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PARENTS’ CAUSAL TALK

Abstract
In order to explore the potential contribution of parents’ causal talk to preschooler’s emerging
scientific literacy and related interests, we observed 153 parent-child dyads playing together in a
museum and in the lab. As in previous work, the frequency with which parents referenced causal
information in their speech predicted the strength of their children’s causal stance. In addition,
the frequency with which parents invited their children to explain causal phenomena, but not the
frequency with which they provided explanations to their children, was related to children’s
scientific literacy. These associations held even when controlling for children’s parent-reported
exposure to science in the home, as well as their general cognitive skills. Although causal
conclusions are precluded by the correlational design, this research is consistent with the
possibility that parents begin shaping their children’s scientific engagement and literacy when

they are as young as two years of age.
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Parents’ Causal Talk: Links to Children’s Causal Stance and Emerging Scientific Literacy

Research scientists and policy makers alike continue to highlight the importance of
promoting education and engagement in science, technology, engineering and mathematics
(STEM) in fortifying economic prosperity, physical health, and psychological well-being
(Bybee, 2010; National Research Council, 2012). The push to promote STEM education has set
in motion widespread reforms in the way that science is taught in schools (e.g., National
Research Council, 2013). Substantial research effort has also been invested in characterizing the
development of scientific literacy and interests throughout grade-school (Alexander, Johnson, &
Kelley, 2012; Bathgate, Schunn, & Correnti, 2014), and identifying aspects of experience inside
and outside the school that help shape that developmental course for individual children (e.g.,
Dunbar & Klahr, 1989; Erdosne Toth, Klahr, & Chen, 2000; Kuhn et al., 1988; Meyer, Wardrop,
& Hastings, 1992; Zimmerman, 2000).

More recently, some have suggested that in order to fully understand the origins of
children’s scientific literacy and engagement, and ultimately optimize outcomes, we must focus
our efforts earlier (see Brenneman, 2011). Although implementation has been slow, several
promising kindergarten and preschool science curricula have been developed with this goal in
mind (e.g., Gelman, Brenneman, Macdonald, & Roman, 2010; Gonzalez et al., 2010; Peterson &
French, 2008). Data from newly developed tools for measuring early scientific literacy further
reinforce the potential value of focusing more attention on preschool science. Specifically, the
Lens on Science (Greenfield, 2015) reveals substantial knowledge, and variability, in this
domain by 3 years of age. Young children’s performance on this adaptive test reflects not just

factual knowledge, but also familiarity with key cross-cutting concepts (e.g., patterns, cause and
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effect, systems models, structure and function), and processing skills (e.g., asking questions,
analyzing and interpreting data) that are at the heart of scientific inquiry.

Evidence suggests that children’s attitudes towards science are also taking shape quite
early. For example, utilizing their Puppet Interview of Competence in and Enjoyment of Science
(PICES), Patrick and colleagues (2008) found that although kindergarteners had an overall
positive view of science, individually distinct profiles of reported liking of, competence with,
and easy of learning science were also evident (also see Mantzicopoulos, Patrick, &
Samarapungavan, 2008; Patrick, Mantzicopoulos, & Samarapungavan, 2009; Pell & Jarvis,
2001). Other work by Alvarez and Booth (2016) suggests that variability in children’s degree of
interest in the causal structures underlying scientific knowledge and inquiry potentially emerges
even earlier. Specifically, this work revealed stability in children’s causal stance across inquiry
and preference-based tasks, as well as across a month-long time delay, by four years of age.
Moreover, when even younger three-year-old children were evaluated on their preferences for
causal vs. non-causal descriptions of novel artifacts and animals, Alvarez and Booth (2015)
found that the scores of individual children varied substantially.

