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Two studies ask whether scaffolded children (n = 243, 5–6 years and 9–10 years) recognize that assistance is
needed to learn to use complex artifacts. In Study 1, children were asked to learn to use a toy pantograph.
While children recognized the need for assistance for indirect knowledge, 70% of scaffolded children claimed
that they would have learned to use the artifact without assistance, even though 0% of children actually suc-
ceeded without assistance. In Study 2, this illusion of self-sufficiency was significantly attenuated when
observing another learner being scaffolded. Learners may fail to appreciate artifacts’ opacity because self-di-
rected exploration can be partially informative, such that learning to use artifacts is typically scaffolded
instead of taught explicitly.

If an ancestor 100 generations removed appeared in
your kitchen, what would they be able to figure out
on their own and what would they need your help
to understand? In some cases, simple heuristics
about informational access can help us delineate
indirect and direct knowledge. Some kinds of
knowledge, like historical facts, object labels, and
scientific minutiae, are only accessible through
other people. Other kinds of knowledge, like the
basic physical characteristics of objects and simple
causal affordances, can easily be acquired through
observation and random discovery, even if there is
no one available to learn from.

Here we focus on a third kind of knowledge,
shared by virtually every mature member of a cul-
ture: the use of that culture’s everyday artifacts,
such as telephones and blenders. Like much of
what we consider common knowledge, the use of
artifacts is acquired through a combination of peda-
gogy and the learner’s own unassisted discovery.
The massive stores of common knowledge acquired
by adulthood suggest that the balance of pedagogy

and unassisted discovery must be fairly efficient;
indeed, sociocultural theories of learning emphasize
that learning is a collaborative process between lear-
ner and expert, rather than an assembly line con-
struction (Rogoff, 1990, 2014; Tomasello, Kruger, &
Ratner, 1993; Vygotsky, 1978; Wood, Bruner, &
Ross, 1976). Here, we present evidence suggesting
that even as children begin to recognize the differ-
ence between indirectly and directly accessible
knowledge, collaborative learning may mask the
extent to which pedagogical support is necessary to
learn to use many artifacts.

Do Children Know When Unassisted Discovery is
Insufficient?

Young learners of course readily ask for help
when they feel they need it; and help-seeking is
modulated by the child’s skill level and the diffi-
culty of the task, suggesting that children are not
asking for assistance until they are actually uncer-
tain of what to do next (Vredenburgh & Kushnir,
2016). Nevertheless, early in development, chil-
dren’s verbal reports underestimate the need for
instruction. Four-year-olds claim that a child who
wants to learn a song will learn even if the child
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neither sings along with the teacher nor pays atten-
tion to the singing (Sobel, Li, & Corriveau, 2007).
Five-year-olds’ explanations of how a child learned
to use a toy focus overwhelmingly on the role of
self-directed exploration, even when describing
vignettes in which children learned exclusively by
instruction (Sobel & Letourneau, 2018). Thus, one
possibility is that young children decide when to
seek help simply by monitoring their own uncer-
tainty during the learning process, without inferring
more generally that help may actually be necessary
to learn that thing.

However, preschoolers can predict when help
may be needed if the difficulty of a task is sufficiently
clear to them. Given experience with one difficult-to-
solve puzzle box and asked whether they would
need help to solve another, perceptually distinct,
puzzle box, preschoolers do predict that they will
need help. Despite this, when given a choice between
seeing the experimenter solve the new puzzle box for
them and trying to solve it unassisted, preschoolers
choose unassisted exploration—and increasingly so
with age, despite uniformly failing to open the first
box without help (Was & Warneken, 2017). Thus,
children’s explicit predictions may not always guide
their behavior. When 5- to 7-year-olds learn how to
use a difficult-to-figure-out toy (with seven buttons,
two of which must be pressed simultaneously) and
an easy-to-figure-out toy (with one large button to
press), they subsequently recommend teaching a
naive learner the more complex toy over the simpler
toy. Importantly, they do this even if they are only
shown how to use the toy, rather than figuring it out
mostly for themselves (Bridgers, Jara-Ettinger, &
Gweon, 2020). Taken together, these studies suggest
a second possibility for how children understand the
need for pedagogical support: by the early school
years, children can explicitly infer when help is more
or less important not only by referencing the diffi-
culty of their own learning experience, but also by
simulating the learning process that would allow a
naive learner to discover the artifact’s function.

Evidence for children’s ability to evaluate the
importance of pedagogical support by simulating
learning costs must come with an important caveat.
Frequently, artifacts are not simply “more difficult” or
“less difficult” for an unassisted learner to figure out.
The same division of cognitive and physical labor
that “ratchets up” the specialization and complexity
of modern artifacts also supports our ability to
understand and learn about those artifacts (Csibra &
Gergely, 2006, 2011; Tennie, Call, & Tomasello,
2009). As a result of this specialization, modern arti-
facts are frequently “causally and teleologically

opaque”—in other words, they are impossible to learn
to use without assistance, even for adults (see section
"When is Independent Learning Insufficient" for dis-
cussion). Perhaps surprisingly, children and adults
are unaware of how shallow their understanding of
artifacts really is until they are asked to give a step-
by-step, mechanistic explanation of how artifacts
work (Lawson, 2006; Mills & Keil, 2004; Rozenblit &
Keil, 2002). Yet, we are not wholly unaware of arti-
fact complexity, nor are we unaware that some kinds
of knowledge are typically learned from other peo-
ple. Children and adults make consistent judgments
of artifact complexity, though the basis for these
judgments shifts across development (Ahl, Amir, &
Keil, 2020; Kominsky, Zamm, & Keil, 2017). Rather,
we argue, the problem is twofold.

