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Abstract

Children’s engagement in science, technology, engineering, and mathematics (STEM) is fundamental to developing
scientific literacy. Informal learning environments, such as children’s museums, are a robust setting for fostering STEM
engagement, particularly through parent-child interaction. Although the role of STEM learning has been frequently
documented in informal learning environments, how children are engaged by STEM topics and STEM’s relation to
children’s everyday lives has not been equally well studied. In this article, I suggest that there are ways that parent-
child interaction during informal learning opportunities can relate to children’s engagement in STEM activities. A
fundamental mechanism underlying this relation is how parents support children’s autonomy as they play together.
Parent-child interaction relates to children’s STEM engagement not only in situ but also in how they generalize that

behavior to their everyday activities, which opens up promising new lines of research.
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Scientific literacy starts with the way young children
learn about and become engaged by science, technol-
ogy, engineering, and mathematics (STEM) topics. STEM
learning can happen in many different settings (e.g.,
Gaudreau et al., 2021; Hassinger-Das et al., 2018, 2020;
Morris et al., 2021; Ridge et al., 2015). Museums, z00s,
science centers, aquariums, and other informal learning
institutions provide families with the opportunity not
only to learn about STEM content but also to become
more engaged in the acquisition of such knowledge.
How informal learning occurs at museums, for example,
particularly through parent-child interaction, is well
documented (e.g., Benjamin et al., 2010; Callanan et al.,
2020; Crowley & Callanan, 1998; Crowley et al., 2001;
Puchner et al., 2001; Sobel & Jipson, 2016; Van Schijndel
et al., 2010). What is less understood is how children
might become engaged by STEM topics and activities,
or come to internalize such activities as being of interest
to them, particularly through parent-child interaction.

Why might this be important? In formal learning
environments, STEM engagement is linked to students’
positive learning (e.g., Heddy & Sinatra, 2013; Tytler &

Osborne, 2012) as well as college majors and career
choices (e.g., Bolstad & Hipkins, 2008; Tytler et al.,
2008). More generally, positive STEM engagement might
affect not only children’s learning but also their every-
day behaviors and the promotion of a scientifically liter-
ate society. Such engagement could promote better
responses to global scientific challenges (such as pan-
demics, climate change, and economic inequities) as
well as better public understanding of how complex
information is communicated and interpreted (Kushnir
et al., 2022).

What T want to explore here is the relation between
(a) the ways parents and children interact at an exhibit
or during an activity and (b) children’s broader engage-
ment with the exhibit, the concepts behind the exhibit,
or the activity in general. What STEM engagement looks
like, and how it is measured in this context, is a diverse
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topic among researchers and practitioners interested in
informal learning (e.g., McCallie et al., 2009; E. Wood
& Wolf, 2008). Following Bell et al. (2019; see also
Klopfer et al., 2018), I define engagement as prolonged
participation in a voluntary activity or the commitment
to continue participation in an activity even when suc-
cess on the activity is not guaranteed. Critically, engage-
ment with an activity or topic is related to, but not the
same as, learning about that activity or topic. Although
one who is highly engaged can also learn well (and
might be more likely to), one can learn something
without being engaged by it or be highly engaged to
learn something but not succeed in doing so.!

Engagement can thus be operationalized in a number
of ways in experimental settings, such as the amount
of time spent exploring an exhibit, the extent to which
children are willing to continue playing or discussing
a topic after an activity is concluded, or the extent to
which children willingly participate in challenges
related to that activity or topic. As an example, children
explore a museum exhibit longer with their parents
than without them (Crowley et al., 2001). Parent-child
dyads or families exploring together also explore more
facets of an exhibit (Fender & Crowley, 2007; Van
Schijndel et al., 2010). Time at an exhibit is one way to
measure engagement with that exhibit, but as I will
document below, there are other ways to do so as well.

Importantly, in much of the research on STEM learn-
ing and engagement that I detail here—particularly
work in children’s museums—participants were mostly
White, affluent families in the United States. Although
there are some important exceptions that focus on
parent-child interaction in other cultural communities
(e.g., Mejia-Arauz et al.; 2005, 2007; Solis & Callanan,
2016), studies developed within a particular cultural
framework might be understood differently across other
frameworks and understood differently in a global set-
ting. The relation between parent-child interaction and
children’s STEM engagement might be best understood
as being mediated or moderated by the cultural frame-
works within which the family is situated. Accordingly,
the explanations for the way in which parents? might
influence children’s engagement that I describe below
must take into account the cultural ethnotheories held
by the participants (following broader suggestions by
Gaskins, 2008, and Ojalehto & Medin, 2015).