Importantly, experiences in the home may be critical to nurturing these roots of scientific
literacy and interests as they begin to take hold. It is widely held that parents exert considerable
influence in broadly shaping the attitudes, learning, and achievement of their young children
(Bandura & Walters, 1963; Davis-Kean, 2005; Jacobs & Eccles, 2000; Rogoff et al., 1993).
Several studies have more specifically described how parents support the scientific thinking of
their preschool and school-age children (e.g., National Research Council, 2009; Callanan &
Jipson, 2001; Crowley & Galco, 2001; Fender & Crowley, 2007; Haden et al., 2014). For

example, children more effectively process elements of cause and effect in museum exhibits after
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exploring them with their parents, as opposed to with a peer, or on their own (Crowley et al.,
2001). Moreover, Mantzicopoulos, Patrick and Samarapungavan (2013) report significant
correlations between family support for science generally speaking, and measures of both
kindergartener’s scientific literacy and interests. Alvarez and Booth (2016) also report a
moderate correlation between mothers’ causal talk and the strength of their preschool children’s
causal stance, marking the earliest developmental window in which an association between
parent input and children’s science-related attitudes has thus far been observed.

Although this body of research provides a rich picture of the early emergence of scientific
knowledge and interests, much remains to be learned about the role that parents might play in
nurturing development in this domain. The goals of the current investigation were three-fold.
First, we sought to replicate the findings of Alvarez and Booth (2016) linking parents’ causal
talk to children’s causal stance, in a larger, more diverse, and younger sample. Given that
reported relations between home science experiences and science literacy are stronger in earlier
grades (Meyer et al., 1992), and in light of the outsized influence parents generally have on
children’s development before they enter school, we expected to observe comparable, if not
stronger, correlations.

Second, we sought to expand the scope of potential child outcomes under consideration
by evaluating whether parent causal talk also relates directly to children’s early scientific
literacy, as measured by the Lens on Science (Greenfield, 2015). In light of evidence indicating
that parents’ talk influences children’s science-related exploration and learning in circumscribed
contexts (Fender & Crowley, 2007; Marcus, Haden, & Uttal, 2018; Willard et al., 2019), we also

expected an association to our broader assessment of scientific literacy. To the extent that early
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interests in science propel scientific literacy, an indirect effect of parent input through children’s
causal stance might also be evident.

Third, and subordinate to our second goal, we pursued a more fine-grained consideration
of what aspects of parent input might be especially relevant to supporting children’s early
scientific knowledge. In particular, we differentiated causal talk that directly provides
explanations for causal phenomenon from talk that invites the child to generate these
explanations themselves. Substantial research has been devoted to documenting the frequency
and quality of explanations offered by parents to their young children in a variety of settings
(Callanan, Castaneda, Luce, & Martin, 2017; Callanan & Jipson, 2001; Callanan & Oakes, 1992;
Haden, 2010; Tenenbaum & Callanan, 2008; Van Schijndel & Raijmakers, 2016), on the explicit
or implicit premise that these are likely foundational to promoting scientific literacy. In addition,
evidence and theory suggests that these explanations are salient to, and sought out by, young
children (e.g., Chouinard, Harris, & Maratsos, 2007; Gopnik, 2000). Indeed, children as young as
three years of age are sensitive to the quality of explanations provided by adults and are
generally not content to drop a line of questioning if they do not feel that they have received an
adequate response (Frazier, Gelman, & Wellman, 2009; Kurkul & Corriveau, 2018).

However, Bonawitz et al. (2011) note that pedagogical explanations might actually
curtail learning under some circumstances by undermining children’s own exploration and
discovery process. In addition, a now substantial literature highlights the distinct potential of
self-generated causal explanations to promote causal learning and hypothesis revision in young
children (Legare & Lombrozo, 2014; Walker, Bonawitz, & Lombrozo, 2017; Walker, Lombrozo,
Legare, & Gopnik, 2014; Walker, Lombrozo, Williams, Rafferty, & Gopnik, 2016; but see

Marcis & Sobel, 2017; Willard et al., 2019). Thus, it is possible that the degree to which parents
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scaffold children’s own generation of explanations might be more strongly related to early
scientific literacy than the degree to which they offer fully articulated explanations themselves.

In order to address these questions, we observed a large and diverse sample of 3-year-
olds engaged in scientific co-play with a parent at both a children’s museum and in the
laboratory. Parent causal talk across these contexts was evaluated in relation to a variety of child
measures, including assessments of their causal stance, scientific literacy, and broader cognitive
skills. Although this correlational approach will not support definitively causal conclusions, it
represents a critical first step in determining whether parent talk is a viable foundation for the
development of early scientific interests and literacy.

