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STEM Learning and Transfer in a Children’s Museum 
and Beyond
Maria Marcus and Catherine A. Haden Loyola University Chicago 
David H. Uttal Northwestern University

This study addressed whether providing mothers and children with engineering 
information would promote science, technology, engineering, and mathematics 
(STEM) talk during interactions in a building-construction exhibit and later when 
remembering the experience at home. A total of 40 mothers and their 5- to 
6-year-old children (M = 5.87) were randomly assigned to one of two groups 
that either did or did not receive specific information about a simple engineering 
principle prior to building at the museum. A subset of the dyads (N = 21) also 
recorded memory conversations at home at two delay intervals. The engineer-
ing information supported transfer of learning from the demonstration to build-
ing in the exhibit, as well as to memory reports at least 2 weeks afterwards. 
Implications for museum-based research and practice are discussed.

A number of reports (e.g., Bell, Lewnstein, Shouse, & Feder, 2009; 
President’s Council of Advisors in Science and Technology, 2010) suggest 
that early informal educational experiences can engender sustained interest, 
relevant knowledge, and motivation for future learning of science, tech-
nology, engineering, and mathematics (STEM). Many of children’s first 
opportunities for STEM learning occur in informal educational settings, 
such as aquariums, science centers, and museums, where they engage in 
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hands-on activities and conversations with their parents (e.g., Jant, Haden, 
Uttal, & Babcock, 2014; Leinhardt, Crowley & Knutson, 2002; Paris & 
Hapgood, 2002). These early exposures to fun and creative projects that 
engage children in science and engineering practices—such as building in 
a construction exhibit—may promote future learning about STEM and life-
long scientific pursuits (Bell et al., 2009; Carlson & Sullivan, 2004; Jones, 
Taylor, & Forrester, 2011; Petrich, Wilkinson & Bevan, 2013). For example, 
we know that children who spend time in science-related museum exhibits 
tend to show more interest in STEM, do better in STEM-related classes, and 
express more interest in future STEM careers (Bell et al., 2009). It is there-
fore important to understand when and how informal educational experi-
ences for young children can support future STEM learning opportunities.

For the potential of informal learning experiences to be fully realized, 
children need to be able to retain and use what they learn in the context 
of a museum program or exhibit in new contexts over time. Psychologists 
have referred to this process as knowledge transfer, which is the recall 
and application of relevant parts of previously learned information in new 
situations (e.g., Bransford & Schwartz, 1999; Goldstone & Day, 2012). 
Classic behavioral and cognitive psychology studies that focused on con-
necting knowledge from one learning situation to another revealed that 
transfer of knowledge was often difficult or fleeting when it existed at all 
(Gick  & Holyoak, 1983; Ross, 1989). For example, Gick and Holyoak 
(1983) asked students to solve one problem (i.e., Karl Duncker’s “radiation 
problem” about radiation oncology) and then attempt a second problem 
that was superficially different (about military planning) but actually had 
a very similar structural solution to the first problem. Even if they solved 
one correctly, students generally did not see the relevance of the solution 
to the first problem (aiming weaker beams of radiation at the tumor from 
multiple directions) for the second problem (attacking the fortress with a 
small number of troops attacking from different positions).

Likewise, many exhibits are designed to encourage hands-on engage-
ment, and although many studies have demonstrated the value of object 
manipulation for early learning (Leinhardt et al., 2002; Paris & Hapgood, 
2002), few find that children and even adults can transfer such learning 
to new contexts with different objects (see Goldstone & Sakamoto, 2003; 
Kaminski, Sloutsky, & Heckler, 2008; Uttal, Liu, & DeLoache, 1999). 
Young children’s initial learning may be tied to specific objects, but an 
ultimate goal of learning is to produce knowledge that does not just stay 
welded (Brown, Bransford, Ferrara, & Campione, 1983) to specific objects 
and contexts in which it was learned. Indeed, museum educators and 
designers want their work to benefit children long after the museum visit 
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is complete—for learning to transfer from a museum program or exhibit 
material to beyond the museum’s walls. How to enable transfer of knowl-
edge is therefore of considerable interest for informal learning institutions 
and their visitors, and a focus of this study.

Bransford and Schwartz (1999) suggest that much of the reason for the 
failure to find transfer in traditional cognitive psychology experiments is 
what they termed the sequestered nature of laboratory-based learning. To 
provide “pure” tests of transfer in these studies, limits are placed on access 
to supporting sources of information, including (usually) other people. But 
real problem-solving rarely proceeds in this way; children and adults rely 
on multiple sources of information (Jant et al., 2014). Indeed, problem-
solving and learning, particularly for young children, almost always occur 
in social interactions (Vygotsky, 1978). Successful transfer will often 
involve what Engle (2006) termed intercontextuality, when both the origi-
nal and transfer contexts are framed in ways that make transfer more likely. 
Engle demonstrated that transfer happens quite often when the original and 
transfer contexts are explained and learned in ways that emphasize rela-
tions between them. Measuring transfer therefore must involve not only 
what is learned, but also how it is framed (e.g., by parents).