Parents’ Role in Facilitating Engagement

Numerous studies have examined specific behaviors
parents perform that can facilitate engagement (and
learning), particularly at museum exhibits. In studies
of family conversations in museums in the United
States, parents who generate more elaborative talk—for

example, talk that includes more wh-questions and
more associations to prior knowledge—during free play
have children who are more engaged by the play and
remember more about the exhibit when asked to reflect
on their experience (e.g., Benjamin et al., 2010; Jant
et al., 2014). Presenting parents with causal information,
facilitating their question asking, or suggesting that they
draw associations among events all produced more of
these kinds of elaborative conversations during free
play (e.g., Boland et al., 2003; Franse et al., 2020; Jant
et al., 2014; see also Knutson & Crowley, 2010).
Similarly, children talked more about mental states dur-
ing an activity when parents pointed out contrasts
between their own beliefs and their child’s (McLoughlin
et al., 2020). Callanan et al. (2021) showed that the
extent to which children talked about personal connec-
tions (or requests for such information from parents)
related to both their and their parents’ explanations at
a STEM exhibit.?

These findings suggest that parents’ causal, mecha-
nistic, or STEM talk (which can include concepts such
as spatial language) all relate to children’s interest in
learning about novel information (e.g., Booth et al.,
2020; Kurkul et al., 2021; Marcus et al., 2017; see also
Callanan et al., 2020, for a consideration of how the
timing of such language in relation to children’s explo-
ration relates to their learning). The extent to which
these types of talk overlap and relate to one another is
a critical point to investigate further. However, all of
the studies suggest that ways parents and children talk
to each other during informal learning opportunities
can support not only how children learn but also how
they become engaged by the act of learning. They
generally support the idea that parents scaffold not only
knowledge for their children (D. Wood et al., 1976) but
also their engagement with learning. But a critical ques-
tion is how.

Autonomy and STEM Engagement

Collaborative interactions between parents and children
can communicate information about learning as well as
about engagement with learning. Early in infancy, chil-
dren recognize that they share goals with others during
an interaction (e.g., Tomasello et al., 2005). The capacity
for setting and sharing goals also emerges early in
infancy (e.g., Carpenter et al., 1998) and facilitates social
interaction (e.g., Tomasello, 2019). Goal setting affects
children’s memory for the interaction, such that they
often mistake others’ actions for their own when those
goals are collaborative (Sommerville & Hammond, 2007).

The way children understand how goals are set for
an interaction relates to how their learning is scaf-
folded. According to self-determination theory (e.g.,
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Ryan & Deci, 2000), what goal setting might also com-
municate is the extent to which children have autonomy
in their actions during their participation with their
parent. Autonomy support relates to teacher ratings of
children’s achievement in school (e.g., Joussemet et al.,
2005). When parents reduce children’s autonomy dur-
ing their interaction, children become less engaged with
the activity and are less likely to internalize and encode
the nature of their participation (Grolnick & Ryan, 1987,
1989). This research has mostly focused on elementary-
school-age children. Interactions that reduce children’s
autonomy during a STEM activity also relate to younger
children’s engagement in those activities. For example,
Leonard et al. (2021) found that when adults take over
their interaction with 3- to 6-year-olds during a chal-
lenging task—that is, when adults prevent children from
performing a behavior and do it themselves—children
were rated lower on a measure of global persistence.

But one can also measure how much children learn
from an interaction separately from their engagement
with the activity. For example, Medina and Sobel (2020)
examined children’s goal setting when they engaged in
free play to learn a novel causal system with their par-
ent. Dyads were introduced to the causal system in the
museum; parents were told that the system had a set of
rules and that their children would be asked questions
about how the system worked. Preschoolers and their
parents then played together with the system, and chil-
dren were asked to answer questions about how the
system works. Following a coding system developed by
Fung and Callanan (2013), they categorized the parent-
child interaction on the basis of who set the goals for
the play. Some parents were more child-directed* and
let children set most or all the goals for the activity; they
were more likely to let children explore on their own.
Others were more parent-directed and set goals for the
play; they took more active steps to teach their children
the system and structure the play. Still others were more
Jointly directed. The children set the goals for the play,
but the parents supported and made suggestions about
how those goals could be accomplished.

The results of this study suggest a dissociation
between what is learned from this kind of interaction
and how engaged children were by the activity. The
children in the jointly directed dyads played for the
most amount of time with the system. The children in
the parent-directed dyads answered the most questions
correctly but not necessarily differently from children
in the jointly directed dyads.’

The distinctions among these interaction styles is
reminiscent of contrasts between pedagogical practices
in formal educational settings. In response to consid-
erations of the role of direct instruction versus playful
interactions in educational environments (e.g., Mayer,

2004), Alfieri et al. (2011) suggested that unguided play
typically resulted in lower learning outcomes than
direct instruction or guided play. Guided play, in par-
ticular, showed the clearest benefit when learners
engaged in certain practices that scaffolded their knowl-
edge (such as generating explanations). These styles
map nicely onto these naturalistic interactions between
parents and children, particularly when combined with
the idea that parents can foster elaborative, causal, or
STEM talk.

