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Introduction

Advancing early STEM (science, technology, engineering, and mathematics) education is a priority
in the United States because there is an increasing demand for STEM professionals to enhance inno-
vation and competitiveness of the nation. Many efforts to encourage future STEM educational and
career pursuits target early childhood curricula and teaching methods in schools. Nevertheless,
researchers, educators, and policymakers also recognize the importance of STEM learning opportuni-
ties in everyday out-of-school contexts (National Research Council, 2009). Such informal educational
settings include specially designed museum exhibits and programs for children. With the temporary
closure of many museums due to the COVID-19 pandemic came a proliferation of online programming
created by museum educators, including programming designed for children and caregivers to engage
in STEM learning at home (Ennes et al., 2021). Our work focused on one of these online programs—an
open-ended problem-solving (i.e., tinkering) activity designed by educators at a children’s museum for
families to do at home. We addressed how families engage in such informal learning opportunities at
home and, more specifically, how the content and style of parents’ talk during tinkering might link to
children’s STEM talk during the hands-on activity and afterward.

Tinkering is a form of playful problem solving that has surged in popularity in early childhood
STEM education (Resnick & Rosenbaum, 2013). Part of the enthusiasm for tinkering is that it does
not require prior knowledge or experience, and it can involve everyday practices of problem solving
using commonplace materials (e.g., cardboard and glue). These characteristics can make STEM learn-
ing through tinkering accessible to the young and old and to individuals from diverse backgrounds
(Vossoughi & Bevan, 2014). Consistent with constructivist theories (Harel & Papert, 1991; Piaget,
1970), the opportunities for rich engagement with objects and materials afforded by tinkering can
support early learning. Furthermore, tinkering is often social, and communicative interactions
between children and adults can, according to sociocultural theories, play an additional crucial role
in children’s learning (Gauvain, 2001; Rogoff, 1990; Vygotsky, 1978). Regarding STEM learning, tinker-
ing provides opportunities for engagement in authentic practices of engineering, such as making, test-
ing, and redesigning, that are emphasized in the Next Generation Science Standards (NGSS Lead States,
2013).

Content and style of parent-child conversational interactions

A growing literature characterizes the ways that parents scaffold hands-on informal learning
activities through both the content (i.e., what they talk about) and the style (i.e., how they talk) of
conversation with their children. This work shows that the frequency of specific content, such as
STEM-related language, can predict children’s subsequent skills in STEM domains (Casasola et al.,
2020; Gunderson & Levine, 2011; Pruden et al., 2011). Likewise, research on family conversations in
museums, in libraries, and at home suggests that the content of parent-child interactions can support
children’s STEM learning (Booth et al., 2020; Callanan et al., 2017; Crowley et al., 2001; Geerdts et al.,
2015). For example, in Willard et al. (2019), the more that parents engaged in explanatory talk in a
STEM-related museum exhibit, the more children talked about causality and engaged in STEM-
related practices in the exhibit. Also, in several studies, the more parent-child dyads talked about
STEM during science and engineering activities in museums, the more children recalled STEM-
related information even weeks after the visit (Acosta et al., 2021; Benjamin et al., 2010, Haden
et al., 2014; Marcus et al., 2021; Pagano et al., 2020; Sobel et al., 2021).

In addition to quantity, the style and sequencing of talk as interactions unfold can be important. For
example, Callanan and colleagues (2020) considered sequential patterns of causal explanatory talk
and exploratory behaviors when parents and children were observed in gears exhibits. They found
that parents’ causal explanatory talk was linked to children’s systematic exploration (i.e., spinning
gears), but only when parents’ causal talk occurred before testing, not during or after testing,
indicating the importance of timing of talk in the sequence of hands-on activities. Other work that
has considered patterns of joint talk sequences, defined by when parents’ open-ended questions are
immediately followed by children’s response, further suggests the importance of the sequencing of
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talk for children’s learning. For example, in Jant and colleagues (2014), parent-child joint talk
observed in an exhibit was positively associated with children’s learning and subsequent remember-
ing of the exhibit experiences.

In the current study, in addition to examining the STEM content of parents’ and children’s talk dur-
ing tinkering, we also considered the style of interaction based on the concept of autonomy support
(Ryan & Deci, 2017, 2020). According to self-determination theory, parental autonomy support
involves encouraging and supporting children’s initiative, taking children’s perspectives, solving prob-
lems collaboratively, and offering choices. Autonomy support contrasts with a controlling parental
style that involves pressuring children toward certain behaviors and solving problems for them. Also,
parental autonomy support is linked to a wide range of positive outcomes, including persistence dur-
ing play (Grolnick et al., 1984), executive function (Bernier et al., 2010; Bindman et al., 2015), math
and spatial skills (Cimon-Paquet et al., 2020; Sorariutta et al., 2017), academic performance
(Grolnick et al., 2014), and engagement in activities (Ng et al., 2004), including STEM activities
(Sobel, 2023).

Museum studies have characterized the style of parent—child interactions based on who was set-
ting the goals and leading the activity (Callanan et al., 2020; Medina & Sobel, 2020; Sobel et al.,
2021). For example, parent-child dyads are considered child-led when children are working more
independently from their parents, are considered joint-led when parents work in a collaborative
and autonomy supportive manner with their children (e.g., jointly setting goals and making sugges-
tions), and are considered parent-led when children receive little independence or autonomy from
parents. Medina and Sobel (2020) found that children in parent-led dyads showed better performance
in a posttest, but showed lower engagement, compared with children in the more autonomy support-
ive dyads. Callanan and colleagues (2020) found that child-led and joint-led dyads had children who
engaged in more systematic exploration in gears exhibits compared with parent-led dyads. Particu-
larly germane to our work, Grolnick and colleagues (2002) found evidence that autonomy support
can have a stronger association with children’s learning in more open-ended activities (i.e., activities
with many possible solutions), analogous to tinkering, compared to closed-ended ones.

