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Abstract

Do children consider how others learned when seeking help? Across three
experiments, German children (N = 536 3-to-8 year olds, 49% female, majority White,
tested 2017-2019) preferred to learn from successful active learners selectively by
context: They sought help solving a problem from a learner who had independently
discovered the solution to a previous problem over those who had learned through
instruction or observation, but only when the current problem was novel, yet related,
to the learners' problem (Experiment 1). Older, but not younger, children preferred
the active learner even when she was offered help (Experiment 2), though only when
her discovery was deliberate (Experiment 3). Although a preference to learn from
successful active learners emerges early, a genuine appreciation for process beyond
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Humans enter the world fairly helpless and with a great
deal to learn. Fortunately, they also enter the world as
powerful learners: Infants are able to draw rich infer-
ences from the sparse data they observe in their envi-
ronment (e.g., Denison et al., 2013; Denison & Xu, 2010;
Gweon et al., 2010; Xu & Garcia, 2008), and young chil-
dren actively and effectively test their beliefs and learn
through their own exploration and play (e.g., Bonawitz
et al., 2011; Gweon & Schulz, 2008, 2019; Legare, 2011;
Piaget & Cook, 1952; Ruggeri et al., 2019; Schulz, 2012;
Schulz & Bonawitz, 2007; Sim et al., 2017; Stahl &
Feigenson, 2015; Xu & Kushnir, 2013). Yet, because of
children's still relatively limited prior knowledge and
cognitive/physical capabilities, they are often faced with
problems they want to, but do not know how to, solve.
Luckily, there are other individuals in the environment
from whom children can seek help on such problems.
Learning from others not only makes one's own learning
less costly, but also enables learning beyond what one's
direct, hands on experience could ever allow (Bandura
& Walters, 1977; Boyd et al., 2011; Bridgers et al., 2020;
Csibra & Gergely, 2009; Gweon, 2021; Kline, 2015;
Tomasello, 2009; Tomasello et al., 1993; Vygotsky, 1997).

However, not all individuals are equally helpful.
Indeed, children do not indiscriminately seek help from
anyone, rather they leverage what they know about

outcome increases across childhood.

others to make informed decisions about from whom
to learn (Gweon, 2021; Koenig & Harris, 2005; Kushnir
et al., 2008; Mills et al., 2010; Pasquini et al., 2007). For
example, 3- and 4year olds more faithfully and per-
sistently imitate the actions of someone who claimed to
be knowledgeable and intentionally demonstrated how
to achieve a goal, compared to someone who commu-
nicated ignorance or accidentally achieved a goal (e.g.,
Bonawitz et al., 2011; Buchsbaum et al., 2011; Butler &
Markman, 2012; Kushnir et al., 2008; Shafto et al., 2012).
Also, from 3 to Syears of age children become increas-
ingly able to direct their questions to individuals who
are knowledgeable, accurate, and have relevant expertise
over individuals who are naive, inaccurate, or have ir-
relevant knowledge (e.g., Koenig & Harris, 2005; Mills
et al., 2010, 2011; Sobel & Corriveau, 2010).

Sometimes, however, children are faced with prob-
lems that no one around them has already solved. In
such contexts, children need to identify individuals who
can help them discover the solution to the problem,
rather than individuals who already possess knowledge
of it. Figuring out who can help on a completely novel
problem is not straightforward, as direct evidence of the
potential helpers' abilities to solve the problem is not
available. In these cases, children must infer an individ-
ual's potential to figure out the novel problem based on
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the individual's previous behavior. Observing how this
individual solved other problems and discovered infor-
mation in the past, that is their learning history, may be
critical for informing this inference.

Prior research suggests that children use whether
or not an individual was successful at solving previous
problems to guide their help seeking on new problems
(Cluver et al., 2013; Kushnir et al., 2013). In addition to
considering the outcome of others' learning (e.g., action
success), might children also be sensitive to the process
by which an individual has learned or solved a problem
in the past? For example, in their past history of learn-
ing, was this individual able to figure out the solution to
a problem through their own actions, or did they receive
help? If the discovery was made independently, was the
underlying process deliberate (e.g., goal oriented) or ac-
cidental? Someone who has demonstrated both success-
ful and deliberate active learning signals that they are
capable of finding out new information about the world
and solving novel problems. The relevance of this prior
observation to the problem at hand, however, is also a
crucial cue: Is the competence that was demonstrated in
solving the prior problem likely to generalize to the pres-
ent problem?

Across three experiments, we explore whether chil-
dren's decisions about from whom to seek help take
into account (1) the process by which an individual has
learned the solution to a prior problem, as well as (2) the
similarity between the problem children need to solve
and the observed problem. We propose that how an indi-
vidual has learned to solve a problem in the past licenses
different inferences about their potential to solve future
problems. In particular, someone who has demonstrated
an ability to solve a prior problem through their own
independent, intentional and goal-directed exploration
provides stronger evidence for their ability to provide
help on a new problem than someone who has learned
the solution from someone else or someone who has ac-
cidentally discovered the solution.

Children's abilities to selectively seek help from ef-
fective, competent active learners may depend on their
abilities to figure out when and from whom to seek help
in problem-solving contexts, as well as on their under-
standing of the origins of their own and others' knowl-
edge (i.e., how people come to know what they know).
In what follows, we discuss these branches of prior lit-
erature in more detail and their relation to the question
of whether children seek help on novel problems based
on others' learning history. We then present the current
experiments and hypotheses.

Children's help seeking when solving problems
Even though children are capable of independent, suc-

cessful hypothesis testing and learning, humans do not
(and cannot) learn in isolation (Bandura & Walters, 1977,

Vygotsky, 1997). Indeed, children integrate their own
learning abilities with the social support available to
them, making rational inferences about when to ex-
plore versus seek help (e.g., Goupil et al., 2016; Gweon &
Schulz, 2011; Vredenburgh & Kushnir, 2016). Infants as
young as § months are more likely to reach for an out-of-
reach object when another person is present than when
no one is around (Liszkowski, 2013), and toddlers can
decide when it is worth it to persist on their own ver-
sus ask for help, based on their own uncertainty about
the task at hand (Goupil et al., 2016) or whether they are
likely struggling due to an external versus internal cause
(Gweon & Schulz, 2011). Four-year-olds' tendency to ask
for assistance depends both on the difficulty of the task
and their own problem-solving competence, lending fur-
ther support to children's help-seeking behavior as infor-
mation gathering (Vredenburgh & Kushnir, 2016).

Children can evaluate their own problem-solving
abilities in order to determine when they need help. Is
children's help seeking also driven by their assessment
of others' problem-solving abilities? As discussed, this
evaluation might be particularly relevant when faced
with problems no one in the environment has yet solved.
When the potential helpers only have partial knowledge
of a problem's solution (e.g., one knows the color of the
key needed to unlock a box and the other knows about
the key's shape), 4- and 5year olds (but not 3 year olds) di-
rect their questions to the appropriate helper depending
on the information they want (Mills et al., 2011). There
is also some evidence that children use the success of a
person's past actions as a cue for their ability to success-
fully solve a novel problem. In one study, 2- and 3year
olds observed an individual who retrieved two differ-
ent objects from two different puzzle boxes in a socially
engaged, pedagogical manner, and another individual
who communicated ignorance about the puzzle boxes,
was socially disengaged, and failed to retrieve the ob-
jects (Cluver et al., 2013). Children were then faced with
the same puzzle boxes the potential helpers had faced,
as well as two new puzzle boxes for which children had
no direct evidence of the helpers' abilities to solve. On
the new puzzle boxes, both 2- and 3 year olds were more
likely to seek help from the previously successful actor
than from the previously unsuccessful actor. Three- and
4year olds also consider past success in fixing toys as
indicative of an individual's ability to fix a new toy, and
selectively seek help from an individual who fixed two
other toys (but did not know what the tools they used
were called) over an individual whose actions failed to
fix the toys but who knew the name of the tools (Kushnir
et al., 2013).

From this research, we know that children make
systematic help-seeking decisions based on whether or
not (1) they need help (Vredenburgh & Kushnir, 2016)
and (2) the potential helpers were appropriately knowl-
edgeable about and successful at solving past problems
(Cluver et al., 2013; Kushnir et al., 2013). These studies
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reveal that children pay attention to the outcomes
of others' problem-solving attempts but what about
the process by which they achieved these outcomes?
What's more, it was not clear that the successful prob-
lem solvers were actually attempting to solve a problem
in real-time, rather they appeared to be demonstrat-
ing knowledge they already possessed (e.g., in Cluver
et al. (2013), the successful actor pedagogically demon-
strates how to unlock the puzzle boxes). What if these
helpers were all a-priori ignorant about a problem's
solution and eventually successful at figuring it out,
but the avenues by which they arrived at that success
differed? Thus, the question still remains whether chil-
dren are sensitive to others' history of learning, and
more specifically, whether children would draw differ-
ent inferences about an individual's potential to help
on a new problem based on /ow that individual dis-
covered the solution to a previous problem (e.g., inde-
pendently versus from someone else).

Children's reasoning about the origins of their
own and others' knowledge

To selectively seek help based on the process of how
others have learned, one needs to be able to recognize
that the same knowledge can be acquired via different
means. For example, appreciating that if one person
presses a lever on a toy and observes that it lights up
and another person watches that first person press the
lever and also sees the toy light up, then they both now
know that pressing the lever makes the toy light up,
but how they learned this causal relationship differed.
One person learned directly through their own actions,
while the other learned indirectly through another per-
son's actions.

Distinguishing between direct and indirect discovery
of information may initially be challenging for young
children who struggle to keep in mind the source of their
own knowledge. Three- and 4 year olds report that they
have always known facts that in reality, they had just
been told by someone else (Gopnik & Graf, 1988; Taylor
et al., 1994). Children this age also struggle to articulate
when someone else learned from their own interven-
tions versus from another person's actions and verbal
instruction: They underestimate the role of instruction
and tend to say both individuals learned via their own
actions (Sobel & Letourneau, 2018). By age five, chil-
dren are better able to make this distinction about their
own and others' knowledge (Gopnik & Graf, 1988; Sobel
& Letourneau, 2018; Taylor et al., 1994), and from 4 to
8years, children begin to describe learning as a process
involving a source (e.g., a teacher) or strategy (e.g., prac-
tice) that results in the acquisition of knowledge (Sobel
& Letourneau, 2015). Beyond age eight and into middle
childhood, children become increasingly able to identify
what knowledge is even possible to acquire from direct

experience versus knowledge that must be learned from
others (e.g., “that birds fly” or “how to walk” vs. “how to
fly a helicopter”; Lockhart et al., 2016).

