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Selective attention is the ability to focus on goal-relevant information while filtering out irrelevant informa-
tion. This work examined the development of selective attention to natural scenes and objects with a rapid
serial visual presentation paradigm. Children (N = 69, ages 4–6 years) and adults (N = 80) were asked to
attend to either objects or scenes, while ignoring the other type of stimulus. A multinomial processing tree
model was used to decompose selective attention into focusing and filtering components. The results suggest
that attention is object-biased in children, due to difficulty filtering attention to goal-irrelevant objects, whereas
attention in adults is relatively unbiased. The findings suggest important developmental asymmetries in selec-
tive attention to scenes and objects.

Our visual world is made up of scenes and objects,
and we can attend selectively by focusing on speci-
fic objects or aspects of scenes that are most rele-
vant to our current goals, and by filtering or
inhibiting aspects that are less relevant (Broadbent,
1958; Lachter, Forster, & Ruthruff, 2004). In this
work, we examine the development of selective
visual attention to natural scenes and objects under
potential interference from goal-irrelevant stimuli.

The Development of Attention to Scenes and Objects

A visual scene often contains many objects and
more global scene properties. For example, a city
scene is likely to contain people, signs, and

buildings, coupled with more spatially distributed
properties, such as the presence of primarily verti-
cal contours. However, only a subset of information
may be processed at any given time by focusing on
goal-relevant information and filtering, or inhibiting,
goal-irrelevant information. Attention may be selec-
tively focused on individual objects or distributed
more broadly to process multiple spatially dis-
tributed objects or properties of the overall scene
(Treisman, 2006). Because attention is a limited
resource, distributing attention to process the scene
as a whole may result in reduced processing of
individual objects, and vice versa.

Although selective attention is used to focus on
or prioritize goal-relevant information, sometimes
goal-irrelevant information is not completely fil-
tered out, causing interference. For example, previ-
ous work with adults has shown that recognizing
an object is more difficult when the object is sur-
rounded by a scene, particularly when the scene is
semantically incongruent with the object (e.g., a
football player in a cathedral; Davenport & Potter,
2004). Similarly, the presence of a salient object can
interfere with the recognition of natural scenes (Jou-
bert, Rousselet, Fize, & Fabre-Thorpe, 2007).
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Interference from irrelevant scenes or objects is
likely to vary across development due to changes
in selective attention. Past work has suggested that
selective attention develops substantially during
childhood, particularly between 4 and 7 years of
age (see Hanania & Smith, 2010; Plude, Enns, &
Brodeur, 1994, for reviews). Young children are
known to have difficulty selectively attending to
stimuli, showing more distributed attention com-
pared to adults in a variety of tasks, including
visual search (Pastò & Burack, 1997; Plebanek &
Sloutsky, 2017) and category learning (Deng &
Sloutsky, 2015, 2016). For example, Plebanek and
Sloutsky (2017) presented 4- to 5-year-old children
and adults with a change-detection task for stimuli
including task-relevant and irrelevant features.
Whereas adults were better able to detect changes
in the task-relevant feature, children performed bet-
ter than adults when detecting changes in the task-
irrelevant features, suggesting that children’s atten-
tion was less selective. In a follow-up study, Slout-
sky and Plebanek (under review) manipulated
demands on the focusing and filtering components
of selective attention, and found evidence that
developmental changes in selective attention may
be primarily driven by changes in filtering.

There is also evidence from studies examining
the development of selective attention for objects
with a rapid serial visual presentation (RSVP) para-
digm (Day & Stone, 1980). In this study, 5-year-
olds, 8-year-olds, and adults were presented with
an image of a target object, followed by a test object
that was either the same or different from the tar-
get. The test object was either presented immedi-
ately after the target, or following a stream of
rapidly presented distractor objects. The ability to
detect a repeated test object despite potential inter-
ference from the RSVP stream improved across
development, suggesting a greater ability to filter
out irrelevant objects. It remains unknown from this
work, however, how selective attention for scene
information develops, or how it may compare to
selective attention for object information.

The presence of attentional interference when
attempting to selectively attend to scene or object
information may provide insight into how these
stimuli are processed across development. For
example, a tendency to distribute attention to the
scene as a whole may make it more difficult to
attend to specific objects. In general, natural scenes
are likely to contain more spatially distributed
information than individual objects. Therefore,
given that young children often exhibit more dis-
tributed visual attention (Deng & Sloutsky, 2015,

2016; Pastò & Burack, 1997; Plebanek & Sloutsky,
2017, 2019), one hypothesis is that children may be
likely to attend to global scene information even
when attempting to focus on specific objects,
whereas objects may interfere less (or not at all)
with scene processing.

Another possibility is that children’s distributed
attention is offset by an attentional bias toward
objects. This possibility is supported by work sug-
gesting that objects are units of attention in infants
and children (Bulf & Valenza, 2013; Spelke, 1990;
Werchan, Lynn, Kirkham, & Amso, 2019), as well
as in adults (Driver & Baylis, 1989; Duncan, 1984;
Egly, Driver, & Rafal, 1994; Spelke, 1990; Treisman,
Kahneman, & Burkell, 1983; see Chen, 2012, for a
review). For example, Egly et al. (1994) cued partici-
pants to the location of a target on one of two rect-
angles, and found that adult participants were
better able to find an invalidly cued target when it
was on the same rectangle as the cue, compared to
when it was the same distance from the cue but on
a different rectangle. This suggests that attention
may be deployed on the basis of objects, such that
features within objects are more readily processed
than features distributed across objects. If attention
is biased toward objects in children, objects may
attract attention regardless of goals, such that goal-
irrelevant objects may interfere with the processing
of scenes, whereas scenes may interfere little with
object processing.