Method

Participants

Our sample included 153 children (71 male) from the Austin, Texas area. Participating
children were three years old at the first session (M = 3.41, SD = 0.26, range = 3.01-3.92).
Children were recruited through an existing database of families interested in participating in
research, as well as in-person at the science museum where data collection took place. Children
did not have any diagnosed developmental disorders or hearing impairments. An additional 8
children were excluded from analyses due to insufficient English proficiency (as indicated by
parent rating of 1 or 2 on a 5-point scale; n = 3) or failure to cooperate with task instructions (n =
5). Additional missing data is described on a task by task basis in the results section.

Based on parent report, 13.1% of participating children were African American, 73.9%
were White, 2.6% were Asian, and 10.5% identified as multiple races or “other.” In addition,
30.1% of these children were also identified by their parents as being Hispanic or Latino. With

respect to maternal education 27.5% held no more than a high school degree, 6.5% held an
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Associates or Technical degree, 38.6% had a four-year bachelor’s degree, and 8.5% held an
advanced degree.
Design and General Procedures

The data for the current investigation was collected as part of a larger study that included
measures of causal reasoning and executive function (The University of Texas at Austin, IRB
protocol 2015-05-0054: “Exploring Individual Differences in Preschoolers' Causal Stance").
Tasks were run over five sessions, spread across an average of approximately 5 months. The
first session took place at the Thinkery, a children’s science museum, and all subsequent sessions
took place at our research lab at the University of Texas. Measures collected at each session
(along with their analytic role) are outlined in Table 1. Parents consented for both themselves
and their child by signing a single consent form in person. All sessions were video recorded for
offline coding. Upon completion of each visit, the family was compensated, and each child was
given a book to take home.
Measures and Stimuli

NIH Toolbox Early Cognition Battery (NIH-ECB). In order to control for general
cognitive skills that might impact performance on our measure of scientific literacy (Bauer &
Booth, 2019; Tolmie, Ghazali, & Morris, 2016), we tested all children on the NIH-ECB, which
consists of the Picture Vocabulary (language, Session 1), Flanker (attention and executive
function, Session 3), Dimensional Change Card Sort (executive function and attention, Session
4), and Picture Sequence Memory (episodic memory, Session 5) sub-tests. The NIH-ECB is
designed for children three to six years old, and, on average, each sub-test takes between five and

ten minutes to administer. See Zalazo and Bauer (2013) for more details.
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Home science exposure. In order to address the possibility that exposure to science-
related materials and activities at home is related to children’s early scientific literacy and
interests, we asked parents during Session 1 to report on 1) the number of science books, toys,
and apps and/or computer games that their child has access to in the home (coded into 1-5, 6-20,
21-50 and over 50 bins and then summed across type) 2) the frequency (on a seven-point scale)
with which they participate in science activities like reading science books and conducting
experiments with their child (1 = never to 7 = almost every day) and 3) how often (on a seven-
point rating scale) they visit science fairs or museums with their children (1 = never to 7 = every
week or two). See Jacobs and Bleeker (2004) and Meyer (1990) for similar assessments.

Causal stance. The strength of children’s causal stance (i.e., their interest in causal
information) was measured as the average performance across three tasks. All causal stance tasks
were video-recorded to facilitate coding. The stimuli are provided as Supplemental Materials.

Causal preference. This task, administered during Session 1, consisted of 10 trials, on
each of which the child viewed a novel animal or artifact (created with Spore® software) on a
computer screen (see Alvarez & Booth, 2016). An interesting physical feature (other than the
face) of each item was obscured by a red rectangular button. Participants could choose to press
either the rectangular button to see the hidden part or to press a round button at the bottom of the
screen to hear a pre-recorded causally relevant description of the item (e.g., This one rattles its
tail to scare other animals away). Prior to testing, the experimenter illustrated how the procedure
worked with two familiar items (a cat and a car). For these items, the experimenter both revealed
the hidden part and played the causal description. The experimenter then forwarded to a screen
picturing a spaceship blast-off and explained to the child that they were pretending to travel to

planet Zenon, where they would get to see lots of things they have never seen before. The
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experimenter then explained that they would only be able to choose to either see the hidden part
or hear the description of each one. Participants indicated their choice on each trial verbally
and/or by touching one of the buttons. The proportion of trials of which children chose to hear
the causal descriptions served as the dependent variable. All scores were coded from video, with
20% double-coded by a second independent researcher. Because child responses were so easily
distinguishable, coders were in 100% agreement.