One way that autonomy support (vs. control) has been operationalized in the literature is in terms
of parents’ use of management language. Management language is defined as statements, questions,
and directions used to promote (or limit) children’s choices in decision making (Bindman et al., 2013;
Grolnick et al., 2002). In Bindman and colleagues (2013), parents’ use of suggestion (high autonomy/
choice) language when children were 3 years old was positively related to concurrent executive
functioning. By contrast, directive language (low autonomy/choice) at age 3 was negatively associated
with children’s executive functioning skills. Although little is known about how parents’ autonomy
supportive language might advance STEM learning, in Clements and colleagues (2021), parents who
used more autonomy supportive management language also talked more about numbers with their
preschoolers during structured play time.

The current study

This study was designed to explore how the content of parents’ talk, as characterized using STEM-
related language, and the style of parents’ talk, as characterized by autonomy supportive and directive
language, relates to children’s STEM talk during and after an at-home tinkering activity. As part of a
research-practice partnership between university researchers and informal STEM learning practition-
ers at Chicago Children’s Museum, educators created a video introduction to a tinkering activity for
families to engage in at home. In the video, an educator invites families to tinker and make a play-
ground ride for a toy friend using materials around their home and encourages engagement in simpli-
fied steps of the engineering design process: making, testing, and fixing. In addition to the video’s
dissemination on social media platforms by the museum, the research team recruited a sample of par-
ticipants who were observed via Zoom engaging in the tinkering activity.

At the outset of the activity, some of the families were encouraged to first plan what they would
make before commencing tinkering. Some tinkerers take a bottom-up approach, solving problems
as they appear while trying out different tools and materials, whereas others may choose to plan their
creation and strategies before engaging with the materials (Resnick & Rosenbaum, 2013). Our question

3



B.M. Aldrich and C.A. Haden Journal of Experimental Child Psychology 247 (2024) 106034

was whether prompting planning prior to tinkering might lead to different patterns of parental scaf-
folding (content and style). One possibility is that during planning, dyads would jointly develop goals
and steps to accomplish the goals. In turn, parents might use more directive language during the
building stage. On the other hand, a lack of planning may increase parents’ worries or concerns over
the final product, reducing their use of autonomy supportive language that would provide children
with opportunities to make their own decisions in problem solving.

During tinkering, we measured the STEM content and autonomy supportive or directive style of
parents’ verbalizations. We also measured children’s STEM talk. In doing so, we conducted a time ser-
ies analysis to examine associations between parents’ verbalizations in each 1 min of the interaction
with children’s STEM talk in each subsequent minute. This allowed us to establish temporal prece-
dence of our predictors in relation to our outcome variable and to account for confounding variables
at the individual level. Parents’ autonomy supportive style and directive style were crossed with STEM
content in these analyses, resulting in the following categories of parental talk: autonomy supportive
STEM talk, directive STEM talk, and STEM-only talk as well as autonomy supportive-only talk and
directive-only talk.

Taking this approach, we tested several hypotheses. First, we hypothesized that parents’ STEM talk
would be positively associated with children’s STEM talk during and after the activity only when par-
ents spoke in an autonomy supportive manner. Second, we hypothesized that parents’ directives,
whether containing STEM content or not, would be negatively associated with children’s STEM talk
during and after the activity. Third, we hypothesized a bidirectional association between parents
and children’s talk during the activity. Specifically, we anticipated that when children showed high
STEM engagement in one moment of the activity, parents would respond with more autonomy sup-
portive talk than when children showed low STEM engagement. Finally, regarding the planning
manipulation, we explored whether parents in the planning condition would use more autonomy sup-
portive STEM talk over time compared with parents in the no-planning condition.

Method
Participants

Families were recruited from October 2020 to November 2021 with the help of Chicago Children’s
Museum outreach efforts recontacting families who had participated in different studies at the
museum and through word of mouth. We also used the Children Helping Science website (https://chil-
drenhelpingscience.org; this took place before the website merged with the Lookit platform) and a
listserv from other developmental researchers, obtaining a sample from different geographic locations
across the United States. A total of 61 children (31 male and 30 female) aged 4 to 10 years
(M = 8.10 years, SD = 1.72) participated with their parents (49 mothers and 12 fathers). In analyses
using hierarchical linear models (HLM), sample sizes greater than 50 led to unbiased estimation of
errors (Maas & Hox, 2005). Still, a post hoc power analysis, using Optimal Design Plus software, indi-
cated that our sample size had low power to detect medium size effects of Level 2 variables such as
children’s age and planning condition (power = .50).

Detailed demographic information is presented in Table 1. The age range (4-10 years) is one that
research shows is an important period for advancing STEM interest and learning (National Research
Council, 2012). This is also the age group that our partners see in Chicago Children’s Museum, and
we wanted to design this study—conducted during the pandemic when the museum was closed—in
ways that could inform programming in the exhibit when the museum reopened. An additional three
families participated but were subsequently dropped from the analyses because of poor video/audio
quality (n = 2) or the parent not being present during the tinkering session (n = 1). All families
recruited included a target child and one parent, although three observations also included a sibling.
All participants received a $25 gift card for their participation in the study.
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Table 1
Participants’ demographic information.