These potential biases toward scenes or objects
could be driven by focusing, filtering, or a combina-
tion of these processes. For example, interference
from objects could be due to a failure to filter irrele-
vant object information, or a failure to focus on
goal-relevant scenes. In the reported research, we
examine these issues using a combination of experi-
mentation and modeling.

Current Work

In this work, we investigated how the ability to
attend selectively to natural scenes and objects
develops. Specifically, we (a) asked how preschool-
aged children and adults extract and integrate scene
and object information and (b) examined the atten-
tional mechanisms of focusing on goal-relevant
information and filtering out goal-irrelevant infor-
mation. To do so, we used an RSVP paradigm, in
which participants were shown a target stimulus of
an object superimposed on a scene, and were then
shown a rapid stream of other object-scene stimuli
that either contained the same stimulus as the tar-
get or not. Attention was manipulated between
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subjects: participants were instructed to pay atten-
tion to either the object or the scene of the target
stimulus, and respond to whether the target object
or scene was repeated in the RSVP stream, while
ignoring the other type of stimulus.

To gain insight into the contributions of atten-
tional focusing on task-relevant and filtering of
task-irrelevant information, we developed a multi-
nomial processing tree (MPT) model. MPT models
are used to estimate how latent cognitive processes
contribute to the frequency of different categorical
responses based on probability (Batchelder & Rie-
fer, 1999). Importantly, MPT models do not attempt
to quantify on a cognitive or biological level how
these processes are implemented in the brain, but
assume that mechanisms contribute to performance
in ways hypothesized in the model. This is in con-
trast to standard statistical models, such as analysis
of variance (ANOVA) or regression models, which
are atheoretical and do not address mechanisms
contributing to performance without additional
inferences on the part of the researcher (Lewan-
dowsky & Farrell, 2011). MPT models have been
productively used in prior developmental work to
estimate the contribution of cognitive processes
such as memory binding and semantic clustering to
task performance (Horn, Bayen, & Michalkiewicz,
2020; Yim, Dennis, & Sloutsky, 2013). The MPT
model we developed for the current work parame-
terized attention to relevant as well as irrelevant
streams of information, allowing us to gain insight
into developmental differences in focusing and fil-
tering of scene and object information.

The question of interest was how well children
and adults would be able to focus on goal-relevant
scene or object information and filter out irrelevant
information. Given prior evidence of more selective
attention in adults compared to preschool-aged chil-
dren (Deng & Sloutsky, 2015, 2016; Pastò & Burack,
1997; Plebanek & Sloutsky, 2017, 2019), we
expected to find confirmatory evidence of develop-
mental improvements in filtering (and potentially
focusing) aspects of selective attention, given work
suggesting that filtering may be an especially
important contributor to the development of selec-
tive attention (Sloutsky & Plebanek, under review).
The prior literature provided a less clear prediction
for the difference between scene and object process-
ing. As discussed above, one exploratory hypothe-
sis is that children would have difficulty inhibiting
attention to irrelevant scenes, as scene information
is more spatially distributed, and a great deal of
work has suggested distributed attention in chil-
dren (Deng & Sloutsky, 2016; Plebanek & Sloutsky,

2017, 2019). An alternative exploratory hypothesis
is that objects are units of attention, in which case
objects may be expected to produce greater atten-
tional interference than scenes.

Method

Participants

Ninety-four preschool-aged children (Mage =
5.3 years, SD = .3, range = 4.6–6.3; 39 females, 55
males) were recruited from preschools and day
cares in Columbus, Ohio. Children were tested in a
quiet room in their preschool or day care and
received stickers for participating. Eighty-two
adults (53 self-identified as female, 28 as male, and
1 as other) participated in exchange for partial
course credit and were tested in a quiet laboratory
room. Data collection followed all ethical guidelines
set forth by The Ohio State University’s Human
Research Protection Program. All child participants
verbally assented to participate; written consent
was provided by a parent of all children and by all
adults. Data were collected between June 2016 and
February 2017.

Materials

Stimuli consisted of photographs of real-world
scenes and objects, with five categories of both sce-
nes (beaches, streets, offices, mountains, and kitch-
ens) and objects (trees, cats, cars, slides, and
people). Each category contained (a) 10 exemplars
that were used in the main experiment and (b) an
additional three exemplars that were used in a
short training block at the beginning of the session.

The scene images were each 800 × 600 pixels.
The object images were presented on transparent
backgrounds, and each object contained approxi-
mately 5,000 nontransparent pixels. The experimen-
tal stimuli were formed by superimposing an object
image on a scene image. The spatial location of the
object on the scene was randomized using a
16 × 12 grid that was invisible to the participant.
Stimuli were followed by a perceptual mask for
200 ms. Masks were generated by synthesizing ran-
dom, scene-like textures separately for each color
channel (red, green, and blue) using the texture
synthesis method of Portilla and Simoncelli (2000).
To create each mask, we averaged six random tex-
tures, each synthesized from a randomly chosen
photograph from a separate set of scene images.
We precomputed five such masks and presented
each mask once on every trial.
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Procedure and Design

At the beginning of the experiment, participants
were instructed that they would see images of sce-
nes and objects, and that they would need to pay
attention to only scenes or objects, while ignoring
the other type of stimulus throughout the entire
experiment, in a between-subject manipulation of
attention. Participants were first trained to match
two images with the same relevant stimulus (i.e., a
scene or object, depending on condition), ignoring
the other, irrelevant stimulus. Participants were
then provided with extensive instructions on how
to perform the RSVP task, as well as a short train-
ing block in which they received response feedback
(see Appendix A for details).

