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19 this information is unrelated to lesson goals, but may instead benefit learning when the information is goal-
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Abstract

Attention control regulates efficient processing of goal-relevant information by suppressing
interference from irrelevant competing inputs while also flexibly allocating attention across
relevant inputs according to task demands. Research has established that developing attention
control skills promote effective learning by minimizing distractions from task-irrelevant
competing information. Additional research also suggests that competing contextual information
can provide meaningful input for learning and should not always be ignored. Instead, attending to
competing information that is relevant to task goals can facilitate and broaden the scope of
children’s learning. We review this past research examining effects of attending to task-relevant
and task-irrelevant competing information on learning outcomes, focusing on relations between
visual attention and learning in childhood. We then present a synthesis argument that complex
interactions across learning goals, the contexts of learning environments and tasks, and developing
attention control mechanisms will determine whether attending to competing information helps or
hinders learning.

Keywords: attention control, executive attention, attention flexibility, context, learning
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Visually attending to competing or distracting information is often viewed as a processing
failure. While there are scenarios where distraction hinders learning, the complexity generated by
competing information may also offer rich input for learning. Here we argue that whether
competing information hinders or helps learning likely depends on multiple factors, including the
learning context and the developmental state of attention control and learning and memory
systems. Although we will primarily focus on formal learning environments in which learning
goals are more clearly defined (e.g., controlled laboratory tasks, classrooms), we will also consider
how attending to competing information may influence learning in informal contexts without a
defined learning goal. We focus this review as much as possible on literature specific to early and
middle childhood (i.e., 3-10 years of age) to align the discussion with broader issues in education
and learning spaces.

Attention control is often equated with executive attention, the ability to select goal-
relevant information while suppressing irrelevant competing information (Burgoyne & Engle,
2020). Yet daily adaptive behavior requires focusing on high-level task goals while also remaining
sensitive to novel or changing contexts (Chevalier, 2015; Dajani & Uddin 2015). For example, one
might have the goal of making a jelly sandwich and must execute a series of subtasks in sequential
order to successfully complete this goal (Desrochers et al., 2016). Within each sub-task, one must
be sensitive to detailed contextual visual information. If someone has moved the jar of jelly from
its habitual cupboard location, one must engage attention control to arbitrate among possible
locations the jar could be found while also inhibiting attention to irrelevant objects and locations,
all while maintaining the high-level goal of making the sandwich. Thus, attention control
comprises both executive attention as well as the ability to flexibly allocate attention in service of

a broader goal (Braem & Egner, 2018; Diamond, 2013). We will first describe the development of

John Wiley & Sons

Page 4 of 82



Page 5 of 82

oNOYTULT D WN =

Wiley Interdisciplinary Reviews: Cognitive Science

these attention control mechanisms and review research demonstrating that attending to irrelevant
or extraneous competing information can hinder children’s learning in childhood. Next, we will
describe evidence indicating that contextual information can provide meaningful input for learning
and attending to this relevant competing input can facilitate and broaden the scope of learning.
Finally, we will synthesize these literatures by reviewing data that suggest that multiple factors
may define whether attending to competing information is a useful part of the learning process.
Rather than assuming that all competing information will hinder learning, we argue that the
learning goals and context, paired with developing attention control and memory processes,

influence children’s learning in the presence of competing information.

Developing Attention Control

We live in complex, dynamic environments that contain multiple sources of competing
sensory inputs. To avoid information overload, we rely on attention to select a subset of these
inputs and enhance processing of the selected information (Luck & Vecera, 2002; Oakes & Amso,
2018). Learning environments typically contain a wide range of multisensory information and past
research has shown that the presence of redundant audiovisual cues may promote children’s
learning to a greater extent than visual or auditory cues alone (Broadbent et al., 2018, 2019).
However, while researchers have begun to examine the development of multisensory attention
control mechanisms (Matusz et al., 2015, 2018, 2019; Turoman et al., 2021), most research linking
developing attention control to learning outcomes has focused on children’s attention to competing
visual inputs. We will therefore primarily focus on visual attention mechanisms that allow for
selection of relevant information and suppression of competing information in the visual

environment. This concurrent selection and suppression results in sharpened visual processing of
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objects and locations and provides input for subsequent perception, action, and learning and
memory systems (Amso & Scerif, 2015; Carrasco, 2011, 2014; Markant et al., 2015; Zhang et al.,
2011).