First, our capacity for causal reasoning does allow
us to discover some affordances in most artifacts,
particularly as we learn more about the design fea-
tures commonly reused in our culture’s artifacts (see
"What Can We Learn Alone?"), and these discoveries
may encourage a sense of self-sufficiency. Second,
because we learn to use artifacts through a collabora-
tive process that involves both independent reason-
ing and pedagogical support, we may not fully
appreciate the extent to which our own ability to rea-
son about artifacts’ purpose and causal functioning
is inadequate (see sections “When is Independent
Learning Insufficient” and “What Makes the Bound-
ary Between Learning Alone and Learning From
Others Unclear?”). Consequently, children’s judg-
ments about their own learning capacity may reflect
the success of their own learning experience, while
neglecting the importance of expert assistance (Study
1). Diminishing that feeling of self-sufficient discov-
ery by removing the self-directed exploration may
prompt children to evaluate the limits of individual
learning differently—for example, by considering the
complexity of the learning process, or the amount of
expert assistance provided (Study 2). We present evi-
dence that the illusion of self-sufficiency is not sim-
ply a failure of source-monitoring, general
overconfidence, or egocentrism, nor does the illusion
appear when nothing could be learned through self-
directed exploration—for example, object labels and
historical facts. Thus, the illusion may be specific to
those forms of knowledge that are acquired through
a combination of exploration and pedagogical scaf-
folding, such as the use of complex artifacts.

What Can We Learn Alone?

Consider what we can learn unaided. Tennie and
colleagues (Reindl, Bandini, & Tennie, 2018; Tennie
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et al., 2009) propose that all species have a “zone of
latent solutions” (ZLS): A set of mechanical reason-
ing strategies that can be applied to novel problems
without need of social learning. For example, chil-
dren ages 2- to 3.5-year old spontaneously infer the
function of the perforating, scooping, and hammer-
ing tools great apes use in the wild (Reindl, Beck,
Apperly, & Tennie, 2016), suggesting untutored
competence in basic physical reasoning. However,
the ability to learn from direct instruction, imita-
tion, and guided exploration allows us to acquire
strategies not in our ZLS (Lyons, Damrosch, Lin,
Macris, & Keil, 2011; Tennie et al., 2009), which can
in turn enable further independent learning.

Learners may even be able to figure out the use
of some artifacts without guidance simply because
the artifacts are sufficiently simple and self-con-
tained that even random exploration produces a
recognizable goal state. For example, a learner
could press the button on a flashlight accidentally:
The immediate appearance of the light reinforces
the connection between pressing the button and the
goal state it enables. If the learner recognizes the
value of a light-producing object, that immediate
reinforcement enables straightforward associative
learning. However, children’s unguided exploration
is not random; it is hypothesis-driven (Gopnik,
2012), and children update their hypotheses using
evidence generated by their interventions (Bonaw-
itz, van Schijndel, Friel, & Schulz, 2012; Schulz,
Gopnik, & Glymour, 2007).

Additionally, a culture’s artifacts frequently share
many design principles, which may enable learners
to generalize function from features in previously
encountered artifacts to otherwise novel artifacts
(Sim & Xu, 2017). Regularities in artifact design are
not incidental: artifact designers reuse their cul-
ture’s solutions to common design problems (exam-
ples from industrialized countries include buttons,
handles, “swipe functions,” etc.), in part because of
the physical laws governing artifacts’ functions (one
does not make hand shears with 10-foot handles,
nor with dull blades), but also in order to make
them intuitive for users. While the function of a
common design feature such as a button or handle
may not be part of our ZLS, they may allow learn-
ers already familiar with them to infer the use of an
otherwise novel artifact (Magid, Sheskin, & Schulz,
2015; Walker, Rett, & Bonawitz, 2020). However,
the reuse of particular design features in a culture’s
artifacts may also make them appear more trans-
parent than they are; the presence of a button or a
handle may feel suggestive, but it is no guarantee
that using the artifact is as simple as pressing the

button or gripping the handle. As we will argue
(see "When is Independent Learning Insufficient"
and "What Makes the Boundary Between Learning
Alone and Learning From Others Unclear?"), the
suggestiveness of these features may make it partic-
ularly difficult for learners to retrospectively recog-
nize what they would have discovered themselves if
the solution is ultimately suggested by a partner.

When Is Independent Learning Insufficient?

In many cases, the goal state is not the result of
a single action like pressing a button to turn on a
flashlight. Rather, the user must execute a specific
sequence of actions, each of which is only an
enabling condition for the ultimate goal state, rather
than a sufficient cause in itself; for example, a tele-
phone only functions if a valid sequence of num-
bers is dialed in a particular way. Other examples
could obviously be chosen; the point we want to
illustrate by these examples is that as the number
of enabling conditions increases, the odds of unas-
sisted discovery decrease (and mistakes can have
serious consequences). Because human technology
frequently relies on executing an ordered series of
actions to achieve intermediate goals (or enabling
conditions) which themselves have no intrinsic
value, acquiring the use of such technology requires
pedagogical support. This has led to extensive dis-
cussions of the role of pedagogy and recursive tele-
ology in acquiring the use of artifacts, (Csibra &
Gergely, 2006, 2011; Gergely & Csibra, 2006; Lyons,
2008). However, even with the most complex arti-
facts, some things can be learned without pedagogi-
cal support. Because even complex artifacts are
composed of simpler, discrete mechanisms,
unguided exploration may still be informative. In
the case of the telephone, for example, one might
discover the effect of particular buttons; neverthe-
less, pedagogy would be required to learn how to
actually place a call.

What Makes the Boundary Between Learning Alone and
Learning From Others Unclear?

Sociocultural theories of learning suggest that
working together with a more expert partner allows
learners to more effectively recode their partner’s
knowledge as their own (Rogoff, 1990; Tomasello
et al., 1993). The scaffolding concept in particular
(Vygotsky, 1978; Wood et al., 1976) has been
applied to a variety of pedagogical approaches and
domains, but most approaches exhibit three central
features: providing learners with a simplified and

Self-Sufficiency 3



structured learning environment, providing cogni-
tive and emotional assistance in the form of direc-
tion and encouragement contingent on the learners’
needs and actions, and gradually transferring respon-
sibility to the learner (Boblett, 2012; Mermelshtine,
2017). For example, children across very different
cultures may be allowed opportunities to observe
experts and other learners using artifacts in every-
day contexts (Legare, 2017; Silva, Correa-Ch�avez, &
Rogoff, 2010), be encouraged to “pitch in” to group
or dyadic activities and thus learn through joint-ac-
tion with a knowledgeable partner (Rogoff, 2014),
and only be given more specific guidance contin-
gently on performance (K€artner et al., 2008; Little,
Carver, & Legare, 2016). While scaffolding can be a
highly effective way to learn, scaffolding may make
it challenging to distinguish between individual
learning and scaffolded learning in two ways.