On each experimental trial, participants were
shown a target scene and object, first separately (one
at a time in a randomized order), and then together,
with the object superimposed on the scene. The tim-
ing of these target stimulus presentations was self-
paced by adults and controlled by the experimenter
for children. Following the presentation of the target
image, an RSVP stream of four images was flashed
on the screen: one test image and three distractor
images. The order of the distractor and test images
was randomized for each trial. The scenes and
objects in the distractor images were randomly
selected from the stimulus set, except that distractor
stimuli could not come from the same category as
the scene or object presented in the target image.

Each image in the RSVP stream was presented
for 800 ms to children and for 200 ms to adults.
Pilot testing suggested that this difference in the
stimulus duration was necessary to avoid ceiling
and floor effects on performance. For both age
groups, mask images were presented for 200 ms at
the onset of the RSVP stream, as well as following
each experimental stimulus in the stream, in an
order randomized for each trial (see Figure 1).

Participants were instructed to watch the RSVP
stream for a repetition of the relevant stimulus (ob-
ject or scene) from the target image: if the relevant
target stimulus was repeated, participants were
asked to respond “old” by clicking either the left or
right button on the mouse as quickly as possible
(the buttons were randomly assigned for each par-
ticipant). If the target stimulus was not repeated,
participants were instructed to wait until the end of
the stream (at which point a large question mark
was presented on the screen), and then click the
other button on the mouse to respond “new.” As is
often done in RSVP paradigms (Gerson, Parra, &
Sajda, 2005; Touryan, Gibson, Horne, & Weber,

2011; Vierck & Miller, 2006), we asked participants
to make “old” responses as soon as possible. This
was done to minimize potential memory interfer-
ence that could arise from subsequently presented
stimuli, and because we felt it would be more natu-
ral for participants to respond immediately. How-
ever, it was necessary for participants to wait until
the end of the stream to make a “new” response so
that they could observe all of the stimuli before
determining that the target stimulus was absent.
The RSVP stream was terminated immediately
upon a participant’s response. The stream ended
upon response because we reasoned that children
may have difficulty sitting through additional
images following their response. If a response was
not provided during the RSVP stream, the question
mark appeared until a response was made.

Test images were congruent when both test object
and scene were old (i.e., matched the target) or
both were new, so that attention to either or both
of the stimulus types would result in the same
response. They were incongruent when one of the
stimuli was old and the other new, thus requiring
different responses depending on the attentional
focus condition.

The experiment therefore had a 2 (Age: Children
vs. Adults) × 2 (Attentional focus: Attention-to-scenes
vs. Attention-to-objects) × 2 (Congruency: Congruent
vs. Incongruent) design, with Age and Attentional
focus as between-subject factors and Congruency as a
within-subject factor. Participants were presented with
three blocks of 20 trials, for a total of 60 trials. Each
of the four trial types—congruent old, congruent
new, incongruent old, incongruent new—included 15
trials across the experiment (5 in each block). The
experiment lasted approximately 40 min for children
and 20 min for adults.

Results and Discussion

We focused our analyses on participants who (a)
completed the task, and (b) clearly understood and
followed task instructions. To this end, we excluded
15 children who did not complete the task, and an
additional 10 children who failed to perform at
above-chance accuracy on congruent trials, as deter-
mined by a one-tailed binomial test. We also
excluded two adults due to failing to meet the accu-
racy criterion. The final sample, then, included 69
children (Mage = 5.3 years, SD = .3, range 4.8–6.3;
39 females, 30 males), and 80 adults (51 self-identi-
fied as female, 28 as male, and 1 as other). Of these
participants, 35 children and 46 adults were
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randomly assigned to the attention-to-scenes condi-
tion and 34 children and 34 adults were randomly
assigned to the attention-to-objects condition.

To investigate selective attention and potential
attentional biases to scenes and objects, we com-
pared performance on congruent and incongruent
trials in the attention-to-objects and attention-to-sce-
nes conditions. We reasoned that an attentional bias
toward scene or object information would result in
attending to that kind of information even when it
was irrelevant. For example, an attentional bias
toward objects could manifest as difficulty inhibit-
ing attention to objects when they are task-irrele-
vant, such that performance would be lower on
incongruent trials in the attention-to-scenes condi-
tion than in the attention-to-objects condition.

We measured performance by calculating d0—a
signal detection statistic that provides bias-free esti-
mates of discrimination of old (i.e., repeated) stim-
uli from new (i.e., not repeated) stimuli (Stanislaw
& Todorov, 1999). The metric d0 was calculated as
d0 = Z(hit rate) – Z(false alarm rate), where Z

signifies the inverse of the Gaussian cumulative dis-
tribution function. The observed d0 performance for
children and adults in both stimulus conditions are
presented in the bar plots in Figure 2A.