In the current study, we were interested in ways to support children’s 
STEM learning and transfer in the museum and beyond its walls. We focused 
on parent–child conversation as a critical mechanism for helping children 
connect learning—in this case, about science and engineering—across dif-
ferent informal learning experiences. The idea that parent–child conversa-
tions facilitate learning and transfer is rooted in sociocultural theory (Rogoff, 
1990; Vygotsky, 1978), which emphasizes that, through conversational 
interactions with caregivers, children can construct new understandings of 
experiences. Several overlapping literatures also suggest that conversations 
can influence STEM learning and transfer. One body of work demonstrates 
the impact of conversations during and after events on children’s under-
standing and subsequent memory for a range of informal experiences (e.g., 
Fivush, Haden, & Reese, 2006; Haden, 2014). Another focuses specifically 
on parent–child conversations about science in museums and points to par-
ticular forms of conversation that may be especially important for informal 
STEM learning (e.g., Callanan & Jipson, 2001; Tenenbaum & Callanan, 
2008; for reviews, see also Haden, 2010; Leinhardt et al., 2002). Some of this 
work makes clear that memory conversations about museum visits continue 
after the experience (e.g., Benjamin, Haden, & Wilkerson, 2010; Jant et al., 
2014; Leinhardt et al., 2002). A third body of work suggests that the fre-
quency of specific kinds of talk, such as spatial and relational language (e.g., 
Pruden, Levine, & Huttenlocher, 2011), number words (e.g., Gunderson & 
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Levine, 2011), and mental state talk (e.g., Rudek & Haden, 2005), predicts 
children’s skills in related domains. We examined the STEM content of 
mother–child conversations, expecting that children’s STEM learning may 
be enhanced by frequent talk about science process (e.g., planning, testing 
ideas), technology (e.g., building materials, techniques), engineering (e.g., 
building strength, triangular bracing), and math (e.g., quantity, height).

The research began in a building-construction exhibit at a children’s 
museum. The exhibit enables observation of how children learn simple but 
fundamental principles of engineering, including both specific concepts 
(e.g., triangular cross bracing, structural integrity) and general approaches 
to problem-solving (e.g., hypothesis testing). Children and adults are inter-
ested in and like building projects of the sorts used in this study. Moreover, 
in prior work, Benjamin et al. (2010) showed that parents talked the most 
about engineering (e.g., “Why do you think this is wobbling?”) in this 
exhibit if immediately before building they received information about 
a key engineering principle—triangular cross bracing. Also in Benjamin 
et al.’s work, some parents received a combination of the engineering 
information and information encouraging them to ask Wh questions (e.g., 
what, where, why, and how) during building. Parents who received both 
the engineering and talk instructions had children who produced the most 
engineering talk (e.g., “We added a triangle so it wouldn’t wobble.” “We 
needed to brace it.”) immediately after building, and when remembering 
the exhibit experience days and weeks following the museum visit. In a 
different study, Haden et al. (2014) further demonstrated that providing 
families with engineering information increased caregivers’ total STEM 
talk with their children. In turn, children in the engineering information 
group demonstrated the most total STEM talk when prompted immediately 
after building to tell what they learned.

In Benjamin et al.’s (2010) and Haden et al.’s (2014) studies, the 
engineering information was provided in the context of a demonstration 
involving the same materials that families went on to build with in the 
exhibit. In the current study, we asked if increases in STEM talk in the 
building exhibit, and when remembering the experience at home, could 
be achieved even when the engineering information was provided in a dif-
ferent context and involved model structures constructed from very differ-
ent materials than those parents and children built with in the exhibit. We 
thought the engineering information might help families focus less on the 
building materials used, and more on the generalizable engineering and 
scientific principles illustrated by the demonstration (e.g., cross bracing, 
hypothesis testing), to ultimately facilitate transfer. Essentially, we hoped 
to set the stage for intercontextuality (Engle, 2006). Moreover, the added 
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engineering information included connecting the demonstration to the 
larger built  environment in Chicago. We thought this might further facili-
tate the process of what Sigel (1993) called distancing and what Goldstone 
and Sakamoto (2003) called concreteness fading—learning to focus less on 
the specific objects and more on the abstract knowledge or concepts that 
can generalize across problems.

The study began with mothers and their preschool-aged children par-
ticipating in a brief demonstration involving model skyscrapers built from 
drinking straws and tape. This demonstration took place in a programming 
space in the exhibit adjacent to where the mothers and children would build 
their own skyscrapers using a building set that included nuts and bolts and 
straight and triangular-shaped hard plastic pieces, similar to Erector con-
struction sets. Immediately after the demonstration, half of the sample 
heard information about how cross bracing can make skyscrapers strong, 
whereas the others did not receive this additional engineering information. 
All dyads were also asked to record at home memory conversations about 
their exhibit experience. The research questions were as follows:

1. Under what conditions (explicit engineering information provided, 
no engineering information provided) did mother–child dyads 
transfer and use the information in the demonstration (triangular 
cross bracing) involving one set of materials to build their own 
skyscrapers with different materials?

2. Compared to dyads who did not receive engineering information, 
were the dyads who did receive engineering information talking 
more about STEM when building in the exhibit?

3. Were there differences in the memory reports of dyads who 
did and did not receive engineering information? Here we are 
interested in the conditions that may make an experience more 
accessible and reportable days and weeks after a museum visit, 
facilitating transfer of learning beyond the museum’s walls.

Method

Participants

A total of 40 mothers and their 5- to 6-year-old children (M = 5.87, SD = .59;  
20 boys and 20 girls) participated in this study. They were recruited from 
the Skyline exhibit at the Chicago Children’s Museum (CCM). The crite-
ria for inviting participants were that each child was (a) between the ages 
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of 5 and 6 years and (b) accompanied by his or her mother. The sample 
consisted of 45% Caucasian, 25% Asian, 12.5% African American, 7.5% 
Hispanic, 2.5% Middle Eastern, and 7.5% mixed-race children. The mean 
level of maternal education was 16.31 years (SD = 1.81). All mother–child 
dyads received a thank-you gift for their participation at the museum.

Museum Setting

The setting for this study was CCM’s building-construction exhibit called 
Skyline. The demonstration took place in a programming room within the 
exhibit where there is a large bank of windows looking out over the Chicago 
skyline. The building activity took place in the Skyscraper Challenge build-
ing area in the exhibit, shown in Figure 1. Small-scale plastic building 
materials, such as girders, beams, triangular braces, and nuts and bolts, 
were available for participants to build with in this area.