One challenge is simply recalling the source of
information: did I learn by myself, or with help?
Some sociocultural theorists have argued that some
of children’s source-monitoring failures in collabo-
rative contexts are actually an index of children’s
successful learning. When working together with a
partner toward a joint goal, errors in preschoolers’
source-memory exhibit an “I-did-it” bias: children
are more likely to claim credit for a partner’s contri-
bution than credit a partner for their own contribu-
tion. However, children who exhibit a stronger “I-
did-it” bias perform better when tested afterward
as individuals (Ratner, Foley, & Gimpert, 2002;
Sommerville & Hammond, 2007). Importantly, not
all forms of working together have an equal impact
on the I-did-it bias. The bias is stronger when chil-
dren are more integrated into the activity in ways
typical of a scaffolded learning environment, such
as turn-taking (Foley, Passalacqua, & Ratner, 1993,
Exp 4), jointly planning next steps (Ratner et al.,
2002, Exp 2), or observing an adult’s activity. The
bias is particularly strong if the child is able to
imagine completing a step themselves, or is able to
anticipate the adult’s next step (Foley, Ratner, &
House, 2002; Sommerville & Hammond, 2007). The
potential to anticipate a partner’s contribution,
which is crucial to joint-action, may also play a cen-
tral role in source-monitoring errors even in adults
(Barber, Franklin, Naka, & Yoshimura, 2010; Foley,
Foley, Durley, & Maitner, 2006; Landau & Marsh,
1997). We note that recognizable design features in
artifacts may allow learners to feel as though they
were already considering an action suggested by a
partner. For example, if a learner tries a button and
then a lever, and the partner suggests trying the
two simultaneously, the learner may be less likely

to credit the partner for the idea than if the partner
had pointed out an unknown feature. Thus, learn-
ing to use an artifact through a combination of self-
directed causal reasoning and intermittent expert
scaffolding may make it difficult to track expert
contributions.

The ability to anticipate a partner’s contributions
in collaborative learning approaches like scaffolding
raises a second challenge: making judgments about
individual capacities. Even if some information was
acquired from someone else, could it have been
acquired directly? In some cases, metacognitive
judgments can provide a clear criterion for distin-
guishing one’s own contributions from a partner’s
even when the source memory is unreliable (John-
son, Hashtroudi, & Lindsay, 1993). For example,
even young children are confident that one could
not learn the name of a historical figure without
assistance, but that one could learn that thunder
and lightning co-occur without assistance (Lockhart,
Goddu, Smith, & Keil, 2016). However, learning to
use artifacts is not so clear cut: it is not exclusively
learned through pedagogy, nor accessible without
pedagogy. Thus, even if a learner accurately recalls
that their partner suggested trying the button and
lever simultaneously, the learner may believe that
they “would have tried it” even without the part-
ner’s input.

The Present Work

We asked whether learning to use an artifact
through scaffolded exploration would induce a
specific illusion of self-sufficiency. Specifically,
Study 1 was designed as a confirmatory test of the
prediction that, relative to a baseline success rate,
scaffolded children would believe that they could
have learned to use artifact without help, despite rec-
ognizing that (a) they had been helped, (b) some
kinds of knowledge, such as historical facts and
object labels, are inaccessible without pedagogy,
and that (c) in other cases, they had required assis-
tance to acquire a skill. We chose to test two age
groups (ages 5–6 and 9–10), in order to further
reduce the chance that children’s responses could
be explained merely as failures of source-monitor-
ing or egocentric knowledge attributions—which
both decrease dramatically between the ages of 4–6
(Drummey & Newcombe, 2002; Kloo, Rohwer, &
Perner, 2017)—or as failures of counterfactual think-
ing, which appears to be present from age 4, but
may continue to mature until late childhood
(Kominsky et al., 2019; Nyhout & Ganea, 2019;
Rafetseder & Perner, 2018). Study 2 was designed
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as a confirmatory test of the prediction that the illu-
sion of self-sufficiency for artifacts would be
reduced when taking a 3rd person perspective.
Hypotheses for each question children were asked
in both studies were confirmatory, but were only
preregistered for Study 2.

In a preliminary study (see Supporting Informa-
tion), we confirmed that the children were unable
to learn to use the artifact without scaffolding. Of
twenty-three 5- and 6-year-olds and twenty 9- and
10-year-olds, none succeeded. These children were
simply given the artifact, told the function, and
asked to learn to use it. In order to maximize their
chances of success, children who seemed to give up
quickly were encouraged to keep trying as many as
three times. Thus, strictly speaking, this procedure
included two forms of scaffolding: children were
told the artifact’s function, and given emotional
support. As noted earlier, the function of an artifact
may frequently be impossible for children to dis-
cover without assistance, and may not be realistic
to expect within an experimental session; indeed,
even in developmental studies of “free play,” which
use intentionally simplified artifacts, the function is
always demonstrated to children (e.g., Sim & Xu,
2017). However, these were the only two forms of
assistance the child was given; children’s explo-
ration was wholly unguided. Hence, for the sake of
brevity and lexical clarity, we refer to these children
as “unscaffolded.” This formed a baseline compar-
ison for children’s claims of success in Studies 1
and 2.

Study 1: First Person Sensitivity to Scaffolding

In Study 1, children were scaffolded as they
explored a toy pantograph that carves letters and
shapes into crayons. Children were then asked
whether they could have learned to use the
machine without scaffolding. Children were also
asked several questions to test their ability to distin-
guish between direct and indirect knowledge, iden-
tify the source of their knowledge, and admit to
needing help in other cases.

Method

Participants

Forty-two children ages 5–6 (Mage = 5.50) and
forty-five children ages 9–10 (Mage = 9.51), were
recruited from museums in the northeastern United
States in summer 2018. We did not collect

information about race or SES, but given the demo-
graphic profiles of the area, we believe that most
participants came from middle-class families. Seven
children were excluded from analysis; four (age 10)
for recognizing the crayon carver and knowing
either the function or name, two (ages 6 and 10) for
experimenter error, and one (age 5) for becoming
uncooperative before answering the test questions.
Thus, 40 younger and 40 older children (44% girls)
participated in Study 1. Children were tested at a
table in a quiet corner of the museum, with a tall
partition preventing other children from seeing the
machine in use before participating themselves. Par-
ents were asked to stand discretely off to the side if
they wished to observe.