Posner and Petersen’s (Petersen & Posner 2012; Posner & Petersen, 1990) seminal model
defined three separate but interrelated attention processes, including alerting, orienting, and
executive attention. Alerting maintains a state of arousal and readiness to respond to external
information. Orienting involves shifting attention to select information in the environment, which
can occur either with a concurrent eye movement (overtly) or independent of an eye movement
(covertly). Finally, executive attention processes resolve conflict between competing sources of
input in order to efficiently select goal-relevant information (Fan et al., 2003; Posner & Rothbart,
2009). Executive attention is one component of a broader set of executive functions (e.g.,
Diamond, 2013), with executive attention mechanisms specifically supporting top-down guidance
of attention and inhibition of task-irrelevant information (e.g., Rothbart et al., 2007; Tiego et al.,
2020).

Researchers have relied on a broad range of tasks to examine these attention processes. The
development of attention orienting has been studied extensively using visual search tasks, in which
a single target item appears among a varying number of competing distractors (Treisman &
Gelade, 1980). When the target and distractors share multiple features there is increased
competition across stimuli in the search array. In this case, increasing the number of distractors
slows search times, reflecting the increased effort associated with selecting the target from among
multiple competing distractors (e.g., Treisman & Gelade, 1980). Studies using visual search tasks

have demonstrated that target selection becomes increasingly accurate and efficient between one
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and ten years of age (Donnelly et al., 2007; Gerhardstein & Rovee-Collier, 2002; Scerif et al.,
2004; Trick & Enns, 1998).

Researchers have examined the development of executive attention using tasks that require
inhibiting competing or conflicting information for effective task performance. Early foundations
of executive attention can be measured using tasks that require control over eye movements. For
example, in the antisaccade task individuals respond by looking away from a visual cue, requiring
them to inhibit an initial tendency to automatically fixate the cue. Four-month-old infants can
inhibit orienting to a visual cue (Johnson, 1995), and by 12- to-18 months of age toddlers can
additionally orient to the opposite, noncued location (Scerif et al., 2005). Researchers have used a
range of additional tasks that require inhibiting dominant responses to respond to arbitrary rules
or conflicting information (e.g., Simon Says, Tower, Day-Night Stroop) to demonstrate rapid
improvement in executive attention skills between 3 and 5 years of age (see Garon et al. 2008 for
review). These developing executive attention skills have also been observed in studies using the
Flanker task (Eriksen & Eriksen 1974) and Attention Network Task (Fan et al., 2002), in which
participants indicate the directionality of a central arrow while ignoring surrounding arrows.
During some trials the competing arrows point in the same direction as the target, but during other
trials they point in the opposite direction, requiring increased executive attention to resolve the
competition with the target. Children show improved performance on this task from 4 to 6 years
of age (e.g., Rueda et al., 2004; 2005) but also continue to show increasingly efficient executive
attention skills into middle childhood, especially between 5 and 8 years of age (see Best et al.,
2009 for review). Studies using the antisaccade and Flanker task have also shown that the ability
to engage executive attention continues to develop into early adolescence (Hwang et al., 2010;

Luna, et al., 2004; Waszak et al., 2010). For example, in a study examining the development of
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attention orienting and executive attention skills from 6 to 89 years of age, children’s orienting
skills reached adult levels by age 10 but 15-year-old adolescents continued to show poorer
executive attention performance (Waszak et al., 2010). Thus, while children show significant
improvements in executive attention in early childhood these skills continue to develop gradually
through childhood and early adolescence. These age-related changes in executive attention are a
core component of developing attention control as they allow for increased focus on task-relevant
information and reduced interference from competing, task-irrelevant information.

Attention control also requires an ability to flexibly shift attention to new information when
task demands change. This flexibility reflects the integration of multiple processes as individuals
must detect changes in task contexts, disengage from currently selected targets, and shift attention
to information that is relevant to new task goals (Dajani & Uddin, 2015). Researchers have studied
the development of attention flexibility using tasks in which stimulus features that were initially
irrelevant become relevant for successful task performance (see Hanania & Smith 2010 for
review). For example, in the Dimensional Change Card Sort (DCCS) task, participants sort cards
based on a single feature (e.g., shape), while ignoring a second feature (e.g., color). The rule is
then switched and participants are instructed to sort cards based on the previously ignored feature.
Three-year-old children typically have difficulty sorting based on a previously ignored feature, but
by 5 years of age children successfully sort based on the new rule (e.g., Brooks et al., 2003; Frye
et al., 1995; Kirkham et al., 2003; Perner & Lang, 2002; Towse et al., 2000; Zelazo et al., 1996).
Compared to adults, young children spend more time looking at the irrelevant feature (Chevalier
et al. 2010) and children show enhanced performance when the task design facilitates focusing on
only the relevant information (Bohlmann & Fenson, 2005; Brace et al., 2006; Diamond et al., 2005;

