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ABSTRACT OF THE DISSERTATION

Maternal Contributions to the Development of Contamination Sensitivity
by

Heidi Dawn Beebe

Doctor of Philosophy, Graduate Program in Psychology
University of California, Riverside, March 2013
Dr. Mary Gauvain, Chairperson

Knowing whether food and water is safe to consume, referred to as contamination
sensitivity, is vital to the sustainability of our species. Children 3years ofage may have
rudimentary understanding of contamination, which develops until the age of 10-12
years. Contamination sensitivity is related to biological concepts because contamination
involvesbiological entities, suchas bacteria. Sociocultural theory suggests thatchildren
learn about important concepts throughsocial interactions and joint discussions with
more experienced social partners. Biological concepts and contamination knowledge
may be learned fromother people, butresearch has not explored social contributions to
the development of biological knowledge pertaining to contamination. Research suggests
children learn about biological concepts through psychological concepts, suchas
explaining biological phenomenon (illness) using social constructs (misbehaving). This
study examines whether mothers spontaneously discuss contamination concepts with
their children during an interaction involving picture books, if these discussions differ by

child age, and whether these interactions improve children’s contamination sensitivity.
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Seventy-eight mother-child dyads were divided into two child age groups, 5-year-
olds and 8-year-olds. A child-only pretestand posttest involving 13 images depicting
contaminated or uncontaminated food and water were presented. Children were asked if
each itemwas safe to consume and toexplain why. Three short vignettes using two dolls
were used to test for the use ofimmanent justice. The mother-child interaction consisted
of sevenstories about events involving contamination (or not) based onprevious
research. A sociomoralstory was included to examine whether mothers use immanent
justice to explain potential illness when a person is misbehaving. Motherandchild
looked at each story separately and discussed the events of eachstory.

Overall, results revealed that during these interactions, mothers provide
contamination related information to their children, such as making specific reference of
contamination and decontamination. Mothers made very few references to immanent
justice. Child age-related differences were found. Mothers demonstrated higherlevel
biological concepts with 8-year-olds and were more encouraging of 5-year-olds. These
discussions improved children’s biological concepts, specifically for contaminated items.
References to immanent justiceand the absence of contamination were found specifically

to predict children’s increase in biological concepts.
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Chapter 1: Introduction

Knowing whether food orwater is consumable is vital to the sustainability of our
speciesyet little research has been conducted looking at how children learn about food
and water contamination. Understanding whether something is suitable for consumption
is referred to as contamination sensitivity (Siegal & Share, 1990). Contamination
concepts lie within the broader framework of biological concepts because contamination
involves biological mechanisms suchas germs. Some researchers suggestthatwe are
predisposed to pay attention to certain biological elements in our environment
contributingto a naive theory ofbiology (Inagaki & Hatano, 2002; Keil, 2007; Medin &
Atran, 2004; Springer, 1999). Naive theories, such as naive biology, are considered
universal frameworks that help define a specific domain for non-expert adults and
children (e.g., biology), enable a child to provide logical predictions and explanations
within the domain, and can be built upon to informorbecome more precise theories
(Carey, 1985; Inagaki & Hatano, 2002; Wellman & Gelman, 1992). Research
investigating biological concept developmentoftenexamines the child asan isolated
organismwithin whomconcepts develop via internal cognitive mechanisms (e.g., Carey,
1985; Erickson, Keil, & Lockhart, 2010; Morris, Taplin, & Gelman, 2000). Asaresult,
external factors, such associal interactions, are oftenignoredas potential influences to
the development of biological concepts.

Some researchers have examined social factors thatinfluence thedevelo pmentof
biological concepts such as broader cultural differences (Medin & Atran, 2004) or

specific experiences suchas caring foranimals (Inagaki, 1990). Socioculturaltheory



contends thatinteractions with more experiencedsocial members help formearly
concepts important for social interactions and everyday activities (Hedegaard, 2007;
VWygotsky, 1934/1986). Some researchers assert that Vygotsky’s (1934/1986) ideas
regarding concept formation of early (spontaneous) and later (scientific) concepts also
applies to children’s developing contamination sensitivity (Gauvain & Beebe, 2011).
However, studies have not looked at whatkind of information childrenoverthe ageof4
years learn fromtheir caregivers through everyday interactions regarding contamination.
The proposedstudy will look at the information mothers talk to their children
about in regards to contamination appearing in common situations such as goingto the
grocery store or playing with other children. Investigating the nature of social
interactions during early conceptformation of contamination sensitivity will provide a
basis for the kind of contamination information social partners expose childrento from
the age of 5 years through8years old. This is a critical period in the develo pment of
contamination understanding because, according tothe literature, childrenshift froma
rudimentary understanding of contaminationto a more adult-like understanding of
contamination (Bibace & Walsh, 1980; Carey, 1985; Rozin, Fallon, & Augustoni-
Ziskind, 1985). In addition, theseages represent a shift in children’s conservation
abilities and causal reasoning skills, which are thought to be importantto understanding
contamination and illness (Au, Sidle, & Rollins, 1993; Bibace & Walsh, 1980;
Boruchovitch & Mednick, 2000). Such afoundationwill also informresearch interested
in how children learn aboutbiological concepts generally fromsocial partners because