Observed data presented in Figure 2A were sub-
mitted to a 2 (Age: Child vs. Adult) × 2 (Atten-
tional focus: Attention-to-objects vs. Attention-to-
scenes) × 2 (Congruency: Congruent vs. Incongru-
ent) mixed ANOVA with Age and Attentional
focus as between-subject factors and Congruency as
a within-subject factor. The full results of this
ANOVA are presented in Table 1. Importantly,
there was a significant three-way interaction among
all factors, p = .004, suggesting an age difference in
interference effects when attempting to attend to
scenes versus objects.

To better understand this three-way interaction, we
then performed separate 2 (Attentional focus: Atten-
tion-to-scenes vs. Attention-to-objects) × 2 (Congru-
ency: Congruent vs. Incongruent) analyses of variance
(ANOVAs) on performance in children and adults
(see Table 1). In children, there was a significant

Figure 1. Experimental procedure. On each trial, participants were shown a target object and scene, and then an RSVP stream of images con-
taining a test image and 3 distractor images, in an order randomized for each trial. The test image included a scene and object that were each
either the same or different as presented in the target image (inset). The spatial location of the object was randomized for every image in the
stream, including the test image. Participants were instructed to respond “old” immediately if they saw a repetition of the target object or
scene in the RSVP stream, or to respond “new” after the stream had completed. The RSVP stream was terminated immediately upon a
response; if no response was made before the end of the stream, a question mark appeared until a response was made. [Color figure can be
viewed at wileyonlinelibrary.com]
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interaction between these factors, p = .04, indicating a
greater interference effect from irrelevant objects than
from irrelevant scenes. The difference in performance
between congruent and incongruent trials was strong
in the attention-to-scenes condition, post hoc paired-
samples t test, t(34) = 4.67, p < .001, d = .79, whereas
it was weak in the attention-to-objects condition,

t(33) = 2.42, p = .02, d = .42. The interaction was also
significant in adults, p = .04. However, in contrast to
children, the difference between congruent and incon-
gruent trials was not significant in the attention-to-
scenes condition, t(45) = 0.31, p = .76, d = .05, but
was significant in the attention-to-objects condition,
t(33) = 2.75, p = .01, d = .47, indicating some

Figure 2. Observed and MPT model-predicted performance and MPT model parameter results. Performance was measured by response
discrimination between old and new stimulus detection for each condition and age group (A). Model-predicted performance was calcu-
lated by generating performance in every condition using the best-fitting parameter values for each participant. To gain insight into
focusing and filtering, we analyzed best-fitting parameter values of an MPT model estimating contributions of attention to task-relevant
and irrelevant information (B). Error bars represent standard errors of the mean. *p < .05, **p < .01, ***p<.001, n.s. p > .05. [Color fig-
ure can be viewed at wileyonlinelibrary.com]
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interference from scenes. However, because this inter-
ference was weak, with a small effect size comparable
to that of the interference effect in the same condition
in children, we caution that this effect does not pro-
vide strong evidence of a bias toward scenes in
adults. We therefore conclude that adults are likely
relatively unbiased in their selective attention between
objects and scenes. The behavioral results shown in
Figure 2A therefore suggest a developmental asym-
metry, whereby children experienced strong atten-
tional interference from objects, and adults showed
some interference from scenes. Importantly, whereas
interference from scenes was comparable in children
and adults, interference from objects was substantially
stronger in children.

One possible explanation for greater attentional
interference from objects than scenes in children is
that children were more familiar with object cate-
gories than scene categories. If this were the case, we
would expect children to perform better on this task
when attending to objects in the absence of scenes
than vice versa. To investigate this, we performed a
separate baseline experiment, in which only the task-
relevant stimulus type was presented, with children
and adults. There was no effect of stimulus type and
no interaction with age (see Appendix B), which does
not support the familiarity account.

We suggest instead that the behavioral results of
the main experiment likely indicate developmental
differences in attention. The finding that children
showed greater interference from objects than

scenes suggests an attentional bias toward objects.
In contrast, adults showed weak interference stem-
ming from scenes that was comparable to that in
children. There are different possibilities for the
source of these differences. Specifically, it is possible
that differences arise from the ability to filter irrele-
vant object information. Indeed, previous research
suggests that, in general, filtering undergoes a great
deal of developmental change between the ages of
five years and adulthood (Wendelken, Baym, Gaz-
zaley, & Bunge, 2011), and may be the primary
source of developmental change in selective atten-
tion (Sloutsky & Plebanek, under review). How-
ever, it is also possible that there are important
differences in focusing attention on relevant scene
information. We next estimate these attentional pro-
cesses by applying an MPT model of performance.

MPT Model of Performance

To estimate contributions of focusing and filter-
ing on children’s and adults’ performance, we used
an MPT model. For this model, we hypothesized
that two latent processes gave rise to performance:
attention to task-relevant stimuli (due to focusing,
estimated by parameter α), and attention to task-ir-
relevant stimuli (due to the absence of filtering, esti-
mated by parameter β). The model assumes that
different attentional patterns will result in different
responses. For congruent trials, we assumed that
attention to either or both types of stimuli would

Table 1
ANOVA Results on Observed Performance

ANOVA Factor df F p η2p

Age (Child vs.
Adult) × Congruency
(Congruent vs.
Incongruent) × Attentional
Focus (Attention-to-scenes
vs. Attention-to-objects)