Kirkham et al., 2003; Kloo & Perner, 2005; Towse et al., 2000). These results suggest that
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successful performance on this task reflects improvements in the ability to flexibly shift attention
across relevant stimulus features. Although children typically show successful performance on the
DCCS by age 5, studies using more complex tasks have shown that attention flexibility continues
to develop after this age (e.g., Amso et al., 2014, 2019; Dick, 2014). For example, during the
modified Flexible Item Selection Task (e.g., Blair & Razza 2007; Jacques & Zelazo 2001),
participants select two objects from a larger array based on a single matching feature (e.g., color).
On subsequent trials participants are asked to select new object pairs that match based on a
different feature (e.g., shape). Children showed improvements in their ability to flexibly shift
across features during this more complex task from 6 to 8 years of age, and performance reached
adult levels by 10 years of age (Dick, 2014). This improving flexibility over childhood may reflect
qualitative changes in children’s use of strategies (Chevalier, 2015) as well as increased working
memory capacity and reduced interference from irrelevant information (Cragg & Chevalier, 2012).

The DCCS requires shifting attention across multiple features within a single stimulus.
Children also develop increasing control over their ability to flexibly allocate attention across
multiple stimuli or locations. Previous work using a range of tasks (e.g., flanker, visual crowding,
multiple object tracking) has shown that younger children allocate attention broadly but can focus
attention more narrowly with age (Bondarko & Semenov, 2005; Enns & Girgus, 1985; Jeon et al.,
2010; Pasto & Burack, 1997; Wolf & Pfeiffer, 2014). For example, Pasto & Burack (1997)
examined 4-, 5-, 7-, and 9-year-old children and adults’ ability to rapidly respond to targets while
ignoring distractors that appeared at varying distances (< 1 vs. 5.7 degrees) from the target.
Compared to when distractors were absent, 4-year-old children responded more slowly when any
distractors were present, regardless of their distance from the target. However, their filtering of

more distant distractors improved when a visual cue limited attention to the space around the target.
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Older children were slower only when distractors were located close to the target and adults
showed similar responses regardless of whether distractors were present or absent (Pasto &
Burack, 1997). These results suggest that young children distribute attention broadly and have
difficulty independently scaling attention to narrowly focus on a target location. Enns and Girgus
(1985) also examined 8- and 10-year-old children and adults’ ability to rapidly classify stimuli by
either selectively focusing on a single feature or attending to multiple features. All participants
responded more slowly when selectively attending to stimuli that were located close together or
when attending to multiple features that were spaced far apart. However, the youngest children
showed the largest response time costs in both of these cases, suggesting that they had increased
difficulty scaling their attention as task demands changed (Enns & Girgus, 1985). Overall, these
results demonstrate that children distribute attention more broadly in early childhood and develop
increasing control over the ability to flexibly scale attention based on changing task demands.

In sum, the development of attention control includes improvements in executive attention
skills that support children’s ability to resolve conflict across competing inputs and efficiently
select goal-relevant information. Children show significant improvements in these executive
attention skills between 3 and 5 years of age, but these skills continue to become more refined
through middle childhood and into early adolescence. However, developing attention control is
also characterized by increased flexibility in attention allocation. Children become better able to
shift attention across multiple relevant inputs or to newly relevant information during early and
middle childhood, with the most robust improvements occurring by 10 years of age. Although
children also show dramatic improvements in their ability to narrowly focus on task-relevant
targets in early childhood, the ability to flexibly scale attention either broadly across multiple

stimuli or more narrowly based on task demands continues to develop into middle childhood. The
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development of attention control thus involves achieving a balance between efficiently selecting

targets and flexibly allocating attention based on task demands.

Attending to Task-Irrelevant Competing Information Hinders Learning

Researchers studying attention and learning typically emphasize the importance of
attention orienting and executive attention for learning. Many studies have demonstrated that
improvements in children’s ability to efficiently select task-relevant stimuli and ignore task-
irrelevant distractors promotes enhanced learning and memory for the attended information
(Blanco & Sloutsky, 2019; Deng & Sloutsky, 2016; Hagen & Hale, 1973; Markant & Amso, 2013,
2014, 2016; Plebanek & Sloutsky, 2017). For example, in an early incidental learning paradigm,
Hagen and colleagues (Hagen & Hale, 1973) showed 7-13- year-old children cards containing a
target image (e.g., animal) and a second competing non-target image (e.g., household object).
Participants were instructed to remember the location of the target image and researchers later
assessed their memory for the target location and their incidental learning of the pairing between
the target and nontarget images. All children showed better memory for target locations without
competing images present and the oldest children showed poorer incidental learning of target-
nontarget pairs, suggesting increasing selective focus on targets with age (Hagen & Hale, 1973).

