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siders content features of the learning environment as parents build on
children’s interest, share expertise, and jointly negotiate their visit. Using a
fine-grained analysis of visitor conversations, she also focuses on explana-
tory features, noting the importance of complex processes where families
establish an interactional rhythm. This combination provides insight into
the ways in which multiple visits might build up understandings over time.

The chapter by Paris and Mercer explores the role of memory in visitor
identity, as visitors view potentially evocative historical objects that might be
found in museums. The authors note the idiosyncratic and highly personal
responses to the artifacts, and, from an analysis of responses, draw conclu-
sions about the potential influences of identity features such as age and
gender. The chapter draws on psychological studies of memory and offers
recommendations for ways that the museum community might make fur-
ther use of such studies in evaluation and design.

The final chapter, by Schauble and her colleagues, reports a portion of a
design experiment conducted at a children’s museum. Through the design
of an interactive exhibit that provides for a range of experiences, from ca-
sual to deeply engaged “funneled” experiences, the design process affords
the opportunity to study how children behave at the exhibit and how both
parents and staff interact with children. The authors analyze the beliefs of
both parents and museum staff about the ways in which children’s learning
should be supported in informal learning environments. They conclude
that staff and parents hold different beliefs about how to support learning,
but that both groups exhibit somewhat conflicted notions about the nature
of informal learning.

Chapter 1 0

Building Islands of Expertise
in Everyday Family Activity

Kevin Crowley
Melanie Jacobs
University of Pittsburgh

How do young children first learn about academic disciplines? Long before
they encounter science, history, or social studies in grade school, children be-
gin developing a wealth of informal knowledge about each topic. In science,
for example, young children are actively developing nascent scientific rea-
soning skills, naive theories for scientific domains, knowledge of interesting
science factoids, knowledge about famous scientific narratives, and even
some early ideas about what different kinds of scientists do in their profes-
sional work. As this everyday academic literacy develops, children are simul-
taneously developing a sense of identity as individuals who are more or less
interested and motivated to seek out opportunities to engage in activities that
are related to various academic disciplines. As one focus of our museum
learning research, we continue to explore how parents mediate children’s
experiences in and out of museums to help weave multiple moments of
learning into broader informal knowledge about academic disciplines.

In this chapter we introduce the notion of islands of expertise, explore
links between related socio-cultural and information processing theory,
and overview a study of family conversations while parents and children
look at authentic and replica fossils in a museum.

BUILDING AN ISLAND OF EXPERTISE
IN EVERYDAY ACTIVITY

An island of expertise is a topic in which children happen to become inter-
ested and in which they develop relatively deep and rich knowledge. A typi-
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cal island emerges over weeks, months, or years and is woven throughout
multiple family activities. Because of this, developing islands of expertise is
a fundamentally social process. They are co-constructed through the ongo-
ing negotiation of children and parents’ interests, children and parents’
choices about family activities, and children and parents’ cognitive proc-
esses, including memory, inferencing, problem solving, and explanation.
As children develop deeper knowledge, islands of expertise support conver-
sations and learning that can be more advanced than would be possible in
domains in which the child’s knowledge is of a more typically sketchy na-
ture. Thus, islands of expertise become platforms for families to practice
learning habits and to develop, often for the first time, conversations about
abstract and general ideas, concepts, or mechanisms. Even when a child
loses interest and an island of expertise begins to fade, the abstract and gen-
eral themes that used the island’s rich knowledge as a launching pad, will
remain connected to children’s other knowledge.

To illustrate what we mean, consider a child who, on his second birth-
day, is given a Thomas the Tank Engine picture book. In turns out that he
likes the book, which is about the adventures of a small steam locomotive
on an island railway. In fact, in turns out that he likes the book a lot and asks
his parents to read it to him over and over. While waiting for a flight a few
weeks later, perhaps the boy’s father buys a Thomas the Tank Engine toy at
the airport store. Maybe his parents pick up a few Thomas the Tank Engine
videos next time they are at the video store. Maybe the mother decides that
the boy could be Thomas for Halloween. When planning a Sunday outing,
the parents might decide the boy would enjoy visiting a nearby train mu-
seum. As the boy's knowledge about trains deepens, the family checks out
more advanced train books from the library. The family starts planning
side-trips to other train museums when they travel. If they visit Steamtown
National Historic Site in Scranton, Pennsylvania, maybe the boy spends a
lot of time looking at “Big Boy"—a gargantuan 4-8-8-4 Union Pacific steam
locomotive—and maybe, having noticed his interest, the parents stop at the
gift shop to buy the boy a T-shirt with a picture of Big Boy on the frontand a
list of its vital statistics on the back. When he wears the shirt later, it serves as
a conversational prompt for the boy, his parents, and others.

If the boy’s position on the repeated reading of the same books and the
repeated watching of the same videos is anything like that of a typical 2-
year-old, the boy (and his parents) would have soon memorized lots of do-
main-specific knowledge. They would have learned labels such as firebox,
tender, boiler, drive wheels, sanding gear, and steam dome. They would
have acquired at least some general knowledge about mechanisms of loco-
motion—for example, that steam, coal, and water are sometimes involved
and that diesel or electricity are sometimes involved, They would have
learned schemas for a variety of train scenarios, such as firemen shoveling
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coal, drive wheels slipping on wet tracks, conductors shouting “All
Aboard!”, passengers eating in the dining car, and (particularly in the case
of the Thomas stories) derailments, crashes, and breakdowns of all sorts.

Although the visits to museums have been relatively infrequent, they
have provided unique opportunities to attach the well-learned domain-
specific knowledge to actual trains. The boy may be able to make some of
these connections himself. The parents would probably make many more
through explanations, descriptions, and questions intended to help the boy
interpret the visit through the lens of their shared prior knowledge about
trains. The museum visits may have also opened up aspects of trains that
were unavailable from other sources. For example, if the museum has an
operating steam locomotive (as many do), the boy may have been surprised
to find out that they are much louder, larger, dirtier, and scarier than he
might have imagined. Because their previous shared experiences have con-
tributed to a shared knowledge base about trains, family conversations dur-
ing the museum visit would have been richer and more focused. Similarly,
the experience of the visit provides subsequent opportunities to extend and
deepen the on-going family conversation about trains as the boy and his
parents wait later at a railroad crossing for a freight train to pass, look at
snapshots from the museum visit, or read a new book about trains.