Procedure

Each mother–child dyad was seen separately. After providing informed 
consent, families participated in a demonstration involving engineering 
and scientific practice (e.g., cross bracing, hypothesis testing). For half 
of the dyads (10 with boys and 10 with girls)—those in the engineering 
information condition—the demonstration was followed by further infor-
mation about engineering, whereas for the other half in the control group it 
was not. We hypothesized that this experimental manipulation might foster 
transfer of knowledge from the demonstration to the building activity. All 
families were observed building in an exhibit and were invited to record 
two memory conversations at home after the museum visit. At the end of 
the session in the museum, mothers reported demographic and background 
information by responding to a questionnaire. Each of these procedures is 
detailed in the following sections.

Demonstration. As shown in Figure 2, mother–child dyads were pre-
sented with three model skyscrapers made of straws and tape, wrapped 
in plastic. The skyscrapers were of equal height and made of the same 
number of straws, but only one featured diagonal braces throughout. As 
part of the demonstration, children were first asked to select the sturdi-
est and wobbliest straw skyscrapers of the three and to explain their 
selections. Next they were invited to provide suggestions for how to 
fix the wobbliest straw skyscraper. Once the children explained their 
choices and provided suggestions, the researcher provided a test of their 
hypotheses. Specifically, she used a leaf blower to simulate “wind,” and 
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all families saw that the  skyscraper without diagonal braces fell straight 
to the floor, whereas the one including diagonal braces throughout did 
not fall down.

Immediately following the use of the leaf blower, we randomly 
assigned half of the participants to hear engineering information about 
triangular cross braces helping to make buildings strong. We thought 
that providing information that emphasized a key engineering principle 
that was illustrated in the demonstration would increase the likelihood of 
transfer from the demonstration to the dyads’ building in the exhibit. The 
dyads in the engineering information condition were told that triangular 
braces help skyscrapers hold up against strong winds and not fall down. 

Figure 1. Skyscraper Challenge in the Skyline exhibit.
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The researcher then pointed out that the diagonal braces, which form tri-
angular shapes, prevented the straw skyscraper from falling down. These 
dyads were shown a photograph of the John Hancock Center, a famous 
skyscraper in Chicago that features triangular cross braces on the outside, 
and its cross braces were pointed out. This demonstration helped to show 
that cross braces were relevant to real building construction involving real 
materials. The other half of the participants in the control condition were 
not provided with this additional engineering information.

Building activity. After the demonstration, all mother–child dyads 
were escorted to the Skyscraper Challenge area of the Skyline exhibit 
(Figure 1). All participants were told to build a tall skyscraper together and 
to find a way to brace it so it would not fall down. They were given 12 min-
utes to complete the activity, plus an additional 3 minutes if they wanted 
more time, for a total of 15 minutes.

Demographic and background questionnaire. Immediately after 
building, mothers completed a brief questionnaire. In addition to report-
ing demographic information, mothers were asked to provide ratings on a 
1 (low) to 7 (high) scale of their own and their children’s prior knowledge 
and interest pertaining to building.

Figure 2. Model skyscrapers made of straws and tape used in the demonstration.
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Memory conversations. All dyads were invited to participate in two 
memory conversations in which they recalled their experiences in the 
building exhibit. They were asked to audio record these conversations 
about 1 day and 2 weeks after the museum visit. We told mothers to ask 
their children to remember all that they could about their experiences in 
the building exhibit. They were supplied with a digital audio recorder that 
was to be returned in a postage-paid mailer when the recordings were 
completed.

Coding

The demonstration and building activity were scored directly from the video 
records by using Noldus Observer Pro software (http://www.Noldus.com). 
The digital audio records of the memory conversations were transcribed 
verbatim, and the transcripts were subsequently coded. The procedures for 
establishing reliability were the same for all coding systems. Specifically, 
two researchers independently coded 20% of the records and compared 
their results to establish inter-rater reliability. Once reliability was estab-
lished, no single reliability estimate was below Cohen’s kappa (κ ) = .70. 
The first author coded the remainder of the data with checks by the second 
reliable coder. The coding categories for the demonstration, conversations 
in the exhibit, structure sturdiness, and memory conversations are detailed 
in the following subsections, along with the specific kappas for each.

Demonstration. Children’s responses to the five questions asked dur-
ing the demonstration were coded to index their prior knowledge about 
building engineering. Coders were highly reliable (mean κ  = 1.00) when 
coding these responses as follows:

1. For their choice of the sturdiest straw skyscraper, prior knowledge 
of the engineering principle was scored if the children chose the 
skyscraper with diagonal braces throughout (leftmost skyscraper 
in Figure 2). No prior knowledge was scored if children chose 
the skyscraper with triangular braces only at the bottom or the sky-
scraper with no triangular braces.

For children’s explanations of their sturdy skyscraper selec-
tion, prior knowledge was scored if they mentioned the presence 
of triangles or cross braces (e.g., “It has crosses.” “I think this one 
because of these angled ones.”). No prior knowledge was scored if 
they did not mention the triangles or cross braces (e.g., “I like this 
one better.” “You set the tape really well.”).
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2. For children’s choice of the wobbliest straw skyscraper, prior 
knowledge was scored if they chose the skyscraper with no 
triangular braces (rightmost structure in Figure 2), because the 
response seemed to reflect knowing that if there were no braces 
the skyscraper would be wobbly. No prior knowledge was scored 
if they chose the skyscraper with braces throughout or the one 
with braces at the bottom, because the braces in these structures 
made them less wobbly than the structure with no braces.

For children’s explanations of their wobbly skyscraper selec-
tion, prior knowledge was scored if they mentioned that there were 
no triangles or cross braces (e.g., “Because it has different shapes, 
rectangles.” “There are no triangles here.”). No prior knowledge 
was scored if they did not refer to triangles or cross braces (e.g., 
“Because straws don’t stay together.” “The tape looks like it’s not 
strong enough.”).