Age (1, 145) 203.41 < .001 .58
Congruency (1, 145) 35.20 < .001 .20
Attentional focus (1, 145) 3.04 .09 .009
Age × Congruency (1, 145) 13.41 < .001 .09
Age × Attentional Focus (1, 145) 4.43 .04 .03
Congruency × Attentional Focus (1, 145) 1.01 .32 .007
Age × Congruency × Attentional Focus (1, 145) 8.62 .004 .06

Children
Congruency (Congruent vs.
Incongruent) × Attentional
Focus (Attention-to-scenes
vs. Attention-to-objects)

Congruency (1, 67) 26.39 < .001 .28
Attentional focus (1, 67) 0.05 .83 .00
Congruency × Attentional Focus (1, 67) 4.45 .04 .06

Adults
Congruency (Congruent vs.
Incongruent) × Attentional
Focus (Attention-to-scenes
vs. Attention-to-objects)

Congruency (1, 78) 6.12 .02 .07
Attentional focus (1, 78) 11.60 .001 .13
Congruency × Attentional Focus (1, 78) 4.44 .04 .05

Note. Statistically significant results are displayed in bold font. ANOVA = analysis of variance.
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result in the correct response, whereas attention to
neither type of stimulus would result in guessing.
On incongruent trials, attention only to the task-rel-
evant stimulus would be expected to result in the
correct response, whereas attention only to the irrel-
evant stimulus would be expected to result in the
incorrect response. If attention was paid to both
types of stimuli, we assumed that participants
would equally guess between the correct and incor-
rect responses, since both responses were supported
by the target image. Likewise, when attention was
paid to neither type of stimulus, we expected par-
ticipants to guess. The α and β model parameters
estimate the extent of attention to task-relevant and
-irrelevant stimuli, and range from 0, indicating no
attention, to 1, indicating full attention.

We estimated the values of the α and β parame-
ters using a Bayesian approach. We fitted the
model to all of the data of each individual partici-
pant independently, and estimated the maximum a
posteriori, or the best-fitting value, of each parame-
ter, for each participant (see Figure 2B). See
Appendix C for a full description of the model and
model-fitting procedures.

To assess whether there were differences in the
contribution of attention to relevant and irrelevant
stimuli between age groups and stimulus condi-
tions, we performed a 2 (Age: Child vs. Adult) X 2
(Attentional focus: Attention-to-objects vs. Atten-
tion-to-scenes) × 2 (Parameter: α vs. β) mixed
ANOVA with Age and Attentional focus as

between-subject factors and Parameter as a within-
subject factor (see Table 2 for full results). Impor-
tantly, the three-way interaction was significant,
p = .002, suggesting that the contribution of atten-
tion to relevant and irrelevant stimuli (estimated by
the parameters) differed between age groups and
attention conditions.

To better understand this interaction, we per-
formed separate 2 (Age: Child vs. Adult) × 2
(Attentional focus: Attention-to-scenes vs. Atten-
tion-to-objects) independent ANOVAs for the α and
β parameter values. The α parameter ANOVA con-
firmed a significant main effect of Age, p < .001,
indicating higher levels of attention to relevant
information in adults. The other effects did not
reach significance (ps > .05). Therefore, while we
found developmental differences in focusing, these
differences were not specific for stimulus type, tran-
spiring for both objects and scenes.

We performed a similar analysis of β parameter
values. The main effect of Age was significant,
p < .001, suggesting higher levels of attention to
goal-irrelevant stimuli in children compared to
adults. Importantly, there was also a significant
interaction between the factors, p = .004. Specifically,
in children there were higher values of the β param-
eter in the attention-to-scenes condition than in the
attention-to-objects condition (suggesting more atten-
tion to irrelevant objects than scenes), t(67) = 2.29,
p = .03, d = .55, whereas no condition differences
transpired in adults, t(78) = 1.81, p = .08, d = .41.

Table 2
ANOVA on Estimated Best-Fitting MPT Parameter Values

ANOVA Factor df F p η2p

Age (Child vs.
Adult) × Attentional Focus
(Attention-to-scenes vs.
Attention-to-
objects) × Parameter
(α vs. β)

Age (1, 145) 50.20 < .001 .26
Attentional focus (1, 145) 3.48 .06 .02
Parameter (1, 145) 1,275.08 < .001 .90
Age × Attentional Focus (1, 145) 0.31 .56 .00
Age × Parameter (1, 145) 158.25 < .001 .52
Attentional Focus × Parameter (1, 145) 0.00 .99 .00
Age × Attentional Focus × Parameter (1, 145) 9.83 .002 .06

α Parameter
Age (Child vs.
Adult) × Attentional Focus
(Attention-to-scenes vs.
Attention-to-objects)

Age (1, 145) 165.51 < .001 .53
Attentional focus (1, 145) 1.37 .24 .01
Age × Attentional Focus (1, 145) 3.03 .08 .02

β Parameter
Age (Child vs.
Adult) × Attentional Focus
(Attention-to-scenes vs.
Attention-to-objects)

Age (1, 145) 22.42 < .001 .13
Attentional focus (1, 145) 2.03 .16 .01
Age × Attentional Focus (1, 145) 8.70 .004 .06

Note. Statistically significant results are displayed in bold font. ANOVA = analysis of variance; MPT = Multinomial Processing Tree.
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These results suggest that the pattern of
observed performance (i.e., the developmental
asymmetry in processing of objects and scenes) was
due to improvements in the filtering of irrelevant
objects. We suggest that this developmental pattern
may be indicative of object-biased attention in chil-
dren, but not adults. Although the behavioral
results of adults in this experiment suggested some
interference stemming from scenes, these effects
were small and comparable to those in children.
Additionally, we did not find robust evidence of
differences between the scene and object conditions
in MPT model parameters. We therefore conclude
that adults’ attention is relatively unbiased.