By the time the boy turns 3 years old, he has developed an island of ex-
pertise around trains. His vocabulary, declarative knowledge, conceptual
knowledge, schemas, and personal memories related to trains are numer-
ous, well-organized, and flexible. Perhaps more importantly, the boy and
his parents have developed a relatively sophisticated conversational space
for trains. Their shared knowledge and experience allow their talk to move
to deeper levels than is typically possible in a domain where the boy is a rela-
tive novice, For example, as the mother is making tea one afternoon, the
boy notices the steam rushing out of the kettle and says: “That’s just like a
train!” The mother might laugh and then unpack the similarity to hammer
the point home: “Yes it is like a train! When you boil water it turns into
steam. That’s why they have boilers in locomotives. They heat up the water,
turn it into steam, and then use the steam to push the drive wheels. Remem-
ber? We saw that at the museum.” i

In contrast, when the family was watching football—a domain the boy
does not yet know much about—he asked “Why did they knock that guy
down?” The mother’s answer was short, simple, stripped of domain-specific
vocabulary, and sketchy with respect to causal mechanisms—"Because that's
what you do when you play football.” Parents have a fairly good sense of what
their children know and, often, they gear their answers to an appropriate
level. When talking about one of the child’s islands of expertise, parents
can draw on their shared knowledge base to construct more elaborate, ac-
curate, and meaningful explanations. This is a common characteristic of
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conversation in general: When we share domain-relevant experience with
our audience we can use accurate terminology, construct better analo-
gies, and rely on mutually held domain-appropriate schema as a template
through which we can scribe new causal connections.

As this chapter is being written, the boy in this story is now well on his
way to 4 years old. Although he still likes trains and still knows a lot about
them, he is developing other islands of expertise as well. As his interests ex-
pand, the boy may engage less and less often in activities and conversations
centered around trains and some of his current domain-specific knowledge
will atrophy and eventually be lost. But as that occurs, the domain-general
knowledge that connected the train domain to broader principles, mecha-
nisms, and schemata will probably remain. For example, when responding
to the boy’s comment about the tea kettle, the mother used the train do-
main as a platform to talk about the more general phenomenon of steam.

Trains were platforms for other concepts as well, in science and in other
domains. Conversations about mechanisms of locomotion have served as a
platform for a more general understanding of mechanical causality. Con-
versations about the motivation of characters in the Thomas the Tank Engine
stories have served as platforms for learning about interpersonal relation-
ships and, for that matter, about the structure of narratives. Conversations
about the time when downtown Pittsburgh was threaded with train tracks
and heavy-duty railroad bridges served as a platform for learning about his-
torical time and historical change. These broader themes emerged for the
boy for the first time in the context of train conversations with his parents.
Even as the boy loses interest in trains and moves on to other things, these
broader themes remain and expand outward to connect with other do-
mains he encounters as he moves through his everyday life.

What kind of learning is this? First, it is fundamentally collaborative.
Everything the boy knows about trains was learned in social contexts co-
constructed with his parents. The book reading has obviously been collabo-
rative: The parents read the text, answer the child’s questions, ask questions
of their own, and point out interesting parts of the pictures that are not re-
flected in the text. The museum visits have obviously been collaborative:
The family goes together to the museum and talks about trains before, dur-
ing, and after the visit. Watching train videos and playing with train toys
may appear less collaborative on the surface because, although he some-
times engages in these activities with his parents, he often does them more
or less by himself. However, even this solitary activity is collaborative in the
sense that the videos and toys reflect parent choices about what would be
appropriate and interesting for the boy.

Second, although some of the learning may be highly planned and in-
tentional, much of it is probably driven by opportunistic “noticing” on the
part of both the parent and the child. Recent efforts to consider parent in-
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put into children’s categorization decisions, for example, have predomi-
nately been directed at developing an account for how parents structure a
fixed interpretation for children. As Keil (1998) pointed out, casting par-
ents as simple socializers who provide fixed didactic interpretations for chil-
dren is unlikely to be the right model. There is nothing more annoying
then someone who provides you with pedantic explanations that you do not
want or that you could not make use of. In reality, however, everyday par-
ent-child activity hinges on a dual interpretation problem. The parents
need to decide what is worth noting, based on their own knowledge and in-
terests, their understanding of their child’s knowledge and interests, and
their current goals for the interaction. Children are making the same calcu-
lation simultaneously. Over time, the family interprets and re-interprets ac-
tivity, bringing out different facets: Sometimes they highlight the science,
sometimes the history, sometimes the emotion, sometimes the beauty, and
so on. Thus, the family conversation changes to become more complex and
nuanced as it traces the learning history of the family and extends through
fmultiple activities.

Finally, and perhaps most importantly, this kind of learning cumulates
from many relatively unremarkable moments. As they develop islands of ex-
pertise, children may experience a few deep personal insights and powerful
moments of discovery. They may receive occasional detailed direct instruc-
tion from a parent, teacher, or television show. But most of what they know
about a topic they probably learned in smaller moments of practicing, re-
membering, and exploring. In studies of expertise in adult learners, an of-
ten-cited estimate is that it requires about 10,000 hours or about 10 years of
practice in a domain before becoming expert (Hayes, 1985). A child’s is-
land of expertise around, for example, dinosaurs, is a modest accomplish-
ment compared to what the average paleontologist knows. But the overall
point about practice is probably the same: The expertise of both the inter-
ested child and adult scientist reflect repeated exposure to domain-specific
declarative knowledge, repeated practice in interpreting new content, mak-
ing inferences to connect new knowledge to existing knowledge, repeated
conversations with others who share or want to support the same interest,
and so on.