Demographics n (%)

Children’s race/ethnicity
White 33 (54)
Black 9(15)
Asian 5(8)
Hispanic/Latino 3(5)
Mixed 10 (16)
Not reported 1(2)

Parents’ race/ethnicity
White 40 (65)
Black 8(13)
Asian 7 (11)
Hispanic/Latino 1(2)
Mixed 4(7)
Not reported 1(2)

Parents’ education
High school graduate 4(7)
Associate degree 2 (3)
Bachelor’s degree 17 (28)
Completed some postgraduate 3(5)
Master’s degree 25 (41)
PhD, law, or medical degree 10 (16)

Family income
Less than $50,000 1(2)
$50,000-$74,999 6 (10)
$75,000-$99,999 14 (23)
$100,000-$149,999 17 (28)
$150,000-$199,999 9 (15)
$200,000 or more 10 (16)
Not reported 4 (6)

Procedures

The study procedure was approved by Loyola University Chicago’s institutional review board. Once
consent was obtained, each family participated in two sessions that were audio- and video-recorded
via Zoom. The first session involved observations of parents and children tinkering at home, followed
by a researcher eliciting children’s reflections about their tinkering immediately after experience. The
second session occurred approximately 2 weeks later to record parent—child reminiscing conversa-
tions about their tinkering-at-home experience. This amount of delay parallels that of prior studies
on children’s memory of STEM activities (Acosta & Haden, 2023; Benjamin et al., 2010).

Observations of tinkering at home

Prior to the tinkering at home session, families were asked to gather materials such as cardboard,
recyclables, string, glue, and tape. At the beginning of this first session, the researcher spent a few
moments ensuring that the camera angle was such that video-recording would capture the parents
and children in the workspace they had selected to engage in the tinkering activity. Then the
researcher showed each family a 5-min video created by our collaborators at Chicago Children’s
Museum introducing the tinkering challenge of making a playground ride for a small toy friend
(https://youtu.be/PRTwI9vDFoM). In the video, a museum educator describes several steps to com-
plete the challenge, including choosing a small toy, planning, gathering materials, making the ride,
and sharing a story about the toy and the ride. The educator also described the engineering process
of making, testing, and fixing the creation and provided an example of a swing that had been made
for a character named “Crunch” (a cork with eyes drawn on it) using cardboard, rubber bands, sticks,
string, and tape.
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Families were randomly assigned to either the planning condition (n = 32) or the no-planning con-
dition (n = 29). Immediately after the video invitation to tinker, families in the no-planning condition
were asked to start tinkering, working together as they normally would. Those in the planning condi-
tion were asked to take some time to plan the playground ride and the story they would tell about
their toy friend and the ride. They were asked to choose a toy friend and decide what ride they would
make and how they would make the ride fun and safe. Each of these elements had been mentioned in
the video; therefore, the planning condition was aimed at emphasizing planning the connection
between tinkering and storytelling. Once families indicated that they were done planning, they were
also encouraged to work together as they normally would and began the tinkering activity. All partic-
ipants were told at the outset of tinkering that they would have 30 min to complete the activity.

During tinkering, the researcher turned off the camera and microphone to avoid drawing attention
to the video-recording. After the 30 min had elapsed, families were offered the option to take up to an
additional 5 min to finish.

Children’s reflections about their tinkering experience

Once they were done tinkering, the researcher turned the camera and microphone back on and
asked the children to reflect on their tinkering experience. The researcher prompted the reflection
by asking the following questions:

. Tell me all about the story of your toy friend and their playground ride.
. What did you make for your toy friend?

. How did you make it?

. Did you test it? How did it work?

. Did you fix or change anything?

. What did you learn?

DU WN =

Throughout the reflection, the researcher encouraged children to elaborate on their responses dur-
ing the interview using general prompts such as “Tell me more” and “Anything else you would like to
share?”. The duration of these conversational reflections ranged from 4 to 13 min (M = 6.74 min,
SD = 2.13) and were later transcribed verbatim. Children’s number of words during the interview ran-
ged from 131 to 950 (M = 415 words, SD = 208.92). After children’s reflections, researchers collected
demographic information from the parents.

Parent-child reminiscing about their tinkering experience

A total of 51 (84%) parent—child dyads participated in a follow-up interview session via Zoom after
their tinkering session. This session was planned to take place two weeks after the first session, but the
days between the first and second sessions ranged from 10 to 30, with an average of 16 days. During
the follow-up session, families were told that the objective of the session was to understand how
much children remember from their tinkering experiences. The researcher asked parents to talk to
their children about their tinkering experience the way they would normally talk about past experi-
ences together, asking as many questions as they liked. The duration of these parent-child reminiscing
conversations ranged from 3 to 11 min (M = 5.24 min, SD = 2.19) and were later transcribed verbatim.
Children’s number of words during the reminiscing ranged from 213 to 1802 (M = 642 words,
SD = 319.28).

Coding

We coded three types of data: video observations of the tinkering activity, transcripts of children’s
post-tinkering reflections, and transcripts of parent-child reminiscing.

Video observations of tinkering

For the video-recordings of tinkering, we used a time sampling coding method. In each 5-s interval,
we coded for whether parents’ and children’s STEM talk was present and whether parents’ talk was
autonomy supportive or directive. Then, for parents, we counted the number of intervals where the
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content and style codes co-occurred. We chose small intervals of 5 s to avoid having multiple codable
utterances within the same interval.

Parents’ and children’s STEM talk. In each interval, we coded separately for whether parents’ STEM talk
and children’s STEM talk were present. Our coding system focused on STEM-related practices outlined
in the Next Generation Science Standards (NGSS Lead States, 2013) and A Framework for K-12 Science
Education (National Research Council, 2012). STEM talk was coded if the parent or child talked about
comparing different materials (e.g., “Cardboard is stronger,” “The strings are not even”), engaging in
problem solving (e.g., “We need to tape it so it won't fall”), planning or setting goals (e.g., “I want
to build a seesaw,” “We could use these pieces as the walls”), engineering, math, and science concepts
and practices (e.g., “We need to test it,” “I think we just need to add more weight to balance,” “I just
need five more pieces,” “We should count them up”), and asking for and providing explanations or
evaluations (e.g., “It is safer now that we’ve taped it”).