little research has investigated the social processes involved in biological concept



formation. This research willalso contributeto the contamination sensitivity literature by
helping to describethe concepts childrenare learning frommothers and how discussions
and interactions with mothers aboutcontamination influence children’s subsequent
knowledge of contamination.

This study willbegin by discussing research thatexplores the various ways in
which children understand biological phenomenonincluding through psychological
perspectives, immanent justice, and naivebiology. Following this discussion,
contamination sensitivity is addressed as a subcategory of biological knowledge. A
discussionofinnateand social mechanisms that contributeto thedevelopmentof
contamination sensitivity will follow. This discussionwill include addressing disgust as
both an innate and social mechanismfor learning about contamination and the role social
interactions have in learning about biological concepts. The aims of the study will
concludethe introduction.

Children’s Understanding of Biological Phenomenon

The idea of naive theories has emerged fromthe debate over whether cognitive
development occurs generally, as in cognitive processes develop similarly, or occurs
specifically, as in conceptual abilities developing for specific types of content. These
developmental perspectives are referred toas domain-general development and domain-
specific development. Naive theories provide frameworks thought to aid childrenin
rapidly acquiring specific bodies of knowledge which theninformlater conce ptual
acquisitions (Gelman & Legare, 2011; Murphy & Medin, 1985; Wellman & Gelman,

1992). Naive theories are considered “naive’” because they are based on knowledge that



is not informed by formaleducationand may be innate (Murphy & Medin, 1985;
Wellman & Gelman, 1992). When one’s knowledge or framework is “naive” it allows
one to acquire new concepts without having to first have a learned understanding of that
theory. The majornaive theories include naive physics, naive psychology, and naive
biology (Wellman & Gelman, 1992). Naive physicsis atheoretical frameworkabout
how physical objects exist in space, have weightand mass, interactwith each other, and
that theyexist even ifa person is notpresent (Gelman & Legare, 2011; Wellman &
Gelman, 1992). Naive psychologyis the ability to explain behaviors throughthoughts,
wants, beliefs, and ideas (Carey, 1985; Wellman & Gelman, 1992). Naive biology is
describedas the everyday knowledge of biological aspects of theworld. This includes
animal functions, suchas eatingandsleeping; biological outcomes, such asillnessand
death; organic growth; inheritance; andreproduction (Inagaki & Hatano, 2002; Wellman
& Gelman, 1992). These theories may overlap one another. Forexample, some
biological entities, suchas animals, also possess physical properties, such as having mess.
In the case of naive psychology andnaivebiology, humans, who have both psychological
and biological processes, may create confusionon the part of the developing child who
uses the humanas primary example for both theories (Atran, Medin, & Ross, 2004;
Medin & Atran, 2004). Such overlaphasresultedin debateaboutthe developmentof
these theories, specifically, for the purposes of this study, in regards naive biology.
Some researchers suggestnaive biology as emerging fromnaive psychology
around 8to 10 years old (Carey 1985; Solomon & Cassimatis, 1999), while others

suggest naive biology is exhibited in the preschool years and separate fromnaive



psychology (Inagaki & Hatano, 2002; Kalish,1996). This sectionwill discuss
perspectives onthe development of theunderstanding of biological phenomenon and how
reasoning based on immanent justice has beenusedto explain children’s understanding
of biological phenomenon. First, the perspective of naive biology emerging fromnaive
psychology is discussed, followed by a look at how reasoning using immanent justice has
been employedto help explain children’s developingbiologicalknowledge. Finally, the
perspective that naive biology begins in early childhood is addressed.