DO ISLANDS OF EXPERTISE EXIST?

Although we do not know much about how children develop scientific liter-
acy and expertise in everyday settings, we do know something about the
consequences of such development. Chi and Koeske (1983) described a 5-
year-old dinosaur expert who, through repeated reading of dinosaur books
with his mother, had developed a well-organized semantic network of dino-
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saur knowledge that enabled him to categorize and recall novel dinosaurs
more accurately when they were related in meaningful ways to his prior
knowledge. Similarly, Chi’s (1978) earlier work demonstrated that children
skilled in chess were better able to recall configurations of chess pieces than
a group of college students who were chess novices. Chi’s work focuseg pri-
marily on exploring the role of content knowledge in the development of
memory, and findings were interpreted to support the conclusion that the
content and organization of children’s knowledge played a much larger
role in the development of memory than any age-related changes in archi-
tectural parameters such as working memory capacity or processing speed.

Despite the fact that Chi’s work has now become a familiar staple of text-
book chapters on memory development, the field lost interest in what
seems to us to be the obvious next set of questions: How did these children
become experts? How did they get interested in these domains? What kinds
of activities did they engage in? What role did their parents play? Is there
anything we could do to facilitate the development of early expertise more
generally? '

Current approaches to children’s development of early theories have of-
ten described children as intuitive scientists who instinctively collect evi-
dence and construct theories as they learn about the world (Wellman &
Gelman, 1998). A great deal of research has focused on describing the con-
tents and structure of children’s theories at different ages. One of the com-
mon ways that researchers have assessed children’s theories is to present
children with a novel instance and to describe the way that children come
to identify, understand, and connect that knowledge to their existing theo-
ries. Less attention has been paid to the ways that this process occurs in
everyday environments and the ways parents might assist children in devel-
oping theories.

However, the studies that do exist suggest that spontaneous dialogue be-
tween parents and children might provide useful information for building
theories, among other things (e.g., Callanan & Oakes, 1992; Crowley,
Callanan, Jipson, et al., 2001; Ochs, Taylor, Rudolph, & Smith, 1992). For
example, Callanan and Oakes (1992) asked parents to write summaries of
parent-child conversations that occurred in response to children’s ques-
tions about “why things happen” and “how things work.” They found that
preschool children asked meaningful questions to get information about
phenomena they were curious about. Parents provided frequent causal ex-
planations in response to children’s questions accounting for a large part of
the conversational turns between children and parents (32% with 3-year-
olds, 61% with 4-year-olds, 54% with 5-year-olds). These parent—child con-
versations took place mostly at home during everyday mundane activities
such as bathtime, meals, reading, or watching television. They also oc-
curred while riding in the car and to a smaller degree in other activities out-
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side the home. Children’s questions encompassed a wide variety of topics
including: natural phenomena, biological phenomena, physcial mecha-
nisms, motiviation/behavior, and culwral conventions.

Similarly, Ochs et al. (1992) recorded dinnertime conversation of fami-
lies with a 5-year-old child and at least one older sibling. They found family
conversation to contain the elements and structure of scholarly discourse—
a place to posit and challenge theories about everyday phenomena. Fam-
ilies were engaged in conversation in which family members stated evi-
dence for their theories, challenged interpretations of that evidence, and
challenged methods used by actors in everyday activities.

In our work we have been interested in exploring the hypothesis that
such conversation, and parent explanation in particular, contributes to
building islands of expertise in informal learning.

Our interest in explanation as a mechanism is based on research that fo-
cuses on the facilitative effect of explanation on adult and children’s prob-
lem-solving and conceptual change. Among adults, the presence of sponta-
neous self-explanation has been associated with greater transfer across
domains that range from learning how to program LISP (Pirolli, 1991), to
learning statistics (Lovett, 1992), to developing accurate mental models
from undergraduate physics textbooks (Chi, Bassok, Lewis, Reimann, &
Glaser, 1989). Similarly, the construction of collaborative explanations has
been linked with problem solving success among dyads working on scien-
tific reasoning microworlds (Okada & Simon 1997) and practicing scien-
tists conducting cutting-edge molecular biology research (Dunbar, 1995,
2001). A number of particular mechanisms have been proposed to account
for the facilitative effect of explanations, including proposals that the act of
constructing and understanding explanation allows problem solvers to
identify impasses in their knowledge, generate new hypotheses, construct
new inferences or generalizations, or restructure existing knowledge bases
(Crowley, Shrager, & Sielger, 1997; Van Lehn, Jones, & Chi, 1992).

The facilitative effect of explanation also holds for children, although
they are less likely than adults to spontaneously generate explanations in
the course of exploration, categorization, or problem solving. Laboratory
studies of children's thinking suggest that when adults offer explanations as
they demonstrate new problem-solving strategies, children are better able
to transfer strategies to novel problems (Brown & Kane, 1988; Crowley &
Siegler, 1999). Similarly, when adults provide causal explanations as chil-
dren construct family-resemblance categories from novel instances, chil-
dren are more accurate in categorizing subsequent instances (Krascum &
Andrews, 1998). If adults do not provide such explanations or at least ex-
plicitly prompt the child to generate their own explanations, it is unlikely
that children will decide to do so on their own (Goncu & Rogoff, 1998;
Siegler, 1995). In each of these studies, the adults were experimenters fol-
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lowing a script; however, the findings are consistent with the notion that
parents giving spontaneous explanations may help shape what children
learn from everyday activity.

What does parent explanation look like in the context of everyday scien-
tific thinking? Consider, for example, the kinds of parent explanation iden-
tified in a recent observational study of families using an interactive science
exhibit during visits to a children’s museum (Crowley, Callanan, Jipson et
al., 2001). Families were videotaped during spontancous, undirected use of a
zoetrope—a simple animation device with a series of animation frames inside
a cylinder thatspins. When children spun the cylinder and looked at the ani-
mation through the slots on the side of the cylinder, they saw animation due
to the stroboscopic presentation of the individual frames.