But parental goal setting might be related more to
children’s engagement than their learning. Callanan
et al. (2020) asked parents of children ages 3 to 6 to
play together at a gear exhibit. They found that the
proportion of children’s exploration that involved sys-
tematically building and testing gear connections dur-
ing free play related to the ways in which children
understood the causal structure of the exhibit and how
that learning generalizes to other, similar situations. But
Callanan et al. (2020) also coded the dyad’s interaction
using the same coding system as Medina and Sobel
(2020). Although children in the parent-directed dyads
had a lower proportion of those systematic exploratory
behaviors during their free play, those behaviors still
predicted children’s learning in a model that controlled
for the interaction style of the dyad.

Further studies showed that different facets of parent-
child interaction can relate to children’s learning and
engagement. Sobel et al. (2021) asked parents and chil-
dren (ages 4-7) to play together at a circuit exhibit in
a children’s museum. They then asked children to par-
ticipate in a set of progressively difficult circuit comple-
tion challenges—challenges that they were scaffolded
to an answer if children did not solve each on their
own. Care was taken to ensure that children knew they
could stop participation in the challenges at any time.
Children from parent-directed dyads participated in
fewer of these challenges, although the proportion of
the challenges they solved was not different from those
in the other two groups. And although the proportion
of challenges that children solved on their own did
correlate with the number of challenges they engaged
in, parental interaction style was an independent pre-
dictor of their persistence in doing the challenges, con-
trolling for how well children solved them.

Of note is that other facets of the interaction between
parents and children during their free play related to
the proportion of challenges children solved on their
own—that is, how much they might have learned about
building circuits. The more actions that the parents (as
opposed to the children) did to complete a circuit dur-
ing free play related to children being less likely to
solve the challenge of building that circuit on their own.
That is, goal setting during parent-child interaction
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might be more related to children’s engagement in the
activity, but who completes the goals might be more
related to children’s ability to demonstrate knowledge
on their own. The more parents did to complete the
goal, the less likely children were to demonstrate that
knowledge later on. In a follow-up study, Letourneau
et al. (2021) showed that when the same exhibit was
facilitated by a museum educator who gave brief, open-
ended prompts designed to support families’ explora-
tion, parents engaged in fewer of these goal-completion
behaviors, particularly compared with a condition in
which a facilitator was not present but the same prompts
were written on the circuit blocks themselves.

Engagement After Parent-Child
Interaction

Encouraging families to develop “juicy questions” about
exhibits—questions that can be answered by interacting
with the exhibit—resulted in families (in this case, par-
ents and children between the ages of 8 and 13) dis-
playing more behaviors in which they set goals for the
investigation and generated explanations or interpreta-
tions of their observations during their interaction
(Gutwill & Allen, 2010). The skills measured here center
on inquiry—the process of reasoning about STEM top-
ics, as opposed to simply learning STEM content. The
families in this study also spent more time at the exhib-
its, suggesting that children were more engaged by their
content (or at least by attempts to answer the question
they generated). Gutwill and Allen argued that greater
time on task might be dedicated to the more challeng-
ing and time-consuming process of inquiry learning.
But importantly, they also found that when children
were interviewed 3 weeks after their visit to the
museum, those who were given the juicy-question
instructions were more likely to claim that they applied
these skills to other learning tasks.

There is evidence that children’s informal learning
experiences allow them to retain knowledge after the
fact. For example, Marcus et al. (2021) found that hav-
ing parents and children (5- to 11-year-olds) reflect on
their play at an engineering exhibit related to children’s
ability to remember and use the causal knowledge
learned at the exhibit when tested at home a week later.
There is also evidence that the way children talk about
concepts such as learning and teaching relates to how
they report they learned information and how they have
taught others in the past (Letourneau & Sobel, 2020;
Sobel & Letourneau, 2015, 2016).

But the work cited above centers on what children
have learned, not whether they are engaged by the
activities. In another study, we wanted to consider
whether goal setting during parent-child interaction
related to children’s spontaneous naturalistic behaviors

beyond the STEM content of the activity. Sobel and
Stricker (2022b) observed parent-child (4- to 7-year-
olds) dyads participating in or watching a STEM-based
activity in their home. In the participation condition,
the dyad filled a bowl of water with ground pepper,
and then children stuck their finger in the water. The
pepper stuck to the finger. After drying their finger off,
they applied a small amount of soap to their finger and
dipped it in the water with dramatically different results.
The soap breaks the surface tension of the water, result-
ing in the appearance of the finger repelling the pep-
per. In the observation condition, the dyad watched a
video of a woman engaging in these actions. Children
were then asked to reflect on this experience, and for
approximately 10 days afterward, parents were asked
daily to report on their children’s most recent hand-
washing activity—specifically whether they washed
their hands (spontaneously or otherwise) after bath-
room use and, if they did so, whether they used soap.