Naive biology emerging fromnaive psychology. Psychologists have been
interested in how children conceive of the biological world since the early 19" century
(Piaget, 1929). However, Carey (1985) sparked specific interestin the developmentof
biological concepts with herresearch on children’s biological knowledge and
explanations betweentheages of4years and 10years old. Carey asserts that young
children’s biological knowledge is informed by their understanding of human behaviors
and social conventions. In herworkshe found thatuntilaboutthe ageof 10years
children explain biological phenomenon by using individual motivation and
psychological intention. Forexample, she suggests thatchildrenexplain that we eat
because we are hungry or becauseit is dinner time rather than needing theenergy from
the food for sustenance. For Carey, these explanations are not considered biological
because they involve theactions, thoughts, and feelings of people rather than the
biological processes that take placeat the physical level (e.g., stomach lining absorbs
nutrients fromthe food and distributes it throughthe body). Therefore, shesuggests that

a theory ofbiology emerges froma naive theory of psychology. She states that though



children before age 10may be able to distinguish physical (biological) and social
phenomena, they are not able to provide a biological basis for the distinction, thus the
biological theoryis not autonomous, or distinct, froma psychological theory. She asserts
that children do not havespecifically biological concepts due to thechild’s association of
social conventions and psychological explanations with biological phenomenon until
around theage of 10years old.

Solomon, Johnson, Zaitchik, and Carey (1996) conducted further research based
on Carey’s (1985) assertion thatchildren do notacquire an intuitive or autonomous
theory ofbiology before theage of 10years. The focus of their research was on potential
biological family traits suchasskin colorandincluded preschoolers, 6-year-olds, 7-year-
olds, and adults. Participants were tolda storyabouta boy born to a king but adopted by
a shepherd (orvice versa). Biologicaland adoptive parents had differing features (e.g.,
skin color, orbeliefs such as skunks seeingin the dark or not) and participants were
asked which ofthe features thechild in the story would have. Theresearchers foundthat
children 7 years of age and adults correctly attributed biological parents with physical
traits, suchas skin color, and adoptive parents with beliefs. Children 6years andyounger
were not as likely to make this attribution nor were they able to make appropriately
biological explanations for their choices (e.g., an appropriate biological explanation
would be “His skin is darkerbecausehis real father is the king who has darker skin than
the shepherd”). The investigators see their results as evidence that children under 7 years
of age do not possessa naive theory ofbiology. Theysuggest thatthough some basic

biological concepts, suchas babies coming fromtheir mother, may be known at ayoung



age, biological mechanisms explaining their conceptual understanding did not exist
before this age. Theinvestigators suggest that social conventions, such as family
members looking alike, may be what are guiding young children in making incorrect
attributions about biological properties such as skin color in their study.

Otherresearchfound similar age patterns for biological understandingwhen
consideringgerms and contagion (Solomon & Cassimatis, 1999). They found that
children underthe ageof 7 years were not likely to differentiate between the
contagiousness of symptoms caused by germs and symptoms caused by poisons. The
researchers recognized that young childrenwere familiar with germs but, accordingto the
researchers, did not understand the biological mechanisms of germs. Accordingto Carey
(1985) and her colleagues (Solomon & Cassimatis, 1999; Solomon, Johnson, Zaitchik, &
Carey, 1996) for children to possess anautonomous biological theory it is essential that
the child is able to separate psychological frombiological phenomenon, in other words,
to knowthe difference between what is a psychological and a biological phenomenon.

A notable concern regarding the above discussed research is that while these
studiesall remark that children make mention of biological properties, theresearchers
assert thatbecause children’s explanation did not differentiate between psychological and
biological properties or biological and non-biological contagion, it cannot be considered a
biological explanation. However, children’s reasoning and explanations still include
biologicalelements or processes. Forexample, because humans are biological, children
(in the United States, as is the case in the above research) may be usinghumans as the

primary sourceof comparison forother biological kinds. Naive psychologyis basedon



thoughtsandintentions of humans, thus humans also serve as the primary source of
comparisonfor psychological phenomenon. An overlapin using humans as the primary
source of comparison between the two theories may cause children to incorporate some
psychological elements in their biological explanations. However, this does not preclude
the fact that children may still possess a naive theory of biology, as they are using
biological properties in their reasoning and explanation of biological phenomenon. Other
researchers (e.g., Keil 2007) agree with this assertion and these viewpoints are discussed
furtherbelow.