Overall, the reported results suggest a develop-
mental shift from object-biased attention to more
unbiased attention. The MPT model results provide
a more fine-grained estimation of the attentional
bias, suggesting that it stems from children’s failure
to filter irrelevant objects rather than from their fail-
ure to focus on relevant scenes.

General Discussion

In this work, we investigated the development of
selective attention to natural scenes and objects. To
do so, we used an RSVP paradigm and instructed
preschool-aged children and adults to attend to
either an object or a scene in target images contain-
ing both types of stimuli. Each RSVP stream con-
tained either a congruent test image in which the
object and scene both matched or mismatched the
target image, or an incongruent image in which one
stimulus matched and the other mismatched the
target.

Behavioral results suggested that children’s per-
formance was affected more by the presence of
irrelevant objects than irrelevant scenes, suggesting
a possible attentional bias toward objects. In con-
trast, adults’ performance was relatively unbiased.
For a more fine-grained analysis of the results, we
implemented an MPT model that estimated atten-
tion to the task-relevant feature as well as the task-
irrelevant feature in each participant. This approach
allowed insight into attentional focusing and filter-
ing. Specifically, the modeling results suggested
that both the ability to focus on task-relevant infor-
mation and the ability to inhibit task-irrelevant
information increase with development. Crucially,
children struggled to filter irrelevant object informa-
tion more so than irrelevant scene information, sug-
gesting an attentional bias toward objects. At the
same time, there were no differences between

focusing on relevant objects or scenes. In contrast to
children, adults’ attention to relevant and irrelevant
stimuli was comparable across conditions.

Developmental Changes in Attention to Scenes and
Objects

These results suggest intriguing developmental
changes in visual cognition, including a shift from
object-biased to more unbiased selective attention.
Why would children have an attentional bias
toward objects? One possibility is that objects are
the primary unit of attention early in development,
potentially beginning in infancy (Bulf & Valenza,
2013; Spelke, 1990; Werchan et al., 2019), such that
visual arrays are rapidly segmented into objects
that can then be selected for further processing. If
children’s visual attention is primarily based on
object units, then objects may attract attention more
so than global scene information, even if the objects
are irrelevant to the task, perhaps because features
within objects are attended more easily than fea-
tures distributed across different objects (Duncan,
1984; Egly et al., 1994).

It is also possible that language plays a role, such
that object labels are more ubiquitous in children’s
vocabulary than scene labels, which could boost
attention to that type of stimulus (see Vales &
Smith, 2015). A related possibility is that children
are simply more familiar with object categories than
scene categories, which could facilitate attention to
objects. However, a separate baseline experiment
(reported in Appendix B) found no evidence of bet-
ter performance in the RSVP task when only objects
were presented than when only scenes were pre-
sented, which does not support the familiarity
account. Future research is needed to gain a more
fine-grained understanding of mechanistic sources
of an early attentional bias toward objects.

Children’s attentional bias toward objects could
be related to a previously hypothesized bias in chil-
dren’s attention toward local elements of a scene,
such as an individual tree in a forest scene. Global
attention to the overall scene (the forest) has been
shown to develop more slowly (Dukette & Stiles,
2001; Poirel, Mellet, Houdé, & Pineau, 2008). One
interesting avenue for future work would be to
explore the relation between local versus global
biases and object versus scene biases using an indi-
vidual differences approach.

Children’s attentional bias toward objects could
be influenced by the developmental time-courses of
different brain regions. Previous work has sug-
gested earlier development of regions supporting
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object recognition (i.e., lateral occipital complex)
compared to regions supporting scene recognition
(i.e., parahippocampal place area; Golarai et al.,
2007). One possibility, then, is that regions support-
ing scene processing are relatively under-developed
in children, leading to a greater reliance on object
processing. Future work should aim to better
understand how attentional biases relate to neural
development.

Selective Attention Development

A great deal of work has suggested that atten-
tional filtering improves across childhood (Enns &
Akhtar, 1989; Plebanek & Sloutsky, 2017; Plude
et al., 1994; Wendelken et al., 2011). For example,
one study (Day & Stone, 1980) asked 5- and 8-year-
old children and adults to identify whether a test
stimulus (a line drawing of an object) matched a
previously presented target stimulus. On some tri-
als, the test stimulus was presented following an
RSVP stream of distractor stimuli, whereas on other
trials the test stimulus was presented alone. The
ability to correctly respond to the test stimulus
improved with age, especially in the RSVP condi-
tion. These results imply that the ability to filter out
the irrelevant images in the RSVP stream improved
with age.