The presence of competing visual or auditory information can also hinder children’s
learning in academic or classroom contexts. Individual differences in developing selective
attention skills predicted classroom learning efficacy among kindergarten students (Erickson et al.,
2015) and relates to academic performance more broadly across development (Stevens & Bavelier,
2012). Fisher et al. (2014) compared kindergarten students’ learning of science lessons that were

taught in classrooms without visual displays versus classrooms that were richly decorated with
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multiple sources of potential visual distraction (e.g., science posters, maps, artwork). During the
lessons, researchers observed the children’s attention to the instructor, visual displays, and other
aspects of the environment. Children who experienced the richly decorated classroom showed
reduced engagement with the science lessons, spent more time looking at the visual displays, and
demonstrated poorer learning of the lesson content (Fisher et al., 2014). Eight- to twelve-year-old
children also showed poorer spatial attention and memory performance when they were tested in
a richly decorated vs. a sparsely decorated space (Rodrigues & Pandeirada, 2018). These effects
also extend beyond classroom environments to specific learning materials. Kaminski & Sloutsky
(2013) presented kindergarten, first- and second-grade students with bar graphs that contained
perceptual features that were irrelevant to the mathematical concept conveyed by the graph. The
presence of this irrelevant information interfered with children’s ability to accurately read the
graphs, especially at younger ages (Kaminski & Sloutsky, 2013). Eng et al. (2020) similarly
examined effects of extraneous story book illustrations on first- and second-grade students’
attention and reading comprehension. Children viewed a book in which a portion contained
standard illustrations while the remainder was presented with extraneous illustrations removed.
Children were less likely to look away from the text and showed improved story comprehension
when the extraneous illustrations were removed.

Some of these studies have further found that these effects are exacerbated for children
who are prone to attend to competing visual or auditory information due to immature or atypical
attention skills. Massonnie et al. (2019) used idea generation tasks to assess the effects of
moderate-level classroom noise on 5-8 and 8-11-year-old children’s creativity. The researchers
also assessed children’s performance on a Stroop executive attention task that required inhibiting

conflicting information to correctly identify task-relevant targets, with more mature executive
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attention characterized by faster target responses despite the presence of conflicting information.
Older children’s creative responses were not affected by the presence of classroom noise. In
contrast, the impact of classroom noise on the younger children’s creativity was influenced by
individual differences in their attention skills. Specifically, those with more mature executive
attention showed similar levels of creativity regardless of classroom noise. However, those who
showed poorer executive attention performance were less creative in the presence of classroom
noise, suggesting that they may be more susceptible to distraction during classroom activities
(Massonnie et al., 2019). Similar effects have been observed using video stimuli designed to
simulate classroom environments. Five- to thirteen-year-old typically developing children and
children with autism spectrum disorders (ASD) viewed instructional videos that appeared either
without peripheral visual information or with multiple images appearing in the background
(Hanley et al., 2017). All children spent more time looking at the background images when they
were present but this effect was enhanced among children with ASD, with more severe autistic
symptoms and poorer sustained attention skills predicting increased looking to the competing
peripheral information. Overall, these studies suggest that extraneous visual or auditory
information in classroom settings can negatively impact learning, particularly for children with
poorer attention skills who may have more difficulty inhibiting attention to this competing

information.

The Value of Considering Learning Contexts
Researchers often ensure that laboratory-based experiments examining attention and
learning include clearly defined tasks with distinct goal-relevant targets and competing

information (i.e., distractors) that is irrelevant for successful task completion. In these “context-
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independent” tasks, efficient performance requires a selective focus on the target and suppression
of the competing distractors (Ackerman, 1990). Attending to competing information in this context
would be expected to hinder learning of the target. For example, a series of studies using a spatial
cueing task demonstrated that engaging visual selective attention to select a target while inhibiting
attention to a competing spatial location supported enhanced memory for the attended target.
During the spatial cueing task participants focused on a central location while a salient cue
appeared in the periphery. After a brief delay a target object appeared in either the same cued
location or in the opposite, noncued location. A short cue-target delay (< 250 ms) facilitates
orienting responses to targets appearing in the cued location, whereas longer delays elicit an
inhibition of return (IOR) response in which orienting to the cued location is suppressed and
participants are biased to select targets appearing in the noncued location (Posner, 1980; Posner
1985). In a subsequent memory task, infants, children and adults consistently showed enhanced
recognition memory when they engaged this IOR response to select the target while inhibiting
orienting to the previously cued location (Markant & Amso, 2013, 2014; Markant et al., 2015).
Thus, in this context-independent task, the ability to efficiently suppress competing information
during target selection was related to enhanced learning about the selected information.

