
measures of imagery have focused on examining mean performance and have not
reported individual differences. In our experiments, adults and young children
showed marked individual differences in their approach to the imagery tasks. In
Experiments 1 and 2 the dynamic tasks elicited imagery more reliably than the
static imagery tasks. The variability in the strategies participants used for the static
tasks might have been partly responsible for the lack of correlation for the static
and dynamic tasks in both the visual and auditory modalities. However, in
Experiment 3, children showed the highest levels of imagery use for the static
visual task, and lower levels of imagery use for the other three tasks. Thus, it was not
simply the case that all participants used imagery for the dynamic tasks but not the
static tasks. Even when adult participants did seem to use imagery for the static visual
task (Experiment 1), they did not necessarily use imagery for the dynamic visual task.
The overall differences in mean imagery use for static and dynamic tasks make
the lack of correlations within modality less surprising and more difficult to
interpret. In contrast, the finding of consistency in imagery use across modality
for the two static tasks and for the two dynamic tasks is more interesting. These
correlations across modality are striking because there are many differences across
the visual and auditory tasks that could have led to different results. For example,
in the visual imagery tasks, it was possible and natural to hold images of two
animals simultaneously in mind, whereas in the auditory imagery tasks, it was
unlikely that participants heard both sounds in the mind’s ear at the same time.
Instead, the auditory imagery tasks might have involved switching back and
forth between images. Despite this difference in the demands of the visual and
auditory imagery tasks, the results showed patterns of correlation across imagery
modality. Further exploration of the development of imagery processes in vision
and audition will advance our understanding of the role that mental imagery
plays in human cognition.
REFERENCES
1. L. A. Cooper, Varieties of Visual Representation: How are We to Analyze the Concept
of Mental Image? Neuropsychologia, 33:11, pp. 1575-1582, 1995.
doi: 10.1016/0028-3932(95)00082-E

CROSS MODALITY IMAGERY /

235

2. M. J. Farah, K. M. Hammond, D. N. Levine, and R. Calvanio. Visual and Spatial
Mental Imagery: Dissociable Systems of Representation. Cognitive Psychology, 20:4,
pp. 439-462, 1998. doi: 10.1016/0010-0285(88)90012-6
3. A. R. Halpern and R. J. Zatorre, When That Tune Runs Through Your Head: A PET
Investigation of Auditory Imagery for Familiar Melodies, Cerebral Cortex, 9:7,
pp. 697-704, 1999. doi: 10.1093/cercor/9.7.697
4. S. M. Kosslyn, W. L. Thompson, and G. Ganis, The Case for Mental Imagery,
Oxford University Press, New York, 2006.
5. S. J. Segal and V. Fusella, Influences of Imaged Pictures and Sounds on Detection
of Visual and Auditory Signals, Journal of Experimental Psychology, 83(3 Pt. 1),
pp. 458-464, 1970. doi: 10.1037/h0028840
6. S. M. Kosslyn, Image and Brain: The Resolution of the Imagery Debate, The MIT
Press, Cambridge, Massachusetts, 1999.
7. A. R. Halpern, Mental Scanning in Auditory Imagery for Songs, Journal of Experimental Psychology: Learning, Memory, and Cognition, 14:3, pp. 434-443, 1988.
doi: 10.1037/0278-7393.14.3.434
8. M. J. Intons-Peterson, W. Russell, and S. Dressel, The Role of Pitch in Auditory
Imagery, Journal of Experimental Psychology: Human Perception and Performance,
18:1, pp. 233-240, 1992. doi: 10.1037/0096-1523.18.1.233
9. A. R. Halpern, R. J. Zatorre, M. Bouffard, and J. A. Johnson, Behavioral and Neural
Correlates of Perceived and Imagined Musical Timbre, Neuropsychologia, 42:9,
pp. 1281-1292, 2004. doi: 10.1016/j.neuropsychologia.2003.12.017
10. S. M. Kosslyn and W. L. Thompson, When is Early Visual Cortex Activated during
Visual Mental Imagery? Psychological Bulletin, 129:5, pp. 723-746, 2003.
doi: 10.1037/0033-2909.129.5.723
11. D. J. M. Kraemer, C. N. Macrae, A. E. Green, and W. M. Kelley, Musical Imagery:
Sound of Silence Activates Auditory Cortex, Nature, 434:7030, p. 158, 2005.
doi: 10.1038/434158a
12. E. Mellet, N. Tzourio-Mazoyer, S. Bricogne, B. Mazoyer, S. M. Kossyln, and
M. Denis, Functional Anatomy of High-Resolution Visual Mental Imagery,
Journal of Cognitive Neuroscience, 12:1, pp. 98-109, 2000.
doi: 10.1162/08989290051137620
13. F. Uhl, G. Goldenberg, W. Lang, G. Lindinger, M. Steiner, and L. Deecke, Cerebral
Correlates of Imagining Colours, Faces and a Map-II. Negative Cortical DC Potentials,
Neuropsychologia, 28:1, pp. 81-93, 1990. doi: 10.1016/0028-3932(90)90088-6
14. L. R. Gissurarson, Reported Auditory Imagery and its Relationship with Visual
Imagery, Journal of Mental Imagery, 16:3-4, pp. 117-122, 1992.
15. A. Aleman, M. R. Nieuwenstein, K. B. E. Böcker, and E. H. F. de Haan, Music
Training and Mental Imagery Ability, Neuropsychologia, 38:12, pp. 1664-1668, 2000.
doi: 10.1016/S0028-3932(00)00079-8
16. J. Piaget and B. Inhelder, Mental Imagery in the Child: A Study of the Development
of Imaginal Representation, Routledge and Kegan Paul, Ltd., London, 1971.
17. D. Estes, Young Children’s Awareness of Their Mental Activity: The Case of Mental
Rotation, Child Development, 69:5, pp. 1345-1360, 1998. doi: 10.2307/1132270
18. S. M. Kosslyn, J. A. Margolis, A. M. Barrett, E. J. Goldknopf, and P. F. Daly, Age
Differences in Imagery Abilities, Child Development, 61:4, pp. 995-1010, 1990.
doi: 10.2307/1130871

