
   

PARENT EXPLANATIONS DURING MUSEUM VISITS:
 
GENDER DIFFERENCES IN HOW CHILDREN HEAR INFORMAL SCIENCE
 

by Kevin Crowley, Learning Research & Development Center, University of Pittsburgh 

Years before children first encounter science in their 
elementary school classrooms, they are already practic
ing scientific thinking on a weekly if not daily basis 
(Korpan, Bisanz, Bisanz, Boeheme & Lynch, 1997). As 
children read books, watch TV, visit museums, go to parks, 
use computers, and play with toys, opportunities arise for 
them to tinker with their naïve theories about scientific 
domains and to explore fundamental processes of scien
tific reasoning such as hypothesis testing, evidence evalu
ation, and explanation. Thus, when children encounter their 
first science lessons in a classroom, they are far from blank 
slates ready to efficiently absorb “official” science educa
tion curricula. They have, for example, 
already developed informal theories 
and models about topics ranging from 
the shape of the earth (Vosniadou & 
Brewer, 1992), to the classifications of 
dinosaurs (Chi and Koeske, 1983), to 
the essence of what distinguishes bio
logical from physical entities (Wellman 
& Gelman, 1998). They have been 
practicing early forms of data collec
tion and evidence evaluation (Klahr, 
2000). And, importantly, they have 
been spontaneously constructing explanations to link 
theory and evidence as they wonder to themselves and as 
they talk to their parents (Callanan & Jipson, in press; 
Crowley & Galco, in press). 

Given that we know so much about what young chil
dren know about science, it seems natural that psycholo
gists interested in cognitive development would step to 
the fore with their research-based knowledge of how chil
dren learn to think scientifically, in order to work as part
ners with developers to produce effective informal learn
ing environments. In particular, it seems that developmen
tal psychologists should be able to answer questions such 
as: What constitutes an effective informal learning envi
ronment? What are the knowledge bases, processes, and 
practices that good informal science education should seek 
to develop? What are the social and cultural variables that 
should be considered in seeking to open up informal sci
ence education to a diverse group of children? 

“…when children understand 
explanations, they develop 
more coherent theories and 

are better at transferring 
knowledge to solve new 

problems.” 

However, most of what developmental psychologists 
know about children’s scientific thinking has been dis
covered in the context of well-controlled experiments that 
take place in psychology laboratories. This limits the im
mediate potential for the findings to inform the design of 
informal learning environments. The typical developmen
tal study involves an experimenter constructing a highly
specific and often arbitrary task that lasts about 15 min
utes, recruiting individual children to complete the task 
without the help of parents or peers, and constraining 
children’s possible responses to those that are easy to ana
lyze with traditional tools. 

Those who study museum learn
ing will recognize that this kind of 
focus and control does not correspond 
to the typical child on a typical day in 
a typical interactive museum. Experi
mental studies of children’s learning 
have produced an important body of 
findings about the ways that children 
develop scientific thinking. However, 
those findings will remain inert and 
untapped with respect to informal sci
ence education unless there is also 

research that situates mechanisms identified in laboratory 
studies within the patterns and practices that actually oc
cur as children develop everyday scientific literacy in the 
real world. 

In this article, we overview two studies from a broader 
program of research designed to extend prior laboratory
based research on children’s scientific thinking to the ev
eryday contexts where it actually occurs. Our work has 
been designed to create a body of empirical findings and 
new theoretical models that could make a direct practical 
contribution to improving the ways that families learn 
about science during trips to museums. On the basic de
velopmental science side of our work, we have been de
veloping new models of family learning informed by socio
cultural and information processing psychology (Crowley, 
2000; Crowley & Galco, in press; Crowley, Callanan, 
Jipson, Galco, Topping, & Shrager, in press). On the ap
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plied side of our work, we have been working with muse
ums to understand how different exhibit features influ
ence the path and outcome of family learning, particu
larly with respect to a child’s gender (Crowley, Callanan, 
Tenenbaum, & Allen, in press). It is this latter line of work 
that I will focus on in this article. 