The results of this study extend this work (Day &
Stone, 1980) in several ways. First, every test image
in our task was embedded within an RSVP stream,
such that a need to filter irrelevant stimuli was
always present. Our task required an additional
attentional demand, which was to attend only to sce-
nes or objects, and ignore the other type of stimulus.
Because scenes and objects supported different
responses on incongruent trials, selective attention to
the correct stimulus was essential for high perfor-
mance. In addition, our results allowed insight into
potential differences between focusing and filtering
of scenes and objects. Crucially, the MPT results led
to the conclusion that children had more difficulty
inhibiting irrelevant objects than scenes, whereas they
had no greater difficulty focusing on relevant scenes
compared to relevant objects. Therefore, the atten-
tional bias toward objects in children may stem from
immature filtering. This asymmetry between focus-
ing and filtering of object information may be related
to findings suggesting that the development of selec-
tive attention may be driven more by changes in fil-
tering compared to focusing (Sloutsky & Plebanek,
under review). At the same time, we found no dif-
ferences between either focusing or filtering for
objects versus scenes in adults. We therefore

conclude that in the course of the development of
selective attention people acquire the ability to filter
irrelevant object information.

Conclusions

This work investigated the development of selec-
tive attention to natural scenes and objects. Whereas
a great deal of work has suggested that children’s
attention is often less selective and more diffuse,
which may lead to the hypothesis that children may
be biased to attend more to spatially distributed fea-
tures across an entire scene, children showed an
attentional bias toward objects, which supports the
hypothesis of object-based attention early in develop-
ment (Bulf & Valenza, 2013; Spelke, 1990; Werchan
et al., 2019). In contrast, adults showed relatively
unbiased attention. The MPT model results provide
a more fine-grained estimation of the attentional bias
in children, suggesting that it stems from children’s
failure to filter irrelevant objects rather than from
their failure to focus on relevant scenes. Overall,
these results indicate important developmental
changes in selective attention and visual cognition
for natural scenes and objects.
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Appendix A

Task Instructions

Participants were first instructed that they would
use the computer mouse to make responses. For
children, the left mouse button had a yellow sticker,
and the right button had a pink sticker, and subse-
quent instructions referred to the yellow and pink
buttons. For adults, the mouse did not have stickers
and instructions referred to as the left and right
buttons. All participants were informed that they
would make responses sometimes with the yellow
or left button, and sometimes with the pink or right
button. Child participants were instructed to hold
the mouse using both hands, with one thumb on
each button, whereas adults were allowed to rest
their right hand on the mouse as they typically
would.

Following the mouse instructions, all participants
were informed that “In this game you will see lots
of pictures of objects and scenes. Objects are things
like cars, trees, slides, cats, and persons. Scenes are
places you can visit, like beaches, kitchens, moun-
tains, offices, and streets.” For each stimulus cate-
gory, participants were shown an example image
that was not included in the main experiment.

At this time, participants were first instructed to
pay attention to only objects (or scenes), and ignore
the other type of stimulus, throughout the task. Fol-
lowing this instruction, participants were shown an
example of an object (a cat) near the top of the
screen, followed by an example of a scene (a
kitchen), which was followed in turn by an image
of the object superimposed on the scene. Partici-
pants were then shown two additional object-scene
dyads, one near each bottom corner of the screen,
for a total of three dyads presented simultaneously
on the screen. One of these bottom images had the
same object but a different scene compared to the
image at the top of the screen, whereas the other
image had the same scene but a different object.
Participants were instructed to find the picture on
the bottom of the screen with the same object (or
scene, depending on condition) as the picture at the
top. In order to make the correct response, partici-
pants needed to focus on the target object or scene

and ignore the nontarget stimulus. Children were
asked to point to the target image, whereas adults
were asked to press the left or right mouse button
to make a response. If children were confused or
made the wrong response, the experimenter pro-
vided additional explanation.

Training Phase

Following this, participants completed a short train-
ing phase for the rapid serial visual presentation
(RSVP) task. On each training trial, just as in the
main experiment, participants were shown a target
object and scene separately (in random order), fol-
lowed by a combined image of the object superim-
posed on the scene. Participants were then
presented with an RSVP stream as in the main task.

The training phase of the experiment included
six trials. The instructions accompanying the trials
increased in complexity. On the first two trials, fol-
lowing the presentation of the target stimuli, partic-
ipants were told they would see other objects and
scenes that would “go by fast,” and that their job
was to watch for exactly the same object (or scene)
as they saw on the combined target stimulus, and
ignore the other type of stimulus. After the comple-
tion of the stream, they were asked whether they
saw the target object (or scene). If they had, they
were asked to press the appropriate button on the
mouse to signify that the stimulus was repeated, or
if they had not, they were asked to press the other
button. On the third and fourth trials, participants
were asked to watch for the same object (or scene),
and to press the “old” response button on the
mouse immediately if they saw it. If participants
had not responded by the end of the stream, partic-
ipants saw a question mark on the screen and were
asked whether they had seen it, and to press either
the “old” or “new” response button as appropriate.
On the final two training trials, participants were
instructed prior to the start of the RSVP stream that
they should press the “old” response button imme-
diately if they saw a repetition of the relevant target
stimulus, or press the “new” response button at the
end of the trial if they did not see the same stimu-
lus.

Following the response made on every training
trial, participants were provided with feedback,
such as “Great job! The same object [or scene] WAS
there that time!” or “Uh oh! The same object [or
scene] was NOT there that time!” Correct and
incorrect responses were accompanied by a smiling
or frowning face, respectively. If a response was
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made before the target stimulus was presented, par-
ticipants were told “Uh oh! You pressed a button
too soon!” and saw a frowning face.

If children asked questions or were confused at
any point in the training phase, the experimenter
elaborated on the instructions as needed. The order
of correct responses across these six trials for each
participant was “old,” “old,” “old,” “new,” “old,”
“new.” In order to encourage participants to focus
on the task-relevant and ignore the irrelevant stim-
uli, these two stimuli always supported incongruent
responses (i.e., when the relevant feature was old,
the irrelevant feature was new, and vice versa).