Novel picture inquiry. This task, administered during Session 2, began with the
experimenter placing 10 cards, each picturing an unfamiliar artifact (e.g., a motorcycle shock
mount), on the table facing the child (see Supplemental Materials). The experimenter then asked
“Which of these do you want to learn about?”” Once the child chose a picture, the experimenter
moved the other cards to the side and prompted the child to ask questions about the selected item
(e.g., “What do you want to know about this one?”). The experimenter answered questions
produced by the child in an informative, but brief and circumscribed way, according to a
prespecified list of responses. For example, if a child asked, ‘What does it do?” when looking at
an orange juicer, the experimenter responded ‘You use it to squeeze the juice out of fruit!”
Following Kemler Nelson et al. (2004), the experimenter initially responded to the ambiguous
question ‘What is it?’ by providing a novel label (e.g., ‘It’s a dax!’), but provided information
about the object’s function if the child persisted in asking this question again about the same
item. When a participant stopped asking questions about the chosen card, the experimenter put
the remaining cards back in front of the child, saying “Which do you want to learn about next?”
The experimenter repeated this procedure until all 10 cards were chosen. To maximize accuracy,
two coders independently coded all transcripts for instances of causal and non-causal questions

(see Alvarez & Booth, 2016 for coding details). Although the initial interclass correlation based
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on the proportion of questions that elicited causal information was high (.92), discrepancies of
greater than 20% for any individual subject were further resolved by discussion.

Novel object inquiry. This task, administered during Session 5, was included as a
supplement to the novel picture inquiry task (used in previous work) with the thought that more
naturalistic play with real objects might elicit more question asking from such young
participants. The experimenter began by presenting the child with six unusual objects (see
Supplemental Materials) and instructing them to play with the objects however they wanted, and
to ask the experimenter anything they wanted to know about them at any time. Objects were put
away if the child said that they were all done, or 10 minutes had passed. Until that time, the
experimenter silently inspected the objects and responded to questions in the same manner as in
the novel picture inquiry task. Coding proceeded in the same manner as described for the novel
picture inquiry task. Interclass correlation was .96, with discrepancies again further resolved
through discussion.

Lens on Science. This measure, administered during Session 1, assesses preschoolers’
knowledge in the domains of life, earth/space and physical/energy science, as well as
understanding of eight scientific ‘process skills’ (e.g., observing, questioning, experimenting).
The test is administered individually via touchscreen tablet. Children are adaptively presented
with 35-40 questions (from a bank of 389 possibilities) over the course of approximately 15
minutes. Children select their answers by touching one of three pictured alternatives. See
Greenfield (2015) for more details.

Parent causal talk. Parent causal talk was observed in both a children’s museum
(Session 1) and the lab (Session 2). In both settings, parent-child dyads were given no specific

instructions as to how to interact, and were given 10 minutes to play freely. In the museum,
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participants explored a launcher exhibit where they could build airplanes out of a variety of foam
parts and test their flight properties using an air cannon. In the lab, participants were presented
with a tub of water and nine transparent container-blocks varying in shape (e.g., cylinder, cube),
as well as type and quantity of contents (e.g., pennies, pom-poms). A photo of these materials
can be seen in Supplemental Materials.