236 / MANNERING AND TAYLOR

19. A. S. Chan, Y-C. Ho, M-C. Cheung, Music Training Improves Verbal Memory,
Nature, 396:6707, pp. 128, 1998. doi:l0.l038/24075
20. Y-C. Ho, M-C. Cheung, and A. S. Chan, Music Training Improves Verbal but
Not Visual Memory: Cross-Sectional and Longitudinal Explorations in Children,
Neuropsychology, 17:3, pp. 439-450, 2003.
doi: 10.1037/0894-4105.17.3.439
21. G. Schlaug, A. Norton, K. Overy, and E. Winner, Effects of Music Training on the
Child’s Brain and Cognitive Development, in The Neurosciences and Music II:
From Perception to Performance, G. Avanzini, L. Lopez, S. Koelsch, and M. Manjno
(eds.), New York Academy of Sciences, New York, pp. 219-230, 2005.
22. S. P. Mythili and V. Padmapriya, Paired-Associate Learning with Auditory and
Visual Imagery among Blind, Deaf and Normal Children, Journal of the Indian
Academy of Applied Psychology, 13:2, pp. 48-56, 1987.
23. A. Paivio and H. W. Okavita, Imagery Modalities and Associate Learning in
Blind and Sighted Subjects, Journal of Verbal Learning and Verbal Behavior, 10:5,
pp. 506-510, 1971. doi: 10.1016/S0022-5371(71)80021-X
24. J. Zimler and J. M. Keenan, Imagery in the Congenitally Blind: How Visual are
Visual Images? Journal of Experimental Psychology: Learning, Memory, and Cognition, 9:2, pp. 269-282, 1983. doi: 10.1037/0278-7393.9.2.269
25. S. M. Kosslyn, J. Brunn, K. R. Cave, and R. W. Wallach, Individual Differences in
Mental Imagery Ability: A Computational Analysis, Cognition, 18:1-3, pp. 195-243,
1984. doi: 10.1016/0010-0277(84)90025-8
26. D. Reisberg, Auditory Imagery, Lawrence Erlbaum Associates, Inc., Hillsdale,
New Jersey, 1992.
27. J. D. Smith, M. Wilson, and D. Reisberg, The Role of Subvocalization in Auditory
Imagery, Neuropsychologia, 33:11, pp. 1433-1454, 1995.
doi: 10.1016/0028-3932(95)00074-D
28. C. Tinti, C. Cornoldi, and M. Marschark, Modality-Specific Auditory Imaging and
the Interactive Imagery Effect, European Journal of Cognitive Psychology, 9:4,
pp. 417-436, 1997.
29. R. S. Moyer, Comparing Objects in Memory: Evidence Suggesting an Internal Psychophysics, Perception & Psychophysics, 13:2, pp. 180-184, 1973.
30. M. J. Intons-Peterson, The Role of Loudness in Auditory Imagery, Memory &
Cognition, 8:5, pp. 385-393, 1980.
31. B. McGonigle and M. Chalmers, The Selective Impact of Question Form and
Input Mode on the Symbolic Distance Effect in Children, Journal of Experimental Child Psychology, 37:3, pp. 525-554, 1984.
doi: 10.1016/0022-0965(84)90075-4
32. U. Sharma and A. K. Srivastava, Type of Material and Mental Size Comparison among
Children, Psychologia, 36:3, pp. 179-184, 1993.
33. K. P. Wright and D. B. Berch, Developmental Changes in Memorial Comparisons:
The Effects of Stimulus Presentation Mode, Journal of Experimental Child
Psychology, 53:3, pp. 219-236, 1992. doi: 10.1016/0022-0965(92)90037-7
34. W. Richter, R. Somorjai, R. Summers, M. Jarmasz, R. S. Menon, J. S. Gati, A. P.
Georgopoulos, C. Tegeler, K. Ugurbil, and S. Kim, Motor Area Activity during
Mental Rotation Studied by Time-Resolved Single-Trial fMRI, Journal of Cognitive
Neuroscience, 12:2, pp. 310-320, 2000. doi: 10.1162/089892900562129