The study was designed to examine whether partici-
pation or observation of the STEM activity would relate
to handwashing behaviors. In general, parents reported
that older children were more likely to wash their hands
spontaneously, but there was not a relation between
children’s age and their soap use. Instead, across these
two conditions, the amount of causal knowledge about
germs that children articulated when they reflected on
the activity related to their spontaneous use of soap
during handwashing. But what also related was the
nature of the parent-child interaction in the participation
condition. We coded that interaction in the participation
condition using the same parent-directed, child-directed,
and jointly directed scheme and found that the children
in the parent-directed group were less likely to use soap
spontaneously when they washed their hands, control-
ling for age and their causal knowledge of germs and
disease transmission. Although studies of this nature are
still exploratory and in need of reproduction, these data
suggest that reducing children’s autonomy during infor-
mal STEM activity relates to the extent to which children
might internalize that they should be active participants
in the activity in their everyday lives. More generally,
these studies provide reason to be optimistic that STEM
engagement not only transfers to important everyday
activities but also can be achieved through interactions
between parents and educators.

Cultural Considerations

An important point to raise before concluding is that
there is not a right way for parents and children to inter-
act in order to support STEM engagement or learning.
Gaskins (2008), for example, noted that parents of
different cultures engaged in different behaviors with
their children in museum settings. Parents in different
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cultures can also have different beliefs about the role
of children’s museums in supporting children’s learning
and the value of play for learning and engagement—
their different ethnotheories about the role of play in
learning (e.g., Harkness & Super, 1992). Callanan et al.
(2020) showed some evidence that within their sample
(which was taken from different geographic sites in the
U.S.), there were distinct distributions of parent-child
interaction styles among racial/ethnic groups. That sug-
gests that STEM engagement is both potentially medi-
ated and moderated by cultural considerations. The
lesson from these studies is not that there are best
practices in fostering parent-child interaction in gen-
eral. Instead, there are practices within a culture that
might better promote STEM engagement.

An insight to studying cultural similarities and dif-
ferences in STEM engagement might come from broader
observational work on parent-child interaction. For
example, Koster et al. (2022) examined parent-child
(specifically 2-year-olds) dinner-table conversations in
five distinct cultures. They considered the ways parents
teach children with their everyday conversation (fol-
lowing Kline, 2015). They found that parents “used a
relatively uniform set of behaviors to teach meal-related
content, but that there was cross-cultural variation in
how frequently these behaviors occurred” (p. 438; see
also Clegg et al., 2021, for similar findings looking at
samples of individuals with different socioeconomic
statuses). For example, in some cultures, parents
directed children to engage in certain behaviors,
whereas in other cultures, parents provided children
with more agency about how to behave. In this study,
however, parental teaching mostly focused on conven-
tional information about meals (e.g., to eat with cutlery)
or functional information about food (e.g., that carrots
are orange) and not necessarily engagement with eating
(or with using cutlery or learning about food). An inter-
esting question, however, is whether the variability
within a culture, relative to such observations between
cultures, predicts children’s beliefs about their auton-
omy with the activity. Promoting both within-cultural
and cross-cultural investigations is potentially a way of
combining different approaches to cross-cultural devel-
opment work (e.g., the “breadth” and “depth” approaches
suggested by Amir & McAuliffe, 2020; see also Parmar
et al., 2004; Vélez-Agosto et al., 2017).

Concluding Thought

A theme of the lines of research presented here is that
there might be two pathways to STEM engagement
through informal learning. The first is through the con-
tent itself—as so many studies described here combine
learning with engagement or find relations between
how well children understand, articulate, or even hear

about the causal structure of an exhibit and their
engagement with that exhibit and its content (e.g., see
also Chandler-Campbell et al., 2020; Kurkul et al., 2022).
Moreover, children who are more engaged in the pro-
cess of learning might have better learning outcomes;
certainly, some research shows that performance on a
measure (particularly surprising success) relates to chil-
dren’s engagement with similar, subsequent measures
(Doan et al., 2020).

The second, however, is through goal setting and the
autonomy provided to children as they explore and
engage with that content. Importantly, children may also
be motivated to persist and set goals on their own from
observing others do so. Children persist longer when
they hear about others’ life struggles (Haber et al., 2022),
when they pretend to be scientific role models (Shachnai
et al., 2022), or when they see others persist, even if
those struggles do not necessarily result in achievement
(Leonard et al., 2017, 2020). Presenting messages—even
subtle ones—that promote the process of engaging in
inquiry fosters engagement (e.g., Rhodes et al., 2019).
Similarly, presenting messages about the open-endedness
of play reduces parental goal setting during parent-child
interaction and increases children’s engagement (Sobel
& Stricker, 2022a). Taken together, emphasizing the pro-
cess of setting goals and the challenges involved in
achieving them might communicate the autonomy chil-
dren need to foster their engagement in STEM.
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Notes

1. As simple examples in parenting, I have learned the lyrics of
many songs from the show Daniel Tiger’s Neighborbood from
interaction with my children, even though I was not engaged
to do so (and sadly I still retain that content many years later).
I am also highly engaged to learn (or rather relearn) general
principles to assist my children with their algebra homework
but struggle with doing so.

2. “Caregiver” might be a better word to use here than “parents,”
but in many of the studies described below, only parents or
legal guardians were considered because of institutional review
board constraints. As a result, I will use “parents” throughout
this article.