Although our approach to coding parents’ talk was heavily informed by the work of
Callanan and colleagues on explanatory talk (e.g., Beals, 1993; Callanan & Jipson, 2001;
Callanan & Oakes, 1992; Crowley & Galco, 2001; Tenenbaum & Callanan, 2008), we focused
more narrowly on causally oriented talk (see Alvarez & Booth, 2016). We further differentiated
between types of causally oriented talk, with a particular focus on causal explanations and
invitations to explain. To optimize efficiency and reliability of coding, we opted to divide the 10-
minute activity into 60s blocks. For each block, coders recorded whether the parent produced 1)
a causal explanation (e.g., “that block sinks because it has more pennies in it than the floating
block™), 2) an invitation for the child to explain a causal phenomenon (e.g., “Why did this block
sink and that one float even though they have the same thing inside?”), and 3) any other causally
relevant utterance (e.g., a prediction or direction like “Feel how heavy this one is” or “What do
you think will happen if we drop them both in the water?”’). See Table 2 for additional examples.
Utterances were coded as causally oriented even if the information provided in that utterance was
not technically correct (e.g., referencing size instead of density/weight). The proportion of
windows (out of a maximum of 10), in which parents produced any causal utterance, as well as
the proportion of windows in which they specifically produced an explanation or an invitation,

served as the key dependent variables. A second researcher independently coded 20% of the
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transcripts. Interclass correlation was .81 for causal talk overall, and .88 and .99 for causal
explanations and invitations to explain, respectively.
Results

Missingness was high for all three measures of causal stance due to procedural drift
(preference task), children’s failure to produce any questions (both inquiry tasks), as well as an
unfortunate technical recording error (object inquiry task). There was also elevated attrition in
the last session that further impacted missingness in the object inquiry and NIH picture sequence
tasks. Rates of missingness on key variables, and explanations thereof, are provided in Table 3.
In order to address missing data in a maximally unbiased manner, we conducted 100 iterations of
multiple imputation, including all variables relevant to our analyses, as well as a variety of
demographic measures (age, ethnicity, race, gender, maternal education). Although the data were
not Missing Completely at Random (MCAR) according to Little’s test (Little, 1988), the pattern
of results reported below mirrored that observed in the non-imputed data, suggesting that the
data were likely Missing at Random (MAR). Therefore, the resulting pooled dataset (with the
full sample size of 153) was used for all subsequent analyses.

Composite scores for total parent causal talk, explanations, and invitations to explain
(averaged across the museum and lab setting), children’s causal stance (averaged across the
preference and inquiry tasks), and the NIH-ECB (using the Age-Corrected Standard Scores; see
NIH Toolbox Administrator’s Manual and Casaletto et al., 2015) were calculated after
imputation of values for the component measures (see Table 4 for means and standard
deviations). Although causal talk was common, occurring in over 70% of coded windows, the

frequency of causal explanations and invitations to explain was much lower (hovering around
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10%), likely commensurate with parent expectations regarding the linguistic and conceptual
capabilities of their children (see Palmquist & Crowley, 2007 and Marcus, Haden & Uttal, 2018).

In order to evaluate our first research question regarding linkages between parents’ causal
talk and children’s causal stance, we first examined bivariate correlations between key variables.
The strength of children’s causal stance did indeed correlate with parents’ causal talk (» = .30, p
=.004), thereby replicating Alvarez and Booth (2016). Causal stance also correlated significantly
with overall cognitive capabilities as measured by the NIH-ECB (» = .35, p =.005). In order to
examine the effect of parents’ causal talk on children’s causal stance over and above these child
cognitive factors, as well as broader experiential factors, we conducted a multiple regression
predicting children’s causal stance from parent causal talk, children’s scores on the NIH-ECB,
and parent reported home science exposure. The resulting regression equation was significant,
(3,152) =13.32, p <.001. Parent causal talk was a significant predictor of children’s scientific
literacy (p = .008), reflecting a moderate effect size (s71 =.26). With respect to our control
variables, children’s cognitive skill was also significant with a moderate effect size (p <.001, s>
=.30), but home science exposure was not (p =.900). See Table 5.

