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Deciding What to Do: Developments in Children’s
Spontaneous Monitoring of Cognitive Demands

Jesse Niebaum, and Yuko Munakata

University of California, Davis

ABSTRACT—How do children decide which tasks to take

on? Understanding whether and when children begin to

monitor cognitive demands to guide task selection is

important as children gain increasing independence from

adults in deciding which tasks to attempt themselves. In

this article, we review evidence suggesting a developmen-

tal transition in children’s consideration of cognitive

demands when making choices about tasks: Although

younger children are capable of monitoring cognitive

demands to guide task selection, spontaneous monitoring

of cognitive demands begins to emerge around 5–7 years.

We describe frameworks for understanding when and why

children begin to monitor cognitive demands, and propose

additional factors that likely influence children’s decisions

to pursue or avoid cognitively demanding tasks.

KEYWORDS—cognitive development; decision-making;

metacognition

Cognitive tasks that are more difficult typically require thinking

harder than cognitive tasks that are less difficult. Adults are sen-

sitive to these cognitive demands, reporting that more demand-

ing tasks require more cognitive effort and that exerting

cognitive effort feels effortful (Kurzban, Duckworth, Kable, &

Myers, 2013; Saunders, Milyavskaya, & Inzlicht, 2015). Adults

are usually miserly with their cognitive effort, avoiding exerting

unnecessary effort by choosing less demanding tasks over more

demanding tasks (for reviews, see Shenhav et al., 2017; West-

brook & Braver, 2015). Sensitivity to cognitive demands helps

adults conserve effort and efficiently expend effort only on

worthwhile tasks.

Are children as sensitive to cognitive demands as adults? Do

children use cognitive demands to guide their selection of tasks?

Answering these questions is fundamental for theoretical frame-

works across education and cognitive development. For exam-

ple, in achievement motivation theory, children’s perceptions of

effort and demands related to tasks are essential components

driving their developing understanding of competence, which

strongly predicts academic achievement (Nicholls, 1978; Rosen-

zweig, Wigfield, & Eccles, 2019). However, despite extensive

research into children’s motivation to achieve, perceptions of

cognitive effort (framed as costs) have been largely unexplored,

especially in children (Jiang, Rosenzweig, & Gaspard, 2018).

Recent theoretical frameworks for the development of cognitive

control have emphasized children’s growing repertoire of cogni-

tive control strategies (Munakata, Snyder, & Chatham, 2012),

suggesting that age-related improvements in cognitive control

are driven partially by better coordination of control strategies

and effort in response to the demands of tasks (Chevalier,

2015).

Responding to cognitive demands relies on two components of

procedural metacognition: monitoring to assess mental states

while performing a cognitive task and control to coordinate

behavior according to monitoring signals (Nelson & Narens,

1990; Shenhav et al., 2017). Investigations into the development

of metacognition have focused primarily on declarative knowl-

edge and perceptual decisions; in these, monitoring involves
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subjective confidence in learning, and control leads to adapting

behavior to improve learning (Ghetti, Hembacher, & Coughlin,

2013). In this article, we extend this framework to consider

monitoring of the cognitive demands of tasks, and subjective

effort and control in the form of coordinating task selection

according to these demand signals. We outline an emerging lit-

erature suggesting that although young children can monitor and

control behavior according to cognitive task demands, sponta-

neous cognitive monitoring of effort and task selection based on

cognitive demands only begins to emerge at about 5–7 years.

We then discuss factors that influence children’s attention to

cognitive demands in task selection, highlighting areas requiring

additional research to understand more completely the complex-

ity of children’s decisions to pursue or avoid tasks.

DEVELOPMENTS IN SPONTANEOUS COGNITIVE

DEMAND MONITORING AND EFFORT-BASED TASK

SELECTION

Cross-sectional studies have indicated a potential developmental

transition in spontaneously monitoring cognitive task demands,

showing that children generally begin to monitor and coordinate

behavior according to cognitive demands at about 5–7 years.