However, one can envision a learning context where competing information is not arbitrary
but instead provides meaningful input for learning. For example, the spatial context in which a
child typically plays with a toy (e.g., their playroom) may provide cues that facilitate their attention
to and learning about the toy. A rich adult literature has extensively considered how these scene
semantics influence both attention and learning. A classic example used in Loftus & Mackworth
(1978) is a line drawing of a farmyard with objects strewn about including a tractor on one trial

and an octopus in the same location on another trial. Observers attended more to the octopus, even
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when in the same location, as it was incongruent with the scene context. This top-down mechanism
involves goal-directed attention control (Hayhoe et al., 2003; Jovancevic et al., 2006) paired with
prior learning of scene content (Neider & Zelinsky, 2006; Henderson et al., 2009; Tatler et al.,
2010). Wu, Wick, and Pomplun (2014) argue that scene semantic content or contextual
information is processed in a memory-based manner and indeed this memory guides visual
attention (memory-guided attention). In our view, the content of competing information must be
considered in any discussion of attention control for learning, since children often bring prior
knowledge to real-world scenes and learning environments.

Indeed, research using learning and memory paradigms has confirmed that the presence of
competing contextual information that is task relevant can facilitate learning. For example, when
a target is learned in relation to a repeated background context, the competing nontarget
information may be encoded broadly as target relevant. When presented later in isolation in a
subsequent memory task, the target may not be recognized as familiar because it is no longer
presented paired with the previous context. Consistent with this idea, infants’, children’s, and
adults’ memory performance can be disrupted by changes to contextual information (e.g.,
background colors, scene information) that was reliably present during target encoding (e.g., Edgin
et al., 2014; Hayes et al., 2007; Hayne et al., 2000; Jones et al., 2011). Edgin et al. (2014) found
non-linear changes in the extent to which changing contextual information disrupted memory
encoding from 3 to 16-years of age. Participants encoded target objects that were learned in the
context of naturalistic scenes (e.g., a table within a dining room). During a subsequent recognition
memory test, the target objects appeared either within the same scene context or on a white
background. Although children younger than 4.5 years and older than 13 years of age both had

more difficulty recognizing target objects when the context was changed, the authors attributed
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younger and older children’s use of contextual information during encoding to different underlying
mechanisms. Specifically, they argued that the youngest children encoded the targets and their
context into a single unified representation, whereas the oldest children’s increased reliance on
contextual information reflected an increased ability to remember scene details and link them to
the target. This pattern of results suggests that developing memory skills allow children to
increasingly recognize target-context associations and flexibly use relevant contextual information
during learning (Edgin et al., 2014).

These findings suggest that more work needs to be done to understand the mechanisms that
contribute to poorer memory for targets in the presence of competing contextual information, as
well as those that boost learning when relevant contextual information is available. Indeed, unlike
experiments in which “task-relevant” targets and “task-irrelevant” distractors are clearly defined,
the competing information that is present in young children’s daily learning tasks often cannot be
easily classified as goal-irrelevant noise. It is in these “context-interactive” situations that attending
to competing information that is meaningful to ongoing tasks can facilitate task performance
(Ackerman, 1990). While most work has emphasized the importance of executive attention for
effective learning, additional research has demonstrated that young children’s broader distribution
of attention may facilitate learning from both target and competing non-target information. In their
incidental learning paradigm described earlier, Hagen and Hale (1973) found that younger children
showed enhanced incidental learning of the target/non-target image pairs, suggesting that their
broader distribution of attention promoted learning of both target and competing information. In
more recent work, Deng and Sloutsky (2015, 2016) found age-related changes in children’s
processing of non-target information during category learning tasks. In these studies, 4- and 6-7-