Though 3- to Syear olds are sometimes confused
about the source of their own knowledge, research on se-
lective trust has revealed that children this age draw dif-
ferent inferences about the reliability of others' testimony
based on how the information being communicated was
acquired. For example, in one study, 4year olds were
presented with opposing endorsements about which of
the contents of two boxes were better: one endorsement
came from a group of informants who each looked inside
the boxes and the other came from a group where only
one person looked and told the other members what was
inside. Children were more likely to explore the contents
of the box that was endorsed by the informants with di-
rect, visual access than by the informants with hearsay
(Hu et al., 2015). In another related study, 4- and Syear
olds (but not 3year olds) were less likely to learn novel
labels for animals from someone who in the past needed
help to label familiar animals (i.e., another person whis-
pered the labels to them) than from someone who cor-
rectly named the familiar animals without help (Einav &
Robinson, 2011).

Taken together, these findings suggest that children are
sensitive to how others learn and may very well privilege
direct exploration and discovery of a problem's solution
over more indirect or assisted means of discovery (e.g.,
observation or instruction). Indeed, children themselves
are capable of learning from their own active exploration
(e.g., Legare, 2011; Piaget & Cook, 1952; Schulz, 2012;
Schulz et al., 2007; Sim & Xu, 2017; Xu & Kushnir, 2013),
and there are even cases where children learn more from
their direct actions in the world than from observation
or instruction (Kuhn & Ho, 1980; Kushnir et al., 2009;
Sobel & Sommerville, 2010; Sommerville et al., 2005),
providing even further evidence that children might be
sensitive to others' success as explorers.

However, appreciation of the difference between di-
rect and indirect routes to discovery might become more
robust across early to middle childhood. Recognizing
and/or keeping in mind this distinction may be particu-
larly difficult for 3- and 4year olds, as they often strug-
gle even to remember whether they, as well as others,
learned something on their own versus from someone
else (Gopnik & Graf, 1988; Sobel & Letourneau, 2018;
Taylor et al., 1994). Moreover, in the studies on children's
help seeking depending on the sources of others' knowl-
edge or advice, perception and access were sufficient for
knowledge acquisition, raising the question of how chil-
dren reason about the discovery of information that can-
not be gleaned simply via perceptual access, such as the
latent structure of a causal system. Are children sensitive
to different problem-solving processes and are they able
to draw inferences about an agent's active-learning com-
petence based on how the agent discovers more abstract
information?
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Current experiments

Do children use the process by which individuals have
learned to solve problems in the past to inform their help
seeking when presented with novel problems, which no
one around them has yet solved? More specifically, do
children draw different inferences about an individual's
ability to provide help on a given problem, depending on
(1) how the individual discovered the solution to a previ-
ous problem, and (2) the similarity between the previous
and the current problem?

Across three studies, we present 3- to 8-year-old chil-
dren with learners who have acquired the same knowl-
edge but differ in how they acquired this knowledge,
and ask children from whom they would like to seek
help when faced with a problem that is identical, that is
similar (but more complicated), or that is quite different
from the one the learners solved. In addition to vary-
ing whether the learner solved the problem via active
exploration, direct instruction, or passive observation
(Experiment 1), we also varied whether a learner was
physically alone or with someone else while solving the
problem (Experiment 2), and whether or not the learn-
er's actions and discovery were deliberate or accidental
(Experiment 3). Thus, beyond investigating whether
children prefer to learn from effective active learners, we
explore the cues to which children attend when making
inferences about the learner's competence.

When presented with a problem to which all learn-
ers already know the solution, it might not matter from
whom you seek help: All learners can provide the solu-
tion to the problem you want to solve, regardless of how
they originally discovered it. When presented with a
problem to which none of the learners yet know the solu-
tion, it might be more beneficial to seek help from the ac-
tive learner than the indirect learners, as only the active
learner has demonstrated competence in independent
exploration and successful discovery. The inference that
the active learner has the greatest potential to provide
effective problem-solving assistance, however, might
vary in strength depending on the similarity between
the problem at hand and the problem the learners previ-
ously solved. For example, this inference might be par-
ticularly strong when the novel problem is clearly related
to the problem you observed the active learner solve, as
the problem-solving ability demonstrated would have a
high probability of being relevant. However, if the novel
problem looks completely different from the problem
previously solved, you may be less certain about whether
the learner's demonstrated problem-solving competence
would apply or about the learner's ability to transfer
their skills to the new situation. Thus, we predicted that
if children preferred to seek help from the active learner
over the other learners, this preference would be stron-
gest when the problem was analogous to the problem the
learners previously solved, than when the problem was
identical to or quite different from the observed problem.

We recruited children in the range of 3 to 8years.
Prior related work on children's help seeking when prob-
lem solving (Cluver et al., 2013; Kushnir et al., 2013; Mills
et al., 2010, 2011; Vredenburgh & Kushnir, 2016) and on
their understanding of direct versus indirect sources
of knowledge (Einav & Robinson, 2011; Hu et al., 2015;
Lockhart et al., 2016; Sobel & Letourneau, 2018) has also
focused on this age range, and identified it as a crucial
time of both early competence and development in these
domains. In our experiments, for children to selectively
seek help from the active learner, they need to (1) recog-
nize that the learners learned the solution to a past prob-
lem in different ways, (2) draw informed inferences about
the various learners' potentials to solve a given problem,
and (3) actually select the active learner as the one from
whom they want help. On the one hand, given that chil-
dren as young as 2years can use a person's success on a
past problem to infer their success on future problems
(Cluver et al., 2013), and that children as young as 4 years
choose to learn from individuals with direct perception
and independent knowledge over individuals with hear-
say or who needed help (Einav & Robinson, 2011; Hu
et al., 2015), it is quite possible that by age four or five
children would also be able to distinguish someone who
solved a problem independently versus with assistance,
and selectively seek their help on a novel, similar prob-
lem (Experiments 1 and 2). Also, given that children this
age are more likely to trust the actions of a knowledge-
able and intentional actor over an ignorant or accidental
one (e.g., Bonawitz et al., 2011; Buchsbaum et al., 2011;
Kushnir et al., 2008), they may also prefer to seek the
help of someone who previously discovered the solution
to a problem through intentional exploratory actions,
rather than someone who stumbled upon the solution
accidentally (Experiment 3). On the other hand, it is also
quite possible that children's selective preference for the
active learner would become more robust with age. Prior
research indicates that from 3 to Syears of age, children
become more skilled at directing their questions to more
knowledgeable individuals (Einav & Robinson, 2011;
Mills et al., 2010, 2011), and their ability to keep track of
the likely source of their own and others' beliefs contin-
ues to improve beyond age five (Gopnik & Graf, 1988;
Lockhart et al., 2016; Sobel & Letourneau, 2018; Taylor
etal., 1994).

The current work began as a relatively ex-
ploratory effort in this domain, inspired
by the literature reviewed above, which
suggested both the possibility of an early
preference to seek help from active learners
(over more passive learners) and of develop-
mental change in this preference. However,
all experiments include relatively large sam-
ple sizes, and the work became increasingly
confirmatory from Experiment 1 to 3. We
explicitly specify the confirmatory versus
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exploratory nature of each analysis in the
results sections.

EXPERIMENT 1

Experiment 1 examined (1) whether children prefer to
seek help from successful active problem solvers, who
solved a problem through their own independent explo-
ration rather than another person's help, and (2) whether
this preference is mediated by how similar the prob-
lem the active learner solved is to the problem children
themselves have to solve. We recruited 3- to 6year olds
for this initial experiment because research on selective
trust and help seeking point to it as a period where chil-
dren might begin distinguishing independent explora-
tion from assisted discovery (Cluver et al., 2013; Einav
& Robinson, 2011; Hu et al., 2015; Kushnir et al., 2013;
Sobel & Letourneau, 2018).

Children were presented with three learners: an Active
learner, who figured out how to activate a causal toy
through her own independent exploration, an Instructed
learner, who first explored the toy, but did not activate
it and instead watched another person demonstrate how
to activate it, and a Passive learner, who observed an-
other person explore and successfully activate the toy.
All learners then activated the toy demonstrating that
they each now knew how to make the toy go. Children
were then presented with three toys in a counterbalanced
order: the Original toy (the same toy as the learners' toy),
the Similar toy (visually similar to but more complicated
than the Original toy, i.e., with more buttons), and the
Different toy (visually and functionally very distinct from
the Original toy). On each toy, children were given the
opportunity to explore the toy and try to make it go, but
when they could not figure it out, they were prompted to
seek help from one of the learners.

On the Original toy, we predicted that children would
be equally likely to seek help from all three learners,
since all of them knew the solution to this toy and had
demonstrated the ability to activate it. On the Similar
toy, a novel yet related problem for all learners, children
should seek help from the learner who is most likely
able to figure it out. We thus predicted they would seek
help from the Active learner, the only one who provided
clear evidence that she was independently capable of
discovering how to activate a related toy (the Original
toy). On the Different toy, children's preference may de-
pend on how similar they think this novel problem is to
the one posed by the Original toy. That is, if children
think the Active learner's problem-solving competence
generalizes to all sorts of toys, then they should again
prefer her help. If children, however, infer a more nar-
row competence, specific to solving only a certain kind
of toy, they might not consider the Active learner's skills
relevant for solving the Different toy, and therefore
show no preference in their help seeking. If there is a

developmental difference in children's help seeking, we
expect the selective preference for the Active learner, that
is, an appreciation for her competence, should increase
with age (Einav & Robinson, 2011; Gopnik & Graf, 1988;
Lockhart et al., 2016; Sobel & Letourneau, 2018; Taylor
et al., 1994).

However, given that past research has shown that
children in our age range consider successful action on
past problems as a cue for future problem-solving suc-
cess (Cluver et al., 2013; Kushnir et al., 2013), it is possible
that even the 6-year-olds' help seeking would rely solely
on successful activation of the Original toy. If this is the
case, children would consider the three learners equally
likely to be helpful on all three toys and not exhibit se-
lectivity in their help seeking. Still another possibility is
that children might indeed appreciate the Active learn-
er's greater potential to provide effective help but not
take into account the nature of the problem at hand. In
this case, we would expect to observe a preference for the
Active learner on all three toys.

Finally, children may ground their help-seeking pref-
erence on different aspects of the learning process. For
example, if children consider successful exploration of
the Original toy, regardless of whether it was direct or
indirect, as a sign of competence, then they might seek
help equally from the Active and Passive learners over
the Instructed learner, who did not conduct nor observe
a successful exploration. If children consider direct, first-
hand exploration, regardless of its demonstrated success,
as evidence of competence, they might instead be equally
likely to seek help from the Active and Instructed learn-
ers over the Passive learner. However, if children con-
sider both active exploration and its success, we should
observe a preference for the Active learner over the other
two.