Many of these studies have used demand selection tasks, in

which participants are presented with two task options that differ

in cognitive demands but are otherwise similar (e.g., Kool,

McGuire, Rosen, & Botvinick, 2010). Participants typically gain

familiarity with each option before deciding on their own which

option to select across a series of trials.

For example, in a demand selection task contrasting cognitive

control demands by manipulating the frequency of rule switches

(e.g., sorting stimuli based on color versus shape; Monsell,

2003), the less demanding option switched task rules on only

10% of trials, whereas the more demanding option switched

rules on 90% of trials. During familiarization with the different

options, adults, 11-year olds, and 6-year olds all exhibited sig-

nals of demand, responding less accurately and more slowly on

rule-switching than on rule-repeating trials (Niebaum, Chevalier,

Guild, & Munakata, 2019). However, only adults and 11-year

olds preferentially selected the less demanding option, whereas

6-year olds selected options at chance levels. Adults and 11-

year olds also reported the less demanding option as easier and

preferred, but 6-year olds did not, suggesting that only the older

children and adults spontaneously monitored cognitive demands

and avoided effort by selecting the less demanding option.

Young children also do not monitor differences between tasks

that vary according to when cognitive control should be

engaged. In another demand selection task, one option encour-

aged proactive engagement of control by showing a sorting rule

prior to a stimulus to sort and removing the rule at the onset of

the stimulus, whereas the other option showed the sorting rule

and stimulus simultaneously, requiring participants to engage

control reactively (Niebaum, Chevalier, Guild, & Munakata, in

press). Participants of all ages responded more quickly on the

proactive option, but 5-year olds were also more accurate on the

reactive option. Adults selected the proactive option, reflecting

their temporal control tendencies (Braver, 2012), and reported

the temporal differences between task options. Ten-year olds

did not select either option more than chance but did monitor

demands, with most reporting differences between options.

Overall, 5-year olds did not preferentially select either option or

reliably report differences between task options. However, about

half of 5-year olds did report task differences; this subset prefer-

entially selected the reactive option, suggesting that the 5-year

olds who spontaneously monitored task differences selected the

option that enabled their preferred control mode and higher

accuracy (Chevalier, Martis, Curran, & Munakata, 2015). This

finding aligns well with research in adults indicating that aware-

ness of demand differences is required for avoiding cognitive

demands (Desender, Buc Calderon, Van Opstal, & Van den

Bussche, 2017).

Another cross-sectional study used a demand selection task

that taxed the approximate number system, requiring partici-

pants to decide which of two dot arrays had more dots. The

easier option presented dot arrays at a 2:1 ratio (e.g., 10 versus

5 dots), whereas the difficult option presented arrays at ratios of

9:10–13:14 (O’Leary & Sloutsky, 2017, 2019). Adults could

identify the easier option and preferentially selected it. How-

ever, even given similar differences in accuracy between the

easy and hard tasks, 5-year olds selected options at chance and

commonly reported no differences in difficulty (O’Leary & Slout-

sky, 2017). Seven-year olds appeared to be in a transitional per-

iod, selecting at chance and reporting no differences in

difficulty in some studies but selecting the easier option more

often than chance in others, although only 30% rated their per-

formance as higher on the easier option compared with the

harder option (O’Leary & Sloutsky, 2019).

Children older than 7 years have consistently spontaneously

monitored cognitive demands to select tasks. Children may

increasingly view cognitive effort as costly like adults, preferring

to avoid unnecessary cognitive demands and conserve their cog-

nitive effort unless presented with enough incentives. For exam-

ple, 8- to 12-year olds chose to complete easier tasks that

involved updating working memory for less reward over more

difficult working memory updating tasks for more reward, similar

to adults (Chevalier, 2018). Greater relative differences between

the difficult and easy tasks in children’s pupil dilation, a com-

mon index of cognitive effort, positively predicted the incentive

needed to complete the harder task, suggesting that children

who put forth more cognitive effort required greater incentive to

complete the difficult tasks (Chevalier, 2018). When given the

option to complete a trial for rewards or skip to a different trial,

9-year olds tended to skip high-effort trials if offered a low

reward but tended to accept low-effort tasks at all reward levels,

indicating that these children considered effort as costly and

integrated cognitive effort and reward when making decisions
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about the tasks (Gatzke-Kopp, Ram, Lydon-Staley, & DuPuis,