3. Indeed, these personal connections have been woven into
coding schemes for causal language. Both Callanan et al. (2020)
and Sobel et al. (2021) included such personal connection
talk as part of their analyses of parents’ and children’s causal
utterances.

4. Medina and Sobel (2020) used the terms “child leading, care-
giver directing, and caregiver guiding” to describe these styles.
Subsequent articles, however, have used the terms presented in
the main text.

5. There are two critical points here. First, although learning
overall between the parent-directed and jointly directed group
did not differ, it did differ on the easiest questions (with parent-
directed children responding more accurately). But that relates
to a second, more critical point, which is that the way children
answer these questions is only one of many possible ways to

measure “learning.” Although this study suggests that learning
and engagement are potentially separate constructs, further
research is necessary to articulate the different ways learning
can be measured.

References

Alfieri, L., Brooks, P. J., Aldrich, N. J., & Tenenbaum, H. R.
(2011). Does discovery-based instruction enhance learn-
ing? Journal of Educational Psychology, 103(1), 1-18.

Amir, D., & McAuliffe, K. (2020). Cross-cultural, developmen-
tal psychology: Integrating approaches and key insights.
Evolution and Human Bebavior, 41(5), 430-444.

Bell, J., Besley, J., Cannady, M., Crowley, K., Grack Nelson,
A., Philips, T., & Storksdieck, M. (2019). The role of
engagement in STEM learning and science communica-
tion: Reflections on interviews from the field. Center for
Advancement of Informal Science Education.

Benjamin, N., Haden, C. A., & Wilkerson, E. (2010). Enhancing
building, conversation, and learning through caregiver—
child interactions in a children’s museum. Developmental
Psychology, 46(2), 502-515.

Boland, A. M., Haden, C. A., & Ornstein, P. A. (2003). Boosting
children’s memory by training mothers in the use of an
elaborative conversational style as an event unfolds.
Journal of Cognition and Development, 4(1), 39-65.

Bolstad, R., & Hipkins, R. (2008). Seeing yourself in science.
New Zealand Council for Educational Research.

Booth, A. E., Shavlik, M., & Haden, C. A. (2020). Parents’
causal talk: Links to children’s causal stance and emerg-
ing scientific literacy. Developmental Psychology, 56(11),
2055-20064.

Callanan, M. A., Castaneda, C. L., Solis, G., Luce, M. R.,
Diep, M., McHugh, S. R., Martin, J. L., Scotchmoor, J., &
DeAngelis, S. (2021). “He fell in and that’s how he became
a fossil!”: Engagement with a storytelling exhibit predicts
families’” explanatory science talk during a museum visit.
Frontiers in Psychology, 12, Article 689649. https://doi
.org/10.3389/fpsyg.2021.689649

Callanan, M. A., Legare, C. H., Sobel, D. M., Jaeger, G. J.,
Letourneau, S., McHugh, S. R., Willard, A., Brinkman, A,
Finiasz, Z., Rubio, E., Barnett, A., Gose, R., Martin, J. L.,
Meisner, R., & Watson, J. (2020). Exploration, explanation,
and parent-child interaction in museums. Monographs of
the Society for Research in Child Development, 85(1), 7-137.

Carpenter, M., Akhtar, N., & Tomasello, M. (1998). Fourteen-
through 18-month-old infants differentially imitate
intentional and accidental actions. Infant Bebavior and
Development, 21(2), 315-330. https://doi.org/10.1016/
50163-6383(98)90009-1

Chandler-Campbell, 1. L., Leech, K. A., & Corriveau, K. H.
(2020). Investigating science together: Inquiry-based
training promotes scientific conversations in parent-child
interactions. Frontiers in Psychology, 11, Article 1934.
https://doi.org/10.3389/fpsyg.2020.01934

Clegg, J. M., Wen, N. J., DeBaylo, P. H., Alcott, A., Keltner, E. C,,
& Legare, C. H. (2021). Teaching through collaboration:
Flexibility and diversity in caregiver—child interaction
across cultures. Child Development, 92(1), e56-e75.


https://orcid.org/0000-0002-6954-3623
https://doi.org/10.3389/fpsyg.2021.689649
https://doi.org/10.3389/fpsyg.2021.689649
https://doi.org/10.1016/S0163-6383(98)90009-1
https://doi.org/10.1016/S0163-6383(98)90009-1
https://doi.org/10.3389/fpsyg.2020.01934

460

Sobel

Crowley, K., & Callanan, M. (1998). Describing and sup-
porting collaborative scientific thinking in parent-child
interactions. Journal of Museum Education, 23(1), 12-17.
https://doi.org/10.1080/10598650.1998.11510365

Crowley, K., Callanan, M. A., Jipson, J. L., Galco, J., Topping,
K., & Shrager, J. (2001). Shared scientific thinking in
everyday parent-child activity. Science Education, 85(6),
712-732. https://doi.org/10.1002/sce.1035