Methods
Participants

In Experiment 1, 121 3- to 6year olds (Mage (SD) = 60.66
(13.61)months; range: 36.69—83.74months, 53% female)
were recruited from and tested at the Natural History
Museum in Berlin, Germany from August to October
2017. Participants in Experiment 1 were mostly of White
European descent and were native or fluent speakers
of German. We did not collect specific data on sample
characteristics, so further demographic detail cannot
be provided. Museums in Berlin, however, are gener-
ally affordable and accessible to people from a variety of
economic backgrounds. The Natural History Museum
offers appealing attractions for young kids and is of
broad interest to people from differing educational and
social backgrounds. Informed consent was obtained
from the parents or legal guardians before commencing
the study. The experimental design and procedure of all
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experiments presented here were approved by the eth-
ics committee of the Max Planck Institute for Human
Development.

An additional 5 children were excluded from analy-
ses because they refused to seek help (n = 4) or due to
experimental error (n = 1). The experiment was a within-
subject design: All children participated in three condi-
tions or trials (the Original, Similar, and Different toy
trials) in an order that was counterbalanced across par-
ticipants. We selected this sample size so that we would
have roughly 30 children per age bin by year, yielding
a large sample per condition (n = 121/condition), as well
as a fairly even distribution and medium to large sample
across the age range to explore potential effects of age
(Agresti & Min, 2002).

Materials

As illustrated in Figure I, the Original toy was a blue
cardboard box with a single row of 4 buttons (2 red, 2
black) alternating in color, and a green push-switch.
When activated, this toy played music. The Similar toy
was the same color and shape as the Original toy and
had similar causal affordances; the only difference was
that it had two rows of 4 buttons (red and black alternat-
ing in color). When activated, this toy also played music.
The Different toy looked different from the Original toy
and had additional causal affordances: It was made of
a white round box with a wicker texture with 4 black
buttons, a row of 4 different colored flip-switches, and
a green push-switch. When activated, an LED strip that
was wrapped around the toy lit up. The toys were not
actually functional, but surreptitiously activated by a re-
mote control hidden from children's view.

Children watched videos of three different learn-
ers (the Active learner, the Instructed learner, and the
Passive learner) figuring out how to activate the Original
toy. We took a number of steps to minimize the possi-
bility that children's help-seeking behaviors might be in-
fluenced by confounding physical characteristics of the

7}

Original Similar

FIGURE 1

actors. First, the three actors who portrayed the differ-
ent learners were recruited from a larger pool of research
assistants and applicants based on their similarity in ap-
pearance (e.g., similar in ethnicity, hair color, and attrac-
tiveness); they were all White women with brown hair.
Second, in the videos, the actors wore identical t-shirts
that only differed in color (blue, yellow, or red) and were
referred to by that color (e.g., “My friend Blue”). Finally,
each actor always wore the same colored t-shirt, but
the learner each actor portrayed (Active, Instructed, or
Passive) was counterbalanced across children. The vid-
eos are described in detail below.

Procedure

Testing took place in a quiet area separate from the main
exhibits. The experimenter sat next to children at a table
with a tablet between them. The experiment began with
the experimenter telling children about her three friends
who had learned earlier that day how to activate a toy.
Participants were shown videos of the three different
learners, each of whom tried to figure out how to acti-
vate a novel toy, in a pseudorandomized order on the
tablet. All videos involved the Original toy and consisted
of 4 phases: (1) Introduction, (2) Exploration, (3) First
Activation, and (4) Second Activation. The Introduction
and Second Activation were the same for all learners,
while the Exploration and First Activation differed (see
Figure 2a).

In the Introduction phase of all three videos, a learner
sat at a table behind a black screen and held the toy above
the screen so that it was visible to the children viewing
the video. She rotated it forward such that children could
see the buttons and switch on the top of the toy, and she
expressed curiosity about how the toy worked, stating
“Look at this cool toy. I wonder how it works.” She then
placed the toy in front of her but behind the black screen
so that it was out of children's view.

Next came the Exploration and First Activation phases
which differed by learner. In the Active learner video, the

2
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Different

Schematic of the toys used in all experiments: The Original and Similar toys had the same shape and color and both played

music, though the Similar toy looked more complex (i.e., had more buttons). The Different toy had a different shape, color, and texture; when

activated, instead of playing music, it lit up.
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- First Second
Exploration
(a) P Activation Activation
@ Independent
active
exploration
’ Direct
instruction
ﬁ Observes
: other’s
Passive independent
exploration

FIGURE 2

(b)
1004 Learner Selected
|:| Active

0.75 1 |:| Instructed
c
o Passive
¢ &
g 0.501
S |
D— - = I - rr--—==-= ==

0.25 1

0.00 1

Original Similar Different
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Experiment 1: Study design and results. (a) Screenshots from videos used in Experiment 1. All learners (Active, Instructed,

Passive) explored and learned how to activate the Original toy differently (Exploration and First Activation): the Active learner explored the toy
independently and activated it for the first time on her own, the Instructed learner explored the toy independently but watched as another actor
first activated it, and the Passive learner watched as another actor explored the toy independently and first activated it. All learners successfully
activated the toy for a second time (Second Activation). (b) Proportion of children who selected each learner for help on each toy (Original,
Similar, Different) collapsed across age. Dashed horizontal line represents chance, 33%. Error bars are bootstrapped 95% Cls.

learner explored the toy on her own. She appeared to press
the buttons and flip the switch for 5s, said “Hmm” to
herself (2s), and then explored for another 5s. Music then
played, seeming to come from the toy and indicating that
the learner had just figured out how to activate it (First
Activation). The learner expressed surprise and responded
to this activation: “Aha! So, that is how this toy works!”,
confirming that she had discovered how to activate the toy.

In the Instructed learner video, the learner explored
the toy on her own for 10s just like the Active learner.
In the First Activation phase, however, a second actor
entered the scene and demonstrated how to activate the
toy from behind the screen. The music played, indicat-
ing that this second actor had activated the toy. The
Instructed learner expressed surprise and said, “Ahal
So that is how this toy works!”, confirming that she had
learned from this other person's intervention how to ac-
tivate the toy.

In the Passive learner video, the learner did not ex-
plore the toy nor did she first activate it; instead she ob-
served someone else explore and activate the toy. The
Exploration phase started with the entrance of a second
actor who sat down next to the Passive learner and ex-
plored the toy for 10s in the same way as the Active and
Instructed learners. The Passive learner watched this
other actor's actions on the toy, but never interacted with
the toy. In the First Activation phase, the music played,
and the Passive learner expressed surprise and said,
“Aha! So that is how this toy works!”, indicating that she
had learned from this other person's actions how to ac-
tivate the toy.

All three videos ended with the Second Activation
phase, which was identical across learners: the learner

intervened on the toy and music played. This phase
made clear that all learners knew how to activate the
toy, regardless of how they learned the solution. Because
exploration and both activations took place from behind
the black screen, children never observed the actual
sequence of actions the learner (or second actor) per-
formed on the toy during exploration, nor did they observe
whether the switch needed to be flipped nor which but-
tons needed to be pressed to activate the toy. Thus, from
the videos, children observed how each learner acquired
the solution to the toy and that each learner could
successfully activate the toy on her own but did not learn
how to make the toy play music themselves.

After showing children the videos, the experimenter
brought out three toys, one at a time (order counterbal-
anced) and explicitly stated its relation to the toy with
which the learners had interacted in the videos: (1) the
Original toy, identical to the one the learners had fig-
ured out in the videos (“This is the same toy as the one
in the videos. [The learners] have seen it before.”), (2) the
Similar toy, which looked similar but had more buttons,
suggesting that it was related to the toy in the video but
more complicated (“This toy is similar to the one in the
videos, but it looks more complicated. [The learners]
have never seen it before.”), and (3) the Different toy,
which was visually and functionally dissimilar from the
Original and Similar toys, suggesting that it was a differ-
ent kind of toy and thus likely worked in a different way
(“This toy is completely different than the one in the vid-
eos. [The learners] have never seen it before.”). Children
were given 10s to figure out how to activate each toy, but
could not succeed, as the toys were in reality activated by
hidden remotes.
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At this point, the experimenter presented photos of
the learners on the tablet and said, “Hmm, it's hard, isn't
it? Maybe we should ask for help. Whom do you want
to ask for help?” The experimenter prompted children
to indicate which learner they would like to ask for help
by pointing to a picture of the learner on the tablet.
Children selected from all three learners for each toy
(i.e., they could select the same learner more than once)
and did not receive feedback on their choice, rather the
experimenter said, “Ok, we will ask her for help later.”

After choosing whom to ask for help on each toy, as
an exploratory measure, children were asked to describe
how each learner figured out the Original toy. Children
were shown portrait photos of the three learners, one by
one, and were told: “Look at my friend Blue/Yellow/Red!
Do you remember how she learned to activate this toy?”
(pointing at the Original toy). As it may have been partic-
ularly challenging for younger children to find the right
words to describe the learning process, when children
seemed reluctant to respond, the experimenter prompted
an answer saying: “Did she figure it out independently,
by watching someone else, or did someone else tell her
how to [do it]?” (see Supporting Information for details
on reliability coding and analyses for all experiments).

At the very end, the experimenter explained that the
learners were unfortunately unavailable. As consolation,
the experimenter showed children how to activate the
Different toy and gave them the opportunity to activate
it.

Notably, a number of steps were taken to ensure that
the only difference across the videos was the Exploration
and First Activation phases: All three learners claimed
ignorance at the start of the video in the same manner
and with the same statement, expressed surprise and
made the same verbal statement (“Aha! So that is how
this toy works!”) upon the first activation, demonstrated
that they could each successfully activate the toy at the
end, and were equally socially engaged with the video
camera in terms of eye contact and tone throughout.