In more than one third of parent-child interactions, parents were ob-
served to explain to their children. Examples included talk about causal
links within the local context (“The horse looks like it's running backwards
because you spun this thing the wrong way"), talk that made a connection
between the exhibit and prior knowledge or experience (“This is how car-
toons work”), and talk about unobservable principles underlying, for exam-
ple, the illusion of motion ("Because your mind . . . your eye . . . sees each
little picture and each one’s different from the other one, but your mind
puts it all in a big row").

Notice that none of these examples rises to a level that would be consid-
ered sufficient to meet formal philosophical or pedagogical definitions of
what it means to offer a sufficient explanation of a phenomena or a device,
Furthermore, the parent explanations observed were also more simple and
incomplete than other forms of situated, informal explanation that have
been described in studies of scientific activity in classrooms and profes-
sional settings (e.g., Dunbar, 1995; Glynn, Dult, & Thiele, 1995; Lehrer,
Schauble, & Petrosino, 2001; Saner & Schunn, 1999).

Although it is undoubtedly true that parents sometimes offer complete
and accurate explanations when engaged in everyday family activity, it may
be far more common for parent—child conversation to include what might
be considered components of a formal explanation: suggestions of how to
encode evidence; highlighting individual causal links; offering simple anal-
ogies; and perhaps introducing relevant principles and terminology (Calla-
nan & Jipson, 2001; Callanan & Oakes, 1992; Gelman et al., 1998).

To distinguish them from normative definitions of explanation and
richer forms of explanation that are sometimes encountered in studies of
on-going classroom or workplace discourse, these fragments of explanatory
talk have been called explanatoids (Crowley & Galco, 2001). Although brief
and incomplete, parent explanatoids are well targeted to a moment of au-
thentic collaborative parent—child activity. We hypothesize that parent ex-
planatoids are powerful because they are offered when relevant evidence is
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the focus of joint parent—child attention and thus they serve the function of
providing children an online structure for parsing, storing, and making in-
ferences about evidence as it is encountered. Although each individual
explanatoid might be unlikely to catalyze a fully realized moment of strat-
egy shift, conceptual change, or theory development, the cumulative effect
of parent explanatoids over time could be one of the direct mechanisms
through which parents and children co-construct scientific thinking in
everyday settings.

In a second study of everyday scientific thinking in museums, several
hundred families with children from 1 to 8 years old were videotaped while
using 18 interactive science exhibits representing a broad range of scien-
tific and technical content, including biology, physics, geology, psychology,
engineering, robotics, and computers (Crowley, Callanan, Tenenbaum, &
Allen, 2001). Replicating the findings of the Crowley, Callanan, Jipson et al.
(2001) study, parents were observed to use explanatoids in about one third
of interactions. However, this broader study also revealed a gender differ-
ence: Parents were about three times more likely to offer explanations
when using exhibits with boys than when using exhibits with girls. This find-
ing suggested that, if parent explanation has any effect on children’s learn-
ing, boys and girls may be learning different things from at least some kinds
of everyday scientific thinking and thus may be developing different knowl-
edge or attitudes about science before they encounter science instruction
in elementary school. This possibility in part motivated the rationale for the
current study’s focus on how parent explanation changes what children
learn from everyday scientific thinking, although gender differences are
not a focus of the current study.

EXAMINING A MOMENT OF LEARNING:
FAMILY CONVERSATIONS ABOUT FOSSILS

We now present a study of parent—child conversation while families exam-
ined dinosaur fossils together in the Pittsburgh Children’s Museum. The
study was designed with two goals. First, we wanted to describe family learn-
ing conversations while parents and children examined objects that belong
to a common domain of early interest and expertise—dinosaurs, Second,
we wanted to test whether different patterns of parent—child conversation
were associated with different outcomes in terms of what children could re-
member about the objects they had just seen. As with the other chapters in
this section of the volume, this study examines a learning moment in great
detail. But we do not do so because we think anything fundamental will be
learned about dinosaurs in the few minutes we happen to get on tape. We
do so from the theoretical perspective of such common moments being the
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raw materials through which grander developments such as islands of ex-
pertise are built.

Parents and children were asked to interact with both authentic and rep-
licated fossils as they might normally do during a museum visit. Two re-
searchers set up a table with two sets of dinosaur fossils—a set of five au-
thentic fossils and a set of four fossil replicas. The authentic fossils were an
eggshell fragment from the Saltasaurus dinosaur, a toe bone, a rib bone
fragment, a piece of coprolite (fossilized feces), and a gastrolith (stones
thought to aid digestion). The replicas included the hind claw of a Veloci-
raptor, a footprint of an unknown dinosaur, an Oviraptor egg, and a 7-inch
tooth from Giganotosaurus. Alongside each object, researchers put an in-
dex card containing information on the identity and age of the fossil and
the location where it was discovered.

Twenty-eight families with children from 4 to 12 years old were recruited
into the study when they approached the table during a visit to the Pitts-
burgh Children’s Museum. The researchers explained the study to the fam-
ilies and, if the parents and children were interested in participating, ob-
tained informed written consent from the parents. Families then examined
both sets of fossils (order of the sets was counterbalanced), taking as much
time as they liked. After they had finished with both sets, parents filled out a
questionnaire while the experimenter asked children to identify each of
the fossils. Sessions lasted approximately 15 minutes for each family and
were videotaped.

What One Family Said

We begin with an example interaction to illustrate the kinds of conversa-
tional support that parents provided. The following interaction took place
between a 4-year-old boy and his mother. On the parent questionnaire the
mother rated her son’s interest in dinosaurs as 7 on a 7-point scale and
rated his current knowledge as 3. She rated her own interest as 6 and knowl-
edge as 4. The mother reported that the family had visited the local natural
history museum more than 5 times in the last year and had also visited the
local children’s museum, the science center, and the zoo 2 to 5 times each.
She reported that the family engaged several times a week in watching sci-
ence-oriented TV, reading books about science, and using computer pro-
grams or websites focused on science. Clearly, they were well-practiced in
informal science settings.