Doan, T., Castro, A., Bonawitz, E., & Denison, S. (2020).
“Wow, I did it!”: Unexpected success increases pre-
schoolers’ exploratory play on a later task. Cognitive
Development, 55, Article 100925. https://doi.org/10.1016/
j.cogdev.2020.100925

Fender, J. G., & Crowley, K. (2007). How parent explanation
changes what children learn from everyday scientific think-
ing. Journal of Applied Developmental Psychology, 28(3),
189-210. https://doi.org/10.1016/j.appdev.2007.02.007

Franse, R. K., Van Schijndel, T. J., & Raijmakers, M. E. (2020).
Parental pre-knowledge enhances guidance during
inquiry-based family learning in a museum context: An
individual differences perspective. Frontiers in Psychology,
11, Article 1047. http://doi.org/10.3389/fpsyg.2020.01047

Fung, G. Y., & Callanan, M. A. (2013, April 18-20). Pedagogy
vs. exploration: Parent-child interactions in a museum set-
ting [Poster presentation]. Biennial meeting of the Society
for Research in Child Development, Seattle, WA.

Gaskins, S. (2008). The cultural meaning of play and learn-
ing in children’s museums. Hand to Hand, 22(4), 1-11.

Gaudreau, C., Bustamante, A. S., Hirsh-Pasek, K., &
Golinkoff, R. M. (2021). Questions in a life-sized board
game: Comparing caregivers’ and children’s question-
asking across STEM museum exhibits. Mind, Brain, and
Education, 15(2), 199-210.

Grolnick, W. S., & Ryan, R. M. (1987). Autonomy in children’s
learning: An experimental and individual difference inves-
tigation. Journal of Personality and Social Psychology,
52(5), 890-898.

Grolnick, W. S., & Ryan, R. M. (1989). Parent styles associated
with children’s self-regulation and competence in school.
Journal of Educational Psychology, 81(2), 143-154.

Gutwill, J. P., & Allen, S. (2010). Facilitating family group
inquiry at science museum exhibits. Science Education,
94(4), 710-742.

Haber, A. S., Kumar, S. C., & Corriveau, K. H. (2022). Boosting
children’s persistence through scientific storybook reading.
Journal of Cognition and Development, 23(2), 161-172.

Harkness, S., & Super, C. M. (1992). Parental ethnotheories
in action. In 1. E. Sigel, A. V. McGillicuddy-DelLisi, & J. J.
Goodnow (Eds.), Parental belief systems (pp. 373-391).
Erlbaum.

Hassinger-Das, B., Bustamante, A. S., Hirsh-Pasek, K., &
Golinkoff, R. M. (2018). Learning landscapes: Playing
the way to learning and engagement in public spaces.
Education Sciences, 8(2), Article 74. https://doi.org/
10.3390/educsci8020074

Hassinger-Das, B., Zosh, J. M., Hansen, N., Talarowski, M.,
Zmich, K., Golinkoff, R. M., & Hirsh-Pasek, K. (2020). Play-
and-learn spaces: Leveraging library spaces to promote
caregiver and child interaction. Library & Information
Science Research, 42(1), Article 101002. https://doi.org/
10.1016/j.1isr.2020.101002

Heddy, B. C., & Sinatra, G. M. (2013). Transforming misconcep-
tions: Using transformative experience to promote positive
affect and conceptual change in students learning about
biological evolution. Science Education, 97(5), 723-744.

Jant, E. A., Haden, C. A., Uttal, D. H., & Babcock, E. (2014).
Conversation and object manipulation influence children’s
learning in a museum. Child Development, 85, 2029-2045.

Joussemet, M., Koestner, R., Lekes, N., & Landry, R. (2005). A
longitudinal study of the relationship of maternal auton-
omy support to children’s adjustment and achievement in
school. Journal of Personality, 73(5), 1215-1236.

Kline, M. A. (2015). How to learn about teaching: An evo-
lutionary framework for the study of teaching behavior
in humans and other animals. Behavioral and Brain sci-
ences, 38, e31.

Klopfer, E., Haas, J., Osterweil, S., & Rosenheck, L. (2018).
Resonant games: Design principles for learning games that
connect hearts, minds, and the everyday. MIT Press.

Knutson, K., & Crowley, K. (2010). Connecting with art: How
families talk about art in a museum setting. In M. K. Stein
& L. Kucan (Eds.), Instructional explanations in the dis-
ciplines (pp. 189-2006). Springer.

Koster, M., Torréns, M. G., Kirtner, J., Itakura, S., Cavalcante,
L., & Kanngiesser, P. (2022). Parental teaching behavior in
diverse cultural contexts. Evolution and Human Behavior,
43(5), 432-441.

Kurkul, K. E., Castine, E., Leech, K., & Corriveau, K. H. (2021).
How does a switch work? The relation between adult
mechanistic language and children’s learning. Journal
of Applied Developmental Psychology, 72, Article 101221.
https://doi.org/10.1016/j.appdev.2020.101221

Kurkul, K. E., Dwyer, J., & Corriveau, K. H. (2022). ‘What
do YOU think?: Children’s questions, teacher’s responses
and children’s follow-up across diverse preschool settings.
Early Childbood Research Quarterly, 58, 231-241.