Results

We fit a mixed effects Bayesian multinomial (categori-
cal) regression predicting children's learner choice (cat-
egorical, 3-levels: Active, Instructed, Passive with Active
as the reference category) with a fixed effect of toy trial
(categorical, 3-levels: Original, Similar, Different with
Original dummy coded as the reference category) and a
random intercept by subject. This analysis is confirma-
tory for the Original and Similar toys based on our clear,
a-priori predictions. However, this same analysis is ex-
ploratory for the Different toy, where we were agnostic
to whether children would exhibit a preference for the
Active learner or no preference for any of the learn-
ers. In addition to this model, we also fit a model with
simple effects of toy and age (continuous), as well as a

model with simple effects of toy and age, and their in-
teraction. Formal model comparison, as assessed by
an approximate Bayesian model comparison method,
preferred the model with the single predictor of toy,
so we report the results of this analysis (i.e., learner
choice ~ toy +(1|subject)). The R-package brms::brm was
used to run all analyses reported in this paper. All for-
mal model comparisons presented were assessed using
expected log-posterior densities, which index the qual-
ity of the predictions of each model, and were estimated
using leave-one-out cross validation using the /oo pack-
age in R; we report the outcomes of model comparison
in terms of (posterior) model weights (McElreath, 2020;
Nicenboim et al., 2021). (See Supporting Information for
more details on these model comparisons.)

We first look at children's learner choice within each
toy trial. As a decision rule here and throughout the
paper, we see if the 95% CI for the parameter of the rel-
evant contrast crosses 0. Please note that for Bayesian
regression models, the parameters can be interpreted in
the same way as the parameters of frequentist regression
models. The only difference is that for the Bayesian re-
gression model the 95% Cls can be interpreted as there
being a 95% chance that the parameter falls within that
interval (as opposed to the frequentist interpretation of
confidence intervals, which has a different, less intuitive
interpretation, Morey et al., 2016). The model revealed
that children did not exhibit a preference to seek help
from any of the three learners when presented with the
Original toy; specifically, their tendency to select the
Active learner over the Instructed learner or Passive
learner was not significant (Active vs. Instructed: f=0.23,
95% CI [-0.24, 0.70]; Active vs. Passive: = —0.13, 95%
CI [-0.56, 0.29]). Children also had no preference when
presented with the Different toy (Active vs. Instructed:
p=-0.16,95% CI [-0.59, 0.26]; Active vs. Passive: f=0.17,
95% CI [-0.28, 0.63]). When presented with the Similar
toy, however, children selected the Active learner more
often than the other two (Active vs. Instructed: = 0.63,
95% CI [0.21, 1.06]; Active vs. Passive: = 0.83, 95% CI
[0.39, 1.30]).

Second, we examine whether children's tendency to
seek help from the Active learner over the other learners
differed across the toy trials. Children were more likely to
select the Active learner (over the Passive learner) on the
Similar toy compared to both the Original toy (= 0.97,
95% CI11[0.34, 1.60]) and the Different toy (f = 0.66, 95%
CI [0.03, 1.30]). Children's tendency to select the Active
learner over the Instructed learner did not signifi-
cantly differ on the Similar compared to the Original
toy (f = 0.40, 95% CI [-0.23, 1.03]), but did differ on the
Similar compared to the Different (4 =0.79, 95% CI [0.20,
1.39]). Across the Original and Different toys, children's
tendency to select the Active learner over the Instructed
learner did not differ (= —0.39, 95% CI [-1.03, 0.24]) nor
did their tendency to select the Active learner over the
Passive learner differ (= 0.31, 95% CI [-0.31, 0.93]). If we
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just look at children's preference for the Active learner,
they preferred the Active learner significantly more often
on the Similar toy compared to both the Original and
the Different toys (Similar vs. Original: g = 0.73, 95% CI
[0.48, 1.04]; Similar vs. Different: g = 0.69, 95% CI [0.46,
0.97]; see Figure 2b—d).

With respect to the memory questions, 5 children
failed to remember how each learner figured out the
toy (memory score 0: 4.13%), 33 correctly identified one
out of the three learners (memory score 1: 27.27%), 47
correctly identified two out of the three learners (mem-
ory score 2: 38.84%) and 36 correctly identified all three
learners (memory score 3: 29.75%). To explore potential
relations between these questions and from whom chil-
dren asked for help, we fit two exploratory Bayesian mul-
tinomial (categorical) regressions predicting children's
learner choice (categorical, 3-levels: Active, Instructed,
Passive with Active as the reference category) with (1)
simple effects of toy trial (categorical, 3-levels: Original,
Similar, Different with Original as the reference cate-
gory) and memory score (coded as an integer from 0 to 3)
and (2) simple effects of toy trial and memory score, and
their interaction. We conducted a formal model compar-
ison of the model above with the single predictor of toy
and these models with memory score as a predictor; this
comparison preferred the model with the single predic-
tor of toy, indicating that children's memory score did
not predict their learner choice. An exploratory Bayesian
linear regression with age (centered and continuous) pre-
dicting memory score indicated that memory score did
significantly improve with age (f = 0.02, 95% CI [0.02,
0.03)).

Discussion

As hypothesized, we found that children's help-seeking
patterns depended on both (1) how others had learned
in the past and (2) the similarity between the problem at
hand and the one the learners had previously solved. In
particular, when faced with a problem that all learners
knew how to solve (the Original toy), children did not
exhibit a preference for one learner over the others, sug-
gesting that they considered all three learners as equally
helpful. When faced with a novel problem that none of
the learners knew how to solve but that was related to the
problem the learners had previously solved (Similar toy),
children preferentially sought the Active learner's help
over the Passive and Instructed learners, suggesting that
they inferred she was the most likely to provide effec-
tive assistance in figuring it out. When faced with a novel
problem that was not clearly related to the one the learn-
ers had previously solved (the Different toy), however,
children again were equally likely to seek help from all
three learners. The fact that children's help seeking dif-
ferentiated the learners on the Similar toy demonstrates
that their relatively poor performance on the memory

questions was not due to an inability to distinguish the
learners based on their learning process. Rather, it may
have been due to the timing of the questions, which were
asked at the end of the help-seeking task, and/or to a dif-
ficulty articulating and matching the descriptions pro-
vided to how each learner had learned. We return to this
point in the General Discussion.

Why did children preferentially seek the Active learn-
er's help only on a novel problem that was analogous to
the original problem, but not on a novel, apparently less
related problem? On the one hand, children's inferences
seem quite conservative: the ability to solve one mechan-
ical toy might very well reflect a knack for solving me-
chanical toys in general (e.g., Cluver et al., 2013; Kushnir
et al., 2013). On the other hand, given the specifics of
our experiment and the particular learners contrasted, a
conservative preference may have been warranted. First,
children only had one data point they could use to com-
pare the learners and assess their competence (i.e., the
learners' performance on the Original toy). Second, the
contrast in competence established was subtle. Although
the Active learner was the only agent who clearly demon-
strated that she was capable of discovering the solution
to a problem on her own, the Passive and the Instructed
learners had not clearly failed, but rather had not been
given the opportunity to try (Passive) or had been inter-
rupted in the attempt (Instructed); it is possible that if
left to their own devices, they too would have figured
out the Original toy by themselves. From this perspec-
tive, children's decision was not between a clearly help-
ful, competent agent and clearly unhelpful, incompetent
agents. Rather, all three learners could have been some-
what helpful and children's task was to select which agent
was likely to be the most helpful on each toy. Children
seemed to infer that the Active learner was their best bet
on some, but not on all, tasks. If children had observed
more examples of the Active learner successfully figuring
out different problems or if it was clear that the Passive
and Instructed learners were unable to solve the problem
on their own, we expect children might have exhibited an
even stronger preference for the Active learner and been
more willing to generalize this preference.

These findings also begin to elucidate the components
of the active-learning process children might have con-
sidered to assess the learner's competency. All learners
knew how to activate the Original toy and successfully
activated it. Thus, children's preference for the Active
learner likely stemmed from the process by which she
had arrived at this knowledge state and action success,
and not from her knowledge of how to generate this par-
ticular toy's music effect, nor from her physical ability
to generate it. Furthermore, children's preference for
the Active learner cannot purely be attributed to the
Active learner's experience directly interacting with the
Original toy, as the Instructed learner also had had such
direct experience. Nor could it have been solely depen-
dent on the Active learner observing a pattern of actions
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that eventually led to successfully activating the toy, be-
cause the Passive learner also had observed a successful
exploration, though performed by someone else. Rather,
it seems important that the Active learner both directly
explored the toy and independently discovered how to
activate it. This preference is in line with prior work
showing that 4 year olds endorse information from indi-
viduals with direct perceptual access to the state of the
world versus individuals with hearsay (Hu et al., 2015),
as well as individuals who did not need help providing
information in the past over individuals who needed help
(Einav & Robinson, 2011).

The results of Experiment 1 provide initial support for
our key hypotheses: Children appeared to consider the
process by which individuals have learned the solution
to a problem (i.e., independent, active learning versus
instruction or passive observation) as a relevant cue for
deciding from whom to seek help on a novel problem.
However, in Experiment 1 the Active learner's indepen-
dence presents an unintended confound: She was the
only learner who was physically alone in the video. Being
alone while learning does indeed correlate with autono-
mous exploration and discovery and likely helped make
it clear that the learner figured out the problem on her
own. However, being alone is not necessarily causally re-
lated to one's independent problem-solving competence.
Relatedly, being alone also suggests that no one else
thought the learner needed help, because no one stepped
in as they did for the Instructed and Passive learners.
Indeed, recent research suggests that 4- to 6year olds
consider groups of children who receive help from a
teacher while solving a problem less smart than groups
who do not receive help (Sierksma & Shutts, 2020). Thus,
it is possible that children thought the Active learner was
more competent just because there were no other people
in the video, and specifically due to the absence of some-
one who offered assistance, rather than by virtue of the
process of learning itself.

We addressed this potential confound in Experiment 2
by comparing an Active learner who is offered assistance
but discovers the Original toy's solution on her own, with
an Instructed learner. Because we did not observe any
differences in children's preference for the Passive ver-
sus the Instructed learners in Experiment 1, we decided
to just compare the new (no longer alone) Active learner
to the Instructed learner, whose intention to explore and
actions on the toy, as compared to the Passive learner,
were more closely matched to those of the Active learner.

Finally, we did not find an effect of age in Experiment
1. This was somewhat surprising given that in prior re-
search 3year olds did not preferentially seek help from
someone who was independently knowledgeable about
animal labels over someone who received help (Einav
& Robinson, 2011), and 4year olds seemed to struggle
to articulate the difference between exploration and in-
struction (Sobel & Letourneau, 2018), as well as to re-
member when they learned information from someone

else (Gopnik & Graf, 1988; Taylor et al., 1994). It is possi-
ble that being alone while learning helped younger chil-
dren to differentiate the Active learner from the other
two and that they might find it more challenging to
distinguish the learners in Experiment 2. We therefore
recruited a slightly broader age range (3- to 7year olds)
to explore whether there is a developmental difference
in the cues (i.e., learning independently vs. being alone
while learning and not being offered help) children use
to infer problem-solving competence.