Materials

Children were given a CrayolaTM Crayon Carver,
an electrically powered plastic toy marketed to chil-
dren 6 and older that allows children to carve let-
ters and shapes into crayons. A plastic arm based
on the pantograph principle manipulates a stylus
and carving needle, allowing the user to carve let-
ters into crayons by tracing with the stylus into
stencils. The stencil letters are held in place while
tracing by fitting them into a peg-board at the front
of the machine. In order to successfully trace, a
plastic cap must be put on each end of a crayon to
hold the crayon stable within a spring-loaded vice
under the carving needle, and the power switch
must be in the “on” position. If the crayon is not
properly situated in the vice, or if the lid is open, a
safety switch will prevent the power from turning
on even if the power switch is in the “on” position.
When the crayon is properly situated and the lid is
closed, the pantograph arm can be used to trace in
the stencils, producing a carving in the crayon.

Introductory Phase Scaffolding

The scaffolded group first observed the experi-
menter interacting with the machine in the intro-
ductory phase; however, the experimenter did not
provide the step-by-step demonstration typical of
direct instruction. Rather, the introductory scaffold-
ing accomplished two goals: first, the experi-
menter’s interaction with the machine was intended
to simulate what a child might observe about arti-
facts in their daily lives. Second, the introduction
motivated younger children to explore the machine
independently so that additional scaffolding could
be provided contingently, without resorting to
direct instruction.

Self-Sufficiency 5



The machine was presented to children with the
power switch in the “on” position, and a carved
crayon and stencils already in place, as though
another child had just used it. The experimenter
stated the machine’s function and briefly demon-
strated how to use the stylus to trace into a stencil,
conspicuously turning off the power as though sur-
prised the power was on. Next, the experimenter
pointed out the stencils and the other child’s initials
carved into the crayon. Then, the experimenter
retrieved stencils with the participating child’s ini-
tials from a built-in shelf on the machine, showed
them to the child, and placed them on the machine
in full view. Next, the experimenter showed the
child a fresh crayon they could use, and replaced it
in the holder on the machine. Then, as the child
watched, the experimenter removed the crayon
from the vice slowly and deliberately, and placed
both the crayon and the plastic caps in front of the
child. Finally, the experimenter explained the task
to the child: to figure out how to use the machine
to write their initials into the crayon. The experi-
menter then asked the child to “spend a little bit of
time thinking about how to use the machine, with-
out using your hands,” and gave them 15 s to look
over the machine before starting to explore it.

Exploration Phase Scaffolding

During the self-directed exploration period, chil-
dren had 7 min to figure out how to use the
machine to carve their initials into a crayon. During
this phase, the experimenter’s scaffolding was con-
tingent on the child’s actions, as might occur when
a child is “pitching in” to an adult activity. Because
the child had seen the machine in the “ready-to-
use” state and the experimenter had already
pointed out each individual feature while disassem-
bling it during the introductory phase, reassembly
should have been a relatively straightforward task:
Hence, if children manipulated a part of the
machine “improperly” for more than ~10 s, the
experimenter scaffolded the child by asking a lead-
ing question about what they were missing (e.g.,
“is the power on?”). Because scaffolding is intrinsi-
cally contingent on the child’s activity, the number,
kind, and timing of hints could not be identical for
all children. However, the protocol was standard-
ized as much as possible.

The experimenter could give seven basic kinds of
hints (one for each step in the procedure), with a
standard phrasing, and one nonstandard hint (to
allow for potential idiosyncratic errors not pre-
dictable from piloting). Each hint could be given as

many as five times, so that if a child abandoned a
strategy before completing the next step, the experi-
menter could give the hint again when the child
returned to that step. Hints could also be repeated
immediately as many as three times if the child
was so engrossed in the task that they appeared to
not hear it (n = 7 children, during one hint each).
The experimenter’s goal was always to assist the
child in a standardized way without ever taking
control of the process or making the child feel as
though they were being instructed. If a child asked
a question during the exploration period, they were
told “I want to see if you can figure it out without ask-
ing questions”. While it is possible that children
interpreted this statement as signaling that succeed-
ing would indicate that they had done so “on their
own”, we consider this unlikely, as the experi-
menter’s hints—which were given when the child
was failing to progress to the next step—could
equally be interpreted as a sign that the child was
failing to figure it out “on their own.” Moreover,
only a small subset of children asked the experi-
menter for assistance (n = 23 of the 64 for which
video recordings were available), so most children
did not hear this statement. If children seemed
unengaged, they were asked to “keep trying for a
while,” as many as three times. If a child expressed
a desire to quit, either directly or by returning to
listless play three times, the experimenter said “I’d
really like you to see if you can figure it out on your
own, but if you want, you can quit and I can just show
you. Do you want to quit?”. They then were free to
quit if they wished. Children who quit (n = 4) were
given direct pedagogical instruction on how to use
the machine.

Success criterion. Children were considered to
have successfully learned to use the machine if they
were able properly place the crayon and initials
and, with the power on, trace into the crayon using
the letter stencils they had placed in the holder.

Dependent Measures

Children were shown two figures with thought
bubbles extending from their heads. One figure rep-
resented them (sex-matched), learning by “doing
and thinking”; the other represented an expert (e.g.,
the experimenter) who could have helped them
learn. Children responded to questions about
whether they had learned on their own or with
help by choosing between the two figures. To famil-
iarize children with using the thought bubble car-
toons to indicate whether they had learned “by
themselves, without watching anyone else or having
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them show or tell you,” or “with help from someone
else,” we first asked children to indicate how they
had learned how to (a) tie their shoes and (b) knock
down unsteady block towers. Since young children
find shoelaces challenging and typically learn
through repeated demonstrations, while knocking
over a block tower is intuitively clear without
instruction, these questions additionally allowed us
to assess children’s tendency to make indiscriminate
overoptimistic claims about their learning abilities.

After the familiarization questions, children were
reminded of the progression of the learning experi-
ence they had just had. Children were shown a pic-
ture of the machine they had been given, but then
told “I could have given you the machine looking
like this”, and shown a picture of machine in its
“just out of the box” state. They were asked to find
two differences (the crayon and initials in position,
as though left by the previous user) to ensure that
they saw the difference between the machine they
had been given and the unscaffolded machine. If
they could not point out the differences, the differ-
ences were pointed out. This ensured that the two
possible learning contexts (scaffolded vs. unscaf-
folded) were made as explicit as possible without
telling the children that they’d been helped. Next,
children were reminded of all the steps necessary to
use the machine, and then reminded (using the
thought bubbles) that they had not known how to
use the machine at first, but the experimenter had
known.