3. Lastly, children’s answers to the question about how to fix the 
wobbliest skyscraper were scored as indicating prior knowledge 
of cross bracing if they suggested adding triangles or cross braces 
to the skyscraper (e.g., “Put more straws crossed.” “Add Xs.”). No 
prior knowledge was scored for answers that did not include men-
tion of adding triangles or cross braces (e.g., “Add big antennas.” 
“Add more horizontal lines.”).

Conversations in the exhibit. Using a system adapted from Haden et al. 
(2014), mothers’ and children’s talk during the building activity was coded 
for STEM content as follows: (a) science process—referring to planning 
how to build, hypothesis testing, redoing based on something not working, 
 proposing an idea, or problem solving (e.g., “Let’s take care of the founda-
tion first, and then we’ll do the floor.”), (b) technology—labeling the build-
ing materials and/or discussing their function (e.g., “Where are the nuts and 
bolts?” “What are these mending plates for?”), (c) engineering—referring to 
triangular braces and/or their function, how to make the skyscraper sturdy, 
parts of a building, and connecting or attaching pieces (e.g., “Let’s put another 
triangle there to make it sturdy.” “How do we build a strong foundation?”), 
and (d) mathematics—mentioning numbers, amount, length, height, or geo-
metric shapes (e.g., “We need another square.” “We need a longer stick, we 
need these longer ones.”).

For mothers’ science process, technology, engineering, and mathemat-
ics talk, κ  = .83, .87, .78, and .88, respectively. For children’s science pro-
cess, technology, engineering, and mathematics talk, κ  = .72, .72, .75, and 
.75, respectively.
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Skyscrapers’ sturdiness. Pictures were taken of all four sides of each 
building that was constructed. Coders examined these photos of the final 
structures, masked for condition, and reliability was κ  = 1.00 for each of 
the following: (a) total pieces, (b) total pieces that functioned to brace the 
structure, (c) total decorative pieces that formed a triangular or X-shape 
but did not serve to brace or restrict the movement of the structure, and (d) 
the number of stories/levels. Triangles and Xs were counted as one piece. 
To assess the overall sturdiness of the final structures, a ratio of the total 
functional pieces to the total pieces was computed.

Memory conversations. The recordings of the memory conversations 
were coded for STEM content by using the same categories as for the 
building activity: (a) science process (e.g., “When we were building our 
skyscraper, why do you think we were having problems?”), (b) technology 
(e.g., “The beams were hard to attach.”), (c) engineering (e.g., “We only 
had enough time to do one cross like an X.”), and (d) mathematics (e.g., 
“How many squares did we add?”).

Kappa’s for the first memory conversation were κ  = .82, 1.00, .89, and 
.89 for mothers’ science process, technology, engineering, and mathemat-
ics talk, respectively, and κ  = 1.00, 1.00, .90, and .89 for children’s science 
process, technology, engineering, and mathematics talk, respectively. For 
Memory Conversation 2: κ  = 1.00, 1.00, .78, and 1.00 for mothers’ science 
process, technology, engineering, and mathematics, respectively; all κ s = 
1.00 for children’s talk.

Results

Background Characteristics and Prior Knowledge

Initial analyses focused on background characteristics reported by the 
mothers. Preliminary correlational analyses tested the association between 
each demographic and background variable listed in Table 1 and each mea-
sure of the mothers’ and children’s building behaviors and conversations 
in the exhibit, and talk during the two reminiscing conversations. Of the 
196 correlations computed, only 6 were statistically significant. The sig-
nificant correlations were as follows (all ps ≤ .05): child age and child prior 
knowledge with mothers’ mathematics talk in the exhibit, rs = −.39 and .32, 
respectively; maternal education with mothers’ talk about technology in the 
exhibit, r = .34, and children’s talk about the science process in the exhibit, 
r = .38; and mothers’ interest in building with mothers’ science process talk 
during reminiscing at the 1-day delay, r = .43, and children’s mathematics 
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talk during reminiscing at the 2-week delay, r = .48. These background vari-
ables were used as covariates in the main analyses of the dependent measure 
to which the variables were significantly correlated, but they did not change 
the results, and so the results are presented without the covariates.

As shown in Table 1, random assignment resulted in groups that were 
approximately equal on the background characteristics assessed (Fs ≤ 0.82, 
ps ≥ .37, η s2 ≤ .03). Note that initially these analyses were run with gender as 
a second between-group factor, but only two effects of gender reached sig-
nificance. Mothers rated their sons as having the most prior knowledge about 
building (boys: M = 2.20, SD = 1.32; and girls: M = 1.50, SD = 0.69),  
F(1, 38) = 4.41, p < .05, η 2 = .10, and interest in building (boys: M = 4.20, 
SD = 1.58; girls: M = 3.15, SD = 1.53), F(1, 38) = 4.57, p < .05, η 2 = .11. 
However, the interaction between condition and child gender was not statis-
tically significant for child prior engineering knowledge, F(1, 36) = 2.32,  
p = .14, η 2 = .05, and interest in building, F(1, 36) = 0.25, p = .62, η 2 =.01.

