windows points to the costs associated
with plasticity, which cannot be indefi-
nitely sustained. This is one reason why,
after a certain age, learning new lan-
guages and solving amblyopia is so diffi-
cult, and why early experience is in many
cases important for subsequent stages of
life. Recent evidence in rodents suggests
that the spontaneous plasticity of the ner-
vous system is actively reduced by
molecular ‘brakes’ that promote circuit
stabilisation in mature brain function
[13]. Declining plasticity is also ecolog-
ically adaptive: the realities of the perinatal
period mean that the most relevant
potential substrate for imprinting is the
mother bird. If plasticity endured beyond
the critical period, numerous erroneous
substrates — any moving animal — would
likewise trigger imprinting, thus reducing
its adaptive valence. The constraint in
time also serves to constrain candidate
substrates appropriately. A similar effect
may be observed in bird song, wherein
young altricial songbirds learn their
mating songs while still confined to the
nest, which prevents the incorporation of
irrelevant sounds experienced after
fledging.

Considering the balance between priors,
plasticity, and the observed brakes to
plasticity, we argue that evidence from
animal research suggests that (i) Al sys-
tems could benefit from being equipped
with a rich but constrained set of priors
and specialised learning mechanisms
similar to those seen in precocial animal
species, rather than being endowed only
with general purpose, unifying mecha-
nisms, (i) plasticity without priors and crit-
ical periods of expression for these priors
might be associated with costs that pre-
vent effective learning and stable cogni-
tive functions. The ability to shift between
priors and thus direct plasticity may
speed our way to strong Al, while pursu-
ing less-structured Al may help to identify
new and potentially unexpected useful
priors.
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The Little Engine That
Can: Infants’
Persistence Matters

Kelsey Lucca'* and
Jessica A. Sommerville'

Persistence is central to outcomes
across a range of domains: the
harder you try, the further you
get. Yet relatively little is known
about the developmental origins
of persistence. Here, we highlight
key reasons for a surge of interest
in persistence in infancy and early
childhood.

Persistence, the ability and motivation to
engage in sustained effort to overcome
challenges and achieve goals (Figure 1),
is a key predictor of educational attainment
(i.e., graduation rates, grade point aver-
age), positive qualities (e.g., resiliency),
and life outcomes (e.g., job maintenance,
marital success) starting in middle child-
hood [1]. Yet, we know little about the
developmental roots of persistence in
infancy and early childhood. Here, we call
for a new empirical interest in persistence
that capitalizes on and expands upon
recent discoveries in infants’ knowledge,
learning, and behavior. Specifically, we
argue that (i) individual differences in per-
sistence emerge during infancy and influ-
ence later development, (i) persistenceis a
valuable measure of what infants under-
stand and care about across domains, and
(iii) persistence offers a window into meta-
cognitive and decision-making processes.
Below, we marshal the evidence to support
each ofthese claims and point to important
future directions on this topic.

Persistence in Infancy Has
Implications for Long-Term
Outcomes

Much of what is known about early per-
sistence comes from research on a
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Figure 1. Conceptual Model of Persistence and Its Contributors. This conceptual model defines
persistence as the ability and motivation to engage in sustained effort to overcome challenges and achieve
goals and is designed to guide future research on early persistence. Persistence is a multifaceted, multi-
dimensional construct that is both dispositionally and situationally derived. In any given context, young learners’
persistence is influenced by the temperamental traits they approach the task with and factors that are task
specific, both of which are shaped by genetic and environmental influences.

closely allied topic, mastery motivation (i.
e., infants’ interest in exploring and ‘mas-
tering’ their environment). Individual differ-
ences in mastery motivation emerge by 6
months and predict problem-solving skills
at 14 and 30 months of age that, in turn,
predict academic achievement at age 5
years across domains (e.g., vocabulary
knowledge, problem solving [2,3]). While
much of the earlier literature conflated
persistence and competence, making it
difficult to determine their relative contri-
butions, persistence now appears to be a
unigue and independent construct that is
interesting in its own right [4].

Individual variability in persistence is influ-
enced by environmental and contextual
factors. Caregivers with more sensitive
and responsive teaching styles have
infants who tend to persist more in their
exploration of toys [2]; in turn, studies
have shown that heightened exploration
leads to advances in learning [5]. Recent
work shows how concrete experiences
enhance persistence. Demonstrations of
persistent behavior cause infants as
young as 13 months of age to act more
persistently [4]. Moreover, parental praise
of infants’ effortful behaviors predicts aca-
demic motivation 7 years later [6]. Thus,
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research on persistence should target the
first few years of life because that is when
it is most malleable and open to environ-
mental influence. This focus will help us
understand, in detail, how to best design
targeted interventions for enhancing per-
sistence, when it matters most.

Persistence Demonstrates What
Infants Know and Care About
Studying persistence is also a means to
demonstrate what infants know about
and value across a range of domains.
For example, infants’ persistence during
manual search tasks uncovered that
there are slow but significant develop-
ments in inhibitory control in the first 2
years of life [7]. More recently, researchers
have shown that infants’ persistence in
manual search tasks following mathemat-
ically impossible events demonstrates
that they not only track discrete quantities
but also that their numeric representa-
tions are robust enough to drive behavior
[8]. Infants’ persistent use of communica-
tive signals has challenged the long-held
belief that infants’ communicative behav-
iors lack creativity and are driven by ego-
centric  motives.  Instead, infants’
persistence in  their communicative
attempts function to repair their original
message and highlights that their
requests are intentional and tailored to
achieve an efficient transfer of information
[13]. In the domain of prosocial behavior,
infants’ persistent engagement in high-
effort helping behaviors has been used
to specify the motivational drivers of
infants’ prosociality [9] (Figure 2).