Kushnir, T., Sobel, D., & Sabbagh, M. (2022, February 15).
Trust comes when you admit what you don’t know — Lessons
Sfrom child development research. The Conversation.
https://theconversation.com/trust-comes-when-you-
admit-what-you-dont-know-lessons-from-child-develop
ment-research-175596

Leonard, J. A., Garcia, A., & Schulz, L. E. (2020). How adults’
actions, outcomes, and testimony affect preschoolers’ per-
sistence. Child Development, 91(4), 1254-1271.

Leonard, J. A., Lee, Y., & Schulz, L. E. (2017). Infants make
more attempts to achieve a goal when they see adults
persist. Science, 357(6357), 1290-1294.

Leonard, J. A., Martinez, D. N., Dashineau, S. C., Park, A. T.,
& Mackey, A. P. (2021). Children persist less when adults
take over. Child Development, 92, 1325-1336.

Letourneau, S. M., Meisner, R., & Sobel, D. M. (2021). Effects
of facilitation vs. exhibit labels on caregiver-child interac-
tions at a museum exhibit. Frontiers in Psychology, 12,
Article 709. https://doi.org/10.3389/fpsyg.2021.637067

Letourneau, S. M., & Sobel, D. M. (2020). Children’s descrip-
tions of playing and learning as related processes. PLOS
ONE, 15(4), Article €0230588. https://doi.org/10.1371/
journal.pone.0230588

Marcus, M., Haden, C. A., & Uttal, D. H. (2017). STEM learning
and transfer in a children’s museum and beyond. Merrill-
Palmer Quarterly, 63(2), 155-180.


https://doi.org/10.1080/10598650.1998.11510365
https://doi.org/10.1002/sce.1035
https://doi.org/10.1016/j.cogdev.2020.100925
https://doi.org/10.1016/j.cogdev.2020.100925
https://doi.org/10.1016/j.appdev.2007.02.007
http://doi.org/10.3389/fpsyg.2020.01047
https://doi.org/10.3390/educsci8020074
https://doi.org/10.3390/educsci8020074
https://doi.org/10.1016/j.lisr.2020.101002
https://doi.org/10.1016/j.lisr.2020.101002
https://doi.org/10.1016/j.appdev.2020.101221
https://theconversation.com/trust-comes-when-you-admit-what-you-dont-know-lessons-from-child-development-research-175596
https://theconversation.com/trust-comes-when-you-admit-what-you-dont-know-lessons-from-child-development-research-175596
https://theconversation.com/trust-comes-when-you-admit-what-you-dont-know-lessons-from-child-development-research-175596
https://doi.org/10.3389/fpsyg.2021.637067
https://doi.org/10.1371/journal.pone.0230588
https://doi.org/10.1371/journal.pone.0230588

Current Directions in Psychological Science 32(6)

461

Marcus, M., Téugu, P., Haden, C. A., & Uttal, D. H. (2021).
Advancing opportunities for children’s informal STEM
learning transfer through parent-child narrative reflec-
tion. Child Development, 92, O1075-01084.

Mayer, R. E. (2004). Should there be a three-strikes rule
against pure discovery learning? American Psychologist,
59(1), 14-19.

McCallie, E., Bell, L., Lohwater, T., Falk, J. H., Lehr, J. L.,
Lewenstein, B. V., Needham, C., & Wiehe, B. (2009).
Many experts, many audiences: Public engagement with
science and informal science education. A CAISE Inquiry
Group report. Center for Advancement of Informal Science
Education (CAISE). https://www.informalscience.org/
sites/default/files/PublicEngagementwithScience.pdf

McLoughlin, N., Leech, K. A., Chernyak, N., Blake, P. R., &
Corriveau, K. H. (2020). Conflicting perspectives mediate
the relation between parents’ and preschoolers’ self-refer-
ent mental state talk during collaboration. British Journal
of Developmental Psychology, 38(2), 255-267.

Medina, C., & Sobel, D. M. (2020). Caregiver—child interaction
influences causal learning and engagement during struc-
tured play. Journal of Experimental Child Psychology, 189,
Article 104678. https://doi.org/10.1016/j.jecp.2019.104678

Mejia-Arauz, R., Rogoff, B., Dexter, A., & Najafi, B. (2007).
Cultural variation in children’s social organization. Child
Development, 78(3), 1001-1014.

Mejia-Arauz, R., Rogoff, B., & Paradise, R. (2005). Cultural
variation in children’s observation during a demonstra-
tion. International Journal of Behavioral Development,
29(4), 282-291.

Morris, B. J., Zentall, S. R., Murray, G., & Owens, W. (2021).
Enhancing informal STEM learning through family engage-
ment in cooking. Proceedings of the Singapore National
Academy of Science, 15(2), 119-133.

Ojalehto, B. L., & Medin, D. L. (2015). Perspectives on cul-
ture and concepts. Annual Review of Psychology, 66,
249-275.