Responses to the questions asked during the straw-structure dem-
onstration provided another window into the children’s prior knowledge. 
Chi-square test revealed that children were at chance in choosing the 
strongest straw structure (n = 16) over the other two (n = 23), χ 2 = 1.26, 
p = .26, Cohen’s w = .18. Moreover, in explaining their choice of the stur-
diest  structure, more children provided explanations that did not reflect 

Table 1. Summary of ANOVAs for background characteristics by 
experimental condition

Demographics
Engineering 
information Control df F p value η 2

Child age (years) 5.83 (0.67) 5.91 (0.51) 1, 38 0.17 .69 .00

Maternal education 
(years)

16.50 (1.57) 16.11 (2.05) 1, 37 0.46 .50 .01

Other parent’s 
education

17.47 (2.67) 16.57 (2.65) 1, 27 0.82 .37 .03

Mothers’ prior 
knowledge

2.45 (1.36) 2.15 (1.42) 1, 38 0.47 .50 .01

Mothers’ interest in 
building

2.70 (1.63) 2.50 (1.47) 1, 38 0.17 .69 .00

Children’s prior 
knowledge

1.70 (0.73) 2.00 (1.38) 1, 38 0.74 .40 .02

Children’s interest in 
building

3.60 (1.57) 3.75 (1.71) 1, 38 0.08 .77 .00

Note. Standard deviations are in parentheses. Prior knowledge and interest were rated on a 
1–7 scale.
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knowledge of cross bracing (n = 33) than explanations that did mention 
cross bracing (n = 6), χ 2 = 18.69, p < .001, Cohen’s w = .69. Likewise, 
when asked to choose the wobbliest skyscraper and to explain their choice, 
the children were at chance in terms of choosing the structure without cross 
braces (n = 16) versus the ones with cross braces (n = 24), χ 2 = 1.60, 
p = .21, Cohen’s w = .02. A greater number of explanations of the wobbliest 
structure choice did not mentioned cross braces (n = 37) than did (n = 2), 
χ 2 = 31.41, p < .001, Cohen’s w = .90. Finally, when asked for suggestions 
for how to fix the wobbliest structure, more children provided ideas that did 
not reveal prior knowledge about cross bracing (n = 36) than did (n = 3), 
χ 2 = 27.92, p < .001, Cohen’s w = .85. Overall, these results suggest the 
children showed little in the way of prior knowledge related to cross bracing.

There were also no significant differences by condition (engineering 
information or control) in children’s choices of the sturdiest skyscraper, 
χ 2(1, N = 39) = .02, p = .89, Cramer’s V = .02, and wobbliest skyscraper, 
χ 2(1, N = 40) = .42, p = .52, Cramer’s V = .10, or explanations for their 
choices of the wobbliest structure, χ 2(1, N = 39) = 2.00, p = .16, Cramer’s 
V = .23. Two statistical trends for children’s explanations for their choices 
of the sturdiest skyscraper, χ 2(1, N = 39) = 2.92, p = .09, Cramer’s V = .27,  
and suggestions for how to fix the wobbliest structures, χ 2(1, N = 39) 
= 3.09, p = .08, Cramer’s V = .28, suggested that the control group had 
more prior knowledge than the engineering information group before the 
engineering information was provided. Only 5.3% of the children in the 
engineering information group provided a correct explanation when jus-
tifying their choice of the sturdiest structure, compared with 25% of the 
children in the control group. None of the children in the engineering infor-
mation group provided correct suggestions for how to fix the wobbly struc-
ture, whereas 15% of the children in the control group provided a correct 
suggestion. In sum, prior knowledge was low, and before to receiving the 
engineering information the engineering information group tended to have 
somewhat less prior knowledge than the control group.

Building Outcomes

Our first research question concerned whether the engineering information 
might lead families who received it to transfer and use the information 
when building their own skyscrapers with exhibit materials. To increase the 
likelihood of transfer, some families were provided with additional engi-
neering information highlighting the importance of triangular cross brac-
ing. A series of one-way analyses of variance (ANOVAs) were  conducted 
to test the hypothesis that transfer of knowledge from the demonstration 
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might be most evident in mothers’ and children’s constructions in the 
exhibit if they had also received the engineering information.

As shown in Table 2, the structures built by dyads in the engineering 
information and control groups did not differ in total number of stories,  
F(1, 38) = 0.00, p = 1.00, η 2 = .00, or the total pieces used, F(1, 38) = 0.62, 
p = .44, η 2 = .02, suggesting similarities in what the two groups constructed. 
Nevertheless, consistent with our hypotheses, dyads in the engineering infor-
mation group incorporated more pieces that functioned to brace the structures 
than did the control group, F(1, 38) = 5.15, p < .05, η 2 = .12. Additionally, 
the engineering information group had a higher ratio of functional pieces to 
total pieces (M = 0.13, SD = 0.11) than the control group did (M = 0.05,  
SD = 0.10), F(1, 38) = 5.02, p < .05, η 2 = .12. As also shown in Table 2,  
dyads in the control group included more decorative pieces than those in the 
engineering information group, F(1, 38) = 4.76, p < .05, η 2 = .11. The control 
group may not have learned the engineering principle bracing from engaging 
in the demonstration, or they simply may not have transferred this knowledge 
when constructing their own buildings with the exhibit materials. Although 
both groups observed that cross braces strengthen buildings in the context of 
the demonstration, those in the engineering information group who received 
the additional explicit information about triangular cross bracing included the 
most cross braces in their structures.

STEM Talk During Building

The second research question concerned mothers’ and children’s STEM 
talk when building. The hypothesis was that mother–child dyads in the 
engineering information condition would talk more about STEM during 
building than those in the control condition. Table 3 lists the results for 
mothers’ and children’s STEM talk in the exhibit. A series of one-way 
ANOVAs was conducted for each variable listed in Table 3. As shown in 

Table 2. Summary of ANOVAs for the number of stories and pieces by 
 experimental condition

Variable name
Engineering 
information Control df F p value η 2

Total stories 1.60 (0.68) 1.60 (0.75) 1, 38 0.00 1.00 .00

Total pieces 18.90 (5.44) 20.40 (6.60) 1, 38 0.62 .44 .02

Braces 2.35 (1.95) 1.00 (1.81) 1, 38 5.15 .03 .12

Decorative 
triangles

0.15 (0.49) 0.85 (1.35) 1, 38 4.76 .04 .11

Note. Standard deviations are in parentheses.
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the table, in contrast to our hypothesis, mothers in the two conditions did 
not differ in their science process, technology, engineering, or mathematics 
talk (all Fs ≤ 0.20, ps ≥ .65, η 2s ≤ .01). Similarly, children in the engineering 
information and control conditions did not differ in their science process, 
engineering, and mathematics talk (Fs ≤ 0.54, ps ≥ .47, η 2s ≤ .01). Children 
in the control condition tended to talk more about technology than did 
those in the engineering information condition, F(1, 38) = 3.46, p = .07,  
η 2 = .08. Inspection of the video records suggested that children in the 
control condition tended to read more of the labels on the signs next to 
different building materials than did those in the engineering information 
group. We mention this trend because this effect for children’s technology 
talk is repeated in results described in the Memory Conversations section.