EXPERIMENT 2

In Experiment 2, we presented children with a slightly
modified version of the Active learner video (another
actor entered the room toward the end of the Active
learner's exploration and watched as the Active learner
activated the toy), and the same Instructed learner video
used in Experiment 1. If children no longer exhibit a
preference for the Active learner, it would imply that,
when making their inferences in Experiment 1, children
relied on the fact that she was physically alone and/or no
one offered her help while learning rather than her inde-
pendent exploration and discovery.

Methods
Participants

In Experiment 2, 188 3- to 7year olds (M (SD) = 67.63
(17.46)months; range: 36.66-96.03months; 48% fe-
male) were recruited from and tested at the Natural
History Museum in Berlin, Germany from November
2017-November 2018. An additional 4 children were ex-
cluded from analyses because they refused to seek help
(n = 3) or due to distractions at the museum (n = 1). We
selected this sample size so that we would have a large
sample size per condition (n = 188/condition), as well as a
medium to large sample across the age range (we aimed
for approximately 30-40 children per age bin by year) to
explore potential relations between help seeking and age.
A post-hoc power analysis simulating a mixed effects lo-
gistic regression model with simr::powerSim based on the
experimental results below revealed that with 188 partic-
ipants we achieved 63% power for the effects of interest.

Participants were mostly of White European descent
and were native or fluent speakers of German. Informed
consent was obtained from the parents or legal guard-
ians before commencing the study.

Materials

The toy materials were identical to those used in
Experiment 1. The same Instructed learner video from
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Experiment 1 was used along with a modified Active
learner video in which the learner was no longer alone
when she discovered how to activate the toy (described
below). The learners in the videos were again White
women with brown hair, each wore a different colored
t-shirt (blue or yellow) and were referred to by that
color (e.g., “My friend Blue”). Each actor always wore
the same colored t-shirt, but the learner each actor por-
trayed (Active (not alone) or Instructed) was counterbal-
anced across children.

Procedure

There were only two differences from the procedure used
in Experiment 1: (1) children selected between two learn-
ers: the Active and the Instructed learners, and (2) the
Active learner video was modified: After exploring on
her own for 10s, a second actor entered the scene, but the
Active learner shook her head signaling that she did not
need help; the second actor then sat silently next to the
learner and watched as the learner continued exploring
and then successfully activated the toy. More details on
the videos can be found in Figure 3a. Otherwise, the pro-
cedure was identical to that of Experiment 1: Children
participated in the Original, Similar, and Different toy
trials (order counterbalanced), in which they explored

a toy and then were prompted to ask a learner to help
them figure it out. As in Experiment 1, after choosing
which learner they would like to ask for help on each of
the three toys, children were asked to describe how each
learner had learned about the Original toy. When chil-
dren hesitated to respond, the experimenter prompted
an answer saying: “Did she figure it out independently
or did someone else tell her how to [do it]?”

Results

We fit a confirmatory mixed effects Bayesian logistic
regression predicting children's learner choice (Active
vs. Instructed) with fixed effects of toy trial (categori-
cal, 3-levels: Original, Similar, Different with Original
dummy coded as the reference category), age in months
(continuous and centered), and their interaction, in-
cluding a random intercept by subject. In addition to
this model, we also fit a model with simple effects of
toy and age, as well as a model with toy as a single pre-
dictor. Formal model comparison preferred the model
with simple effects of toy and age, and their interac-
tion, so we report the results of this analysis (i.e., learner
choice ~ toy x age + (1|subject)).

Collapsing across age and looking at choice within
each toy trial, this model revealed that children selected
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FIGURE 3 Experiment 2: Study design and results. (a) Screenshots from videos used in Experiment 2. As in Experiment 1, the process

of learning differed across learners but at the end they could both activate the toy by themselves. The Instructed learner was the same as in
Experiment 1; the Active learner explored and discovered the solution through her own actions but in the presence of another individual. (b)
Proportion of children who selected each learner by toy collapsed across age. (c) Children's learner choice by age in months (continuous) faceted
by toy (each dot represents an individual participant; dashed gray vertical line represents median age, 67.79 months). (d) Discretized version of
data in (c): Proportion of children who selected the Active learner by age in years faceted by toy. Dashed horizontal line represents chance, 50%.

Error bars are bootstrapped 95% Cls.

85U80|7 SUOWWIOD @A 810 (e (dde 8Ly Aq pausenob afe sejonse VO @sn Jo Sa|nJ Joj A%eiq1T8uljuO 3|1 UO (SUORIPUOO-pUe-SWLRY/LI0D A8 1M Afe1q 1 BUIUO//:SANY) SUORIPUOD pue swi | 8y} 89S *[£202/60/50] U0 AriqiTaulluo Aeim ‘Aisieniun piojuers AQ 926€ET Apo/TTTT OT/I0P/W0D A8 | 1M Aseiq 1 BulUO"POS//SANY WOJy papeoumod ‘G ‘€202 “#298.9rT



1270

CHILD DEVELOPMENT | [

BRIDGERS ET AL.

the Active learner significantly more often than the
Instructed on the Similar toy (f = 0.34, 95% CI [0.04,
0.65]), but their tendency to select the Active learner
over the Instructed did not differ on the Original toy
($=0.20, 95% CI [-0.09, 0.49]) or Different toy (f = 0.22,
95% CI [-0.08, 0.52]; see Figure 3b). Comparing learner
choice across toy trials, this model also indicated that
children's tendency to select the Active learner on the
Similar versus Original toy increased with age (= 0.028,
95% CI [0.003, 0.052]). There were no simple effects of
toy (Similar vs. Original: g = 0.14, 95% CI [-0.27, 0.57];
Similar vs. Different: g = 0.12, 95% CI [-0.31, 0.55];
Different vs. Original: g = 0.02, 95% CI [-0.40, 0.44]), of
age (f = —0.01, 95% CI [-0.02, 0.01]), nor other interac-
tions with age (different xage: f = 0.01, 95% CI [-0.02,
0.03]; see Figure 3c,d).

For the memory questions, 16 children failed to re-
member how either learner figured out the toy (mem-
ory score 0: 8.51%), 27 correctly identified one learner
(memory score 1: 14.36%), and 145 correctly identified
both learners (memory score 2: 77.13%). We again con-
ducted exploratory analyses to see if memory score pre-
dicted learner choice. Formal model comparison of (1)
a model with a simple effect of toy trial (Original is ref-
erence category), (2) a model with simple effects of toy
trial and memory score (integer from 0 to 2), and (3) a
model with simple effects of toy trial and memory score,
and their interaction preferred (3) the interactive model.
This model revealed that children's tendency to select the
Active learner on the Similar compared to the Original
toy increased with memory score (f = 1.01, 95% CI [0.33,
1.72]). An exploratory Bayesian linear regression with
age (centered and continuous) predicting memory score
indicated that memory score significantly improved with
age (=0.012, 95% CI [0.009, 0.015]).

Discussion

When presented with an Active learner (for whom
someone entered the room and watched as the learner
activated the toy) and an Instructed learner (for whom
someone entered the room and activated the toy for the
learner), children did not preferentially seek help from
either learner on the Original or Different toys but did
prefer the Active learner on the Similar toy. Children's
preference for the Active learner on the Similar toy
(compared to the Original toy) also increased from ages
3 to 7years. The current study was not designed to pin-
point precisely when this shift occurs between three and
seven, but by examining the distribution of children's re-
sponses, the strengthening in preference appears fairly
continuous across this age range and may continue to
increase beyond age seven. At 3years of age, children did
not preferentially seek help from either learner on the
Similar toy (45.8% selected the Active learner, 95% CI
[30.0%, 62.1%)]) but by age seven, they reliably selected

the Active learner (75.5% selected the Active learner, 95%
CI [63.2%, 87.5%); see Figure 3d).

The majority of children (77%) correctly identified
how each learner figured out the Original toy (i.e., either
independently or told by someone else), but exploratory
analyses revealed that memory score improved with age
and that children's tendency to select the Active learner
on the Similar toy also increased with memory score.
These analyses suggest that from 3 to 7years of age both
children's ability to recognize that these learners learned
in different ways and to then draw the inference that the
Active learner was the one who was more likely to pro-
vide effective problem-solving help may be improving
(see Gopnik & Graf, 1988; Sobel & Letourneau, 2018;
Taylor et al., 1994). Previous literature on selective trust
suggests that from 3 to 5 years of age, children also more
consistently differentiate informants based on their rela-
tive reliability in both explicit evaluations and their help-
seeking behaviors (e.g., Einav & Robinson, 2011; Kushnir
et al., 2013; Mills et al., 2010; Pasquini et al., 2007).

Together, the results of Experiments 1 and 2 suggest
that even though children between 3 and 6years of age
showed a selective preference for the Active learner in
Experiment 1, the ways in which children identify such
learners may undergo a developmental change from age
3 to 7. That is, younger children in Experiment 1 may
have based their preference on cues that correlate with
independent exploration and discovery (i.e., being alone
while exploring and no one thinking you need assis-
tance), while older children may have considered the ac-
tual process of independent successful exploration and
discovery, regardless of whether or not other people were
physically present or offered help. Being alone while
learning and not having others present who think you
need help reflect more the external situation and others'
assessment of your ability, than your actual, intrinsic
problem-solving competence. It is possible that the con-
fluence of such external and internal cues help younger
children to identify a learner's ability to solve problems
on their own, while older children's inferences are more
robust to these correlated but causally unrelated cues.

In particular, younger children in Experiment 2
might have interpreted someone's stepping in as an act
of offering help to the Active learner, leading children
in this experiment to draw a weaker inference about the
Active learner's problem-solving competence than in
Experiment 1. As discussed, recent work suggests that
children consider the act of offering help as an indication
that the target of this offer is less competent or intelli-
gent than someone who is not offered help (i.e., someone
thought this person needed assistance, so they must not
be good at figuring out this task on their own, Sierksma
& Shutts, 2020). Another, not mutually exclusive, possi-
bility is that younger children's preference for the Active
learner was mitigated because she shook her head at the
second actor who entered the scene. This gesture could
have been seen as the Active learner expressing negativity

85U80|7 SUOWWIOD @A 810 (e (dde 8Ly Aq pausenob afe sejonse VO @sn Jo Sa|nJ Joj A%eiq1T8uljuO 3|1 UO (SUORIPUOO-pUe-SWLRY/LI0D A8 1M Afe1q 1 BUIUO//:SANY) SUORIPUOD pue swi | 8y} 89S *[£202/60/50] U0 AriqiTaulluo Aeim ‘Aisieniun piojuers AQ 926€ET Apo/TTTT OT/I0P/W0D A8 | 1M Aseiq 1 BulUO"POS//SANY WOJy papeoumod ‘G ‘€202 “#298.9rT



OTHERS' LEARNING INFORMS HELP SEEKING

1271

CHILD DEVELOPMENT

or refusing to socially engage. In prior work, 4- and
Syear olds were less likely to seek help from a previously
successful actor if they had been socially disengaged
(Rowles & Mills, 2018). Future work could test whether
having the Active learner not shake her head would in-
crease younger children's tendency to seek her help.