CROSS MODALITY IMAGERY /

237

35. D. B. Goldston, J. V. Hinrichs, and C. L. Richman, Subjects’ Expectations, Individual Variability, and the Scanning of Mental Images, Memory and Cognition, 13:4,
pp. 365-370, 1985.
36. S. M. Kosslyn, G. L. Murphy, M. E. Bemesderfer, and K. J. Feinstein, Category
and Continuum in Mental Comparisons, Journal of Experimental Psychology:
General, 106:4, pp. 341-375, 1977. doi: 10.1037/0096-3445.106.4.341
37. S. M. Kosslyn, Information Representation in Visual Images, Cognitive Psychology,
7:3, pp. 341-370, 1975. doi: 10.1016/0010-0285(75)90015-8
38. A. Paivio, Perceptual Comparisons Through the Mind’s Eye, Memory & Cognition,
3:6, pp. 635-647, 1975.
39. K. J. Holyoak, S. T. Dumais, and R. S. Moyer, Semantic Association Effects in a
Mental Comparison Task, Memory & Cognition, 7:4, pp. 303-313, 1979.
40. Marks, D. F. Visual Imagery Differences and Eye Movements in the Recall of
Pictures, Perception and Psychophysics, 14, pp. 407-412, 1973.
41. A. Paivio and R. Harshman, Factor Analysis of a Questionnaire on Imagery and
Verbal Habits and Skills, Canadian Journal of Psychology, 37:4, pp. 461-483, 1983.
doi: 10.1037/h0080749
42. G. H. Betts, The Distribution and Functions of Mental Imagery, Teachers’ College,
Columbia University, New York, 1909.
43. A. Richardson, Mental Imagery, Routledge & Kegan Paul, London, 1969.
44. C. H. Ernest, Imagery Ability and Cognition: A Critical Review, Journal of
Mental Imagery, 1:2, pp. 181-215, 1977.
45. M. Kozhevnikov, M. Hegarty, and R. E. Mayer, Revising the Visualizer-Verbalizer
Dimension: Evidence for Two Types of Visualizers, Cognition and Instruction,
20:1, pp. 47-77, 2002. doi: 10.1207/S1532690XCI2001_3
46. A. Lequerica, L. Rapport, N. A. Bradley, K. Telmer, and R. D. Whitman, Subjective
and Objective Assessment Methods of Mental Imagery Control: Construct Validation
of Self-Report Measures, Journal of Clinical and Experimental Neuropsychology,
24:8, pp. 1103-1116, 2002. doi: 10.1076/jcen.24.8.1103.8370
47. A. Aleman, K. Böcker, B. E. Koen, and E. H. F. de Haan, Hallucinatory Predisposition
and Vividness of Auditory Imagery: Self-Report and Behavioral Indices, Perceptual
& Motor Skills, 93:1, pp. 268-274, 2001. doi: 10-2466/PMS.93.4.268-274
48. S. M. Kosslyn, Image and Mind, Harvard University Press, Cambridge, Massachusetts,
1980.
49. L. M. Dunn and L. M. Dunn, Peabody Picture Vocabulary Test Third Edition: Form
IIIA, American Guidance Service, Circle Pines, Minnesota, 1997.
50. M. Korkman, U. Kirk, and S. Kemp, NEPSY: A Developmental Neuropsychological
Assessment: Manual, The Psychological Corporation, San Antonio, Texas, 1998.
51. A. Ribaupierre and C. Bailleux, Developmental Change in a Spatial Task of Attentional Capacity: An Essay Toward an Integration of Two Working Memory Models,
International Journal of Behavioral Development, 17:1, pp. 5-35, 1994.
52. H. L. Davis and C. Pratt, The Development of Children’s Theory of Mind: The
Working Memory Explanation, Australian Journal of Psychology, 47:1, pp. 25-31,
1995. doi: 10.1080/00049539508258765
53. S. M. Carlson and L. J. Moses, Individual Differences in Inhibitory Control and
Children’s Theory of Mind, Child Development, 72:4, pp. 1032-1053, 2001.
doi: 10.1111/1467-8624.00333