year-old children and adults viewed items from two categories of novel alien creatures consisting
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of seven features (i.e., head, body, hands, feet, antennae, tail, body mark). One of these features
(the “deterministic feature”) could be used to reliably distinguish between the two categories. The
remaining features (the “probabilistic features™) frequently predicted category membership but
also sometimes appeared on items from the opposite category. As a result, participants could
categorize items based on a single deterministic feature or multiple probabilistic features. Older
children and adults relied on the deterministic feature for categorization and showed better memory
for this target feature, unless attention was intentionally directed to the probabilistic features. In
contrast, 4-year-old children showed similar memory for deterministic and probabilistic features,
regardless of their categorization strategy, suggesting that they attended to and learned from a
broader range of information (e.g., Deng & Sloutsky, 2016). Compared to adults, 4-5-year-old
children also showed enhanced memory for irrelevant features during a visual search task and were
more likely to notice changes that occurred on irrelevant, uncued objects (Plebanek & Sloutsky,
2017). These findings suggest that young children’s broader distribution of attention promotes
learning from both task-relevant targets and competing, non-target information.

This broader distribution of attention can be especially beneficial when the competing
information is meaningful to an ongoing learning task. In a study similar to those described above,
4-year-old children and adults completed a learning task in which two categories of novel alien
creatures could be defined based on a single deterministic feature or multiple probabilistic features
(Blanco & Sloutsky, 2019). Each exemplar also contained a feature that was initially irrelevant for
categorization, but then became the defining feature midway through the task. Adults showed a
larger performance cost after this shift, suggesting that they focused narrowly on the initial
deterministic feature while ignoring the irrelevant feature and had difficulty learning about this

feature when it became relevant. Young children’s broader attention may have allowed them to
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more quickly shift to learning about the previously irrelevant feature when it became meaningful
for the ongoing task (Blanco & Sloutsky, 2019). Additional work has shown similar beneficial
effects of broadly distributing attention on the ability to learn from relevant competing information
in both infancy (Best et al., 2013) and in older adulthood (Amer et al., 2016; Weeks & Hasher,
2014). Taken together, these findings suggest that younger children are more likely to attend to
competing information, rather than focusing narrowly on task-relevant targets, and that this
broader attention to competing information may be especially beneficial for learning when the
content is relevant to an ongoing task.

These studies demonstrate that attending to competing contextual information can benefit
learning when the information is relevant to task goals. One challenge is how to define learning
environments that are context-interactive, in which competing information is meaningful for
learning, versus those in which competing information will interfere with task goals and detract
from learning. One possibility is that in novel contexts, learning or information-gathering is always
part of the broad goal. In such cases, attending to competing information offers an opportunity to
build scene semantic content or object category information. Moreover, learning tasks and goals
may be clearly defined within formal learning environments (e.g., classrooms) but more difficult
to explicitly identify within informal learning contexts (e.g., free play). Thus, the distinction
between meaningful context versus unhelpful distraction can depend on the learning environment.
Defining the task-relevance of competing information may also depend on the extent to which the
learning environment contains redundant features that can support learning. For example, Kloos
and Sloutsky (2008) found that categories with only one defining feature were learned most
effectively when participants’ attention was explicitly directed to this feature, whereas

unsupervised learning without any explicit instruction was more effective when multiple features
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predicted category membership. These results indicate that the structure of the learning task (i.e.,
feature redundancy) influenced whether attending to competing information was beneficial for
learning.

As described above, the benefits of ignoring task-irrelevant competing information for
learning have been observed in a range of learning tasks and environments, including controlled
laboratory tasks, formal classrooms, computer-based lessons and specific learning materials. To
date, researchers have relied on a narrower range of tasks to demonstrate that attending to task-
relevant competing information can facilitate children’s learning, although work with older adults
has identified this benefit across multiple paradigms (e.g., Amer et al., 2016; Weeks & Hasher,
2014). Future research can investigate whether there are differential impacts of task-relevant and
-irrelevant sources of competing information across varying learning environments and tasks. In
particular, research can further examine how attending to relevant competing information affects
children’s learning in both formal learning environments with clearly defined learning goals as
well as informal learning environments in which learning goals are less well defined. In the
sections below we review available evidence suggesting that developing attention control skills

will support more effective learning from relevant competing information in both contexts.