Parents’ management language. In each interval, we further coded parents’ autonomy support and
directive language using a management language coding scheme adapted from Bindman and
colleagues (2013). Parents’ utterances containing a direction or question that had implications for
the children’s subsequent behaviors or for the outcome of the project were coded as autonomy sup-
portive or directive. Parents’ directives consisted of explicit directions (e.g., “Go get your toy friend”),
qualified directions (i.e., explicit directions with a qualifying question at the end; e.g., “We will do
the one on this side now, right?”), and ambiguous suggestions (i.e., statements in which it is not clear
whether the child had a choice; e.g., the parent says “Can you test it now?” while already arranging for
the toy to be tested). Parents’ autonomy supportive language included transfer statements that trans-
ferred full autonomy to make decisions to the child (e.g., “What do you want to make?”, “It is up to
you”), single suggestions with clear choice to accept it or not (e.g., “You could use the strings to make
stairs”), and utterances offering options to the child (e.g., “We can cut holes or add things on top”).

Parents’ STEM-directives and autonomy supportive STEM talk. After the coding of STEM content and
management language style of parents’ talk, we counted the co-occurrence of parents’ STEM talk with
parents’ management language. When STEM talk was coded in the same interval as autonomy support
or directive management language, the parent received a code for autonomy supportive STEM talk or
directive STEM talk. In this way, parents could receive a code for autonomy supportive or directive talk
that either was or was not STEM related, with the latter being when STEM talk and management lan-
guage did not occur in the same interval. Fig. 1 illustrates the resulting coding categories for each time
interval.

Directives-only

Fig. 1. Classification of parents’ talk as autonomy supportive (AS) or directive, with or without co-occurring STEM (science,
technology, engineering, and mathematics) talk.
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Children’s post-tinkering reflection and parent-child reminiscing

Children’s STEM talk. We coded the transcripts for frequency of children’s STEM talk in children’s post-
tinkering reflections (immediately after tinkering) as well as in the parent-child reminiscing conver-
sations (weeks later). Because these interactions were much shorter in duration compared with the
tinkering session, we did not use a time sampling coding method. Instead, the coding unit was
instance of occurrence of STEM talk, involving the same STEM categories described for the tinkering
session.

Parents’ management language. To account for parents’ language during the parent-child reminiscing
session, we coded the frequency of parents’ autonomy supportive talk (i.e., questions, suggestions,
options) based on the transcripts of that interaction. The coding unit was instance of occurrence of
autonomy supportive talk and statements. Because this activity was purely verbal, parents hardly ever
used directives with their children. Thus, instead of coding parents’ directives and qualified directives,
we coded the number of statements and qualified statements about the tinkering experience parents
used (e.g., “We made a swing,” “After that we tested, right?”). Like directives in the context of a hands-
on activity, parents’ statements in the context of reminiscing limit children’s choices and options
when reporting their experience compared with parents’ questions. We did not code parents’ STEM
talk during reminiscing because, due to the nature of the task, most questions and statements parents
made were STEM related, (e.g., “What did we build?”, “Do you remember what happened when we
tested it?”) and we could expect little variability in parents’ STEM talk.

Inter-rater reliability

To establish inter-rater reliability, two researchers coded 20% of the observations independently.
Cohen’s kappa for overall identification of parents’ autonomy support and directives was k = .80,
and the differentiation between autonomy supportive and directive codes was x = .81. The agreement
for parents’ STEM talk during tinkering was x = .75, and the agreement for children’s STEM talk was
also k =.75. Agreement for children’s STEM talk at reflection was x = .78 and at the reminiscing session
was k =.81. Agreement for parents’ autonomy supportive language and statements at the reminiscing
session was K = .85.

Data preparation

When examining associations between parent-child talk during tinkering, we adopted a microan-
alytic approach. The use of time series analyses offers several advantages over traditional regression
analyses. First, by not aggregating behaviors to the individual level, we are able to examine individual
variability across time. Second, individuals serve as their own control when examining time-varying
changes in the outcome variable, ruling out confounding influences at the individual level such as
individual traits (Duckworth et al., 2010). Finally, by using a time-lagged design, we could establish
temporal precedence of our predictors in relation to our outcome variable.

In advance of the main analyses, we aggregated scores from the 5-s interval coding of parents’ and
children’s talk during tinkering into 1-min scores for each coded variable. Therefore, in every 1-min
interval, each coded category of parents’ and children’s talk could range from 0 to 12 (12 intervals/
min x max 1 point/interval). We took this step because when time intervals are too fine, as in the case
of 5-s intervals, patterns of change may be clouded by statistical noise (Lerner et al., 2009). Thus, we
used 1-min intervals as our unit of analysis of talk during tinkering. For example, if in 1 min a child
talked about STEM in 3 of the 12 intervals, the child score for that 1 min would be 3.

Results
Preliminary analyses
We conducted descriptive analyses of the parent and child talk variables to identify the distribution

of data and possible outliers. Time spent tinkering ranged from 12 to 41 min, and the average was
31 min (SD = 6.22). Because families varied in the amount of time spent tinkering, and because in
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our time series analysis we used 1-min intervals as the unit of analysis, in preliminary analyses we
examined the proportion of codes per minute for all the parent and child talk variables during the
tinkering activity. Therefore, if a parent received a total score of 25 for autonomy supportive STEM talk
while tinkering for 30 min with the child, the proportion of autonomy supportive STEM talk per min-
ute would be 25/30, equaling 0.83 per minute. The scores for post-tinkering reflection and parent-
child reminiscing represent the frequencies across the interactions (with number of words controlled
for in main analysis).