238 / MANNERING AND TAYLOR

54. J. R. Measelle, J. C. Ablow, P. A. Cowan, and C. P. Cowan, Assessing Young
Children’s Views of Their Academic, Social, and Emotional Lives: An Evaluation
of the Self-Perception Scales of the Berkeley Puppet Interview, Child Development,
69:6, pp. 1556-1576, 1998. doi: 10.2307/1132132
55. M. Taylor and S. M. Carlson, The Relation between Individual Differences in
Fantasy and Theory Mind, Child Development, 68:3, pp. 436-455, 1997.
doi: 10.2307/1131670
56. Z. Pylyshyn, The Imagery Debate: Analogue Media versus Tacit Knowledge,
Psychological Review, 88:1, pp. 16-45, 1981. doi: 10.1037/0033-295X.88.1.16
57. A. Paivio, Imagery and Verbal Processes, Holt, Rinehart, and Winston, New
York, 1971.
58. G. Kaufmann, Imagery Effects in Problem Solving, in Imagery: Current Developments, P. J. Hampton, D. F. Marks, and J. T. E. Richardson (eds.), Routledge, New
York, pp.169-196, 1990.
59. R. N. Shepard and L. A. Cooper, Mental Images and Their Transformations,
MIT Press, Cambridge, Massachusetts, 1982.
60. S. M. Kosslyn and O. Koenig, Wet Mind: The New Cognitive Neuroscience, The Free
Press, New York, 1992.
61. N. LeBoutillier and D. F. Marks, Mental Imagery and Creativity: A Meta-Analytic
Review Study, British Journal of Psychology, 94:1, pp. 29-44, 2003.
doi: 10.1348/000712603762842084
62. R. A. Finke and S. Pinker, Directional Scanning of Remembered Visual Patterns,
Journal of Experimental Psychology, 9:3, pp. 398-410, 1983.
doi: 10.1037/0278-7393.9.3.398
63. S. M. Kosslyn, T. M. Ball, and B. J. Reiser, Visual Images Preserve Metric Spatial
Information: Evidence from Studies of Image Scanning, Journal of Experimental
Psychology: Human Perception and Performance, 4:1, pp. 47-60, 1978.
doi: 10.1037/0096-1523.4.1.47
64. F. J. Scott and S. Baron-Cohen, Imagining Real and Unreal Things: Evidence of a
Dissociation in Autism, Journal of Cognitive Neuroscience, 8:4, pp. 371-382, 1996.
65. T. Hatakeyama, Individual Differences in Imagery Ability and Mental Size Comparison, Tohoku Psychologica Folia, 43:1-4, pp. 112-126, 1984.

Direct reprint requests to:
Marjorie Taylor, Ph.D.
Psychology Department
1227 University of Oregon
Eugene, OR 97403-1227
e-mail: mtaylor@uoregon.edu