In exploring the question of gender and parent conver
sation, we have focused in particular upon the ways that 
parents explain to their children while the family uses in
teractive science exhibits. Explanations are a privileged 
category of scientific discourse. At its core, science is a 
way of making sense of the world. It is a way of building 
up new theories to explain existing evidence, and a way 
of seeking out new evidence to revise existing theories. 
Successful interactive science exhibits are those that sup
port opportunities for visitors to think through the pro
cess of coordinating theory and evidence to construct an 
explanation. There are at least three 
arguments to recommend explanation 
as a target learning behavior for fam
ily museum visits. 

1. Current national standards for 
science education and current reforms 
in classroom science instruction em
phasize explanation. Standards for sci
ence education proposed by the Ameri
can Association for the Advancement 
of Science and the National Research 
Council advocate going beyond tradi
tional science instruction to focus on facilitating the de
velopment of scientific “habits of the mind.” These habits 
refer to general scientific reasoning skills, including co
ordinating evidence and logic in constructing and evalu
ating scientific explanations. In response to such guide
lines, current science education reforms advocate hands
on classroom activities where students are actively in
volved in collaborating with classmates and teachers in 
explanatory activities such as forming hypotheses, inter
preting empirical findings, and revising theories to account 
for new evidence (e.g., Lehrer, Schauble, & Petrisino, in 
press). 

2. The focus on explanation is consistent with research 
of how scientists really reason when they are engaged in 
doing science. Recent cognitive science research focused 
on the reasoning of practicing scientists reveals that ef
fective explanation building between collaborators is of
ten the source of scientific breakthroughs. In a multi-year 

cognitive ethnography of four molecular biology labs, 
Dunbar described the essential role of collaborative ex
planation in terms of scientists integrating findings, form
ing analogies to well-understood systems, and opening 
up new lines of inquiry (Dunbar, 1995). The labs that made 
important breakthroughs during the course of Dunbar’s 
study were those that were best at constructing shared 
explanations during lab meetings. Consistent with 
Dunbar’s findings, cognitive psychology studies of adults 
working on simulated science problems typically find that 
explanations are key mechanisms in creating and extend
ing useful science learning (Chi et al., 1989; Okada & 
Simon, 1997). 

3. The consensus among researchers who study the de
velopment of scientific thinking is that when children fo
cus on building explanations, they develop more coherent 
theories, are better at interpreting evidence, and are bet

ter at transferring knowledge to solve 
new problems. Perhaps most impor
tantly, a focus on supporting expla
nations during informal science learn
ing is justified by findings from de
velopmental psychology showing that 
when children understand explana
tions, they develop more coherent 
theories and are better at transferring 
knowledge to solve new problems. By 
the time children enter grade school, 
they have already constructed naïve 

scientific theories to account for biological, psychologi
cal, physical, and geological events and entities (see 
Wellman & Gelman, 1998 for a review). Children’s de
veloping explanations for the causal and relational struc
ture of their everyday environments are thought to be core 
mechanisms in creating and organizing these informal 
scientific theories. Explanations are associated with more 
effective learning because they help children see beyond 
the surface features to identify the causal structure of an 
experience, to connect an immediate experience to prior 
knowledge, and to create unobservable concepts such as 
abstract scientific principles (Crowley & Siegler, 1999; 
Chi, de Leeuw, Chiu, & LaVancher, 1994; Kuhn, 1989; 
Schauble, 1996). Some of this explanation may occur in 
the internal speech of the child, but much of it takes place 
in the context of parent-child conversation (Callanan & 
Oaks, 1992; Callanan, Shrager, & Moore, 1996; Crowley 
& Galco, in press). 

“Do boys and girls participate 

equally in explanatory 

conversations during 

informal science activity in 

museums?” 
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Thus, evidence from the domains of formal science 
education, professional scientific activity, and children’s 
informal scientific reasoning converge to suggest at least 
three positive outcomes associated with parent-child ex
planation during informal science activities: 

a) Families practice an essential discourse pattern of 
formal scientific thinking; 

b) Children develop deeper, more coherent informal 
scientific theories; and 

c) Children acquire more flexible scientific problem 
solving skills. 

A Gender Difference in Parent Explanation 
Do boys and girls participate equally in explanatory 

conversations equally during informal science activity in 
museums? Our work suggests that they do not. Using a 
novel method of collecting videotaped observations of 
parent-child activity, we developed a 
database of families across 18 interac
tive science exhibits at the Children’s 
Discovery Museum. 