We identified one outlier (z-score > |3|) in parents’ STEM-directives and children’s STEM talk and
two outliers in parents’ autonomy supportive STEM talk. There was also one outlier in parents’ state-
ments and children’s STEM talk during the reminiscing session. To maintain the relative order of the
data, these outliers were recoded to the next highest score. Table 2 displays the descriptive statistics
for the continuous parent and child talk during tinkering with outliers removed, and Table 3 displays
the descriptives for the variables during post-tinkering reflection and parent-child reminiscing. Cor-
relations between the parent and child talk variables are shown in Table 4. We examined whether par-
ents’ and children’s talk varied as a function of demographic variables. Children’s age was positively
correlated with their STEM talk during the post-tinkering reflection, r(59) =.32, p =.01, and negatively
associated with parents’ autonomy support during the reminiscing session, r(59) = —.47, p <.001. No
other correlations between age and the parents’ and children’s talk were found. We also found effects
of children’s gender. Specifically, girls showed more STEM talk during tinkering compared with boys, t
(59) = 2.82, p = .01 (see Table S1 in online supplementary material).

Our analyses showed a significant difference in children’s STEM talk during tinkering based on par-
ents’ STEM occupation, t(58) = 2.63, p = .01. Specifically, children with parents holding STEM-related
jobs (as described in the U.S. Department of Labor database of jobs; National Center for O*NET
Development, 2023) showed higher STEM talk during tinkering (M = 1.11, SD = 0.30), compared with
children with parents in non-STEM occupations (M = 0.85, SD = 0.39). In addition, parents’ years edu-
cation was positively correlated with time spent tinkering, r(58) =.33, p =.01, and with autonomy sup-
portive STEM talk during tinkering, r(58) = .26, p = .04. No differences were found across parents’
gender (but note that our sample consisted primarily of mothers) or other demographic information.
We included significant covariates in our main analyses.

Main analyses

We used HLM to conduct time series analyses with HLM6 software. With this approach, we can
examine how changes in parents’ behaviors are associated with changes in children’s STEM talk from
1 min to the next during the activity while also accounting for the effects of Level 2 (i.e., inter-
individual) factors on the outcome variable, such as treatment condition, children’s age, and gender.
In essence, our HLM analyses create regression lines for each participant, for example, examining
the associations between the scores of parents’ autonomy supportive STEM talk in 1 min and chil-
dren’s STEM talk in the next minute. These minute-to-minute regression lines are then averaged
across participants. In this way, associations found in our HLM analyses are controlled for other indi-
vidual factors, thereby no longer reflecting zero-order correlations but instead partial correlations.

Table 2

Proportion of codes per minute for parent and child talk during tinkering.
Talk during tinkering Mean (SD) Range
Parent autonomy support STEM 0.71 (0.38) 0.00-1.68
Parent autonomy support-only 0.88 (0.34) 0.06-1.74
Parent STEM-directives 0.17 (0.14) 0.00-0.55
Parent directives-only 0.77 (0.50) 0.13-2.00
Parent STEM-only 0.43 (0.22) 0.03-1.10
Children’s STEM talk 0.99 (0.42) 0.16-2.20

Note. STEM, science, technology, engineering, and mathematics.
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Table 3
Frequency of parent and child talk at post-tinkering reflection and parent-child reminiscing.
Children’s and parents’ talk Mean (SD) Range
Children’s post-tinkering reflection
Children’s STEM 16.16 (8.18) 3.00-39.00
Parent-child reminiscing
Children’s STEM 10.00 (6.77) 0.00-24.00
Parents’ autonomy support 17.16 (11.14) 2.00-41.00
Parents’ statements 21.84 (13.74) 1.00-49.00

Note. STEM, science, technology, engineering, and mathematics.

Table 4
Correlations among parent and child talk variables.
1 2 3 4 5 6 7 8 9 10
1. Parent autonomy support STEM during -
tinkering
2. Parent autonomy support-only during .18 -
tinkering
3. Parent STEM-directives during tinkering .15 297 -
4. Parent directives-only during tinkering -05 -15 36 -
5. Parent STEM-only during tinkering 18 .07 39 08 -
6. Child STEM during tinkering 25% 22 .04 -.18 .08 -
7. Child STEM at reflection .02 .19 .07 -.16 .10 357 -
8. Child STEM at reminiscing 16 .07 .01 -.05 -.10 .18 447 -
9. Parent autonomy support at reminiscing 30 .20 .02 .04 .06 -12 -11 .08 -
10. Parent statements at reminiscing 13 18 .08 -05 24 -12 .07 18 417 -
" p=.056.

™ Correlation is significant at the p < .05 level (two-tailed).
™" Correlation is significant at the p < .01 level (two-tailed).

To ensure that the models used provided a good fit for the data, we used delta deviance (AD) tests.
These tests were conducted by subtracting the deviance score of the current model from the deviance
score of a simpler model of the same outcome variable with no predictors. The difference in deviance
statistics is distributed asymptotically as a chi-square distribution, with degrees of freedom equal to
the number of added predictors. Large delta deviance scores suggest a good fit (Singer & Willett, 2003).

Effects of time on parents’ and children’s talk

Before examining associations between the different types of parents’ and children’s talk, we exam-
ined how different types of talk changed over time during tinkering. The HLM analyses showed that
time had a significant negative effect on children’s STEM talk (3,0 = —0.01, p <.001), parents’ auton-
omy supportive STEM talk (10 = —0.01, p <.001), and parents’ autonomy supportive-only talk (1o =
—0.02, p < .001), suggesting that over time children talked less about STEM and parents used less
autonomy supportive talk. On the other hand, time had a positive association with parents’ STEM-
directives talk (810 = 0.003, p =.002), suggesting that this type of talk tended to increase over time dur-
ing tinkering. Time had no significant association with parents’ directives-only talk (10 = 0.004,
p = .24) or parents’ STEM-only talk (810 = 0.004, p = .07). We controlled for time in our subsequent
HLM analyses.