Next, children were asked whether they had
learned to use the machine and learned the name of
the machine “by yourself, without watching anyone
else or having them show or tell you” or “with help
from someone else.” Lastly, children were asked two
counterfactual questions, to which they responded
by choosing between two cartoon figures working
on the machine: one looking confused, one looking
happy. First, they were asked whether or not they
would have learned the name of the person who had
used the machine before them (which they had
been told during the introduction). Finally, they
were shown a video of the unscaffolded introduc-
tion, and asked whether they would have learned
to use the machine or not, had experimenter done
everything “just like in the video” and then left them
on their own “for just a little bit, to try to learn to
how to use the machine.”

Results and Discussion

The key comparison was between scaffolded
children’s judgments that they would have learned

to use the machine without scaffolding and the
actual success rates of the unscaffolded children in
their age group. Though no unscaffolded children
in either age group had succeeded in learning to
use the machine, scaffolding was highly effective,
as 39 of 40 (97.5%) children in the older group suc-
ceeded, and 35 of 40 (87.5%) in the younger group
succeeded. However, when we asked scaffolded
children whether they would have learned without
scaffolding, children were strikingly unaware of
their limitations: only 25% of the younger group
and 35% of the older group realized that they
would not have learned to use the machine without
help (Figure 1). In support of our prediction, these
counterfactual claims of success from the scaffolded
children differed significantly from the actual suc-
cess rates of the unscaffolded children for the sam-
ple as a whole, v2(1, N = 123) = 52.472, p < .001, as
well as for both age groups independently, (Older:
v2(1, N = 60) = 20.37, p < .001; Younger: v2(1,
N = 63) = 29.994, p < .001). Surprisingly, older chil-
dren were not significantly better than younger
children at recognizing their reliance on others to
learn to use the machine, v2(1, N = 80) = 0.53571,
p = ns). While we expected older children to overes-
timate individual learning capacities compared to
the unscaffolded baseline, past work has suggested
that younger children are much more prone to
overestimate their own knowledge than older chil-
dren. Here both groups of children were approxi-
mately equally likely to neglect scaffolding in
judging their ability to learn without access to a
knowledgeable other. Note that children claimed
that scaffolding was unnecessary despite being
shown a video of the unscaffolded introduction,
suggesting that they were not simply assuming that
seeing the “previous user’s” materials left in place
would have allowed them to reverse engineer the
use of the machine even without the experimenter’s
verbal hints.

Also supporting our predictions, children’s over-
estimation of their ability to learn without assis-
tance was not a failure of (a) source-monitoring, (b)
counterfactual thinking, or (c) general egocentrism,
nor did they fail to recognize that some kinds of
information could not be learned without assistance
(Figures 1 and 2). We report binomial comparisons
to chance; the age groups did not differ on any
measure (chi-squareds all ns). First, both younger
and older children recognized that they learned to
use the machine with help from the experimenter
(Mold = 87.5%, Myoung = 82.5%, binomial ps < .001),
and that they learned the name of the machine with
help from the experimenter (Mold = 87.5%,
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Myoung = 77.5%, binomial ps < .001), suggesting
that their overestimation was not simply a failure
of source monitoring. Second, both younger and
older children recognized that they could not have
learned the name of the person who had used the
machine before them if the experimenter had not
told them (Mold = 95.0%, Myoung = 80.0%, binomial
ps < .001), suggesting that children understood the
distinction between direct and indirect knowledge,
and were not simply unable to think counterfactu-
ally. Finally, all children reported that they had
learned to tie their shoes with help (Mold = 95.0%,
Myoung = 87.5%, binomial ps < .001), but had
learned how to knock down unsteady block towers
by themselves (Mold = 87.5%, Myoung = 87.5%, bino-
mial ps < .001). These results provide additional
evidence that children’s failure to recognize their
reliance on scaffolding was specific to the scaf-
folded artifact, rather than a result of general
overoptimism or egocentrism. Were children simply
overoptimistic or egocentric, they would have also
claimed to have learned to tie their shoes without
help.

Study 2: Observing a Third Party Scaffolded

If children’s experience of their own reasoning pro-
cesses during trial-and-error exploration of an arti-
fact masks the importance of expert assistance for
learning about that artifact, then an observer, who
has no access to the learner’s reasoning process,
should be better able to recognize the necessity of
expert assistance. This prediction is reminiscent of
the person-situation distinction of attribution theory
(e.g., Ross, 1977). However, we are not predicting
inferences about the learner’s competence as a char-
acter trait. While we do predict that observers will
be more likely to recognize that the learner needed
scaffolding to learn to use the artifact, we expect
observers to respond similarly to first-person partic-
ipants for all other measures. For example, we pre-
dict that observers will still recognize that no
assistance would be needed to learn how to knock
down a block tower. If classic actor-observer differ-
ences explained our findings, observers would be
more likely to claim that learners required assis-
tance across all measures, from tying shoes to using
the machine, because observers would simply

Figure 1. Results for the two “would you have learned without help” questions in Study 1 and Study 2. Lighter bars represent the
younger age group (5–6), darker bars represent the older group (9–10). Brown bars represent the percentage of children recognizing that
they would not have learned the name of the person who had used the machine before them if the experimenter had not told them.
Blue bars represent the percentage of children recognizing that they would not have learned to use the machine without scaffolding.
Error bars represent 95% CI. The dashed line represents chance responding.
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consider them more dependent on outside assis-
tance. Children in Study 2 watched a video of a 3rd
party learning to use the pantograph through scaf-
folding. A sample size of 60 per age group was
chosen to detect a moderate-to-large effect in a chi-
squared test, as determined by a power analysis
using the pwr package in R (Champely et al., 2018).
The design and hypotheses were preregistered, and
all data and materials are available at the Open
Science Framework repository.