Moving forward, persistence can be used
to answer critical open questions in early
development. For example, currently there
is debate over exactly when infants and
young children can represent false beliefs.
Studies using infants’ visual responses
have yielded conflicting results, open to a
range of alternative explanations, leading
researchers to advocate for active mea-
sures to address this problem [10].
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Using persistence to probe the nature of early representations, knowledge, and motivation across domains

Domain Associated task Contribution to the field Refs
Executive functioning
A-not-B task: objects are hidden in an initial
1 2 location, infants are given the opportunity to There are slow but significant 7]
@ \j search for it before watching it move toanew  geyelopments in inhibitory control
= / & / location. Researchers measure whether infants across the first two years of life.
v \j - @ persistently search in the initial (incorrect)
& location or the new (correct) location.
Numeric reasoning
Manual search task: objects are hidden in a rlenf?::esnatrekzgt ?gzkag:eat: d
* X box. New objects are subsquently added or eprform I:;asic ?nathema;tical
IE] """"" > =] removed. Researchers measure infants’ search coﬁq utations on discrete sets of 8]
persistence as a function of whether the F:)b'ects- these numeric
p E* number of objects in the box are consistent with re rjesent‘ations are stron
&S] < « the events witnessed. Adapted from Feigenson P . ong
enough to drive behavior.
& Carey, 2003.
Language acquisition Communicative interaction task: infants Long before infants produce their first
deploy an initial communicative signal and are words, they are already savvy
= = B\ given a response from a communicative negotiators of meaning and seekers
\‘\.:;; - Y \::’/ 4 partner. Rgsegrchers use infants’ sybsequent of information. Their communicative [13]
o d ‘/—/‘/ 7 ( __communicative persistence as a signal that signals are intentionally produced and
v v v infants were not satisfied with the response, and tailored to ensure the efficient transfer
W W W are therefore negotiating the meaning of that of information.

message.

Prosocial behavior

&w R
— | IR
G W

Helping task: infants witness an individual in
need of help. Researchers measure whether
infants persist in their helping behaviors as a
function of the physical effort required and
amount of intrinsic reward associated with

helping.

Infants’ prosocial behaviors are
governed by cost—benefit analysis: they
are strategic in their helping endeavors,
and are most likely to behave prosocially
under contexts of high intrinsic rewards

and low anticipated physical effort.

[9]

Figure 2. Persistence across Domains. Examples across domains of infants’ and young children’s

representations, knowledge, and motivation. Also see [7-9]. © Natalia Zelenina, Adobe Stock.

Investigating whether infants persistently
attempt to correct a person’s beliefs when
they are false, but not when they are true,
may provide insight into this debate.

Persistence Offers a Window into
Metacognitive and Decision-
Making Processes

Investigating early persistence is also
informative because it serves as a way
to gain insight into the processes that
guide persistence itself. Adaptive persis-
tence requires knowing when to act on a
problem, when to switch strategies, and
when to abandon a problem altogether.

Given the inherently social nature of
infants’ world, persistence is guided by
two processes: representing and inte-
grating knowledge of the self and others
(metacognition) and understanding and
weighing the costs and benefits associ-
ated with acting (or not) in any given cir-
cumstance. While metacognition and
decision-making are traditionally studied
in older children and come from different
historical lines and are therefore exam-
ined separately, as distinct constructs,
persistence provides researchers with a
means to study the intimate relationship
between these processes.
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persistence as a probe of the nature of underlying

Recent work suggests that the origins of
metacognition, as well as the computa-
tional processes and principles underlying
decision-making, can be traced back to
infancy. Infants monitor their own knowl-
edge states, keeping track of what they do
and do not know, and strategically com-
municate this information to others to get
gapsintheir knowledgefilled [11]. Similarly,
infants engage cost-benefit analyses, a
hallmark of decision making, by weighing
the effortful costs of producing a prosocial
action against the affiliative benefits when
deciding to help another individual [9].
Moreover, these cost-benefit analyses
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also guide infants’ reasoning about other
agents: as early as 10 months of age,
infants and children use the costs an indi-
vidual is willing to incur to obtain a goal to
infer the value of that goal [12].

Studying infants’ persistence can tell us
about the integration of metacognitive
and decision-making processes: costs
are subjective, and therefore knowing what
is costly and what is not requires an under-
standing of one’s own abilities relative to
the task at hand. Indeed, recent research
oninfants’ persistent helping behavior indi-
cates that infants harness their awareness
oftheirown abilities to determine subjective
physical costs. Under conditions of high-
cost helping (i.e., when infants must carry a
heavy block across a room to help another
individual), experienced walkers (for whom
carrying a heavier block is less effortful) are
more likely to help an individual than inex-
perienced walkers [9]. Studying persis-
tence in social contexts can tell us about
infants’ ability to compare and evaluate
their own abilities to those of others and
use this information to decide when and for
how long to persist for, the range of costs
that infants can compute (e.g., mental
costs, opportunity costs, etc.), and infants’
ability to detect when the rewards of per-
sisting outweigh the costs.

Concluding Remarks

In this spotlight, we have argued for three
reasons for studying persistence in infancy
and early childhood. One reason is closely
aligned to existing work with older children
and adults: understanding early individual
differences in persistence is important for
predicting later outcomes, and identifying
the factors that contribute to these early
individual differences is critical for optimiz-
ing development. But we have also eluci-
dated two additional reasons for studying
persistence early in life. Critically, studying
persistence can provide more graded mea-
sures of knowledge and motivation for a
range of different domains, and better elu-
cidate how these change in development.
Finally, investigating early persistence can
advance our understanding of the meta-
cognitive and decision-making processes
recently revealed to operate in infancy, and
how these influence infants’ trying behavior
to ultimately drive their learning.
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