As the session begins, the pair are sitting at the table; the boy on the left
and the mother on the right. In front of them are the replicas; randomly
laid out from right are the egg, footprint, tooth, claw, and coprolite. The
boy (B) reaches across his mother (M) to pick up the Oviraptor egg at the
far end of the table:
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B:  This looks like this is a egg. [He turns it over a few times in his hands. ]

M: Okwell this. .. [M picks up the card and glances at the label. She is using
a “teachy” tone that suggests that the boy is probably wrong and she is go-
ing to correct him and inform him what the object actually is.]"

M: That's exactly what it is! [She appears surprised, speaking quickly in a
more natural and rising tone of voice while turning to the child and pat-
ting him on the arm] How did you know?

B:  Because it looks like it. [He is smiling and appears pleased.]

M: That's what it says, see look egg, egg. . . [pointing to the word “egg” on the
card each time she says it and annunciating the way parents do when they
are teaching children to read] ... Replica of a dinosaur egg. From the
oviraptor,

M: [Turns gaze away from the card towards her child, putting her hand on
his shoulder and dipping her head so their faces are closer.] Do you have
a...You have an oviraptor on your game! You know the egg game on
your computer? [M makes several gestures similar to the hunt-and-peck
typing that a child might do on a computer keyboard.] That's what it is,
an oviraptor.

M:  [Turns back to the card and points to text on the card. She again starts
speaking in her “teacher” voice.] And that's from the Cretaceous period.
[pause] And that was a really, really long time ago.

M: And thisis. . . all the way from Mongolia which is way, way, way far away.
[Her intonation drops on “away” and she puts the card back in its place
on the table, signaling that they are done examining the egg.]

M:  [Turning away from the table and looks for her other, younger child who
has been playing nearby.] Noah, come back! [She begins getting up to
chase the sibling while B puts the egg back in its place on the table.]

M: [Pats the footprint, which is next to the egg, while she stands] And this
one, see if you can tell ... [She pats the footprint again] Look at that
one, and tell me what you think. [She runs off-:camera after the sibling.]

B: [Picks up the footprint, turns himself half-way away from the table, and
starts examining it with a puzzled expression. ]

The first thing to notice about the interaction is how the family oscillates
between more formal to less formal learning talk. The boy established the
agenda by choosing the egg as the first object to examine. It was the fossil
farthest away from him, and he had to lean over past his mother to pick it
up. He may have been interested in looking at it first because he already
thought he knew that it was an egg. His mother’s response suggested that
she thought he was probably wrong and she began reading to correct him.
When she discovered that the boy had been correct, she changes immedi-

IFor the purposes of this chapter, we have added our interpretive comments into the tran-
script that were not part of the original transeripts used for coding in the larger study.
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ately from her “teacher” voice into a more excited and proud-sounding par-
ent voice, implicitly praising the boy and asking how he knew what the ob-
ject was.

Three more times in this segment, and throughout the subsequent inter-
action, the mother goes back and forth between these formal and informal
voices. She often marked the transition to formal by turning her face and
body toward the table and gesturing toward the fossils and information
cards. She marked the transition to informal by turning toward the child,
touching him, and hunching over a bit so that their eyes are on a more
equal plane. As she asked the boy about his computer game at home, her
gestured tapping of an imaginary keyboard occurred away from the table
and in the space between her and the boy—offering a physical reinforce-
ment of the connection she was trying to establish between this moment
and their prior family learning history.

Another thing to notice is that the mother makes choices about what she
highlights for the child. Here is the text that appeared on the information
card that accompanied the fossil:

» Replica of a Dinosaur Egg

» From the Oviraptor

» Cretaceous Preriod

» Approximately 65 to 135 million years ago

+ The actual fossil, of which this is a replica, was found in the Gobi desert
of Mongolia

The mother voiced the words “oviraptor,” “egg,” and “cretaceous,” but
paused when she came to “65 to 135 million years ago” and substituted the
text “long, long time ago.” Similarly, she mentioned “Mongolia,” but not
“Gobi desert.” We are in no position to interpret why she decided to men-
tion some but not all of the card information, however it does serve as a re-
minder of how parent participation mediates the child's experience—in
this case the mother is acting as an online filter for the information avail-
able from the exhibit.

Finally, and most importantly with respect to the idea of islands of exper-
tise, the mother makes an explicit connection between the exhibit and the
boy’s prior learning experience with his computer game which is appar-
ently about different dinosaurs and their eggs.

When the mother returns from chasing the younger sibling, the boy
looks up at her:

B:  Know what this is? Looks like a footprint.

M: That's exactly what that is! This is a footprint from a dinosaur—we don't
know what kind of dinosaur—from the early Jurassic period. Just like,

a—
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what dinosaur is from the Jurassic period? From your game? Was it the T.
Rex? (pause) I think so. Remember I told you there's a movie called Ju-
rassic Park and that’s from 200 million years ago. And it comes from. a di-
nosaur. . . that can be found where we live in North America. There used
to be dinosaurs here. And in Europe and in Africa. Okay? And that's the
footprint. Okay?

Once again, the mother mixes references to their prior learning conver-
sations—in this case a reference to the movie Jurassic Park. This reference is
actually something of a stretch with the only connection being that the foot-
print came from a Jurassic-era dinosaur, with the mother spinning that as-
sociation back again into one of the child’s games. The mother also filters
the card information into the statement that dinosaurs used to live where
“we live in North America” and then extends that into a list that includes
Europe and Africa. And so it goes through several more replica fossils:

M: And thisis. .. the hind claw. What's a hind claw? (pause) A claw from the
back leg from a velociraptor. And you know what . . ,

B: Heyl Hey! A velociraptor! I had that one my [inaudible] dinosaur.