Method

Participants

Sixty-three children ages 5–6 (Mage = 5.49) and
sixty-four children ages 9–10 (Mage = 9.52) were
recruited in fall 2018 through spring of 2019 via our
online platform, which allows families from around
the United States to participate via a high-fidelity
videochat with a researcher (Sheskin & Keil, 2018).
Seven children were excluded from analysis; four
due to technical difficulties with the internet con-
nection (two 5- to 6-year-olds, two 9- to 10-year-
olds), two for recognizing the crayon carver and
knowing either the function or name (one 6-year
old, one 10-year old), and one for parental interfer-
ence (9-year old). The final sample consisted of 60

younger and 60 older children (49% girls). Families
have the option of submitting race and location
data when signing up for studies on our platform;
the participants in this study reporting their ZIP
code represented 100 ZIP codes in 39 U.S. states.
The average yearly income for these ZIP-codes is
approximately $46,700. 68.5% of our sample identi-
fied as white, 12.6% declined to respond, and 18.9%
identified as Hispanic, Asian, or African-American.

Materials and Procedures

The procedure was similar to Study 1, but from
a third-person perspective. The children were told
they would watch a child their age learning to use
the machine. The camera angle in the video was
zoomed in to show the machine, and so only the
hands of the confederate and those of the experi-
menter were visible. This set up represents a differ-
ence in context from Study 1; children in Study 2
were at home next to their parents, and separated
from the experimenter, whereas children in Study 1
sat next to the experimenter in a museum with their
parents behind them. However, children in Study 1
were typically engrossed by the machine, rarely
looking at the experimenter even when hints were
provided, making it unlikely that children’s
responses in Study 1 were influenced by facial

Figure 2. Results for the four “did you learn on your own, or with help” questions in Study 1 and Study 2. Lighter bars represent the
younger age group (5–6), darker bars represent the older group (9–10). “Learned from other(s)” was coded as correct for TieShoes, Machine-
Name, and HelpUsingMachine, whereas “Learned without help” was coded as correct for BlockTower. Error bars represent 95% CI. The
dashed line represents chance responding.
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information or body language, to which children in
Study 2 had no access. The confederate in the video
received four hints during the exploration phase:
placing the caps on the crayon, placing the crayon
in the vice, placing the initials in the peg-board,
and turning on the power. These were the four
hints (of the eight kinds possible) most commonly
given to the scaffolded participants in Study 1. We
then asked participants the same set of questions as
in Study 1, but from a third-person perspective.

Results and Discussion

In support of our prediction that children who
took a third-person perspective would better recog-
nize that the scaffolding was necessary, the children
in Study 2 were significantly more likely than the
children in Study 1 to say that the scaffolded lear-
ner would not have learned to use the machine
without help (Figures 1 and 2). The third-person
advantage was observed in both preregistered anal-
yses: accuracy was higher both collapsing across
age group (MStudy 1 = 30%, MStudy 2 = 59.2% v2(1,
N = 200) = 15.226, p < .001), and for each age
group independently (Younger: MStudy 1 = 25.0%,
MStudy 2 = 50.0% v2(1, N = 100) = 5.2517, p = .022,
Older: MStudy 1 = 35%, MStudy 2 = 68.3% v2(1,
N = 100) = 9.4697, p = .002. Older children in Study
2 were also significantly more likely than chance to
say that the learner would have failed without scaf-
folding; younger children did not differ from
chance (binomial, Mold = 68.3% p = .003,
Myoung = 50.0% p = ns). However, children in both
age groups in Study 2 continued to significantly
underestimate the necessity of scaffolding when
compared with actual success rates in the unscaf-
folded condition (All: v2(1, N = 163) = 23.201,
p < .001, Older: v2(1, N = 80) = 6.6494, p < .01;
Younger: v2(1, N = 83) = 15.908, p < .001).

As in Study 1, the pattern of results for the sec-
ondary preregistered measures speaks against sim-
ple failures of source monitoring, counterfactual
thinking, general egocentrism, and a failure to dis-
tinguish between directly and indirectly acquired
knowledge more broadly (Figures 1 and 2), in
accordance with our predictions. Even the youngest
children reported that the learner was helped in
learning to use the machine (Mold = 87.9%,
Myoung = 77.9%, binomial ps < .001) and in learning
the name of the machine (Mold = 96.7%,
Myoung = 78.3%, binomial ps < .001). Likewise, both
age groups also believed that the learner could not
have learned the name of the previous user if the
experimenter had not told them (Mold = 95.0%,

Myoung = 80.0%, binomial ps < .001). Finally, both
age groups reported that the learner had learned to
tie their shoes with help (Mold = 98.3%,
Myoung = 71.7%, binomial ps < .001), but had
learned how to knock down unsteady block towers
by themselves (Mold = 90.0%, Myoung = 65.0%, bino-
mial pold < .001, pyoung < .018).

Importantly, if children’s increased recognition of
scaffolding when taking a third-person perspective
was caused by general egocentric biases or a ten-
dency to attribute others’ failures to general incom-
petence, we would see an increased tendency to
claim that the learner was helped in Study 2 versus
Study 1 across all measures. No such tendency was
observed. Aside from the question of the learner’s
ability to figure out the machine without help, older
children’s responses differed between Study 1 and
Study 2 only for the counterfactual control question,
where they were more likely in Study 2 to say that
the learner would have figured out the name of the
previous user without help (v2(1,
N = 100) = 6.2359, p = .013). Younger children’s
responses differed significantly only for Block-
Tower; here, the difference was indeed a tendency
to claim that the learner needed help (v2(1,
N = 100) = 6.2359, p = .013). However, no other
measure differed significantly from Study 1, and
contrary to a general bias account, there was less of
a tendency for younger children to claim that the
learner needed help in Study 2 than in Study 1.

General Discussion

We asked whether children learning to use an arti-
fact through a combination of self-directed explo-
ration and subtle expert scaffolding would
overestimate their ability to learn on their own. The
stark contrast between the 0% unscaffolded success
rate and the 70% of children who claimed that they
would have succeeded without scaffolding suggests
that children overestimate the extent to which their
own exploration is sufficient to learn to use arti-
facts. However, this illusion of self-sufficiency was
specific to the scaffolded artifact and the scaffolded
child. Scaffolded children did not believe that they
could have figured out the name of the previous
user without assistance, nor did they fail to recog-
nize that the experimenter had helped them learn
to use the machine and had told them the name of
the machine. Children who simply observed
another learner being scaffolded but did not explore
the artifact themselves did not experience the illu-
sion. Rather, the only qualitative difference between
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scaffolded children’s judgments of how they had
learned in Study 1 and the judgments of observers
in Study 2 was that children who observed a lear-
ner being scaffolded were more likely to report that
the scaffolding was necessary.