Families were greeted at the door 
of the museum where researchers ex
plained that we were collecting video
taped data of family learning and asked 
the parents for written, informed con
sent to participate. If families agreed 
to be in the study (less than 10% re
fused), children were given stickers to 
wear; children of different ages were given different stick
ers so that we would later know the age of all children in 
the study. We had previously set wireless microphones 
and video cameras up at exhibits around the museum. 
When a child with a sticker engaged on of these target 
exhibits, we turned on the camera and recorded the inter
action. 

The study I review here was a sample of 298 families, 
including fathers, mothers, or fathers and mothers who 
used the exhibit with boys or girls, and included children 
ranging in age from 1 to 8 years old. The initial study in 
which we reported the gender effect is fully reported in 
Crowley, Callanan, Tenebaum, & Allen (in press). In the 
current article I review the findings of that study and re
port additional analyses not previously presented. 

We began our analyses by focusing only on general 
measures of children’s engagement with the exhibit. Vir
tually all of the boys (97%) and girls (99%) were observed 

“… if parents use different 
interaction styles with boys 
and girls, the difference is 

usually linked to the parent's 
perception of whether the 

play activity is gender
appropriate for boys or girls.” 

to use the exhibits themselves, defined as performing at 
least one recognizable manipulation of the exhibit (e.g., 
pushing a button, pulling a lever, etc.). The mean engage
ment times for families were also similar regardless of 
whether children at the exhibit were boys or girls, they 
spent about 85 seconds, on average, at each exhibit. 

However, when we examined how parents talked to 
children while families used exhibits, we observed that 
parents were more than twice as likely to give explana
tions to boys than to girls: Parents were observed to ex
plain in 29% of interactions with boys and 9% of interac
tions with girls. The differences were most extreme in 
father-child interactions, but were also present in mother
child interactions. When both parents were present the 
differences were in the same direction but did not reach 
significance. 

These differences were relatively stable across all ages 
of children in the study. There were 
statistically significant differences in 
parent explanation to boys vs. girls 
among children who were 1 to 3 years 
old, 4 to 5 years old, and 6 to 8 years 
old. 

Interestingly, even though there 
were differences in levels of parent 
explanation, other kinds of parent talk 
was not different. Parents were 
equally likely to talk about how to 
manipulate exhibits when interacting 

with boys (67%) and girls (64%) and were equally likely 
to talk about the visual, auditory, or tactile information 
available from exhibits when interacting with boys (59%) 
and girls (52%). 

These two findings are important because they sug
gest that family conversations involving boys or girls were 
in many ways similar. A causal observer in the museum 
on a day that we collected data would have probably noted 
no differences in the ways that parents spoke to boys or 
girls. Parents brought their daughters to a museum, en
gaged interactive science exhibits with them, talked about 
what to do with exhibits, and talked about what to per
ceive from exhibits. It was only when we analyzed the 
videotaped records of these interactions that we detected 
that the crucial educational step of providing an explana
tory context for the experience was primarily reserved for 
boys. 

(continued on next page) 
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Why would parents go through the trouble to involve 
their girls in informal science and yet not explain? We 
went back to a subset of interactions with explanations to 
test three hypotheses. 

First, it was possible that parents explained more of
ten to boys because boys asked for explanations more of
ten than girls. A recent study of gender differences in 
teacher-student discourse in classrooms suggests that, 
when teachers are more likely to involve boys in conver
sation, it is often because boys are more likely than girls 
to volunteer to participate in classroom discourse 
(Altermatt, Javanovic, & Perry, 1998). By extension, one 
might expect parent explanations to be triggered by direct 
questions from children. However, it turned out that in the 
10 seconds prior to the first parent explanation, only 8% 
of boys and 6% of girls asked a question on any topic. In 
the 60 seconds prior to the first parent explanation, per
centages rose to only 15% of boys and 13% of girls ask
ing any kind of question. 