Parents’ autonomy support and children’s STEM talk during tinkering

We hypothesized that only parents’ autonomy supportive STEM talk in 1 min of tinkering would be
positively associated with children’s STEM talk in the next minute. The data corroborated our hypoth-
esis given that only parents’ autonomy supportive STEM talk (8,0 = 0.09, SE = 0.02, p < .001), but no
other type of parental language, was a significant predictor of children’s subsequent STEM talk. The
final model of predictors of children’s STEM talk includes children’s age, gender, and parents’ STEM
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occupation as Level 2 predictors, and is presented in Table 5. The full results of these analyses, with
each type of parental talk as a predictor of children’s subsequent STEM talk, is presented in
Table S2 of the supplementary material. In sum, we found that the more parents’ provided autonomy
supportive STEM talk in 1 min of tinkering, the more children talked about STEM in the next minute.
We hypothesized that children’s STEM talk in 1 min would also be positively associated with par-
ents’ subsequent autonomy supportive STEM talk in a bidirectional manner. To examine this, we ran
separate HLM models testing whether children’s STEM talk could predict the different types of par-
ents’ subsequent talk. Contrary to our hypothesis, we did not find a significant association between
children’s STEM talk in 1 min and parents’ autonomy supportive or directive talk in the next minute.
Table S3 of the supplementary material shows the full results of these analyses, with children’s STEM
talk each minute as a predictor of each type of parental talk in the subsequent minute of tinkering.

Effects of planning condition

We conducted independent-sample t tests to examine whether participants’ assigned condition
(planning or no planning) had an effect on any of the parents’ and children’s talk variables and found
no significant differences across groups. As a manipulation check, we coded how long it took each fam-
ily to begin manipulating materials for building once the family began the activity as a measure of
planning time. We found no significant difference in planning time across the planning (M = 5.66,
SD = 3.03) and no-planning (M = 4.59, SD = 3.63) conditions, t(59) = 1.23, p = .22. This suggests that
some families in the no-planning condition chose to spend time planning, and some families in the
planning condition may have spent little time planning. Time spent planning was not associated with
any of our main variables. We further examined parent-child talk during the planning time across the
two conditions. We found that parents in the planning condition used more autonomy supportive
STEM talk while planning (M = 5.14, SD = 3.68) than parents in the no-planning condition
(M =3.71, SD = 2.75), t(59) = 1.72, p = .046.

We explored whether parents in the planning condition would have a smaller decrease in
autonomy support across time compared with parents in the no-planning condition. Table 6 shows
the association of time, condition, and interaction effects on parents’ autonomy supportive STEM talk.
As shown in Table 6, parents tended to use less autonomy supportive STEM talk across time
(B1o= —0.02, p <.001). However, parents in the planning condition had a slower decrease in autonomy
supportive STEM talk than parents in the no-planning condition (f;; = 0.01, p = .026), as shown in
Fig. 2. We found no significant interaction effects between time and condition in predicting other
types of parents’ language (see Table S4 in supplementary material).

Table 5
Final hierarchical linear model predicting children’s STEM talk.
Parameter Child STEM talk
B (SE)
Initial status (7o;)
Intercept Poo 0.87 (0.08)
Child age Poi 0.08 (0.03)"
Child gender Poz2 0.21 (0.08)*
Parent STEM occupation Pos 0.31 (0.09) "
Rate of change (7y;)
Time (min) Bio —0.01 (0.002) "
Parent autonomy support STEM talk P20 0.09 (0.02)"
Variance components
Within-person e; 1.00 (1.00)
Initial status To 0.26 (0.07)"
Goodness of fit
Delta deviance(df) AD(5) =19.45"

Note. STEM, science, technology, engineering, and mathematics.
" Significant at the p < .05 level.
" Significant at the p < .01 level.

™" Significant at the p < .001 level.

11



B.M. Aldrich and C.A. Haden Journal of Experimental Child Psychology 247 (2024) 106034

Associations with children’s STEM talk during post-tinkering reflection and parent-child reminiscing

We hypothesized that parents’ autonomy supportive STEM talk during tinkering would be posi-
tively associated with children’s STEM talk in their post-tinkering reflections and parent—child remi-
niscing. However, as shown in Table 3, the variables were not correlated. We did find a positive
correlation between children’s STEM talk during reflection and age, r(59) = .32, p = .01, indicating that
older children were talking more about STEM in their reflections compared with younger children.
There were no other significant differences in STEM talk during post-tinkering reflection based on
demographic variables. Even after accounting for the number of words children used in the post-
tinkering reflections and the effects of age, parents’ autonomy supportive STEM talk during tinkering
showed no associations with children’s STEM talk in these reflections (B = 0.49, SE = 2.56, p = .85).

In the parent-child reminiscing session, parents’ autonomy support was negatively correlated with
children’s age, r(48) = —.47, p < .001, and children’s STEM talk was positively related with years of
parents’ education, r(48) = .33, p = .02. Parents’ autonomy support during the reminiscing was associ-
ated with children’s STEM talk (B = 0.18, SE = 0.08, p = .03) after controlling for number of words
(B=0.09, SE =0.03, p <.001), parents’ years of education (B = 0.92, SE = 0.32, p = .01), and children’s
age (B=0.99, SE = 0.52, p =.06). However, contrary to our hypothesis, neither parents’ autonomy sup-
port (B=3.20, SE = 2.33, p =.18), nor parents’ statements (B = —0.02, SE = 0.07, p = .82) during tinkering
were associated with children’s STEM talk during reminiscing.