Overall, the mothers and children in both groups were talking similarly 
about STEM while building in the exhibit. The engineering information did 
not generally lead to differences in the frequency of STEM talk between 
the groups. The exception was children’s technology talk tending to be 
more frequent for the control group children while building.

Memory Conversations

Recall that mother–child dyads were asked to record memory conversa-
tions approximately 1 day and 2 weeks after the museum visit. The first 
memory conversation occurred on average 1.96 days (range 0–9 days) 

Table 3. Summary of the ANOVAs for the mothers’ and children’s talk  
in the exhibit

Dependent 
measure

Engineering 
information Control df F p value η 2

Mothers

 Science process 18.45 (8.44) 18.20 (11.37) 1, 38 0.01 .94 .00

 Technology 6.30 (5.39) 6.15 (5.20) 1, 38 0.01 .93 .00

 Engineering 12.20 (6.72) 12.90 (8.94) 1, 38 0.08 .78 .00

 Mathematics 5.50 (3.15) 6.05 (4.44) 1, 38 0.20 .65 .01

Children

 Science process 4.90 (3.82) 4.70 (4.22) 1, 38 0.03 .88 .00

 Technology 1.00 (1.45) 2.00 (1.92) 1, 38 3.46 .07 .08

 Engineering 2.35 (2.37) 2.95 (2.80) 1, 38 0.54 .47 .01

 Mathematics 1.70 (1.42) 2.00 (2.36) 1, 38 0.24 .63 .01

Note. Standard deviations are in parentheses.
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after the museum visit, and the second conversation occurred on average 
20.62 days (range 12–45 days) after the museum visit. Of the 40 mother–
child dyads that participated in the museum-based portion of this study, 
25 (62.5%) recorded the first memory conversation, and 21 (52.5%) 
recorded both. We did not find significant differences between those who 
did and did not record both memory conversations on background char-
acteristics (Fs ≤ 2.11, ps ≥ .16, η 2s ≤ .05), the structures they built in the 
exhibit (Fs ≤ 2.78, ps ≥ .10, η 2s ≤ .07), or measures of children’s talk in the 
exhibit (Fs ≤ 2.91, ps ≥ .10, η 2s ≤ .07). The only significant difference was 
that compared to those that did not complete the memory conversations 
(M = 4.39, SD = 3.26), mothers who did complete the memory conversa-
tions (M = 6.86, SD = 4.02) talked more about mathematics while building 
in the exhibit F(1, 37) = 4.35, p < .05, η 2 = .11; for all other differences 
for mothers’ talk in the exhibit, Fs ≤ 3.30, ps ≥ .08, η 2s ≤ .08.

A main research question was whether the memory reports of dyads 
who did and did not receive engineering information differed. These analy-
ses addressed what conditions might make an experience more accessible 
and reportable days and weeks after an experience: in this case, facilitating 
transfer beyond the museum’s walls. Each of the repeated-measures analy-
ses reported here was first run with the delay in number of days from the 
museum visit as covariates (in one set of analyses, with the delay between 
the museum visit and Memory Conversation 1 and, in a second set, with 
the delay between the museum visit and Memory Conversation 2), but, 
because the addition of the covariates did not change the overall results, the 
analyses without the covariates are reported.

Table 4 summarizes the results of the repeated-measures analyses for 
mothers’ and children’s STEM talk during the two memory conversations. 
As shown in the top portion of Table 4, none of the main effects of delay 
or condition were statistically significant. Likewise, tests of interactions 
between delay and condition for mothers’ talk about science process, tech-
nology, and mathematics were not statistically significant. However, there 
was a marginal effect for mothers’ talk about engineering, F(1, 19) = 3.55, 
p = .075, η 2 = .15. Follow-up tests revealed that whereas the two groups 
were no different in the first memory conversation, F(1, 19) = 0.03, p = .86, 
η 2 = .00, in the second memory conversation, mothers in the engineering 
information group talked more about engineering than did mothers in the 
control group, F(1, 19) = 5.78, p < .05, η 2 = .23.

The bottom portion of Table 4 summarizes the results of the repeated-
measures analyses for children’s talk during the memory conversations. 
There were no significant main effects of delay or condition for children’s 
talk about science process, technology, engineering, and mathematics. 
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However, the interaction between delay and condition for children’s talk 
about technology was significant, F(1, 19) = 7.024, p < .05, η 2 = .27. In 
the first memory conversation, children in the control condition talked more 
about technology than did children in the engineering information group, 
F(1, 19) = 7.016, p < .05, η 2 = .27, but there were no differences between 
the groups for the second memory conversation, F(1, 19) = 0.79, p = .39, 
η 2 = .04. Additionally, the interaction between delay and condition for chil-
dren’s talk about engineering was marginally significant, F(1, 19) = 3.84, 
p = .065, η 2 = .17. Children in the engineering information group tended 
to talk more about engineering than did those in the control group during 
the second memory conversation, F(1, 19) = 3.99, p = .06, η 2 = .17, but 
not during the first, F(1, 19) = 0.17, p = .68, η 2 = .01.