Another difference across the videos in Experiments
1 and 2 is that the Active learner is the only learner to
first activate the toy on her own; in the other videos, an-
other actor initially activates the toy and then the learner
activates it. Thus, it is possible that children are only
reasoning about the Active learner's independent first
activation of the toy, rather than the process of explo-
ration that led her to that discovery. In Experiment 3,
we addressed this possibility by contrasting two Active
learners: one who intentionally explores the toy and dis-
covers its solution versus one who does not explore and
accidentally discovers its solution.

EXPERIMENT 3

In Experiment 3, children were presented with the same
Active learner video from Experiment 1 (here called the
Deliberate learner) and with an Accidental learner, who
does not explore the toy but still activates it (though un-
intentionally). It is possible children might prefer to seek
help from anyone who makes a novel discovery, regard-
less of whether the actions leading to the discovery were
intentional or accidental. Three- to Syear olds, how-
ever, distinguish between intentional and unintentional
demonstrations to guide their imitation and exploration
(Bonawitz et al., 2011; Buchsbaum et al., 2011; Butler &
Markman, 2012), so we hypothesized that children would
consider intentional discoveries as stronger evidence for
effective problem solving than accidental ones. Because
in Experiment 2 younger children did not seem to dif-
ferentiate between the learners, and 3 year olds are even
less reliable than 4year olds in their help seeking (e.g.,
Einav & Robinson, 2011; Kushnir & Gopnik, 2005; Mills
et al., 2011), we recruited a slightly older age range (4- to
8year olds) in Experiment 3. We also raised the upper
limit by 1year, as 7year olds were not at ceiling and the
increasing preference for the Active learner found in
Experiment 2 might become even more robust beyond
age seven.

Consistent with Experiments 1 and 2, we predicted
that children would be equally likely to seek help from
either learner on the Original toy since both knew how to
make that toy play music. For the Similar toy we predicted
children would prefer to seek help from the Deliberate
learner because they would infer a competence for figur-
ing out this toy from her successful, intentional explora-
tion of the analogous Original toy. On the contrary, even
though the Accidental learner's exploration was equally
successful, we expected that children would not infer a
problem-solving competence based on her stumbling

upon the solution without even trying, as she would not
have demonstrated the same problem-solving or explor-
atory skills as the Deliberate learner. Thus, we thought
children would infer that the Accidental learner would
be less likely to provide effective help in figuring out the
solution to a novel, related problem.

For the Different toy, one might intuitively predict
to find a preference for the Deliberate learner. Unlike
the Instructed and Passive learners in Experiments 1|
and 2 who were interrupted and thus did not have an
opportunity to explore, the Accidental learner had the
opportunity to but chose not to explore. Thus, insofar as
children attribute a lack of motivation to the Accidental
learner, they might prefer the Deliberate learner instead.
Given younger children's reliance on not being offered
help as a cue to guide their help seeking in Experiments
1 and 2, such a preference for the Deliberate learner on
the Different toy might also increase with age. However,
given the subtlety of the cues to motivation and the lack
of clear preference for the Active learner on the Different
toy trial in previous experiments, we did not expect chil-
dren to exhibit a preference for either learner on the
Different toy trial in Experiment 3.

Methods
Participants

In Experiment 3, 227 4- to 8year olds (M (SD) = 75.71
(16.06) months; range: 48.23-107.97 months 49% female)
were recruited and tested at the Natural History Museum
in Berlin, Germany from June 2018 to May 2019. An ad-
ditional 8 children were excluded from analyses because
they refused to seek help (n = 2), due to experimental
error (n = 4), or due to cognitive disorders (n = 2). We
selected this sample size so that we would have a large
sample size per condition (n =227/condition), as well as a
medium to large sample across the age range (we aimed
for approximately 40-50 children per age bin by year) to
explore whether children's help seeking might change
with age. A post-hoc power analysis simulating a mixed
effects logistic regression model with simr::powerSim
based on the experimental results below revealed that
with 227 participants we achieved 66% power for the ef-
fects of interest.

Participants were mostly of White European descent
and were native or fluent speakers of German. Informed
consent was obtained from the parents or legal guard-
ians before commencing the study.

Materials

The toy materials were identical to Experiments 1 and 2.
The same Active learner video from Experiment 1 (here
referred to as the Deliberate learner) was used along with
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a new video of the Accidental learner described below.
The learners in the videos were again White women with
brown hair, each wore a different colored t-shirt (blue
or yellow) and were referred to by that color (e.g., “My
friend Blue”). Each actor always wore the same colored
t-shirt, but the learner each actor portrayed (Deliberate
or Accidental) was counterbalanced across children.

Procedure

Children were presented with two videos: The Deliberate
(active) learner (the same Active learner video from
Experiment 1) and a video in which an Accidental learner,
after having expressed curiosity about how the toy
works, instead of exploring it, stared at the ceiling and
tapped her fingers on the table. Suddenly, she yawned
and, while stretching her arms, she accidentally leaned
on the toy and activated it after 10s had passed; she ex-
pressed surprise and remarked, “Oho! So that is how this
toy works.” She said “Oho” instead of “Aha” to empha-
size that she unintentionally activated the toy. At the end
of the video, the Accidental learner activated the toy a
second time on her own, just as in all the other learner
videos, making clear that she knew how to activate it (see
Figure 4a for more details). Critically, we matched the
length of time before the first Activation, as well as the
level of surprise expressed by both learners upon acti-
vating the toy, as both length of time to complete a task

and surprise have been shown to influence children's
inferences about others' competence and prior knowl-
edge (Leonard et al., 2019; Wu & Gweon, 2021). After
the help-seeking trials, as in Experiments 1 and 2, chil-
dren were asked to explain how each learner figured out
the Original toy. If children hesitated, the experimenter
prompted a response by asking: “Did she figure it out
accidentally or deliberately?”

Results

We fit a confirmatory mixed effects Bayesian logistic re-
gression predicting children's learner choice (Deliberate
vs. Accidental) with fixed effects of toy trial (categori-
cal, 3-levels: Original, Similar, Different with Original
dummy coded as the reference category) and age in
months (continuous and centered), including a ran-
dom intercept by subject. In addition to this model, we
also fit a model with simple effects of toy and age, and
their interaction, as well as a model with toy as a sin-
gle predictor. Formal model comparison preferred the
model with simple effects of toy and age (i.e., learner
choice ~ toy +age+(1|subject)).

If we collapse across age and look at children's choice
within each toy trial, children did not exhibit a prefer-
ence on the Original toy (f# = 0.23, 95% CI [-0.03, 0.49]),
preferred the Deliberate learner on the Similar toy
(f =0.30, 95% CI1[0.04, 0.57]), and of note, preferred the

Experiment 3
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FIGURE 4 Experiment 3: Study design and results. (a) Screenshots from videos used in Experiment 3. The Deliberate learner was the same
as the Active learner in Experiment 1; the Accidental learner tapped her fingers on the table, yawned, stretched, and as she brought her hands
down and leaned on the toy, it played music, suggesting she had activated it unintentionally. (b) Proportion of children who selected each
learner by toy collapsed across age. (c) Children's learner choice by age faceted by toy (each dot represents an individual participant); dashed
gray vertical line represents median age, 74.42months). (d) Discretized version of data in (c): Proportion of children who selected Deliberate
learner by age in years faceted by toy. Dashed horizontal line represents chance, 50%. Error bars are bootstrapped 95% Cls.
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Accidental learner on the Different toy (f = —0.28, 95%
CI [-0.55, —0.02]). This model also revealed that chil-
dren were more likely to select the Deliberate learner
over the Accidental learner on the Similar compared to
the Different toy (f = 0.58, 95% CI [0.21, 0.96]) and on
the Original compared to the Different (f = 0.51, 95%
CI [0.14, 0.89]) but not on the Similar compared to the
Original (f = 0.07, 95% CI [-0.30, 0.45]). Children's ten-
dency to select the Deliberate learner also increased with
age (= 10.011, 95% CI [0.002, 0.021]; see Figure 4b,c).

For the memory questions, 33 children failed to re-
member how either learner figured out the toy (mem-
ory score 0: 14.54%), 42 correctly identified one learner
(memory score 1: 18.50%), and 152 correctly identified
both learners (memory score 2: 66.96%). Exploratory
analyses revealed that a mixed effects Bayesian logistic
regression predicting learner choice with the single pre-
dictor of toy trial was preferred by formal model compar-
ison over a model with (1) simple effects of toy trial and
memory score (integer from 0 to 2) and (2) simple effects
of toy trial and memory score, and their interaction. An
additional exploratory Bayesian linear regression with
age (centered and continuous) predicting memory score
indicated that memory score significantly improved with
age ($=0.02, 95% CI [0.01, 0.02)]).

Discussion

Children differentiated between the Deliberate and
Accidental learners in their help seeking. Like in
Experiments 1 and 2, children did not preferentially seek
help from either learner on the Original toy and preferred
to seek help from the Deliberate learner on the Similar
toy (though their tendency to select the Deliberate
learner did not significantly differ across these toys). On
the Different toy, contrary to our predictions, children
preferred the Accidental learner. Children's preference
for the Deliberate learner over the Accidental learner,
however, increased with age across all three toys.

Upon inspecting the distribution of children's re-
sponses, it appears that their preference for the Deliberate
learner increased fairly continuously from ages 4 to 8§
years. Though an exploratory discretization of the data
by age in years suggests that this increase might be most
steady on the Similar toy where children reliably sought
the Deliberate learner's help by age 7 (67.7% Deliberate,
95% CI [52.8%, 81.4%)]). On the Original toy, children re-
liably sought the Deliberate learner's help by age 8 (70.1%
Deliberate, 95% CI [53.1%, 87.0%]), but at no age did they
reliably seek either learner's help on the Different toy. We
are, however, cautious to overinterpret this representa-
tion of the data as our experiment was not designed with
this analysis in mind (i.e., looking at choice grouped by
age in years).