Discussion

We considered both the content and style of parents’ talk with their children during an at-home
tinkering activity designed for STEM learning. As such, this work unites lines of prior research that
address impacts of what parents say and how they say it for supporting children’s STEM engagement
and learning. Using time series analyses, we examined the STEM content of parents and children as
well as the autonomy supportive or directive language style used by parents minute by minute during
tinkering. We found that whereas children’s STEM talk and parents’ autonomy supportive STEM talk
tended to decrease over time, parents’ STEM-directives increased. Overall, during tinkering, parents’
communication of STEM-related content in an autonomy supportive manner in one interval predicted
an increase in children’s STEM talk in the next. Children’s STEM talk during tinkering was not
predicted by parents’ autonomy supportive language unrelated to STEM or by parents’ STEM talk
conveyed in other than an autonomy supportive manner. In the parent-child reminiscing, children’s
STEM talk was only linked to parents’ autonomy supportive talk occurring during the reminiscing

Table 6
Hierarchical linear model testing interaction effects of time and planning condition on parents’
autonomy supportive STEM talk.

Parameter Autonomy supportive STEM talk
B (SE)

Initial status

Intercept Poo 0.93 (0.08)

Condition Po1 —0.09 (0.12)
Rate of change

Time (min) Bio —0.02 (0.003)"

Time*Condition P11 0.01 (0.005)*
Variance components

Within-person e; 0.92 (0.84)

Initial status To 0.40 (0.16)"
Goodness of fit

Delta deviance(df) AD(3) = 8.64"

Note. STEM, science, technology, engineering, and mathematics.
" Significant at the p < .05 level.
" Significant at the p < .01 level.

™" Significant at the p < .001 level.
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Fig. 2. Changes in proportion of parents’ autonomy supportive STEM (science, technology, engineering, and mathematics) talk
per minute across time and condition.

session. Parents’ directives-only and STEM-directives were not associated with children’s STEM talk
during, immediately after, or weeks after the informal learning activity.

Parents’ autonomy support and children’s STEM talk

We looked at both the content and style of parents’ talk during the tinkering-at-home activity in
relation to children’s talk during tinkering. Our findings of minute-to-minute associations between
parents’ autonomy supportive STEM language and children’s STEM talk add to the informal STEM
learning literature that has mostly focused on the frequency or percentage (of the total) of content
of parents’ talk in relation to children’s talk. Numerous studies involving observations in museums,
in libraries, and at home illustrate that the frequency of parents’ STEM talk is associated with the fre-
quency of children’s STEM talk as activities unfold (Acosta et al., 2021, Callanan et al., 2017; Haden
et al., 2014; Pagano et al., 2020). Other work not specific to STEM education further demonstrates
associations between the frequency of adults’ autonomy supportive language and children’s cognitive
skills and learning (Cimon-Paquet et al., 2020; Grolnick et al., 2014; Le6n et al., 2015; Sorariutta et al.,
2017). Our results add evidence to this prior work that during an informal STEM-related activity, con-
sideration of both the content and style of parents’ talk may be especially critical in understanding
ways to advance STEM learning opportunities for children. Indeed, STEM content alone, or use of
autonomy supportive style alone, did not predict children’s STEM talk in the time series analyses.
Rather, links to children’s STEM talk during the activity were observed when content and style were
considered in combination, specifically when parents provided STEM information in an autonomy
supportive manner. These results suggest a potential mechanism by which parents’ talk can advance
children’s STEM learning. We illustrate this idea in Excerpt 1 with a parent-child conversation during
tinkering about how to create a drop tower ride that could slide down on its own. The mother is using
a high degree of autonomy supportive STEM talk by asking open-ended planning questions (e.g., “How
do I make it bigger?”), which elicits insights from the child about using weight to solve the problem:
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Excerpt 1

Mother: Okay, so it’s not sliding down on its own.

Child: We need to make it closer.
Mother: Right, so ...
Child: We have to make it slide down on its own, or otherwise when we remove it, it’s not

gonna slide down.
Mother: Do you want me to make it more of a hole? Or what does make it bigger mean?
Child: Well. Oh, it would be like so it could go down faster.
Mother: How do [ make it bigger?
Child: Well, how do you make it go down?
Mother: How do you think?
Child: Uh, [ know! Weight!

Children’s STEM talk during tinkering was positively associated with their STEM talk during post-
tinkering reflection, and children’s STEM talk during reflection was positively associated with their
STEM talk during parent-child reminiscing. Contrary to what we expected, parents’ autonomy
supportive STEM talk during tinkering was not associated with children’s STEM talk in the
post-tinkering reflection or parent-child reminiscing. In fact, none of the categories of parents’
verbalizations during tinkering was related to children’s STEM talk after tinkering. However,
autonomy supportive talk during parent—child reminiscing was linked to children’s STEM talk when
reminiscing. We did not differentiate between STEM-related and non-STEM-related talk by parents
during reminiscing because virtually all of the questions and statements parents posed were
engineering-related—about building, testing, and problem solving. Our finding is in line with prior
studies (Cleveland & Morris, 2014; Cleveland and Reese, 2005), showing that preschoolers with moth-
ers who used a more autonomy supportive style tended to provide more details of prior experiences
when reminiscing with their mothers than those with mothers who used less autonomy support.
Taken together, the results of our study could indicate that parents’ autonomy support may have
stronger short-term/immediate effects on children’s STEM engagement compared with long-term
effects. This explanation is also consistent with self-determination theory’s claim that the benefits
of autonomy support occur via increased motivation and effort placed in the task at hand (Ryan &
Deci, 2020).