M: I know, I know and that was the little one. And remember they have
those, remember in your book, it said something about the claws . . .

B: No, I know, they, they ...

M: Your dinosaur book, what they use them . ..

B:  have so great claws so they can eat and kill . . .

M: they use their claws to cut open their prey, right.

B:  Yeah.

M: So that's what that is. And that's from the Cretaceous period. That's a re-
ally hard word,

B: Cretaceous period.

M:

Good. And that's 80 million (emphasis) years ago which is a really very
long time and . .. The real one—this is a copy—but the real one comes
from this country which means this dinosaur was in our country.

B: I'm not even afraid of dinosaurs.
M: You shouldn’t be because there aren’t any.

M: This was ... we talked about, Aha—this is funny. The dinosaur’s name
was giganotosaurus . . . Do you think he was really big? Giganotosaurus.

After finishing the replicas, the mother and boy turn to the set of au-
thentic fossils. This time the mother takes the lead, picking up the rib bone
fragment:

M: This is a real dinosaur rib bone. Where are your ribs? Where are your
ribs? No that's your wrist. Very close.
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B:  Oh, yeah, right here.

M: Yeah, that's right. Here. Protecting your heart . . . and your lungs. And
this was one from a dinosaur from the Jurassic period, also found from
our country. In a place called Utah,

And this one ... [M picks up the coprolite] Oh! You're not ... guess
what that is. Look at it and guess what that is.

Um, what?

Guess. What's it look like?
His gum? What? Mom!
It's dinosaur poop.
Ooooo (laughs)

=

That's real dinosaur poop.
1 touched it! (laughs)

ZTWEFEFEW

It’s so old that it doesn’t smell anymore. It turned to rock. It's not mushy
like poop. It's like a rock. And that’s from the Cretaceous period but we
don’t know what dinosaur made it. And this was also found in our coun-
try in Colorado. I think that's pretty funny.

What's this?

M: So this one ... Oh, that's called ... that's a stone that dinosaurs. . . re-
member in your animal book it says something about how sometimes
chickens eat stones to help them digest—it helps them mush up their
food in their tummy?

B:  Yeah,

M: Well, dinosaurs ate stones to mush up their food in their tummy and this
was one of the stones that they ate. They're so big, that to them this was a
little stone. Right? And that also comes from Colorado.

=

By now the Boy and his Mother have established a rhythm—he points to
a fossil, she tells him what it is, he comments on it, she establishes a link be-
tween some aspect of the fossil and the boy’s experience, and she provides
some information about the geologic time period and where the fossil
comes from. The connections for these three fossils have been to the boys
own anatomy, to joking references to the smell and texture of feces (the
coprolite never failed to delight children and their parents in this way be-
cause, except for the fact that it was fossilized, it looked just like what it
was), and to a book the boy has that apparently describes chickens and
gastrolithes. They finish up with the toe and egg shell fragment:

How about this?

This one, that's his toe.

Toe? (in disbeliel)

Also from the United States. Utah. And that was one of his toes. Imagine
there were probably . .. you know ... 3 of them, maybe.

B:
M:
B:
M

—
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=

That looks like it not [inaudible]and that was like this. (pause) And that
was up like this (makes silly noises)

M: That's from the Jurassic period.

B:  Oh! (yelling and silly) another Jurassic period.

M: They're all from Jurassic and Cretaceous, right?

M: Oh, here's another one we missed. Oh. Thisis . . . a piece of an egg of a
dinosaur from a Saltosaurus dinosaur. [ wonder why he was called Salto-
saurus. Maybe he was salty.

B:  (laughs)

M: This was part of the egg.

B:  Well maybe when, where he lived . .. [inaudible]

M: Maybe, maybe. And this is also from South America.

The conversation about the last two fossils is the first place where the
mother and boy reveal uncertainty about the fossils. They wonder about the
toes (“there were probably . .. you know ... three of them, maybe) and
they pose halfserious hypotheses about why one dinosaur was named
Saltosaurus. As they finish this set of fossils, the interviewer moves in to ad-
minister the posttest to the boy while the mother fills out the parent ques-
tionnaire.

What Parents Said and Children Learned

We now present a quantitative description of what parents in general talked
about and what children remembered from the experience. To describe
what parents talked about, family conversations while examining the fossils
were transcribed from videotape and coded with a line-by-line scheme in-
tended to identify the function of utterances. As shown in Table 10.1, we
coded eight different categories of mediation. The first two codes (object
label and other ID card information) were for talk where parents provided
children details available from the index cards that accompanied each fos-
sil. The next two codes, observable properties and value and authenticity,
were for descriptions of the objects’ perceptual properties or value, The fi-
nal group of codes were for four different types of explanations that we en-
countered in this data set. All coding was conducted by a single rater.
Reliabilty, assessed by a second independent rater who re-coded 20% of the
transcripts, ranged from 87% to 99% agreement for each category in the
coding scheme.

As shown in Table 10.1, the most frequent kind of mediating parent
talk was labeling the objects, followed by parents mentioning other infor-
mation from the identification card that accompanied each fossil. (Fam-
ilies saw a total of nine objects, so the average of 18.2 instances of parents
labeling objects works out to parents labeling each object an average of
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TABLE 10.1
Coding Categories and Mean Frequencies for Parent Fossil Talk
Mean
Number of
Utlerances
Coding Category Definition Coded
Object label Parent identifies the object, either with a technical
term {e.g., “This is coprolite.”) or with an everyday
equivalent (e.g., “This is fossilized dino poop.”) 18.2
Other Identifica- Parent reads information other than the label of the
tion card fossil from the fossil's data sheet concerning where
information the fossil was found, how old the fossils is thought
to be, eic, 7.8
Observable Parent talks about physical properties of the object
properties (e.g., “See these little bumps?”; “It's heavy, isn't it?";
“See this long, pointy thing?"). 5.5
Value and Parent talks about whether the object is real or repli-
authenticity cated or talks about how rare, special, or valuable
the object is. 2.4
Explanation
Compare Parent compares the fossil to an analog in human
anatomy anatomy, most often the child's own (e.g., “See, di-
nosaurs had ribs just like you do.") L5
Connect Parent connects the experience to a previous family
experience experience or 1o shared prior knowledge (e.g., “Re-
member when we saw one of these in your book?"
or "We went there last year for vacation!”, after the
parent had read to the child that a fossil was dug up
in Colorado.) 1.5
Infer scale Parent makes an inference about the size of dinosaurs
based on the size of the object (e.g., “This dinosaur
was probably only as big as a dog.”) 23
Infer function Parent makes an inference about the function of the
object, based on its properties (e.g., “This was prob-
ably used to kill its prey.”) 31
Total Explanation 8.4
Total Mediation 42.3