2018). Older children also report that more difficult academic

tasks feel more effortful, like adults. For example, 10- to 13-year

olds rated more difficult arithmetic as requiring more effort and

feeling more difficult (Efklides, Kourkoulou, Mitsiou, & Zil-

iaskopoulou, 2006), and in adolescents, a composite survey

measure of costs associated with math, including perceptions of

cognitive effort, strongly predicted self-reported avoidance of

math schoolwork (Jiang et al., 2018).

The age when children begin to spontaneously monitor cogni-

tive demands likely varies based on the complexity, length, and

cognitive domain of the tasks involved. However, these results

collectively indicate that spontaneously monitoring cognitive

demands typically begins to emerge in children at about 5–
7 years. Older children use demand signals more reliably to

select tasks, adaptively controlling their behavior to avoid

unnecessary cognitive effort.

YOUNG CHILDREN CAN MONITOR COGNITIVE

DEMANDS

Although younger children do not spontaneously monitor rela-

tive cognitive task demands, they can select tasks based on

demands when instructed to do so. For example, 5- and 7-year

olds can select an easier dot discrimination task when instructed

to select the easier game before each trial, demonstrating that

children can monitor and select tasks based on subjective sig-

nals of the tasks’ difficulty, at least when relative differences in

difficulty are high (~30% difference between options; O’Leary &

Sloutsky, 2019). When provided only feedback on accuracy, 5-

and 7-year olds did not preferentially play the easier option,

despite more accurately estimating their relative performance on

each task compared to a condition without feedback. Thus, chil-

dren at this age do not reliably avoid demand when not provided

a goal to do so, despite differences in monitoring performance

between task options.

Young children can also use unambiguous visual cues of task

difficulty to select tasks. For example, 5- to 12-year olds

reported that puzzles with more pieces were more difficult, and

children younger than 7 chose to complete easier puzzles, poten-

tially to match their perceptions of competence (Nicholls &

Miller, 1983). When choosing between toys that required differ-

ent combinations of buttons to activate, 5- to 7-year olds reliably

chose to play with toys that had fewer buttons, inferring that toys

with more buttons were more difficult to play (Bridgers, Jara-

Ettinger, & Gweon, 2020). When choosing between sitting at

one of two tables that varied in sticker rewards and the wait time

needed to earn the stickers, 5-year olds integrated described

delay costs and rewards when deciding, choosing the table with

longer wait times only if the number of stickers was sufficiently

higher than at the other table (Liu, Gonzalez, & Warneken,

2019).

WHY DO CHILDREN BEGIN TO INCORPORATE

COGNITIVE EFFORT INTO TASK SELECTIONS?

Increasing Attention to Cues and Signals of Cognitive

Demand

Shifts in what children pay attention to while completing

cognitive tasks could change how they select tasks. For

example, in task-switching paradigms, young children gazed

preferentially at the target object before examining the sort-

ing rule or even ignored the rule cue entirely, whereas older

children and adults were more likely to examine the cue

prior to looking at the target (Chevalier, Dauvier, & Blaye,

2018). Children’s greater neglect of task cues could impede

associations between effort and task options in demand

selection tasks. For example, instead of associating difficult

dot discrimination judgments with a specific option, chil-

dren may only learn that arrays with more proximal ratios

are more difficult.

Children also use feedback differently as they age, which

could result in stronger associations between tasks and

demands. For example, 8- to 9-years olds performed less opti-

mally after negative feedback than adults, whereas adults used

negative feedback to subsequently correct their behavior (Van

Duijvenvoorde, Zanolie, Rombouts, Raijmakers, & Crone,

2008). In the demand selection task requiring dot array discrim-

inations, 5-year olds overestimated their performance with and

without feedback about performance (O’Leary & Sloutsky,

2019). If children do not use negative feedback to adapt behav-

ior and overestimate their own performance, then they may have

less motivation to select less demanding cognitive tasks, unless

the differences in feedback between task options are especially

high.