Second, although children did not 
appear to be asking for explanations, 
it was possible that something about 
the quality of their engagement with 
the exhibit indirectly cued parents to 
explain. Specifically, it was possible 
that parents noticed children were at 
impasses and stepped in to offer ex
planations as a way to help bridge the 
impasse. We constructed a rough op
erational definition that children were at an impasse if they 
asked parents what to do or if they repeatedly tried but 
failed to accomplish one of the core manipulations of an 
exhibit. This code is a rough estimate of whether children 
were actually at an impasse; however, it is the kind of on
line external evidence that parents have available to them 
and that they might make use of in determining whether 
their child was, in fact, at an impasse. 

However, our re-analysis suggested that, as might be 
expected from well-designed interactive exhibits, children 
did not often reach obvious impasses where they did not 
know what to do. Only 8% of parent explanations fol
lowed an obvious impasse. Interestingly, all but one of 
those instances occurred when a boy reached an impasse, 
perhaps hinting that boys and girls may receive explana
tions for different reasons. However, the more important 
conclusion here is that the vast majority of explanations 
are not triggered by impasses, either for boys or for girls. 

“… in direct contrast to the
 
findings for interactive
 

science exhibits, parents were
 
significantly more likely to
 
provide explanations of the
 

exhibits when they
 
were with girls.
 

Third, although we have focused on the role of explana
tions in learning, it was possible that parents explained 
instead as a way to sustain a child’s attention to the ex
hibit. Boys may have heard explanations because they were 
more likely to be rambunctious and disengage with an 
exhibit more quickly than the parent thought appropriate. 
We examined the child’s activity leading up to the parent 
explanation for evidence that the child was making a bid 
to disengage, operationally defined as the child looking 
or turning away from the exhibit. However, parent expla
nations rarely followed bids to disengage, either for boys 
(8%) or for girls (12%). 

These analyses did not support the most simple expla
nation that gender bias arose because girls did not cue 
parents for explanations as often as boys, either directly 
through questions or indirectly following obvious behav
ioral cues. Thus, parents appeared to decided to adopt the 
role of explainer, introducing a layer of causality, anal

ogy, or connections to principles on 
top of the child’s ongoing engagement 
with the exhibit. 

Comparing Our Data to 
Previous Studies 

To obtain the precision necessary 
to identify explanations among other 
kinds of talk, it was essential in our 
studies that we were able to analyze 
and re-analyze large numbers of vid

eotaped interactions. I have referred to the gender bias in 
parent explanation as a “hidden” effect and have suggested 
that, to the causal observer wandering through a museum, 
the difference in parent child explanation would probably 
go unnoticed. 

We are intrigued by the possibility of looking for a 
replication of our findings in existing data sets of family 
interactions. Borun and Chambers (this issue) report a re
analaysis of an existing data set—their PISEC study—in 
an effort to address whether their data supports a gender
bias in parent explanation. Talk that we define as explana
tory is one component of a broader “verbal observation” 
category in the PISEC coding scheme (Borun, Chambers, 
& Cleghorn, 1996).  Borun and Chambers (this issue) re
port that their data set suggests that boys are not more 
likely than girls to hear parent talk coded as “verbal ob
servation” in the PISEC coding scheme. As Borun and 
Chambers acknowledge, it is always difficult to compare 
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findings across coding schemes that were created for dif
ferent purposes. However, they raise the possibility that 
one interpretation of their findings is that there may be no 
gender bias in parent explanation in science centers among 
older children as opposed to in a children’s museum among 
younger children. 

I do not agree that this interpretation is supported by 
their re-analysis of the PISEC data. Compared to other 
kinds of talk, explanations in museums are relatively in
frequent. For example, while parents explained in 21% of 
interactions overall in the Crowley et al. (in press) study, 
they gave directions about how to use the exhibits in 64% 
of interactions and described the evidence generate by an 
exhibit in 63% of interactions. All three of these coding 
categories—talking about how to manipulate, describing 
features of the exhibit, and explaining—would be coded 
as instances of the larger PISEC category “verbal 
observation.” 

Thus, one might predict that, even 
if the PISEC data harbored a gender 
difference in parent explanations, the 
difference might well be buried by the 
more common kinds of talk in which 
there are no gender differences. Con
sistent with this prediction, when the 
data reported in Crowley et al. (in 
press) is collapsed across these three 
categories, we also do not find signifi
cant gender differences in family con
versation: 83% of boys with parents received at least one 
instance of “verbal observation” talk compared to 76% of 
girls with parents, Chi-square (df=1, n=298) = 1.92, n.s. 