In order to address our second and third research questions regarding relationships
between parents’ causal talk and early scientific literacy, we again first considered the relevant
bivariate correlations. Although neither parents’ overall causal talk, nor their causal explanations,
correlated with children’s scientific literacy (s =.11 and .04, respectively, ps > .21), there was a
significant positive association between parents’ invitations for children to explain and children’s
scientific literacy (r = .23, p =.007). Scientific literacy scores also correlated with home science
exposure (r=.17, p =.041) and overall cognitive functioning (» = .52, p <.001; also see Bauer

& Booth, 2019; Greenfield, 2015; Tolmie et al., 2016). We therefore conducted a multiple
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regression predicting performance on the Lens on Science from parent causal invitations, again
including children’s NIH-ECB scores and parent reported home science exposure as control
variables. The resulting regression equation was significant, F' (3, 152) = 21.77, p <.001. Parent
causal invitations were a significant predictor of children’s scientific literacy (p = .025),
reflecting a moderate effect size (sr1 = .18). With respect to our control variables, children’s
cognitive skill was significant with a large effect size (p <.001, sr» =.48), but home science
exposure was not (p =.743). See Table 6.

Although children’s causal stance did correlate with their scientific literacy (» = .43, p <
.001), 1t did not correlate with parents’ invitations to explain (» = .10, p = .360). This, in
combination with the fact that scientific literacy failed to correlate with parents’ overall causal
talk (r= .11, p =.206), precludes the possibility that causal stance partially mediates the
association between parent input and scientific literacy observed here. We therefore did not
further pursue an indirect effects analysis as initially planned.

Discussion

In this study, we sought to broaden our understanding of relationships between parent
input and children’s early scientific literacy and related causal interests. The investigation
yielded two key observations. First, the degree to which parents generally talk about causally
relevant information, the stronger their child’s causal stance is likely to be. Second, the degree to
which parents specifically invite their children to generate their own explanations for causal
phenomenon, the more advanced their scientific literacy is likely to be. Although ambiguous
regarding underlying causal mechanisms, these findings highlight the potential importance of

parents in shaping children’s early engagement and success in science.
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The observed relationship between parent’s causal talk and children’ causal stance
replicates Alvarez and Booth (2016) with a much larger sample, thereby lending support to the
veracity of this finding. By including more diverse and younger children, the current study also
enhances its generalizability. Together, this work highlights the possibility that parents play a
foundational role in shaping children’s early attunement to, and interest in, the causal structure of
the world around them.

The observed association between parent input and scientific literacy was somewhat
more nuanced. Specifically, while parent’s overall emphasis on causal information did not
predict children’s performance on the Lens on Science measure, the degree to which parents
invited their children to produce their own causal explanations did. This association stands in
further contrast to the observed failure of parent’s own causal explanations to predict children’s
scientific literacy. On its surface, this last result might seem surprising. Indeed, it seems entirely
reasonable to expect that explaining causal phenomena to a child should help build their
knowledge of science. Yet ours is not the first study to find no relationship between parent’s
explanations and children’s learning (Van Schijndel et al, 2016).

To understand this result, it is useful to note that parents’ explanations are not always
fully formed or accurate (Crowley et al., 2001; Snow & Kurland, 1996). Indeed, although we did
not formally code parent input for accuracy in the current work, the explanations offered were
entirely consistent with this characterization, often providing incomplete or underspecified
information. To the extent that these ‘explanatoids’ promote scientific literacy, they are thought
to do so by encouraging children to notice key aspects of causal phenomenon and by providing a
framework for developing inquiry skills (Fender & Crowley, 2007). It might be that these

broader influences need more time to be reflected in developmental outcomes. It is also
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important to keep in mind that even well-articulated explanations offered by parents might miss
their mark if they are incommensurate with a child’s current state of knowledge or reasoning
skills. Therefore, as we assess predictive relations between parent input and longer-term
outcomes in our ongoing work, it will be important to consider both the quality of parent
explanations, as well as the degree to which they are responsive to the interests, knowledge and
skills of individual children (Chouinard et al, 2007). It will also be important to assess whether
older children, with stronger language and cognitive abilities, are generally better able to
capitalize on explanations provided by others to directly build their conceptual knowledge
(Crowley et al, 2001; Horne, Muradoglu, & Cimpian, 2019).