Children's preference for the Deliberate over the
Accidental learner on the Similar toy and their overall

strengthening preference for this learner with age, sug-
gests that children were not only paying attention to the
outcome that the learner independently generated but
also the process by which she achieved this outcome.
Both the Deliberate and Accidental learners activated the
toy on their own, so if children's help seeking were driven
by independent successful action alone, they should not
have exhibited a preference for either learner. Even chil-
dren's unexpected preference for the Accidental learner
on the Different toy indicates that children were consid-
ering the process and intentionality behind the discov-
ery. It is possible that children interpreted the Accidental
learner's discovery as lucky and serendipitous, and so at-
tributed a positive trait to her (Olson et al., 2006) or gave
her some extra credit, which weakened their preference
for the Deliberate learner on the Similar toy and led to
an effect in the opposite direction on the Different toy
(at least when collapsing across age), a toy where in pre-
vious experiments children were unsure of whom to ask
for help.

Though memory score increased with age, model
comparison suggested performance on the memory
questions did not correlate with children's help seeking.
We thus speculate that where younger children differed
from older children on this task may be in the inferences
they drew from deliberate versus accidental discovery
rather than an inability to recognize that these learners
arrived at discovery by different means. This interpre-
tation of the age difference is consistent with prior work
showing that 3- and 4 year olds differentiate between ac-
cidental and intentional demonstrators in their imitation
(Bonawitz et al., 2011; Buchsbaum et al., 2011; Butler &
Markman, 2012).

Overall, Experiment 3's findings suggest that at least
older children's (approximately 6- and 7year olds') ten-
dency to seek the Active learner's help in Experiments
I and 2 was not solely based on independent discov-
ery. Rather, it appears that children's preference for the
Active learner in the prior experiments was likely in-
creasingly grounded in the process of exploring the toy
and the intentionality of the discovery, beyond the suc-
cessful outcome that was achieved.

GENERAL DISCUSSION

The presented work provides crucial insights on chil-
dren's help seeking when encountering novel problems,
i.e., problems no one in their environment has yet solved.
We find that children's help seeking is informed both
by how the learner discovered a solution to a different
problem in the past, as well as the similarity between this
past problem and the present problem. Our work builds
on prior studies revealing that when children are look-
ing for someone to help them solve a novel problem, they
not only use the success of individuals' past actions (i.e.,
the history of their actions' outcomes, Cluver et al., 2013;
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Kushnir et al., 2013), but also the process by which those
individuals learned to achieve this success, that is, the
history of their learning. Beyond preferring individuals
with direct versus indirect perceptual access and those
who are already knowledgeable versus those who receive
help (Einav & Robinson, 2011; Hu et al., 2015), children
prefer individuals who may be ignorant a-priori, but
are able to discover latent, causal information about
the world through their firsthand interventions. Across
three experiments, we gather evidence that from 3 to
8years of age children are sensitive to the process by
which people learn what they know and prefer to ask for
help from agents who have demonstrated an ability to
actively, independently, and intentionally discover new
information, over those who have learned from someone
else or accidentally uncovered the solution.

In particular, in Experiment 1, children preferred
to seek help from a learner who had solved a problem
through independent, active exploration over a learner
who had been shown the solution by someone else and
a learner who had watched someone else solve the prob-
lem. Children's preference for the Active learner sug-
gests that their help seeking was not driven by the Active
learner's knowledge or ability to activate the Original toy
(which she shared with the other learners), but rather by
the way she had acquired this knowledge/ability. What's
more, children's preference for the Active learner over
both the Instructed and Passive learners indicates that
both direct exploration and successful discovery were
important, and not just direct exploration without dis-
covery (Instructed) or secondhand experience of explo-
ration and discovery (Passive). Crucially, children did
not indiscriminately prefer the Active learner, regard-
less of context. Instead, they made selective and flexible
choices about whom to ask for help based on whether
the Active learner's competence would likely be benefi-
cial for the problem at hand. Specifically, children pref-
erentially sought help from the Active learner on the
Similar toy, a novel problem that was related though
seemingly more complex than the one the learners had
previously solved. However, children did not show any
preference when seeking help on the Original toy—the
same problem the learners had previously solved—or on
the Different toy—a problem quite dissimilar from the
learners' problem.

Experiments 2 and 3 further elucidate the aspects of
the active-learning process children may be taking into
account when assessing a learner's competence, and
its relevance to the problem at hand. In Experiment 2,
children continued to prefer the Active learner over an
Instructed learner on the Similar toy, even when the
Active learner was not alone and was offered help. Here,
however, children's preference for the Active learner in-
creased from ages 3 to 7, suggesting that in Experiment
1, though there were no significant age effects, the basis
for the inference underlying children's preference for
the Active learner might have differed from ages 3 to 6.

Specifically, younger children may have relied on the fact
that the Active learner was the only one who had been
alone and/or for whom no one had thought she needed
help, compared to the other learners who had both re-
ceived assistance, whereas older children may have relied
on the actual independence of the Active learner's explo-
ration and discovery. In Experiment 3, from 4 to 8 years
of age, children increasingly sought help on all three
toys from a Deliberate (active) learner, who intention-
ally explored and activated the Original toy, compared
to an Accidental learner, who did not explore and un-
intentionally activated the toy. This preference suggests
that in Experiments 1 and 2, children's preference for the
Active learner was likely based on both her independent
exploration and discovery of the Original toy's solution,
though younger children's inferences about the learn-
er's problem-solving competence may have been more
strongly driven by the discovery (or outcome) than the
exploration (or process) that gave rise to it.

Taken together, all three experiments suggest that
the cues children use to infer an individual's potential
to solve a new problem based on how they learned to
solve a problem in the past change across early and mid-
dle childhood. When deciding from whom it is best to
seek help, younger children may place more weight on
whether the individual was previously offered help (re-
gardless of whether or not it was taken) and whether
they discovered the solution independently (regardless
of whether or not it was intentional). From 3 to 8years,
however, children's reasoning appears to grow more so-
phisticated: Children can increasingly differentiate be-
tween cues that are correlated with versus causally related
to an individual's active-learning competence, preferring
an independent explorer and discoverer, even if offered
help, and more strongly weighting a goal-directed than
an unintentional, lucky discovery. The current exper-
iments cannot determine exactly when or how these
shifts occur, but there is evidence that children's ten-
dency to seek the Active (Deliberate) learner's help in-
creased fairly continuously with age, and that at least by
age seven they reliably asked this learner for help over
the Instructed and Accidental learners. In Experiments
2 and 3, 7- and 8-year-olds' preference was not at ceiling,
suggesting that a genuine appreciation of the process of
others' learning beyond outcome and an ability to make
flexible, context-dependent help-seeking decisions based
on this process may continue to develop beyond middle
childhood.

These results are in line with the developmental tra-
jectory drawn by previous work on children's under-
standing of how they and others come to know what
they know and related inferences about others' trust-
worthiness. From 3 to Syears of age, children become
better able to identify the source of their own knowledge
(Gopnik & Graf, 1988; Taylor et al., 1994) and to artic-
ulate when others' learned from exploration versus in-
struction (Sobel & Letourneau, 2018); they also become
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more likely to seek help from an independently knowl-
edgeable individual versus someone who was assisted
(Einav & Robinson, 2011). Children's preference for the
Active learner in our experiments increased even beyond
age five. This suggests that determining the relative help-
fulness of someone who directly versus indirectly discov-
ers abstract information might be harder for children
than comparing individuals with knowledge gained via
direct visual access versus hearsay (Hu et al., 2015), or
who demonstrate prior knowledge versus current igno-
rance about category labels (Einav & Robinson, 2011).
Indeed, previous work on selective trust reveals that
children's ability to differentiate and selectively learn
from informants based on more nuanced differences in
reliability—such as error magnitude, rather than knowl-
edge versus ignorance—develops from 5 to 7years (Einav
& Robinson, 2010). This protracted development in the
sophistication of children's help seeking is also in line
with evidence suggesting that children's ability to under-
stand and describe learning as a process, and to identify
whether knowledge was likely acquired directly versus
indirectly improves from 5 to 11 years of age (Lockhart
et al., 2016; Sobel & Letourneau, 2015).

Across all three studies, children's preference for the
Active (deliberate) learner was strongest when the task
they had to solve was analogous to the one that the
learner had solved. Indeed, all learners had eventually
demonstrated an ability to activate the Original toy, so
any learner could help children activate it again. With
respect to the Similar and Different toys, it is possible
children thought that the problem-solving abilities the
Active learner had demonstrated would likely apply to
a near-transfer problem (the Similar toy), but not neces-
sarily to a far(ther)-transfer problem (the Different toy).

We argue that in the context of our experiments, chil-
dren's conservatism seems justified. First children had
only witnessed the Active learner figure out one single
toy, and they were not given any evidence for the incom-
petence of the Instructed or Passive learner. Compared
to our study, in prior research children were always given
more data in which to ground their inference about the
relative competence of the potential helpers (i.e., two or
more examples, Cluver et al., 2013; Kushnir et al., 2013).
Also, in earlier studies the contrast in competence
among learners established in the familiarization phase
was much stronger than in our experiments. For exam-
ple, one helper was presented as clearly knowledgeable
and successful, while the other clearly failed, claimed
ignorance and/or was less socially engaged (e.g., Cluver
et al., 2013; Kushnir et al., 2013). The contrast we intro-
duced in our experiments (i.e., the learners were all ini-
tially ignorant, but ultimately successful) was arguably
more subtle. From this perspective, our task was quite
a strict test of the inferences children draw about rela-
tive competence and helpfulness from different learning
histories. Second, we explicitly stated that the Similar
toy was related to the Original toy, while the Different

CHILD DEVELOPMENT

toy was unrelated, and we offered clear visual cues in
support of the toys' (dis)similarity. This information may
have increased children's uncertainty about the scope
of the Active learner's abilities and led to a more nar-
row inference about the space of problems she had a
greater potential to help solve. Defining the boundaries
of a class of problems and knowing when competence
in one task is likely to transfer to another is an incred-
ibly important skill for learning to learn (e.g., Brown &
Kane, 1988). Future work could explore whether having
the Active learner successfully discover the solution to
two or more toys, as well as varying the similarity across
these demonstrated problems, affects children's willing-
ness to generalize the problem-solving competence they
infer.