two times.) Explanations were quite common, with an average of almost
one explanation per object. Among the four kinds of explanation, infer-
ences about function were the most common, followed by inferences
about scale and connection to experience and anatomy. Finally, parents
described physical properties for about half of the objects and made a few
comments about value and authenticity,

What effect did these different kinds of parent mediation have on chil-
dren’s learning? Recall that, at the end of the session, children were asked
by the experimenter to identify each of the nine fossils. To determine
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whether success in identifying fossils was associated with different levels of
each kind of mediation, we conducted four ANOVAs on children's recall
scores with level of mediation (high vs. low) and child’s age group (older [7
to 12 yrs. old] vs. younger [4 to 6 yrs. old]) as between subject factors. The
four ANOVAs explored the effect of talk related to the identification cards
(labeling and other card information combined); the effect of explanatory
talk; the effect of talk about fossil properties; and the effect of talk about
value and authenticity. For each analysis children were grouped into high
or low mediation categories through a median split on the number of
coded instances of each kind of parent mediation. Table 10.2 shows the
mean number of fossils children could correctly identify, broken down by
age of child and whether parents provided high or low levels of mediation.
The table also shows the Fand p values for the two main effects and the in-
teraction in each test.

The first thing to notice about Table 10.2 are the significant main effects
for age on identification scores in each of the four ANOVAs. Thus, unlike
younger children, older children found the task of correctly identifying the
nine fossils fairly easy regardless of whether their parents provided higher
levels of mediation. The one exception to this was for whether parents pro-
vided explanations, where older children who heard more explanatory talk
had perfect identification scores vs. the 85% for children who heard less.

The second thing to notice is that younger children generally could iden-
tify only half of the objects if their parents provided lower levels of mediation
while with higher levels they could identify objects at rates comparable to the
older children. This difference is picked up by the interactions for age and
mediation level for card information and fossil properties and the main ef-
fect of mediation for explanation. Although the difference was in the same
direction for value and authenticity, the effect was not significant.

The findings so far support the idea that higher levels of mediating talk
by parents was associated with children learning to identify more fossils,
particularly for the younger children who jumped from about half correct
to more than 84% correct when parents provided more mediation. How-
ever, as one can see by reading through the example of the mother and son
we presented earlier, different kinds of mediation often occur within the
same conversation. We might expect, for example, that a parent who talks
often about information from the card might also be a parent who explains
often. If that were the case, which kind of mediation might be most directly
associated with greater identification scores?

To answer this question we used a step-wise regression, allowing us to
identify the variables that accounted for the largest amount of variance in
the identification scores. Because the older children’s scores were close to
ceiling, and thus had little variance, we ran the analysis only on the younger

group.



TABLE 10.2

Percent Correct Fossil Identification by High or Low Parent Mediation and Age Group

Older
{7 to 12 Years Old)

Younger
(4 to 6 Years Old)

K1, 24)
Age F(1, 24)
Group Interaction

F1i1, 24)
Parent

Low High

High
Mediation

Low
Mediation

6.04%
1.29
4.60%

1.78

8.16%*
9.10**
4.47*

3.57

89

100

94

8.57%%
3.39
2.62

85

91

03

5.22*

93

91

B38R

49
51

Identification card information

Explanations

57

Observable properties

Value and authenticity

58

*p < .05, *p < 0L
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The step-wise regression included 10 variables as potential predictors of
children’s fossil identification scores. Among the potential predictors were
the numbers of coded instances of each of the eight types of mediation that
appeared in Table 10.1. We also included two additional variables as poten-
tial predictors. Under the logic that parents might offer more elaborate
forms of mediation if dinosaurs were already a developing island of exper-
tise for the family, we also included parents ratings of their children’s
knowledge about and interest in dinosaurs, and parent ratings of their own
knowledge about and interest in dinosaurs. Both of these measures were
computed from items on the questionnaire that parents completed while
their children participated in the posttest with the experimenter. The first-
order correlations among all variables in the regression are presented in
Table 10.3.

The step-wise regression revealed that object label and connections to
prior knowledge were the only significant predictors of the younger chil-
dren’s identification scores. Object label entered in the first step of the re-
gression, accounting for 31% of the variance. This makes sense since chil-
dren would have been more likely to be able to identify fossils correctly if
their parents had labeled them correctly in the first place, What was more
interesting was that the next and last variable to enter was the extent to
which parents made connections to prior knowledge, accounting for 51%
of the variance. Thus, even after accounting for the effect of whether par-
ents had provided children with labels for the fossils, the extent to which
parents offered explanations that linked back to prior experience with di-
nosaurs was associated with higher levels of fossil identification during the
posttest. After the effects of labeling and connections to prior knowledge
had been accounted for, no other variable accounted for significant vari-
ance. The final regression equation was: Correct fossil identification =
2.97 + .56 Identify fossil + .45 Connections to prior knowledge, (2, 14) =
7.35, p < .01.

