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EF also varies in the temporal dynamics of how it is engaged [15, 16]. Between 5 and 6 years
of age, children shift from engaging EF reactively, in the moment it is needed, to also engaging
EF proactively, in anticipation of upcoming demands [17–21]. For example, a 4-year-old may
interrupt an ongoing activity to put on a raincoat if she is getting wet, whereas a 6-year-old
may proactively seek the raincoat to put on before heading outside.

Evidence for this developmental transition in the proactive engagement of EF, termed ‘pro-
active control’, has been found using the AX Continuous Performance task (AX-CPT). This
paradigm has been used extensively to measure reactive and proactive control in adults [22,
23, 16] and has been adapted for use with children [18, 21]. In this task, participants must pro-
vide a target response following the presentation of a specific probe (‘X’), but only if it is pre-
ceded by a specific cue (‘A’). On some trials the cue will be invalid (‘BX’ trials), or the probe
will be invalid (‘AY’ trials), or both (‘BY’ trials). AX trials are frequent (typically 70% of all tri-
als), creating a bias to select the target response when ‘A’ or ‘X’ appears (Fig 1). A proactive
strategy is indicated by slowing and errors on AY relative to BX trials. Upon seeing the ‘A’ cue,
proactive individuals should maintain it in mind and anticipate the ‘X’ probe and the need to
provide a target response, which should in turn lead to slowing and errors on AY trials because
this expectation is violated. A proactive strategy is also indicated by faster and more accurate
responses on BX trials such that, upon seeing the ‘B’ cue, proactive individuals maintain it in
mind and anticipate the need to provide the non-target response. (AX and BY trials could be
aided by proactive or reactive control, or by simple prepotency in the case of AX trials, and so
may be less informative.) Three-year-olds use a primarily reactive strategy, as evidenced by an
absence of slowing on AY relative to BX trials and pupillometric indices indicating greatest
effort during probe presentation [18]. Five- and 6-year-olds, on the other hand, show longer
RTs on AY relative to BX trials, and greatest effort during the delay period between the cue
and the probe, suggesting the use of proactive control [24, 21]. This difference between AY
and BX trials increases with age, with 6-year-olds showing longer AY versus BX RTs than
5-year-olds, consistent with proactive control becoming more efficient during this age [21].

Further evidence of this transition comes from a cued task-switching paradigm developed
to assess whether children prepare in advance and the conditions that foster such preparation
[20]. In this task, children are cued to sort bivalent stimuli (e.g., blue and red bears and cars)
by shape or color, and, critically, the timing of the cue presentation is manipulated across three
conditions (Fig 2). In the Proactive-Possible condition, the cue is presented prior to the pre-
sentation of the target stimulus, allowing children to prepare to sort by the indicated dimen-
sion before the target appears. In the Proactive-Impossible condition, the cue is presented at
the same time as the target, such that children cannot prepare how to sort before the target

Fig 1. Child-adapted AX-CPT (reproduced from [18]). Children are presented with a cue (e.g., SpongeBob)
followed by a probe (e.g., watermelon) and must provide the target (press happy face) or non-target response
(press sad face), given the task rules. AX trials require the target response and occur 70% of the time, and
other trials (AY, BX, BY) require the non-target response and each occur 10% of the time. Proactive control
leads to longer RTs and more errors on AY relative to BX trials.
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