Parmar, P., Harkness, S., & Super, C. (2004). Asian and
Euro-American parents’ ethnotheories of play and learn-
ing: Effects on preschool children’s home routines and
school behaviour. International Journal of Bebavioral
Development, 28(2), 97-104.

Puchner, L., Rapoport, R., & Gaskins, S. (2001). Learning in
children’s museums: Is it really happening? Curator: The
Museum Journal, 44(3), 237-259.

Rhodes, M., Leslie, S. J., Yee, K. M., & Saunders, K. (2019).
Subtle linguistic cues increase girls’ engagement in sci-
ence. Psychological Science, 30(3), 455-460.

Ridge, K. E., Weisberg, D. S., Ilgaz, H., Hirsh-Pasek, K. A., &
Golinkoff, R. M. (2015). Supermarket speak: Increasing
talk among low-socioeconomic status families. Mind,
Brain, and Education, 9(3), 127-135.

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and
the facilitation of intrinsic motivation, social development,
and well-being. American Psychologist, 55(1), 68-78.

Shachnai, R., Kushnir, T., & Bian, L. (2022). Walking in her
shoes: Pretending to be a female role model increases
young girls’ persistence in science. Psychological Science,
33(11D), 1818-1827.

Sobel, D. M., & Jipson, J. (2016). Cognitive development in
museum settings: Relating research and practice. Routledge.

Sobel, D. M., & Letourneau, S. M. (2015). Children’s devel-
oping understanding of what and how they’ve learned.
Journal of Experimental Child Psychology, 132, 221-229.

Sobel, D. M., & Letourneau, S. M. (2016). Children’s develop-
ing knowledge of and reflection about teaching. Journal
of Experimental Child Psychology, 143, 111-122.

Sobel, D. M., Letourneau, S. M., Legare, C. H., & Callanan,
M. (2021). Relations between parent-child interaction and
children’s engagement and learning at a museum exhibit
about electric circuits. Developmental Science, 24(3),
Article e13057. https://doi.org/10.1111/desc.13057

Sobel, D. M., & Stricker, L. W. (2022a). Messaging matters:
Order of experience with messaging at a STEM-based
museum exhibit influences children’s engagement with
challenging tasks. Visitor Studies, 25(1), 104-125.

Sobel, D. M., & Stricker, L. W. (2022b). Parent-child interac-
tion during a home STEM activity and children’s hand-
washing behaviors. Frontiers in Psychology, 13, Article
992710. https://doi.org/10.3389/fpsyg.2022.992710

Solis, G., & Callanan, M. (2016). Evidence against deficit
accounts: Conversations about science in Mexican heri-
tage families living in the United States. Mind, Culture,
and Activity, 23(3), 212-224.

Sommerville, J. A.; & Hammond, A. J. (2007). Treating anoth-
er’s actions as one’s own: Children’s memory of and
learning from joint activity. Developmental Psychology,
43(4), 1003-1018.

Tomasello, M. (2019). Becoming human. Harvard University
Press.

Tomasello, M., Carpenter, M., Call, J., Behne, T., & Moll, H.
(2005). Understanding and sharing intentions: The ori-
gins of cultural cognition. Bebhavioral and Brain Sciences,
28(5), 675-691.

Tytler, R., & Osborne, J. (2012). Student attitudes and aspira-
tions towards science. In B. J. Fraser, K. Tobin, & C. J.
McRobbie (Eds.), Second international handbook of sci-
ence education (pp. 597-025). Springer.

Tytler, R., Osborne, J., Williams, G., Tytler, K., & Cripps Clark, J.
(2008). Opening up pathways: Engagement in STEM across the
primary-secondary school transition. Australian Department
of Education, Employment and Workplace Relations.

Van Schijndel, T. J. P., Franse, R. K., & Raijmakers, M. E. J.
(2010). The Exploratory Behavior Scale: Assessing young
visitors’ hands-on behavior in science museums. Science
Education, 94(5), 794-809.

Vélez-Agosto, N. M., Soto-Crespo, J. G., Vizcarrondo-
Oppenheimer, M., Vega-Molina, S., & Garcia Coll, C.
(2017). Bronfenbrenner’s bioecological theory revision:
Moving culture from the macro into the micro. Perspectives
on Psychological Science, 12(5), 900-910.

Wood, D., Bruner, J. S., & Ross, G. (1976). The role of tutor-
ing in problem solving. Journal of Child Psychology and
Psychiatry, 17(2), 89-100.

Wood, E., & Wolf, B. (2008). Between the lines of engage-
ment in museums: Indiana University and the Children’s
Museum of Indianapolis. Journal of Museum Education,
33(2), 121-130.


https://www.informalscience.org/sites/default/files/PublicEngagementwithScience.pdf
https://www.informalscience.org/sites/default/files/PublicEngagementwithScience.pdf
https://doi.org/10.1016/j.jecp.2019.104678
https://doi.org/10.1111/desc.13057
https://doi.org/10.3389/fpsyg.2022.992710