The Value of Developing Attention Control: Defined Learning Goals

Although the research described above has shown that young children may more readily
learn from a wider range of both target and competing non-targets (Blanco & Sloutsky, 2019; Deng
& Sloutsky, 2015, 2016; Hagen & Hale, 1973; Plebanek & Sloutsky, 2017), additional data suggest
that taking advantage of relevant contextual information during target learning requires developing

attention control. In a series of studies, Ackerman and colleagues (Ackerman 1986, 1987a, 1987b;
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Ackerman et al., 1989) demonstrated that processing conceptual links between target and non-
targets can facilitate learning. In these studies, children and adults completed an oddity task in
which they viewed three words and were asked to identify and remember a target word that was
conceptually distinct from the remaining words. During easy trials the target word (e.g., nurse)
was clearly unique from the non-targets (e.g., rain, snow), whereas during hard trials it was more
closely related to the non-targets (e.g., doctor, dentist). At all ages, participants showed enhanced
recall for target words encoded during the hard trials. These results suggest that attending to and
contrasting the targets and non-targets during the hard trials facilitated encoding, whereas focusing
on the conceptually distinct targets during the easy trials was less beneficial for learning
(Ackerman 1990; Ackerman et al. 1989). However, the youngest children were less likely to
engage in this more difficult contrastive processing during trials in which they could rely on the
researcher to identify the unique target word (Ackerman et al., 1989). These results demonstrate
that the presence of relevant competing information can benefit children’s learning, but young
children will not always automatically take advantage of this information.

More recent work similarly demonstrated that the mere presence of relevant competing
information does not necessarily benefit children’s learning. Remington et al. (2019) examined
whether lesson-relevant and -irrelevant classroom decorations differentially affected learning
among 7- to 14-year-old typically developing children and those diagnosed with ASD. Children
viewed instructional videos in which a teacher appeared in a sparse display without any peripheral
images or in a highly decorated display containing background images that were either relevant or
irrelevant to ongoing story book lessons. Following the lessons children were tested on their
knowledge of the primary lesson topics as well as the background visual information. Children in

the ASD group remembered more details about the irrelevant background images, but overall
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children showed similarly effective learning of the primary story lessons in the context of both
relevant and irrelevant background images (Remington et al., 2019). Like Ackerman et al. (1989),
this research suggests that children do not always automatically process relevant contextual
information when it is available. Instead, developing attention control skills that affect children’s
selection of relevant vs. irrelevant competing information may affect learning to a greater extent
than the mere presence of this information. As described above, prior studies have found that the
extent of children’s looking to irrelevant competing information was an important predictor of
learning outcomes (Erickson et al., 2015; Fisher et al., 2014; Hanley et al., 2017). Consistent with
this, additional work found that 4-8-year-old children’s learning from relevant non-targets during
a visual search task was predicted by both their attention skills and their looking to the relevant
information during search (King & Markant, 2020). Children completed an initial encoding task
and a secondary visual search task that included a subset of objects from encoding as non-targets.
These objects were labeled “relevant non-targets” since they were related to the initial learning
task but were not central to the visual search task. Individual differences in developing attention
skills were assessed based on children’s response times to detect the target object during the search
task. Finally, participants completed a recognition memory task that included all of the objects
presented during encoding. Children showed overall better memory for objects that appeared as
relevant non-targets, with the extent of this benefit predicted by children’s developing attention
skills and patterns of looking to the relevant non-targets during search. Children with more
efficient attention skills showed a larger learning benefit only if they also engaged in increased
scanning of the relevant non-targets following target detection (King & Markant, 2020). These
results suggest that children’s learning from relevant competing information is an active process

that requires developing attention skills to support effective search strategies.
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Overall, several studies have indicated that young children with poorer selective attention
skills may learn more from competing non-target stimuli due to their broader attention allocation
(Blanco & Sloutsky, 2019; Deng & Sloutsky, 2015, 2016; Hagen & Hale, 1973; Plebanek &
Sloutsky, 2017). However, additional work also suggests that children’s ability to learn from task-
relevant competing information may depend on developing selective attention control (King &
Markant, 2020). Blanco and Sloutsky (2019) argued that young children’s more distributed
attention may allow them to learn from a wider array of information whereas older children and
adults may be able to more flexibly control their attention to shift between selective or distributed
attention or shift attention across multiple sources of input. Thus, developing control over attention
may allow for more effective learning from contextual information as increasing flexibility
supports attention to multiple sources of relevant input (Hanania & Smith, 2010) while
increasingly efficient selection supports enhanced processing of attended information (Markant &

Amso, 2013, 2014).

The Value of Developing Attention Control: Undefined Learning Goals

Developing attention control may also be important for children’s learning in informal
learning contexts characterized by multiple sources of sensory input but no clearly identified
learning goal. Effective learning within these contexts requires learning the structure of the
environment while remaining sensitive to relevant information that occurs across multiple inputs.
Because complex, dynamic environments contain vast amounts of potentially relevant
information, individuals must adopt a search strategy that balances information gathering
(“exploration™) with effective use of the acquired information (“exploitation”; Gopnik 2020;

Nussenbaum & Hartley, 2019). Strategies weighted more towards exploration are aimed at
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gathering a wider range of information, rather than maximizing the value of available information.
Alternatively, individuals can more narrowly align their search based on the value of available
information and strategically adjust their search as these values change (Gopnik 2020;
Nussenbaum & Hartley, 2019).