Immanent justice. Some social conventions involve adheringto acceptable
moral behaviors, suchas not stealing fromothers. The ideathatonecan be rendered ill
due to immoral behavior occurs in folkbiology (Legare, Evans, Rosengren, & Harris,
2012) and has beendescribed by researchersin in relation to Piaget’s (1948)idea of
immanent justice. Immanent justice is the notionthatconsequences of actions can be
brought on by an omnipotentpower thatdeems the action inappropriate or immoral.
Piaget theorized that children under the age of 7 years were likely to attributetragic or
undesirable outcomes as punishments for misdeeds. Forinstance, a bridge thatcollapses
beneathathiefdoessobecause of his misdeeds. In line with this thought process, a
personwho gets very illdoes sobecause of his orher moral transgressions, notbecause a
virus orgermhas causedthemto become ill. According to Piaget (1948), afterthe age of
7 years the application ofimmanent justice begins to disappear. He suggests that theuse

of immanent justice as an explanation for undesirable outcomes is stronger theyounger



the child is and does notsuddenly disappear but rather coexists fora time (perhapsthe
rest of the life) with logical or scientific explanations (Piaget, 1948).

The applicationof immanent justice as an explanation for undesirable outcomes is
particularly interesting when considering the developmentofbiological concepts from
Carey’s point of view. She suggeststhatchildrenunderthe age of 10attribute
psychological characteristics to biological entities or events (Carey, 1985). Immanent
justice involves an omnipotentpower making decisions about whowill be punishedand
why. Because immanent justice involves psychological phenomenon (e.g., making
decisions) it stands as an example of how children may not separate biological from
psychological phenomenon.

Research has foundthat children will attribute causes of illness, specifically
contagious diseases, to improper social or moral behaviors rather than to biological
reasons, such asgerms, untilabout 2" grade (Kister & Patterson, 1980). Kisterand
Patterson’s (1980) research supports Piaget’s claimthat childrenundertheage of 7 years
may attribute contracting an illness toimmanent justice. Otherresearch has foundthat
both childrenand adults show some indication of using immanent justice as an
explanation ofillness but are more inclined to usebiological or folkloric explanations
(e.g.,you’llgetsickif you go outin the cold without a hat on) forillness (Raman &
Winer,2002). Ratherthan suggesting thatchildrenuseeitheran immanent justice or
biological explanation forillness, Raman and Winer contend that children hold a
“coexistence model” in which children may pull from a variety of explanations, using the

one they feelbest suits thecontext. This coincides with Piaget’s (1948) claim that



immanent justice does not suddenly disappear as the child gets olderand, in fact, may
never disappear forasmallnumber ofadults. He recognized that some adults show
evidence of immanent justice, though he attributes this to adults “who can never learn
from facts” (p.261). Forinstance, he describes adults who, despite factual evidence for
some cause, insist on attributing immanent justice to others’ or their own mis fortune.

In otherresearch Raman and Winer (2004) found that college students used
iImmanent justice as explanations for iliness more frequently thanchildren. Accordingto
Raman and Winer, adults are both more capable of multi-focusedthinking (e.g., the
ability to consider multiple explanations fora phenomenon) and more embedded in
culturalnorms having had more experience with values important to their culture. This
interpretation, however, is somewhat in opposition to Piaget’s (1948) developmental
theory regardingimmanent justice. Raman and Winer (2004) suggestthat immanent
justice may be a productofculturally importantlearned explanations and the need to see
the world as predictable. Thus, immanent justice explanations are used more frequently
with age and experience in situations requiring such explanations (e.g., situations where
the adultis trying to make a moral point ordoes notknowthe cause). As statedabove,
Piaget recognizes that, for some adults, the use of immanent justice remains dueto a lack
of desire to learn fromone’s factual experiences. However, he contends that the beliefin
immanent justice is decidedly more prevalentwith younger children thanwith adults and
that for most adults the use of immanent justice disappears completely (thoughmay be

retained by some adults) (Piaget, 1948).
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Naive biology as separate from naive psychology. Otherresearchers have
found thatyoung children may understand biological entities and processes as separate
fromsocial (or moral) processes (Inagaki & Hatano, 2006; Medin & Atran, 2004;
Springer, 1999). These researchers have developed theoriesto explain how andwhy
naive biology is acquired fromavery young age (Inagaki & Hatano, 2006; Keil, 1992b;
Medin & Atran, 2004; Springer, 1999).

Springer (1999) asserts that a naive theory of biology is acquiredby 4 or 5 years
old. He explains that naive biology is informed by innate predispositions constraining the
type of input to which children attend. By innate predispositions, he is referring to
genetic constraints that provide structurefor objects or concepts found in the world, such
as a constraint toward understanding biological entities as fitting within their own group
or concept. However, Springer suggests thatnaivebiology is primarily driven by
knowledge thechild acquires fromher surroundings fromwhich she is able to make
inferences. In other words, innate predispositions help to focus children’s attention to
specific aspects of the biological world. However, the knowledge the child uses to make
assumptions or conclusions abouttheir biological world comes fromexperiences with
theirsurroundings and social partners.