Although the PISEC re-analysis reported by Borun and 
Chambers (this issue) does not yet provide a sufficient 
empirical test of whether a gender difference in parent 
explanations exists for older children in science centers, 
Borun and Chambers do propose an interesting hypoth
esis: Compared to families with young children visiting 
children’s museums, parents with older children visiting 
science centers might be expected to show fewer gender 
differences because they might be less likely to bring older 
children to a science center unless the children had ex
pressed a clear interest in science. Children’s museums 
typically include exhibits focusing on a range of domains, 
including, among others, science, art, culture, literature, 
music, and history. In contrast, science centers, by name 
and mission, are primarily focused on the single domain 

“Research is needed 

to identify and address 

the obstacles that 

keep parents from 

explaining to girls.” 

of science. Thus, families who do not identify themselves 
as being strongly interested in science might visit a 
children’s museum and happen to use the interactive sci
ence exhibits there. But these same families might not set 
aside an afternoon to specifically engage in an experience 
that is marked as being only about science. In short, Borun 
and Chambers propose that the children’s museum audi
ence may reflect a broader range of opinions about whether 
science is appropriate for girls. Further studies are needed 
to explore the possibility that Borun and Chambers raise. 

The Explanation Gap is Reversed in
 
Mister Rogers’ Neighborhood
 

There are at least two paths through which parent atti
tudes, educational background, and science knowledge 
could lead to the observed bias in explanations. First, it is 
possible that the gender bias in explanations reflects a 
stable, general disposition for parents to explain less of

ten to their daughters than to their 
sons. This general disposition could 
arise through the years of experience 
parents have had with a particular 
daughter being uninterested or non-re
ceptive to previous parent explanation. 
Or, it could arise from parents’ own 
gender schemas concerning the appro
priateness of causal or mechanistic 
talk to girls vs. boys. Either way, if the 
source of gender bias in parent expla

nation resides in general parent-child discourse patterns, 
responding to the bias would involve manipulations in
tended to encourage parents to experiment with con
sciously shifting their general disposition to include more 
explanatory talk to girls. 

Second, it is possible that parents have a general dis
position to explain equally to sons or daughters, but there 
is something about the context of interactive science ex
hibits that stops them from engaging in their normal dis
course patterns with girls, including explanation. In stud
ies of the development of children’s gender roles, fami
lies are often observed during typical play activities. The 
most consistent finding in this literature is that if parents 
use different interaction styles with boys and girls, the 
difference is usually linked to the parent’s perception of 
whether the play activity is gender-appropriate for boys 
or girls (Leaper & Gleason, 1996; Lytton & Romney, 1991; 
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McGillicuddy-DeLisi, 1988); particularly in the case of 
fathers (Siegal, 1987). These studies do not focus on ex
planation specifically and they do not focus on informal 
science learning. However, they do suggest that parents 
who interpret interactive science exhibits as a 
stereotypically male may choose to explain less often to 
daughters. If this were the case, responding to the expla
nation gap would involve isolating and eliminating 
stereotypically male cues in exhibits so that the more gen
eral non-biased pattern of talk flows through. 

Either or both (or neither) of these possibilities may 
be true. Our first step in extending our findings was to test 
whether parents still showed the bias to explain more of
ten to boys when the exhibit content was marked specifi
cally as not being science. 

Using the same data collection and analysis method
ology, we focused on family learning in the “Mister Rogers 
Neighborhood” exhibition at the Pittsburgh Children’s 
Museum. The exhibition recreates central elements of the 
popular children’s television show such as the front porch 
and hallway where Mister Rogers makes his daily entrance 
and changes into his sweater and tennis shoes, a life size 
trolley and a model trolley, and child-sized structures from 
the Land of Make-Believe such as King Friday’s Castle, 
Lady Elaine’s Factory, and Daniel’s Clock. 