CONCLUSION

Does the mediation parents provide to children in the course of spontane-
ous conversation make a difference in children’s learning? Our findings
suggest that it might, particularly when the task is difficult for children.
Among the 4- to 6-year-olds in our study, higher levels of parent mediation
while examining dinosaur fossils were associated with children identifying
more of the fossils on the posttest. The regression suggests that the most im-
portant forms of mediation were offering labels and providing explana-
tions that connect back to shared family learning history. Although the
older children’s responses were close to ceiling and there were no signifi-
cant effects for most categories of mediation, the one significant effect we
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did observe was consistent with the idea that explanations are associated
with greater learning during family museum activity. However, it is impor-
tant to note that, as with many studies that examine correlations between
spontaneous behavior in naturalistic settings, the current findings are con-
; sistent with a causal link between parent mediation and children’s learning,
* but they do not, in and of themselves, conclusively support one.
i Take a moment to consider the patterns illustrated by the quantitative
analyses in relation to the example interaction of the mother and the boy.
Among the most frequent kind of parent mediation we coded in the larger
: study were labeling the fossils and talking about other information from the
; index cards that accompanied the fossils. As the example of the mother and
; boy illustrated, these kinds of mediation were important parts of the
rhythm the family established as they worked their way through the sets of
objects. The mother often used questions about identity of the object as a
signal that the pair was moving on to the next object. After the child
guessed or the mother told what the object was, she often moved next to
provide a few supporting details from the index card while the child contin-
ued to handle the object. While she provides such information, the boy can
be observed on the videotape turning the objects slowly, sometimes moving
them up and down to feel their heft, and, in the case of the velociraptor
claw, slashing at imaginary beasts.

Many times we observed that parents stopped with this kind of informa-
tion and moved on to the next object. However, the boy and his mother of-
ten went the next step to engaging in explanatory talk, including talk that
connected objects to previous learning experiences—books, movies, and
computer games that they had already played. We do not have any good ob-
jective measure of exactly how much this pair knew about dinosaurs, but
both the content of their interaction and the mother's self-report on the
questionnaire suggest that they were already well into building an island of
expertise around the topic. Their interaction and the quantitative analyses
are consistent with our original claim that much of a child’s early domain-
specific expertise may be forged from relatively mundane moments where
parents and children label, link, and learn through collaborative activity
and conversation.

The current study also suggests something about the unique role of mu-
seums in building islands of expertise. Although the child and parent may
have spent many hours reading about dinosaurs in a book, it is only in the
museum that they can attach this knowledge to the authentic objects. Thus,
conversations in museums are infrequent events compared to other learn-
ing opportunities. We propose that the learning conversation in the mu-
seum, precisely because it is rare and thus fairly memorable, may become a
particularly powerful example on which further learning can be built. Not
in the sense that the child or parent would recall the experience more or
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less exactly and operate on it to extract new information, but that the gen-
eral gloss of the situation could be recalled and connected in much the way
that the mother did in the story about trains that opened this chapter. It
would be much harder to identify an experience that was more common,
because there have been many that may need to be distinguished. In other
words, the location of the museum “marks” the conversation. Conversa-
tions that occur in unmarked spaces, such as around the dinner table, may
often be harder to index and recall in joint ways in conversations. A bit of
talk that struck someone as particularly meaningful may not strike the
other participants that way. When an opportunity to extend children’s in-
terest presents itself, and a parent tries to locate an example to build a con-
nective link, it strikes us as somewhat hard to do so by saying, “Remember
that one time at dinner when we talked about the T-Rex?” compared to say-
ing “Remember that time at the museum when we talked about the T-Rex?"
Young children are sometimes described as intuitive scientific thinkers
with an instinct for seeking out evidence, noticing patterns, drawing con-
clusions, and building theories. Yet, although children may engage natu-
rally in collecting and organizing evidence in everyday settings, they do so
in ways that are not necessarily consistent with formal definitions of good
scientific thinking (Kuhn, 1989). As Klahr (2000) pointed out, there is
something of developmental paradox here: Despite the fact young children
are not systematic, exhaustive, or focused when collecting evidence, they
nonetheless appear to do a good job building theories about everyday do-
mains. In this chapter we have advanced the hypothesis that, through joint
activity, guided by a combination of children’s and parents’ interests, fami-
lies can build deep, shared domain-specific knowledge bases, which we re-
fer to as islands of expertise. As families move across contexts, between the
backyard and the museum, between car rides and book reading, between
the dinner table and the computer, they trace these interests, looking for
opportunities to collect and connect new experiences. These islands can
become platforms on which to build advanced conversations about disci-
plines such as science. In this chapter we have provided an example of how
one family in particular, and other families more generally talk about dino-
saur fossils in the context of a museum visit. Future research should pursue
how these conversations are connected across context and the specifics of
whether these well-marked domains support advanced reasoning.
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Chapter 1 1

Negotiations of Thematic
Conversations About Biology

Doris Ash
University of California, Santa Cruz

This chapter is one of many studies in this text “that puts conversation . . . at
the core of museum learning” (Leinhardt & Crowley, 1998, p. 1). My theo-
retical framework fits well with the organizing principles of the Museum
Learning Collaborative, as it relies on the work of Vygotsky (1978), Wertsch
(1998), and Wells (1999) as underpinnings for a sociocultural perspective
of learning in informal environments.

In this chapter, I have two goals in mind. The first goal is to describe how
families talk about and make sense of biological themes at museums. The
family, and their interactions with exhibits, are the unit of analysis, and the
focus of the analysis is the negotiation of thematic biological conversation,
for example, dialogue reflecting the principle of adaptation. I emphasize
the complex interplay between thematic content and social negotiation in
terms of identifiable significant conversational events (SEs).

Significant events are characterized by distributed expertise, that is,
knowledge that is expected to differ and to be distributed among members
of a social group (Brown, Ash, Rutherford, Nakagawa, Gordon, & Cam-
pione, 1993), and that is negotiated within a zone of proximal development
which includes exhibit, individual family members and the family's intellec-
tual, social and cultural background. The zone of proximal development
(ZPD) is defined as the “region of activity that learners can navigate with
aid from a supporting context, including but not limited to people” (Brown
et al., 1993, p. 191; see also Vygotsky, 1978).
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