In contrast to our expectations, during the first memory conversation, 
children in the control condition talked more about technology than did 
those in the engineering information condition, just as had been the case 
while building. Nevertheless, during the second memory conversation, 
mothers and children in the engineering information condition talked more 
about engineering. We also note that only the children in the engineer-
ing information condition talked about science process during the second 
memory conversation, although overall this kind of talk was very infre-
quent. In sum, there was some evidence that combining the demonstration 
with the engineering information supported retention and transfer of engi-
neering information over time and beyond the museum’s walls.

Discussion

This study examined ways to facilitate children’s learning and transfer. 
Taken together, the results may be important in several ways for understand-
ing and improving informal STEM learning opportunities for young chil-
dren. Further, the work illustrates how experimental research can be done 
in museums in a manner that can inform museum practice. We turn now to 
discuss the answers to our three research questions, implications of the work 
for museums and their visitors, and future directions for research in this area.

Building Outcomes

Our first research question concerned whether the engineering information 
might help promote transfer of the information presented in the demonstra-
tion. The demonstration was inspired by a program that is used periodically at 
CCM with school and camp groups. We thought that, beyond merely observ-
ing differences among the structures and the result of the wind test, making the 
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engineering principle explicit—namely, that the use of triangular cross brac-
ing to stabilize structures—could facilitate learning and transfer. Moreover, 
by making connections between the demonstration and the built environment 
in Chicago, we hoped to frame the demonstration in a way that would help 
mothers and children focus less on the specific objects (the straw structures) 
and more on the engineering principle that could be applied across problems.

The results of analyses of the buildings the dyads constructed con-
firmed this hypothesis. As anticipated, dyads in the engineering informa-
tion group were judged to have built sturdier skyscrapers featuring more 
cross braces than did dyads in the control condition. Essentially, dyads that 
received engineering information seemed to benefit from the information 
and used it in constructing their buildings. Put another way, dyads that 
received engineering information transferred knowledge that was offered 
in the demonstration to the experience of building their own structures with 
different materials in a slightly different context (i.e., a different area of the 
same museum exhibit) than the demonstration.

Our findings indicated that mothers and children did not have much 
information about the key engineering principle featured in this exhibit 
prior to building. The findings further suggest that seeing examples illus-
trating an engineering principle or science concept may not be sufficient to 
prompt parents and young children to use the information on their own. In 
this study, dyads that received additional information about the engineer-
ing principle and its application included more triangular cross braces in 
their structures than did those who simply observed the difference between 
straw structures with and without cross bracing. Thus, explicit instruction 
was important. This finding is consistent with other work in which families 
were provided with engineering information in conjunction with the same 
materials they would build with later (Benjamin et al., 2010; Haden et al., 
2014). Here, the instructions were provided while visitors observed struc-
tures constructed with very different materials than they went on to use to 
build, yet mothers and children who received the engineering information 
were able to transfer the knowledge to their own buildings.

A critical factor in successful learning and transfer is whether knowl-
edge that is gained in one context is presented or represented in a manner 
in which it can be accessed in another context (Bransford & Schwartz, 
1999; Goldstone & Day, 2012). Explanations and activities that help to link 
items in one context to a broader concept or theme—how real skyscrap-
ers withstand high winds—may be substantially more likely to promote 
transfer than are activities focused on specific objects or individual ele-
ments (Engle, 2006). The engineering information may have provided an 
opportunity for the demonstration to be explicated and thus become a topic 
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of conscious reflection and, ultimately, abstraction (e.g., Karmiloff-Smith, 
1991), which might have in turn increased the potential for transfer.

Traditionally, researchers have also distinguished near transfer from far 
transfer (e.g., Barnett & Ceci, 2002). Near transfer involves tasks or mea-
sures that closely resemble the original learning tasks; whereas far trans-
fer involves tasks that are (substantially) different from those originally 
learned. Obviously these definitions are not very specific. Nevertheless, 
different degrees of transfer often involve change of contexts (e.g., from the 
classroom to the lab or vice versa), delays of days or weeks, and changes in 
the materials involved to complete a task. It may be debatable as to whether 
transfer from the demonstration to building in the exhibit in this study con-
stitutes a far transfer task. But it is at least a farther transfer task than has 
been used in prior studies along these lines (Benjamin et al., 2010; Haden 
et al., 2014). Mothers and children in this study built in a slightly different 
context and with different materials than those used for the demonstration. 
However, although we observed transfer in terms of building outcomes in 
the engineering information condition, we did not see effects extending to 
dyads’ conversations while building, as we next discuss.

STEM Talk During Building

The second research question focused on the nature of the conversations 
that took place as mothers and children built in the exhibit. We were inter-
ested in the amount of talk about science process, technology, engineering, 
and mathematics that mothers and children demonstrated while building. 
Following from prior work (e.g., Gunderson & Levine, 2011; Pruden et al., 
2011), we suggest that the more adults and children talk about STEM as 
an experience unfolds, the more children might learn about the STEM. 
Although we had expected that the dyads that received the engineering 
information might engage in the most STEM talk, we instead found that all 
families were engaging in considerable talk about STEM. Counter to our 
hypothesis, children in the control group tended to talk more about technol-
ogy than did the engineering information group. We do not really know why 
the children in the control group were verbalizing the labels on signs next 
to the building materials more than those in the engineering information 
group. However, we speculate that the children in the engineering informa-
tion group may have been less focused on labeling individual pieces and 
more focused on abstracting relations among the pieces and how actions 
with individual pieces relate to the whole structure. Nevertheless, there were 
otherwise no differences between mothers and children in the engineering 
information and control groups in amount of STEM talk while building.
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In thinking about these unanticipated results, it may be that the demon-
stration itself supported STEM talk among mothers and children. The dem-
onstration did after all involve advancing hypotheses, observing, explaining, 
and testing—all key practices of science. An informal comparison of the 
STEM talk during building in this study and STEM talk by families in Haden 
et al.’s (2014) study (that involved families building in the same exhibit as in 
the current study) suggests that in the present study there was more STEM 
talk than in the prior study. In fact, the levels of STEM talk by mothers in this 
study was more than twice that demonstrated by the adults in Haden et al.’s 
(2014) control group, who received no demonstrations or instructions about 
engineering prior to building. Thus, while it is contrary to prior work for the 
engineering information not to have further boosted talk about STEM, the 
overall levels of STEM talk across families in this study were relatively high.