The exhibit also includes interactive exhibits inspired 

Figure 1. Three interactive music exhibits from the Mister 
Rogers Neighborhood exhibit at the Pittsburgh Children’s 
Museum were chosen to provide a comparison set for interac
tive science exhibits. 

by central themes of the television program. We chose to 
study family interactions at three exhibits focusing on 
music. The first (Figure 1a) was an audio mixer that al
lowed the visitor to control the level of piano, voice, per
cussion, and bass as the exhibit played one of four Mister 
Rogers’ compositions: “It’s You I Like,” “Tree, Tree, Tree,” 
“Won’t You Be My Neighbor?” and “It’s a Good Feel
ing.” Visitors could choose an instrument, which was ac
tivated by pressing a button. When their respective instru
ment was active, the face of the corresponding musician 
was illuminated in the photograph above the mixing board. 

The second (Figure 1b) was a Nickelodeon-style in
strument that could either have been played automatically 
or as a traditional piano. When one of four buttons was 
pushed, the Nickelodeon played a tune from Mr. Rogers’ 
television program. The internal keys and instruments were 
visible through Plexiglas windows above and below the 
keyboard. The third (Figure 1c) was a crank-driven con
veyor belt fitted with color-coded cups into which small 
wooden balls could be placed. When the conveyor belt 
moved, the balls in the cups dropped onto a hidden xylo
phone underneath the belt.  Cards were supplied with ex
amples of patterns and songs, including songs from Mis
ter Rogers’ Neighborhood. 

The music exhibits shared a number of design features 
with the interactive science exhibits we studied previously 
in that they: (1) were stand-alone devices that could be 
successfully manipulated by an individual child; (2) each 
presented a limited set of possible manipulations; and (3) 
each produced a limited set of outcomes. Because they 
shared surface features but were about music rather than 
science, these three provided a good comparison to ex
plore the extent to which the domain of science was driv
ing the explanation gap.1 

Interestingly, an analysis of 75 families suggested that, 
in direct contrast to the findings for interactive science 
exhibits, parents were significantly more likely to provide 
explanations of the exhibits when they were with girls 
(38% of interactions included at least one explanation) 
than with boys (17%), a difference that was significant at 
the p = .05 level. 

Thus, we have initial evidence that the differences we 
examined with the interactive science exhibits reflects a 
difference in parents’ perceptions of science and gender 
as opposed to any stable differences in how they explain 
to boys vs. girls in general. Although our evidence is sug
gestive, it is certainly not conclusive. There are a number 
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of studies that still need to be done to understand the dy
namics of the explanations gap we observed. 

Conclusions 
In summary, our research illustrates that parents 

brought their daughters to a museum, engaged interactive 
science exhibits with them, talked about what to do with 
exhibits, and talked about what to perceive from exhibits; 
however, the crucial educational step of providing an ex
planatory context for the experience was primarily reserved 
for boys when exhibits were about science. The bias in 
parent explanation parallels the bias teachers sometimes 
exhibit in classrooms and may provide an additional 
mechanism through which adults differentially encourage 
boys versus girls to learn about and develop an interest in 
science. The findings are especially troubling because we 
observed bias in parent explanation with children as young 
as 1 to 3 years old, suggesting that 
parents may begin to introduce gen
der bias into children’s science learn
ing years before children’s first class
room science instruction. 

If the design of informal science 
education does not recognize and ad
dress gender bias in parent explana
tion, encouraging families to become 
involved in informal science may have 
the unintended consequence of in
creasing the difference between the 
number of explanations about science that boys and girls 
encounter before they begin classroom science instruc
tion. Thus, the next challenge is to determine how the de
sign of informal science activities can be modified to en
courage parents to explain science to girls as well as boys. 
We are optimistic that this is achievable. Parents in our 
study brought their daughters to the museum, talked to 
their daughters about how to use science exhibits, and 
talked to their daughters about the visual, auditory, or tac
tile information available from exhibits. In other words, 
parents were already setting the stage for an explanation 
to girls, they were just not going through with the expla
nation as often with girls as with boys. Research is needed 
to identify and address the obstacles that keep parents from 
explaining to girls. Until the design of informal science 
contexts recognizes and addresses gender bias in parent 
explanations, the full potential of informal science learing 
to expand science to girls will be unrealized. 

“Until the design of informal 
science contexts recognizes 

and addresses gender bias in 
parent explanations, the full 
potential of informal science 
learing to expand science to 

girls will be unrealized.” 
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