Adults use many cues about anticipated effort to select tasks,

including past experiences of difficulty (Desender, Van Opstal,

& Van den Bussche, 2017), even when objective signals of

demand are equivalent across task options. In a demand selec-

tion task in which rotated words were read either horizontally or

diagonally, adults preferred to read the words horizontally and

rated horizontal reading as less demanding, even though the

options had similar completion times, rates of error commission,

and eyeblink rates, another proxy of cognitive demand (Dunn,

Lutes, & Risko, 2016). If young children lack sufficient experi-

ence in the cognitive domain assessed, they will not be able to

make inferences about anticipated cognitive demands when

selecting tasks. Young children do select physical tasks based

on anticipated difficulty, potentially because prior experience

enables inferences about their success or failure on a task. For

example, 4- to 5-year olds assigned harder or easier ball- and

ring-toss tasks to themselves or other children according to age,

giving older children more difficult tasks than themselves and

younger children easier tasks (Magid, DePascale, & Schulz,

2018).
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Increasing Capacity to Maintain Task Performance and

Monitor Demands

Strategies to monitor task demands and coordinate behavior

away from demands may not benefit overall performance on

the task. For example, after memorization strategies in learning

paradigms, young children did not benefit as much as older

children from using good strategies, referred to as a utilization

deficiency (Clerc, Miller, & Cosnefroy, 2014). Young children

often struggle to translate these strategies into new but similar

tasks, either failing to use a strategy or performing less opti-

mally despite using a good strategy. Young children may have

limited attentional capacity or working memory to monitor task

demands while both executing the learned strategy and per-

forming the task (Clerc et al., 2014). In tasks assessing moni-

toring and adaptation of cognitive demand, young children

may be unable to perform the local task, like selecting a

majority dot array, while spontaneously monitoring demands

and selecting easier tasks. Young children may also fail to

establish associations between task options and relative cogni-

tive demands because their attention is usually directed toward

local task goals through task instructions rather than toward

maintaining a broader goal to avoid cognitive demands.

Decreasing Interest in the Task

Interest in a task attenuates perceptions of cognitive effort and

reduces avoidance of cognitive demand in adolescents and

adults. Interest in math predicted the proportion of time univer-

sity and high school students spent on mental arithmetic tasks

instead of watching videos or playing a video game, and individ-

uals with higher interest in math reported being less fatigued

after the task, despite spending more time on the seemingly

more effortful activity (Milyavskaya, Galla, Inzlicht, & Duck-

worth, 2018). Adults reported less fatigue from manipulating

four-digit numbers than from watching number strings passively,

suggesting that cognitive effort may be less tiring than boredom

(Milyavskaya, Inzlicht, Johnson, & Larson, 2019). Adolescents

with greater interest in math also reported that math was less

effortful and that they were less likely to avoid difficult math

schoolwork (Jiang et al., 2018; Song, Kim, & Bong, 2019).

Young children may be more interested in simple cognitive

tasks than older children and adults, and interest in a task

could influence how cognitive demands are used to select

tasks with age. After an experimenter demonstrated three

tasks varying in cognitive demands, 4- to 10-year olds could

select tasks based on difficulty when instructed to choose a

task that was not too easy or too hard but “just right” (Dan-

ner & Lonky, 1981). Children’s choices matched not only

their ability but also their self-reported interests in the tasks:

Younger children rated the easier tasks as more interesting

and played them more often, whereas older children rated

the harder tasks as more interesting and played them more

often. Simple cognitive tasks may cause greater boredom for

older children, which may be used as a cost signal for

selecting tasks, with boredom indicating that a task is not

worth the effort (Westgate, 2020).