Note that inviting children to explain causal phenomenon for themselves might help
bypass these potential impediments to learning by encouraging children to engage the available
information at whatever level makes sense to them, and to focus on what they personally find to
be most relevant to their ongoing thought processes. Indeed, the fact that parent invitations to
their children to explain uniquely predicted scientific literacy in the current investigation is
consistent with mounting evidence regarding the power of self-generated explanation to propel
learning, particularly in the context of causal phenomenon (Bonawitz et al., 2009; Bonawitz et
al., 2011; Legare, Schult, Impola, & Souza, 2016). In their recent review of this literature, Busch,
Willard and Legare (2018) explain how generating explanations helps children connect their
current understanding of how the world works with the evidence at hand, highlighting
inconsistencies and motivating further exploration. This in turn supports children’s optimal
elaboration, or revision of, causal beliefs that are foundational to scientific knowledge (Walker,

Bonawitz, & Lombrozo, 2017; Walker et al., 2014; Willard et al., 2019).
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Importantly, both of the key findings from this study maintained even after controlling
for the general cognitive capabilities of children (including both their vocabulary and executive
functioning), as well as other aspects of the home environment that might support children’s
emerging scientific knowledge and interests (e.g., number of science-themed books and toys,
frequency of science-related activities and excursions). Although these cognitive and
environmental factors correlated significantly with scientific literacy, and to a lesser extent with
children’s causal stance, parent input also uniquely contributed to explaining individual
variability in both cases. This is consistent with the idea that parent-child interactions offer a
particularly potent context for intergenerational transmission of attitudes, beliefs, and knowledge
(e.g., Bandura & Walters, 1963; Fivush, 1994; Thompson, 2006).

Although controlling for potential third variables strengthens the conclusions that can be
drawn from this study, the correlational design remains limiting. In particular, the directionality
of effects cannot be clearly specified based on the available data. It remains entirely possible that
children’s pre-existing interests in causal information and/or their scientific knowledge elicit
different kinds of talk from their parents. If parents know children are interested in understanding
how things work, and have sufficient knowledge to understand causal mechanisms, then they
might well be more likely to offer up this type of information, or to encourage their children to
try to figure out how things work through independent exploration and explanation. This idea of
reciprocal influences is central to theories of socialization (e.g., Holden, 2010; Kuczynski &
Mol, 2015; Maccoby, 2007), and has been discussed explicitly in the context of scientific literacy
by Callanan and Jipson (2001). In order to help clarify the causal directionality of the effects
reported here, we are currently collecting longitudinal data from a subset of participants. In these

and broader efforts, it will also be important to consider children’s contributions to conversations
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with their parents around scientific phenomena in a variety of contexts. For example, coding
children’s questions and the responses offered by parents might be revealing about the degree to
which children or their parents are driving these conversations.

To the extent that ongoing investigations confirm that parent input predicts children’s
subsequent interests and knowledge in the domain of science, it will highlight the potential value
of parent-focused interventions for promoting children’s engagement and success in STEM. In
particular, the work thus far suggests that encouraging parents to prompt their children’s self-
generated explanations of causal phenomenon might be a particularly powerful approach.
Insights like these are important because too many of our children, particularly those from
socioeconomically disadvantaged families, are entering school inadequately prepared to learn
science (e.g., Bustamante, White, & Greenfield, 2018; Curran & Kellogg, 2016; Greenfield et al.,
2009; Janus & Duku, 2007). And, unfortunately, early scientific knowledge is predictive of
longer-term success in this domain as children progress through elementary and middle school
(Morgan, Farkas, Hillemeier, & Maczuga, 2016; also see Byrnes, Miller-Cotto, & Wang, 2018
for related discussion). New approaches to strengthening the foundations of children’s causal
stance and scientific knowledge may be instrumental in optimizing the achievement of all

children.
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Table 1

Study Measures and their Analytic Roles
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Construct of Interest  Analytic Role Measurement Session
Causal talk (parent) Predictor Museum observation 1
Laboratory observation
Causal stance (child) Outcome Causal Preference 1
Novel Picture Inquiry 2
Novel Object Inquiry 5
Scientific literacy Outcome Lens on Science 1
(child)
General cognitive Control NIH Toolbox Early Cognition Battery:
ability (child) e Picture Vocabulary Test 1
e Flanker Inhibitory Control & Attention 3
e Dimensional Change Card Sort 4
e Picture Sequence Memory 5
Home science exposure Control Parent survey 1

(parent)
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Table 2

Parent Causal Talk: Example Utterances for Code Types
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Code Type Example Utterances

Causal Explanation This one is heavier so that's why it goes to the bottom.
The higher the pressure is, the further it will fly.
I think that tail made it a little heavy. It didn't go quite as far, huh?