Girls in our sample talked more about STEM during tinkering than boys, but no other gender dif-
ferences were found in the associations between parents’ language and children’s STEM talk during
and after tinkering. The gender difference in STEM talk is noteworthy considering current efforts to
increase girls’ engagement in STEM. Recent studies have shown that engineering activities designed
to help someone can increase STEM engagement among girls (Letourneau & Bennett, 2020). Therefore,
higher STEM engagement among girls in our sample could be due to the prompt given to create a play-
ground ride to help a toy friend.

Parents’ directives and children’s STEM talk

We expected to find negative associations between parents’ directives and children’s STEM talk
given that directives could reflect a form of parental control. According to self-determination theory,
control produces extrinsic types of motivation that are linked with lower levels of effort and
engagement (Ryan & Deci, 2020). However, we found no associations between parents’ directives or
STEM-directives and children’s STEM talk during or after tinkering. It is possible that these types of
verbalizations in the informal learning context do not reflect control as described by self-
determination theory. That is, in the context of a tinkering at home activity, parents may be using
commands and directions to help children achieve their own goals for the activity, not to coerce or
pressure them to behave in a certain way. Even highly autonomy supportive parents may use some
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well-placed directives to help advance children’s problem solving. Moreover, prior work in the context
of parent-child semi-structured play suggests that the frequent use of directives may be parents’
response to children’s needs to scaffold their abilities (Bindman et al., 2013). This may be the case
especially for very young children, as suggested by one study showing that preschoolers in parent-
directed dyads learned more in the context of a museum exhibit than those in child-directed or jointly
directed groups (Medina & Sobel, 2020).

In some cases, directive talk may inhibit children’s own problem-solving behaviors and limit their
autonomy, whereas in other cases, this simplification of task may be necessary for children to achieve
their goals. Excerpt 2 illustrates a mother’s use of directives (e.g., “Look what I am doing,” “Put your
two fingers in between one [elastic band]”) after the child tried to tie an elastic band around part of the
creation but was unsuccessful. In this case, the mother’s directives occur in response to the child’s
struggle and reflect an effort to help the child complete the task, not an attempt to pressure or control
the child’s behaviors.

Excerpt 2

Mother: Now open it up.

Child: [ can’t open it.

Mother: Now look at what I'm doing. You see how both ends are open?

Child: Mhm.

Mother: Put your two fingers in between one [elastic band]. Look at what I'm doing. And then
take the other end and pull it.

Mother: There you go! Pull it through the middle. Now pull this loop up.

Mother: There you go! And now look, we have something to hold.

Planning condition

We were interested in whether prompting families to plan prior to tinkering could lead to a more
autonomy supportive interaction over time compared with families who were not prompted to plan.
Autonomy support can be highly demanding of parents (Distefano & Meuwissen, 2022), so we
expected that as parents’ energy resources decreased over time, they would become less autonomy
supportive. In fact, we have found that parents tend to use less autonomy supportive talk and less
autonomy supportive STEM talk over time during tinkering. However, when comparing families in
the planning versus no-planning conditions, we found that the negative effect of time on autonomy
support was greater for families who were not prompted to plan prior to tinkering. That is, parents
in the no-planning condition had a greater decrease in autonomy support over time compared with
parents in the planning condition. We noted that planning time tended to be characterized by many
open-ended questions to children. By asking families to plan before tinkering, we may have primed
parents to ask children more questions which was then carried throughout the rest of the activity.
Although interesting, these findings need to be interpreted cautiously considering that they are based
on a relatively small sample.

Limitations

Our study is not without limitations. First, our sample size was underpowered to identify small to
medium effects of Level 2 variables, including age and gender. Because of this, we cannot draw con-
clusions about the role of children’s age in the minute-by-minute associations of parents’ and chil-
dren’s talk. In future work with a larger sample size, we would expect to see that the association
between parents’ autonomy supportive STEM talk and children’s STEM talk would be stronger for
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older children compared to younger children given that older children may be more sensitive to par-
ents’ autonomy supportive and controlling behaviors (Sobel et al., 2021).

Second, the sample was not as racially and ethnically diverse as samples we have recruited in the
museum, and lack of diversity in the sample limits generalizability. Because this study was conducted
during the COVID-19 pandemic, we recruited our participants from websites such as Children Helping
Science (https://childrenhelpingscience.org), our database of previous participants, and listservs from
other developmental researchers. This recruitment strategy resulted in a sample that was primarily
White and highly educated. In addition, the lack of correlation between families’ income and educa-
tion with some of the language variables could be due to the restricted range of income and educa-
tional background. Other ways of reaching diverse audiences are needed, particularly to address the
lack of research aimed at understanding ways to broaden participation in STEM (see Acosta &
Haden, 2023, for a related example of such work).

Finally, our study lacks a standardized assessment of children’s language capacity. Because the
tinkering activity was coded based on video-recordings and not transcripts, we do not have a measure
of language that could be extracted from these data. In children’s post-tinkering reflections and rem-
iniscing, which were coded with transcripts, we attempted to minimize this problem by controlling for
the number of words children used.

Conclusions

Despite these limitations, the current study makes a meaningful contribution to the literature.
Specifically, our findings suggest that parents’ use of autonomy supportive STEM talk can promote
children’s STEM talk on a minute-to-minute basis as an activity unfolds. For museum program prac-
tices, our study suggests that creating opportunities for caregivers and children to talk about their
ideas prior to beginning a hands-on activity may promote a more autonomy supportive interaction
over time, which can facilitate STEM learning. Future work could consider ways that museum educa-
tors themselves might use autonomy supportive STEM language when interacting with families both
to model the behavior for caregivers and to elicit more STEM engagement from children. Overall, our
results recommend consideration of both the content and style of parents’ talk when seeking to elu-
cidate ways that parent—child conversational interactions support informal STEM learning opportuni-
ties for children at home.
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