Emerging Associations Between Effort and Incentives

Although cognitive effort is typically rewarded, young children

may not have developed the association between effort and

reward. Higher rewards after greater effort can result in contin-

ued effort even in the absence of rewards, such as with learned

industriousness, in which effortful tasks that were rewarded pre-

viously become rewarding in their own right because of prior

associations with reward. Adults also change their perceptions

of reward based on the effort expended (for a review, see

Inzlicht, Shenhav, & Olivola, 2018). However, effort and subse-

quent reward may be functionally separate for children younger

than 6 years. For example, 4- and 6-year olds completed high-

or low-effort tasks until they obtained 10 attractive or unattrac-

tive stickers as rewards (Benozio & Diesendruck, 2015). Then,

they completed a game in which they could distribute 10 attrac-

tive or unattractive stickers to another child or keep the stickers

for themselves. Six-year olds kept more stickers for themselves

after the high- than the low-effort tasks, regardless of the attrac-

tiveness of the stickers, suggesting that 6-year olds felt more

deserving of the sticker rewards after effort. However, 4-year

olds kept similar amounts of attractive stickers for themselves

regardless of effort, indicating consistent valuation of attractive

rewards independent of effort. When distributing unattractive

stickers, 4-year olds gave away more stickers after effortful

tasks, suggesting that the value of unattractive rewards did not

increase following effort. Without a history of rewarded effort,

younger children may be less likely to avoid unnecessary cogni-

tive effort, whereas older children—who have had experience

getting rewards—calibrate effort with anticipated rewards.

Children older than 7 years also choose to do more difficult

tasks when they understand that completing these tasks carries

a higher incentive value for external evaluation. For example,

when asked to choose from puzzles labeled with different levels

of difficulty, children ages 7 years and older preferentially

selected the more difficult puzzles (Nicholls, 1978). These older

children also reported that success on the more difficult puzzles

would most please a teacher just before deciding on a puzzle. In

contrast, children younger than 7 years did not reliably report

that succeeding on more difficult puzzles would most please a

teacher, indicating an immature understanding of this incentive

of succeeding on difficult tasks.

CONCLUSIONS AND OUTSTANDING QUESTIONS

Children do not spontaneously monitor cognitive demands to

select tasks reliably until after around 7 years, even though they

can do so when instructed or when cognitive demands are made

salient through other goals. Several developmental changes may

lead to the emergence of spontaneous monitoring of cognitive

effort in childhood. Children’s increased prioritization of task cues
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and use of feedback likely help build associations between speci-

fic tasks and cognitive demands. Children’s increasing cognitive

capacities, especially working memory, could help them maintain

meta-level strategies like avoiding more demanding tasks while

still performing well. Interest in tasks likely changes with develop-

ment, leading to differences in children’s perceptions of effort and

decisions about what to pursue. Lastly, children may increasingly

establish an association between cognitive effort and reward and

increasingly consider cognitive effort as costly.

Several outstanding questions remain. Sensitivity to and

avoidance of cognitive demand are considered adaptive in

adults, enabling the efficient use of cognitive resources (e.g.,

Kurzban et al., 2013; Shenhav et al., 2017). But whether the

same holds true for children is less clear. Avoiding cognitive

demands might preclude children from critical learning opportu-

nities, but sensitivity to cognitive demands might foster learning

opportunities that are developmentally appropriate. Assessments

of cognitive demands in children have typically used self-reports

or explicit choice measures; whether young children show dis-

crepancies between physiological indices of demand, such as

pupil dilation, and self-report or behavioral performance should

be examined further. Individuals also differ in spontaneous

demand monitoring and choices to avoid or seek demand, likely

due to many factors that warrant additional investigation, includ-

ing cognitive skills and traits (e.g., working memory, susceptibil-

ity to boredom). How demands are integrated into the broader

contextual factors that influence task selections likely also

changes with age. Decisions to tackle cognitively demanding

tasks do not occur in isolation; in school and the broader com-

munity, other people and an individual’s values and beliefs play

a role (Doebel, 2020); perceptions of cognitive effort could

reciprocally influence children’s peers and the development of

children’s values and beliefs, including about how to invest cog-

nitive effort and decisions about the value of education. Explor-

ing how social and other contextual factors influence the

monitoring of cognitive effort and task selection, and vice versa,

will be important for a more complete understanding of develop-

mental changes in decisions about what to do.
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