We have argued that children’s ability to reason
fruitfully about artifacts in scaffolded contexts
leads them to overestimate the power of self-di-
rected exploration. Importantly, self-directed explo-
ration must be able to reveal something for
scaffolding to even be possible in the first place.
Indeed, if a learner is unable to learn anything at
all through self-directed exploration, it would be
disconcerting or frustrating for a teacher to attempt
to scaffold them instead of simply instructing
them. For example, though the machine name was
descriptive (“crayon carver”) and we told the chil-
dren the name of the previous user while pointing
out the stencil-initials that they had left behind,
one cannot “scaffold” object labels or historical
facts. Such information must be directly taught.
Conversely, the reuse of common features makes
scaffolding a naturally efficient pedagogical
approach for artifacts. Consider a learner who is
familiar with buttons being shown a music box
with a few conspicuous buttons; the learner can
anticipate on sight that some manner of pressing
the buttons will probably cause music to play,
before the teacher says anything. In that case, a
teacher that chooses to explicitly instruct the lear-
ner instead of scaffold independent exploration
may provoke unintended pragmatic inferences.

However, while we believe that children’s expe-
rience of their own reasoning about artifacts masks
the importance of expert scaffolding, we have not
compared learning to use artifacts through scaffold-
ing with learning through more direct forms of
pedagogy. Initially, we had intended to make this
more general claim about scaffolding: as with arti-
facts, most knowledge combines both directly acces-
sible aspects and those that are only accessible with
assistance, but because scaffolding allows learners
to focus on what they can in fact learn directly,
scaffolding per se may lead us to overestimate our
individual learning capacities in ways that other
forms of pedagogy do not. For example, if direct
pedagogy forces learners to shift their focus from
their own reasoning about the artifact to attempting
to internalize the information being presented to
them, learners may infer that the information is
being taught directly because it is inaccessible
through exploration. However, COVID-19 forced us
to postpone the additional experiments; thus, at
present, the effect of direct instruction on the

illusion of self-sufficiency for artifacts remains an
open question.

Our work suggests practical as well as theoreti-
cal questions. Recent work has suggested that chil-
dren’s inferences in pedagogical contexts start from
an assumption that instruction is maximally infor-
mative. For example, if a teacher’s instruction pro-
vides no evidence that an artifact has additional
functions, preschoolers interpret that absence of evi-
dence as evidence of the absence of such functions,
and explore less afterward, discovering fewer
untaught functions as a result (Bonawitz et al.,
2011; Shneidman, Gweon, Schulz, & Woodward,
2016). However, when learners are led to believe
that a particular teacher usually does not teach
every function, children explore more afterward,
and may assume that the functions that are taught
are significantly more important than if they know
that the teacher usually does teach every function
(Bass, Shafto, & Bonawitz, 2018; Gweon, Pelton,
Konopka, & Schulz, 2014). Thus, scaffolding may
be an efficient way to transmit otherwise inaccessi-
ble skills without discouraging exploration (Yu
et al., 2018). Skills that involve coordinating a com-
plex series of actions and situation-specific infer-
ences may be impossible to master in one shot, but
learners who attribute their original success to
themselves may be more likely to persist alone even
in the absence of guidance later; in this respect,
overoptimism may be adaptive (Lockhart, Goddu,
& Keil, 2017). Indeed, some evidence suggests that
children who mistakenly attribute their partner’s
contributions to themselves in a joint task actually
perform better at retest (Ratner et al., 2002; Som-
merville & Hammond, 2007). However, in other
cases, children who participate in joint-action tasks
with a partner fail at retest because they only repro-
duce their own actions, whereas children who
merely observe joint-action or complete the task
alone are more successful (Milward & Sebanz,
2018). Thus, future work must still determine the
conditions under which illusions of self-sufficiency
have positive or negative effects on learning itself.

Future work could also consider whether this
illusion is found in other cultural contexts. As we
noted earlier, scaffolding is common across cul-
tures, particularly in causal learning contexts such
as the use of artifacts (see Legare, 2017, for review).
However, caregivers’ approaches to scaffolding dif-
fer across cultures, and even within cultures. For
example, while middle-class European-American
mothers frequently correct their individual children
verbally, in Indigenous communities in Mexico, chil-
dren are expected to learn more by observing, even
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when the caregiver is not focused on them individ-
ually; and in other cultures, caregivers are more
likely to physically intervene (Little et al., 2016; Silva
et al., 2010). The WEIRD children (Henrich, Heine,
& Norenzayan, 2010; Nielsen, Haun, Kartner, &
Legare, 2017) in our sample could have interpreted
the experimenter’s relative restraint in verbally cor-
recting them as a positive sign of their individual
competence. Children who are primarily taught
through observation may be more likely to con-
clude that they learned because of the introductory
scaffolding; in contrast, children accustomed to
caregivers physically guiding them may have inter-
preted the experimenter’s lack of physical interven-
tion as indicating that they were learning without
assistance. On our account, children across cultures
will be more likely to experience an illusion of self-
sufficiency for artifacts than for more clear-cut cases
of direct and indirect knowledge such as historical
facts and objects labels; but, if the illusion is also
exacerbated by the pedagogical approach, cultural
differences may emerge.

Alternative accounts do not explain the pattern
of results we observed in these studies. Conceiv-
ably, children in Study 1 might have failed to dis-
count their newfound knowledge in assessing their
independent learning ability because of hindsight
bias; however, hindsight bias cannot explain why
observers in Study 2, who had access to the same
information as the learners in Study 1 (with the
exception of the learner’s own thinking), better rec-
ognized the necessity of scaffolding. Hindsight bias
instead predicts that knowledgeable observers
would expect the artifact to be more transparent to
a naive learner (Bernstein, Atance, Loftus, & Melt-
zoff, 2004; Birch & Bernstein, 2007). Nor were chil-
dren’s judgments a simple failure of source
monitoring. Past work with preschoolers has
revealed a strong tendency to claim prior knowl-
edge of just-learned facts and, to a lesser extent,
behaviors, but by age six egocentric errors for novel
facts are rare (Drummey & Newcombe, 2002; Gop-
nik & Graf, 1988; Tang & Bartsch, 2012; Taylor,
Esbensen, & Bennett, 1994). In our studies, children
in both age groups accurately reported learning the
artifact’s name from the experimenter, and learning
to tie their shoes with help from someone else. Chil-
dren’s answers to those questions also suggest that
the stark contrast between the counterfactual ques-
tion in Study 1 and Study 2 was not merely due to
egocentric assessments relative to others (Stipek &
Mac Iver, 1989). While children were approximately
twice as accurate in the third person for the coun-
terfactual success measure, they showed similarly

high degrees of accuracy across self and other for
all questions (Figure 2). Similarly, if egocentrism
influenced children’s judgments about unscaffolded
learning capacities, one might expect children who
claimed to have learned to tie their shoes on their
own to be more likely to claim that scaffolding was
unnecessary. However, there was no such relation-
ship for either age group individually or taken
together, in either experiment on its own, or in the
data as a whole. Thus, children’s overconfidence is
specific to the use of the scaffolded artifact, not a
general egocentric bias.