Upon completion of the training phase, partici-
pants were told that they would continue playing
the same game, but now they would not receive
feedback on their responses. They were also briefly
reminded of which button to press immediately
when the target stimulus was repeated during the
RSVP stream, and which button to press at the end
when it was not repeated. Participants were again
briefly reminded of these instructions at the start of
each block of trials.

Appendix B

Baseline Performance

In a separate experiment conducted between Febru-
ary 2017 and October 2017, we measured children’s
(N = 60; Mage = 5.7 years, SD = .5, range = 5.0–6.9;
28 females, 32 males) and adults’ (N = 75; 53
females, 22 males) ability to perform the RSVP task

without the distracting presence of goal-irrelevant
stimuli. In this baseline condition, participants were
asked to attend to objects (or scenes) in the absence
of the other stream of information for one block of
20 trials. Participants’ performance on this baseline
task is presented in Figure B1. To assess potential
effects of age and stimulus condition, we conducted
a 2 (Age: Child vs. Adult) × 2 (Stimulus: Objects
vs. Scenes) between-subjects analysis of variance.
There was a significant main effect of Age, F(1,
131) = 118.39, p < .001, η2p = .47, indicating higher
performance in adults. There was no effect of the
Stimulus condition, p = .53, and no interaction,
p = .40. Because performance on this baseline task
did not differ between objects and scenes, we sug-
gest that the children’s asymmetric differences
between congruent and incongruent trials in the
main experiment were unlikely to be due to differ-
ences in familiarity with these stimulus types.

Appendix C

MPT Model

Multinomial processing tree (MPT) models are based
on tree-like structures that define sequences of latent
events. The MPT structures for the congruent and
incongruent conditions of the current experiment are
presented in Figure C1. Attention to the relevant
and irrelevant stimuli was estimated by parameters
α and β, respectively. The “branches” of the tree
structure define how different sequences of processes
are assumed to result in different outcomes; in some
cases, multiple branches result in the same outcome.
For example, on congruent trials, the correct
response can be the result of any of the four
branches, whereas an incorrect response can only be
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the result of a lack of attention to both the congruent
and incongruent stimulus. Mathematically, the prob-
ability of each branch is defined as the product of
the parameter values making up that branch, and
the probability of each type of response is the
sum of the probabilities defined by all branches
that could result in that response. For example, for
congruent trials, the probability of a correct response
is (α × β) + (α × (1 − β))+((1 − α) × β) + ((1 − α) ×
(1 − β) × 0.5). Note that the last term is multiplied
by 0.5 because without attention to the relevant or
irrelevant stimulus ((1 − α) × (1 − β)), we assume
responses will be the result of guessing equally
between the correct and incorrect responses.

The model equations used to estimate responses
in each condition of the experiment are presented
below in Python code.

# guess ‘new’ or ‘old’ with equiprobability

guess = 0.5

# rel = relevant stimulus; irrel = irrelevant

stimulus

# alpha and beta = parameter values between 0 and 1

# theta = list of response probabilities for every

trial type

# rel new, irrel new, respond new

theta[0] = alphabeta + alpha(1-beta) + (1-alpha)

beta + (1-alpha)(1-beta)guess

# rel new, irrel new, respond old

theta[1] = (1-alpha)(1-beta)guess

# rel new, irrel old, respond new

theta[2] = alphabetaguess + alpha(1-beta) + (1-

alpha)(1-beta)guess

# rel new, irrel old, respond old

theta[3] = alphabetaguess + (1-alpha)beta + (1-

alpha)(1-beta)guess

# rel old, irrel new, respond new

theta[4] = alphabetaguess + (1-alpha)beta + (1-

alpha)(1-beta)guess

# rel old, irrel new, respond old

theta[5] = alphabetaguess + alpha(1-beta) + (1-

alpha)(1-beta)guess

# rel old, irrel old, respond new

theta[6] = (1-alpha)(1-beta)guess

# rel old, irrel old, respond old

theta[7] = alphabeta + alpha(1-beta) + (1-alpha)

beta + (1-alpha)(1-beta)guess

Bayesian Model fitting

We fitted our MPT model to the data of each par-
ticipant independently using a Bayesian approach.
To implement our analyses, we applied custom pro-
grams with RunDEMC (https://github.com/comp
mem/RunDEMC), which uses a differential
evolution algorithm to produce Markov Chain
Monte Carlo (MCMC) simulations (Turner & Seder-
berg, 2012).

The model had two free parameters that esti-
mated attention to task-relevant and task-irrelevant
stimuli, as described in the main text. To estimate
the model parameters in a Bayesian framework,
we specified the following uniform prior distribu-
tions:

α∼uð0,1Þ,

β∼ uð0,1Þ:

We fitted the model using 1,000 iterations of the
MCMC algorithm with 20 chains. The first 200 iter-
ations of each chain were used as a burn-in period
and discarded from the analysis. Best-fitting
parameter values for each participant were calcu-
lated using maximum a posteriori estimates. These
best-fitting parameter values for each participant
were the basis of the statistical analyses presented
in the main text. We also used these parameter
values to generate the model-predicted proportion
of each response in each condition according to the
equations summarized above. These model-gener-
ated data are presented in Figure 2A of the main
text.
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