When deciding whether to seek a learner's help on a
novel problem, we find that children were sensitive to
whether a learner's previous discoveries had been inde-
pendent and direct versus assisted and secondhand, as
well as whether they had been deliberate versus acci-
dental. Are children sensitive to other cues relevant to
an individual's learning and problem-solving abilities—
such as the efficiency or the systematicity of an individ-
ual's exploratory actions? For example, if children could
observe the actual actions the learner took on the toy,
would they seek help on a novel problem from an indi-
vidual who had explored strategically, over one whose
actions were apparently random, though equally success-
ful? Might they also prefer to seek help from a previously
efficient than an inefficient explorer? Children as young
as age 4 can evaluate the informativeness of others' ques-
tions (De Simone & Ruggeri, 2020; Ruggeri et al., 2017),
4- and Syear olds can infer relative competence based on
the relative time individuals took to complete the same
task (Leonard et al., 2019), and, from ages 5 to 6, children
become increasingly sensitive to how informative the ev-
idence a teacher provides is for a given concept (Rhodes
et al., 2010). In line with these previous findings and the
results of Experiment 3, it is quite possible that children,
and particularly 5- to 8 year olds, would also be able to
take into account the informativeness and efficiency of
others' past exploratory interventions when choosing
from whom to seek help. Children's ability to infer oth-
ers' relative active-learning competence from even more
nuanced cues, and how this ability guides their social
learning is a rich avenue for future research.

Seeking help from effective learners and explorers not
only increases the probability of uncovering new infor-
mation about the world, but also maximizes opportuni-
ties to acquire problem-solving skills that would make
you a better independent learner yourself. In this sense,
by partnering up with more advanced learners, children
not only can learn from the outcome of these learners'
discoveries, but also from the process and strategies that
led to them. Indeed, good learners can serve as a model of
how to perform goal-directed actions that generate use-
ful evidence, how to ask questions that elicit informative
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answers from others, or when it is worth exerting effort
on a certain task (Frazier et al., 2011; Leonard et al., 2019;
Markant & Gureckis, 2014; Mills et al., 2010; Schulz &
Bonawitz, 2007). Recent research indicates that young
children are sensitive to the quality of others' learning
strategies, possibly even before they are able to imple-
ment the most efficient strategies on their own. For in-
stance, children as young as 4 years are able to identify
which agents ask the most informative questions, despite
not being able to generate such questions until around age
seven (De Simone & Ruggeri, 2020; Ruggeri et al., 2017).
Children are also sensitive to when others' effort pays
off, and understand that the amount of effort needed is a
product of both individual skill and task difficulty. For
example, they are more likely to imitate an adult's level of
effort when the adult's actions are eventually successful
(Leonard et al., 2020), and try harder on tasks that were
easy for an adult to achieve, compared to tasks that were
difficult or impossible for the adult (Lucca et al., 2020).
Given these findings, it is quite possible that identifying
and seeking help from competent learners not only en-
ables children to achieve their immediate goals, but also
serves as a stepping stone to enrich and advance their
own toolbox of strategies for epistemic inquiry and fu-
ture goal achievement.

Children's consistent lack of preference on the
Original toy, though, suggests that in our experiments
they may have just wanted to learn the activation se-
quence for each toy, rather than the skills and strategies
required to discover that sequence. Indeed, if children
had wanted to learn about the discovery process more
generally, their best bet would have been to team up with
the Active learner on the Original toy—as she was the
only learner who had demonstrated the ability to figure
out this toy through her own (deliberate) exploration.
However, children did seek the Active learner's help on
the Similar toy. Even though it is possible their only in-
tention was to learn the activation sequence (rather than
the process that led to its discovery), if we had actually
given children the opportunity to work together with the
Active learner to figure out the Similar toy, they even-
tually would have been privy to her exploratory actions
and strategies. In other words, they still would have had
the opportunity to acquire inquiry, exploration, and
problem-solving skills even if that was not their reason
for partnering up with the Active learner in the first
place. In this sense, children's ability to identify individ-
uals who are likely able to offer useful assistance in solv-
ing a problem may be the first step in recognizing that,
in addition to learning solutions, they can also learn
strategies from them. Also note that in our experiments
the instructions stated that children's goal was to “figure
out how to make each toy work”, not to figure out how
to figure out how to operate the toys. If the goal of the
task had been to acquire the skills for figuring out the
toys (for instance, because children would need to figure
out other toys in the future without assistance), children

might have shown a stronger preference for the Active
learner, possibly on all toys.

In our studies, we used help seeking as our dependent
measure because we were not only interested in chil-
dren's inferences about the agents' learning histories, but
also in how children used this information to guide their
own social learning behavior. Even if the social learn-
ing behavior itself was not our focus of interest, help
seeking can offer a generative measure for indexing chil-
dren's sensitivity to differences across individuals. It is
action based rather than language based, enabling the
same paradigm to be appropriate for a wide age range
of participants, with varying vocabulary, linguistic com-
prehension, and introspective abilities. Moreover, using
knowledge for action is motivating, and there is evidence
that action- and decision-based measures with relevance
to children's own goals may allow researchers to cap-
ture earlier competencies and understanding, compared
to third-party questions or evaluations (Buttelmann
et al., 2009; Setoh et al., 2016; Southgate et al., 2010;
Walker et al., 2016; Walker & Gopnik, 2017).

Despite these strengths, there are bounds to what we can
conclude from children's help seeking. First, help-seeking
paradigms provide only an indirect measure of children's
reasoning, as the decision to ask a specific person for help
is the consequence of this reasoning, and not a direct read-
out (although one might argue that no behavioral depen-
dent variable in psychological research is a direct read-out,
after all). In our experiments, the features along which
the learners differed and the selective nature of children's
preference for the Active learner provide some insight into
what children were thinking (i.e., the competence inferred
was bounded, and independent, direct exploration and in-
tentional discovery were critical cues). This selectivity also
implies that children did not just like the Active learner
better or form a positive association with her and/or a neg-
ative association with the other learners (otherwise, they
should have sought the Active learner's help on all three
toys). We are, however, unable to assess exactly what chil-
dren inferred about the learners, nor why. For example,
did children think that the Active learner knew more about
the Similar toy, that she was better at discovering how this
type of toy works, or some combination of both? In other
words, did they think her exploration conferred or demon-
strated deeper mechanical and casual knowledge, or more
procedural knowledge and skills for how to go about
solving toys? To begin disentangling these possibilities,
we could see if children seek help from the Active learner
when the task is to fix a broken toy, rather than figure out
how to operate a toy. If children think the Active learner
has acquired a deeper understanding of the Original toy's
mechanism via her learning history, then they should pref-
erentially seek her help to fix both the Original toy and
the Similar toy. If, however, they see her exploration only
as evidence of procedural knowledge and skills then they
should be less likely to seek the Active learner's help when
looking for someone to help fix (vs. help figure out) the
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Original and Similar toys. Future work could also com-
bine help seeking with explicit questions about what the
learners know or the skills they possess to make more pre-
cise what children of different ages infer about these learn-
ers based on their learning history.

Second, the act of asking someone for help involves sev-
eral steps, which can complicate conclusions about why
children fail to differentiate among potential helpers. In
our experiments, to selectively seek help from the Active
learner, children had to (I) appreciate that the learners
learned how to operate the Original toy in different ways,
(2) infer from these different processes that the Active
learner is more likely able to solve the problem at hand
than the other learner(s), and (3) actually ask the Active
learner for help. If children do not ask the Active learner
for help, at which step(s) did they encounter problems? We
think it is quite unlikely that younger children in our ex-
periments struggled with step 3, given that previous work
contrasting helpers in terms of the success of their actions
and relative amount or domain of knowledge showed
that children as young as age 2 and 3, respectively, were
able to plan help-seeking actions in line with their infer-
ences of relative competence (Cluver et al., 2013; Kushnir
et al., 2013). We argue, instead, that it is likely a combi-
nation of steps 1 and 2. From ages 3 to 8§, children are in-
creasingly able to appreciate that the processes by which
the learners learned to solve the Original toy differed (step
1). But, above and beyond this ability to represent the pro-
cesses as distinct, the inferences children draw, based on
these processes, about an individual's ability to solve prob-
lems and the related likelihood of providing effective help
on a given problem are also changing (step 2). More specif-
ically, we conclude from Experiments 2 and 3 that younger
and older children pay attention to different cues and/or
weight the same cues differently when determining the
competence and helpfulness of the learners. Performance
on the memory questions provide some insight to chil-
dren's abilities to recognize that the learners had learned
in different ways. Memory performance did increase
with age in both Experiments 2 and 3, and in Experiment
2 children with better memory were more likely to seek
the Active learner's help. This suggests that the observed
differences between younger and older children's deci-
sions may have been, at least partly, due to their difficulty
with step 1. At the same time, memory performance was
overall high (77% of children in Experiment 2 and 67% in
Experiment 3 answered correctly for both learners), and
it did not predict choices in Experiment 3. Also, even the
youngest children did fairly well (in Experiment 2, 49%
of 3year olds and 69% of 4year olds answered correctly
for both learners, and in Experiment 3, 48% of 4 year olds
and 52% of Syear olds did so), suggesting that even when
younger children could differentiate between learners'
learning histories, their reasoning about whom was best
to ask for help still differed from older children's (step 2).

The demands of our tasks more broadly (e.g., keep-
ing track of two to three learners and asking for help on

three different toys), however, may have masked younger
children's abilities to differentiate the learners and con-
sequently their abilities to draw the appropriate infer-
ences and seek help accordingly. Though the memory
questions are helpful, we are cautious to overinterpret
these results, as they may offer an underestimation of
younger children's abilities to distinguish how the learn-
ers learned. First, the memory questions came at the
end of the experiment, after children had already made
three help-seeking decisions. Second, they are language
based, and articulating the different processes by which
the agents had learned was challenging even for us (espe-
cially in Experiment 1). Providing additional scaffolding
to support children's ability to distinguish and keep in
mind the different learning processes would allow us to
more accurately determine the relative contribution of
differentiation versus interpretation to the observed age
effects in the current experiments.

CONCLUSION

Children not only need to learn a great deal about the
world, but they also need to learn sow to learn about the
world. Social learning can facilitate both the acquisi-
tion of new knowledge and the skills critical to effective
exploration and learning. Building on prior work, espe-
cially studies exploring the source of informants' knowl-
edge (e.g., Einav & Robinson, 2011; Hu et al., 2015), our
work suggests that children can use others' learning his-
tories to identify good learners—social partners who are
effective explorers and problem solvers, who can sup-
port the discovery of solutions to novel problems, but
also who can serve as role models from whom to learn
how to learn. Even though children have much to learn,
they face this daunting task with a growing and deepen-
ing appreciation of both the process and the outcome of
learning, realizing that what you know matters, but what
sometimes matters even more is fow you came to know
what you know.
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