Our method was limited in that our results were
based on children’s reports in response to direct
questions from the experimenter, and so are subject
to be influenced by the answer children believe is
expected. For example, children’s judgments of
whether they would have succeeded without help
were metacognitive judgments about a counterfac-
tual context, and could only be elicited by direct
questioning. Counterfactual reasoning can be chal-
lenging for young children, particularly because it
frequently involves judgments about what parts of
the past the questioner is asking them to change or
keep the same—for example, if the experimenter
had asked “would you have learned to use the
machine if I hadn’t helped you?”, children would
have needed to decide what constituted “help,”
whether the experimenter intended to exclude all
other people who could have helped them, and so
on. Failure to appropriately interpret the question-
ers’ intent may lead to failures of counterfactual
judgment even in later childhood (Rafetseder &
Perner, 2018); yet, when the question is made clear,
even 5-year-olds perform at ceiling (Nyhout &
Ganea, 2019; Nyhout, Henke, & Ganea, 2017;
Kominsky et al., 2019). We attempted to minimize
the need to interpret the experimenter’s question
(e.g., what counts as “help”) by simply showing
children a video of what the unscaffolded introduc-
tion would look like before asking them whether
they would have learned without the experimenter
present. Despite this, children claimed that they
would have learned to use the machine. However,
a counterfactual question presented as a control
caused children no difficulty in either study: nearly
all responded that they would not have learned the
name of child who had used the machine previ-
ously if the experimenter had not told them. More-
over, a general failure of counterfactual reasoning
would predict identical patterns between observers
and learners.

Our results may also suggest future directions
for work on fluency effects (Alter & Oppenheimer,
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2009; Sidarus, Vuorre, Metcalfe, & Haggard, 2017).
We have argued that artifacts’ reuse of common
features, which allows learners to discover some
aspects of an artifact’s use-schematic independently,
contributes to artifacts’ illusory transparency in
scaffolded learning contexts; in contrast, the inac-
cessible nature of indirect knowledge, such as an
object label, makes clear the limits of independent
learning. To use the terminology of fluency, explor-
ing artifacts with familiar features presumably
enables more fluent inferences than either exploring
totally novel artifacts, or attempting to guess an
object’s label. Thus, our argument suggests avenues
for research on how artifacts’ design may influence
learner’s prospective judgments of how much help
they would need. However, a fluency account is
underspecified with regard to the retrospective judg-
ments elicited here: having learned the use of the
artifact through scaffolding and the name of the
prior user through direct instruction, retrieving that
knowledge is (if anything) more fluent for the name
than the more complex use-schema. Yet, children
recognize that the name of the prior user would be
inaccessible for an independent learner, while
claiming that the less fluent use-schema would be
accessible, suggesting inductive biases other than
mere fluency were at work. Future work could ask
if there might be a joint role of fluency and peda-
gogical approach in illusions about artifacts. For
example, scaffolding may exacerbate the illusion in
part because it allows for a more continuous “flow”

in the learning process than direct instruction.
Breaking that flow may make the learning process
less fluent. If instead of asking leading questions
contingently on a child’s performance, the scaf-
folder suggested (still contingently on the child’s
performance) that the child look at a piece of paper
with the exact same leading question, the compara-
tive disfluency of pausing to read a written hint
may make it easier to distinguish between solutions
they “would have tried” on their own and solutions
provided by others (cf. Fisher, Goddu, & Keil,
2015).

The strength of the illusion even in older chil-
dren may be symptomatic of a broader tendency to
overestimate the transparency of artifacts, even as
adults. Adults’ and children’s ratings of how well
they understand everyday artifacts drop sharply
when asked to give a step-by-step, mechanistic
explanation of how the artifact works, reflecting the
gap between the artifact’s mechanical complexity
and the skeletal representation of it needed in
everyday life (Lawson, 2006; Mills & Keil, 2004;
Rozenblit & Keil, 2002). Indeed, in everyday life, a

detailed understanding of all the causal structures
in our natural and engineered environments is
rarely necessary; nevertheless, the skeletal theories
we do maintain include some information about
artifacts’ complexity. For adults, an artifact’s com-
plexity seems to be most strongly related to how
much help they believe they would need to fix it,
whereas for 9- and 10-year old children, complexity
is most strongly related to how much help they
believe they would need to use it (Kominsky et al.,
2017). It may be that people’s default representation
of an artifact is simply a schematic of how to use it,
and it is this schematic that they initially retrieve,
while the more detailed representation of the arti-
fact’s mechanical complexities is reconstructed only
if needed (Johnson, Murphy, & Messer, 2016).
Learning to use an artifact without assistance is in
many cases tantamount to attempting to create such
a use-schematic by analyzing the mechanical com-
plexities. Pedagogical support allows us to bypass
the mechanical complexities, but may also hide
them. Future work might contrast the trade-offs of
different pedagogical approaches—such as free dis-
covery, guided exploration, and direction instruc-
tion—between efficiency of learning and depth of
understanding.

Access to experts and the ability to make use of
others’ expertise allows us to learn far more than
we ever could on our own. As with novel artifacts,
solving novel problems in other domains often
involves placing the right constraints on enormous
hypothesis spaces. Our studies suggest that children
underestimate the extent to which the social envi-
ronment shapes the problem-solving strategies they
employ. Understanding when and why children fail
to recognize the effects of implicit scaffolding may
help us better understand how to solve the more
complex problems we face on a daily basis.
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