Our findings indirectly support prior work that suggests that making 
conversation suggestions to parents can be important to fostering rich, 
STEM-related conversations. Providing families with engineering informa-
tion bettered building outcomes but did not lead to more discussion of sci-
ence process, technology, engineering, and mathematics. Providing parents 
with explicit conversation suggestions may help (e.g., Jant et al., 2014), but 
a challenge lies in encouraging STEM talk in a manner that is in character 
with the museum experience. Research focused on how educators and other 
on-the-ground professionals in museums can facilitate family learning con-
versations is sparse (see Pattison & Dierking, 2012). The results of some 
work suggest that empirically based staff-facilitated interactive programs 
can encourage conversations that enhance children’s STEM learning in 
museums (e.g., Haden et al., 2014; Mony & Heimlich, 2008). Future work 
should also consider how to encourage families’ use of the physical context 
and signage to support STEM-rich conversations in exhibits.

Transfer Beyond the Museum’s Walls

Our final research question concerned dyads’ STEM talk in the context of 
memory conversations they recorded at home. In this study, just over 50% 
of families made the two recordings we requested, using and mailing back 
the digital recorders that were provided. Although this level of completion 
compares favorably with other studies (e.g., Benjamin et al., 2010; Jant 
et al., 2014), the results nevertheless need to be interpreted with caution.

The results of the memory conversations suggest that the  engineering 
information some dyads received may have supported their long-term reten-
tion of STEM-related information. Although there were no differences between 
mothers in the two groups in their initial memory reports,  mothers  who 
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received engineering information talked more about engineering in the weeks 
following their museum visit than did those who did not receive the engi-
neering information. Similarly, the memory reports of children who received 
engineering information included more engineering information than did 
those of children who did not receive engineering information. Moreover, 
only children in the engineering information condition talked about science 
process at the later memory conversation. Overall, the engineering informa-
tion may have helped mothers and children encode science and engineering 
information during the building activity in a way that it became transferable 
and accessible weeks later when remembering the experience at home.

Counter to expectations, children in the control group talked the most 
about technology in the initial memory reports but not in the second mem-
ory conversation, which seemed to reflect their immediate retention of the 
labels for the building materials. Perhaps this isn’t surprising when con-
sidering these children’s tendency to read the labels on the signs next to 
the building materials while building. However, they seemed to retain this 
vocabulary for a short time after the museum visit, only to have technology 
talk decrease over time. One potential explanation is that without reexpe-
riencing similar physical objects and activities in the weeks following the 
museum visit, the vocabulary was not reactivated and used and therefore 
did not remain accessible over the long term.

Memory conversation can offer robust measures of transfer of knowledge 
from the museum to home over time (e.g., Benjamin et al., 2010; Callanan & 
Jipson, 2001; Jant et al., 2014; Leinhardt et al., 2002). Nevertheless, little 
developmental work has considered such contextual and temporal dimensions 
that can characterize the distance of transfer of knowledge (Klahr & Chen, 
2011). Moreover, families who received the engineering information in the 
museum showed greater retention of information from their museum visit, 
but subsequent experiences and conversations at home might have helped to 
support subsequent remembering. A limitation of our research is that we can-
not address questions specifically about how various activities and interaction 
patterns at home might reveal transfer beyond the museum’s walls. Future 
work could assess how museum-based experiences might provide a catalyst 
for further knowledge and understanding of STEM across learning opportuni-
ties and contexts.

Implications and Future Directions

Taken together, the results of this study provide important information regard-
ing how to boost children’s STEM learning in informal settings in ways that 
the knowledge gained can be used in different settings. First, they suggest 
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that providing families with exhibit-related information can foster children’s 
transfer of knowledge both within and outside the museum. Second, the find-
ings indicate that mothers can and do support their children’s STEM learning 
in informal contexts, such as museums. When parents may lack the neces-
sary knowledge—about engineering, in this case—it may be important to 
provide information ahead of an activity in order to maximize opportunities 
for learning. The results of this study point out that museums can encour-
age and assist parents in their efforts to facilitate children’s STEM learning 
and transfer. By “front-loading” parents with simple exhibit-related informa-
tion, museum educators could help parents access STEM-relevant content in 
exhibits and help maximize STEM learning opportunities for children.

Understanding what and how children and families remember about their 
museum visits is another area of considerable interest among informal educators 
and researchers alike (e.g., Anderson, Storksdieck, & Spock, 2007; Benjamin 
et al., 2010; Jant et al., 2014). Nevertheless, determining what children learn 
from their museum visits has proved challenging to assess, as evidenced by the 
lower-than-desired number of dyads who completed the memory conversa-
tions in this study. Museum exhibits are designed to set a learning process in 
motion, but it has been difficult to know whether these efforts are successful, 
in part because following children and parents across different contexts and 
varied experiences is time-consuming and difficult to resource.

What is needed is systematic longitudinal work in which families 
are tracked over time, which can reveal how museum visits are remem-
bered and how these experiences may be elaborated and used by families 
after a museum visit. This effort should be coupled with new methods to 
assess families’ memory conversations in ways that are less burdensome 
for families and feel more like an extension of the museum experience. 
More generally, future efforts to draw even stronger connections between 
developmental and cognitive psychology research and museum practice 
can further contribute to understanding and improving STEM learning 
opportunities for young children.
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