Causal Invitation Why do you think they sink to the bottom?
Why is it floating?
How are you going to make it fly?

(Other Causal Talk) Which ones do you think will sink?
What happens if you put it that way?
The ones on the bottom are heaviest.
Were you adjusting the little knob over there before?
You think we should try a smaller tail?
Is it aimed okay?
That one sinks. See, it goes straight to the bottom.
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Table 3

Percent of Missing Data and Reasons for Missingness

Task % Missing Top 3 reasons for missingness
NIH-ECB
PVT 0.65 Technical (n =2)
FL 24.84  Attrition (n = 22), Behavior (n = 7), Failed training (n = 5)
DCCS 32.68  Attrition (n = 30), Failed training (n = 8), Behavior (n = 8)
PS 39.87  Attrition (n =27), Technical (n =21), Behavior (n=1)
Home Science 3.92 Incomplete (n = 6)

Causal Stance

Picture Inquiry 41.83  No questions (n = 37), Technical (n = 12), Attrition (n = 10)

Object Inquiry 5490  Technical (n = 35), Attrition (n = 28), No questions (n = 16)

Preference 50.98  Procedural drift (n = 53), Technical (n = 8), Behavior (n =7)
Lens on Science 2.61 Technical (n =4)

Parent Causal Talk
Museum 8.50 Technical (n = 7), Insufficient length (n = 6)
Lab 12.42  Attrition (n = 10), Technical (n =9)

Note. NIH-ECB = NIH Toolbox Early Cognition Battery. PVT = Picture Vocabulary Test; FL = Flanker
Inhibitory Control and Attention Test, DCCS = Dimensional Change Card Sort Test; PS = Picture
Sequence Memory Test.
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Table 4

Summary of Intercorrelations, Means, and Standard Deviations
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Measure ] 2 3 4 5 6 M SD

1. Lens on Science — 0.37 1.00
2. Causal Stance 43k — 0.41 0.24
3. Home Science A7* 18 — 12.34 3.72
4. NIH-ECB S2%x - 35%k - 3ok - 103.63  17.59
5. Parent Causal Talk A1 30**  22% .07 — 0.72 0.16
6. Parent Causal Explanations .04 -.01 22%% 08 .26%* — 0.13 0.12
7. Parent Causal Invitations 23k .10 18%* A1 26%* .09 0.09 0.10

* p <.01. *p <.05.

Note. NIH-ECB = NIH Toolbox Early Cognition Battery.
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Table 5

Parameter Estimates from Multiple Regression Analysis Predicting Causal Stance

Unstandardized Standardized
Predictor B SE B sr t p
(Intercept) -0.34 0.19 .00 -1.82  .070
Parent Causal Talk 0.40 0.15 27 .26 2.65 .008
NIH-ECB 0.00 0.00 32 .30 2.52 012
Home Science Exposure 0.00 0.01 .02 .02 0.13 .900

Note. NIH-ECB = NIH Toolbox Early Cognition Battery; s» = semipartial (part) correlation.

Table 6

Parameter Estimates from Multiple Regression Analysis Predicting Scientific Literacy

Unstandardized Standardized
Predictor B SE B sr t p
(Intercept) -2.71 0.50 .00 -5.42 <001
Parent Causal Invitations 1.72 0.76 18 18 2.25 .025
NIH-ECB 0.03 0.01 Sl 48 5.67 <.001
Home Science Exposure -0.01 0.02 -.03 -02  -0.33 743

Note. NIH-ECB = NIH Toolbox Early Cognition Battery; s» = semipartial (part) correlation.
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