Researchers studying reinforcement learning, value-based decision making, and causal
learning have found that young children are more likely to engage in broad exploratory strategies
rather than responding based on utility or reward outcomes (Gopnik et al., 2015, 2017; Lucas et
al., 2014; Nussenbaum & Hartley, 2019; Schulz et al., 2019). Younger children show this increased
exploration despite being able to correctly identify the most valuable reward option (Plate et al.,
2018). Instead, this broader exploration may reflect young children’s less fixed knowledge about
their environments, prompting them to more readily shift search behaviors. For example, among
5-, 6-, and 7-year-old children, only the youngest children generated novel problem-solving uses
for a tool, regardless of whether they were initially informed of the conventional use of the tool
(German & Defeyter, 2000).

Researchers have argued that visual attention, like exploration, functions as a search
mechanism aimed at reducing uncertainty about the environment (e.g., Gottlieb 2012, 2018). From
this perspective, young children’s broader distribution of attention may parallel their increased
exploration and reflect increased uncertainty about their environment. Blanco & Sloutsky (2020)
examined the relationship between attention and exploration during 4-year-old and adults’
performance on a value-based decision-making task in which a perceptually salient cue indicated
either the highest or lowest value choice. Introducing this salient attention cue interfered with
children’s systematic exploration of response options but had little effect on adults’ exploitation

of high-value choices. These results suggest that adults selectively attend to value whereas children
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attend to a broader range of information in support of systematic exploration (Blanco & Sloutsky,
2020).

Young children’s broad distribution of attention may be especially adaptive in undefined
learning contexts and/or in novel contexts when pre-existing knowledge about the structure of the
environment is limited. Attending to a wider range of information ensures that children remain
sensitive to novel information that may become relevant for learning (Blanco & Sloutsky, 2019;
Rich & Gureckis, 2018). However, the tradeoff of this broad attention distribution is that the
quality of information processing of attended information is reduced (Blanco & Sloutsky, 2019).
Thus, as the structure of the environment or task context is learned, attention control may become
increasingly adaptive to allow for suppression of competing information that is understood to be
irrelevant while also flexibly shifting attention across relevant inputs. This shift from broad
distribution of attention to increasing strategic control over attention may parallel observed
developmental shifts from broad exploration to increasingly strategic exploration. For example,
compared to children, adults more rapidly adjusted their search strategies to consistently select the
highest-valued options, despite showing similar levels of initial exploration (Plate et al., 2018).
These results suggest that adults are better able to strategically control the extent of their
exploration as they learn the structure of the task. As children acquire knowledge, developing
attention control may similarly allow them to strategically attend to and learn from multiple

sources of relevant input while ignoring irrelevant competing information.

Summary

Competing information can provide rich input for learning — and should not always be

ignored. But whether the presence of this competing information will help or hinder learning will
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depend on multiple factors, including the learning goals of the developing child, the learning

context that determines the relevance of competing information to ongoing tasks, and children’s

oNOYTULT D WN =

ability to engage attention control to select relevant information and encode relations across
10 multiple sources of relevant inputs. Future research should be aimed at understanding how these
complex interactions across learning contexts and developing attention and memory systems shape

15 children’s learning in dynamic environments.
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Figure 1. An illustration of the effects of learning context, attention control, and relational
encoding on children’s learning. (A) In the context of a clearly defined learning task occurring in
the context of irrelevant competing information, engaging attention control promotes learning by
supporting efficient target selection and suppression of competing distractors. In this case,
attending to goal-irrelevant competing information and encoding relations between the target and
competing distractors would be detrimental for learning. For example, attending to unrelated or
extraneous contextual information during a science lesson can be detrimental to learning. (B) In
contrast, when competing information is relevant to an ongoing learning task attending to this
information can benefit learning. In this case attention control remains valuable as efficient
selection and suppression enhances processing of attended stimuli while flexible attention shifting
allows for selection of both the target and relevant contextual information. Encoding relations
across the target and competing information may boost learning and provide guidance for
subsequent attention orienting. For example, if competing contextual information is related to an
ongoing science lesson, attending to this information and encoding the relations between the
contextual information and lesson material may benefit learning.
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