Inagakiand Hatano (2002; 2006) hold a similar viewand claim that children as
youngas 4 or5 years old may be developinga naive theory of biology. They suggest
there are innate (potentially neurological) bases for naive biology while emphasizing that
sociocultural constraints guide the developing child in the construction of the concepts of

naive biology. As comparedwith Springer (1999), Inagakiand Hatano place somewhat
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more emphasis on innate bases that contributeto a naive theory ofbiology, yet agree that
the child’s social environment provides specific and relevant information that provides
specialization to the child’s knowledge. Forinstance, being raised with a pet in the home
provides an opportunity for the child to interact with and care for the animal which
provides concrete examples about living things for the child (Inagaki, 1990).
Otherresearchersagree that young children may be acquiring a naive theory of
biology betweentheagesof4and 5years and that children willuse invisible biological
entities, suchas germs, to explain iliness or contamination rather than nonbiological
elements such aspoison (e.g., Kalish, 1996; Toyama, 2011). Ericson, Kiel, and Lockhart
(2010) found that kindergarteners were able to understand thatbiological processes
involve causal mechanisms and accurately categorized biological behaviors as separate
from psychological behaviors. Gelman and Wellman (1991) found thatpreschoolers
demonstratean understanding of animal insides, essences, and innate potentials, and that
preschoolers believe thatbabies or seeds have inherent properties, though they know very
little about babies or seeds specifically. Gelman and Wellman suggest their findings
provide evidence fora cognitive predisposition for biological concepts, suchas insides or
innate potentials. Theyalso suggestthat knowledge based onsuch predispositions
develops and is built uponthrough everyday experiences. Forexample, they show that
youngchildrenbelieve that people’s insides are important, though young children know
little about insides. The predispositionto insides beingimportant is then reinforced
throughexperiences oreducationsuchas learning that eating certain foods may make

your stomach feelsick.
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In aseries of studies involving kindergarteners and preschoolers, Keil (1992a)
provides additional evidence for the appearance of naive biologyatayoungage. He
demonstrated thatkindergarteners, and perhaps preschoolers, will use systematic
properties and concepts to explain natural kinds (i.e., entities that possess natural
properties and are not man-made), specifically animals. Forexample, Keil investigated
what properties children primarily use to identify animals and foundthat kindergarteners
primarily used external and internal properties and not behavioral properties, while 4"
graders began incorporating behavioral properties in identification. He speculated this
may be evidence against children’s early biological concepts being based on behaviors or
psychological reasoning. In addition, kindergarteners and 4™ graders were able to
accurately sortunfamiliar natural kinds and man-madeartifacts. Keil (2007) suggests
that biological entities can be considered as part of more than one framework. For
instance, properties of an animal can be considered as psychological if framed in such a
way, likewise, the same properties, if framed differently, could be considered as
biological. Keil suggeststhatconsidering properties differently depending onhow
questions are framed may be areason research is conflicting when trying to parse apart
whethernaive biology ornaive psychology is driving children’s concept formation.

Researchers interestedin folkbiology (Medin & Atran, 2004) hold similar views
as Kiel (1992a; 2007) but highlight theuniversal aspects ofa naive biology beginningat
a youngagethrough cross-cultural research. Theysuggest that children fromayoung
age recognize the notion ofa biological essence and thatthis recognitionis universal and

separate fromnaive psychology (Medin & Atran, 2004). Cross-cultural researchhas
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found thatchildrenages 4-5years in communities such as urban Brazil (Sousa, Atran, &
Medin, 2002) and Yukatek Maya (Atran, Medin, & Ross, 2004) are able to make correct
inferences regarding birth parents for biological kinds suchas animals. The cross-
culturalnature ofthis research helps supports the suggestion that naive biology may be an
innate mechanismaiding childrenin the development of biological concepts.

It is not to say, however, thatbiological theories are resistant to cultural processes.
Medin and Atran (2004) point out that although young childrenin different cultures
appearto be able to reason about biological entities in biological terms (e.g., animals and
people needto eat, inherit physical properties, etc.), differences also appear between
cultures, such as using humans or other animals as a prototype for other biological kinds.
They attribute these differences to experiential differences and thatthesedifferences can
exist both between andwithin cultures. Forexample, experience with nature has been
found to improve biological reasoning within culture through raising animals (Inagaki,
1990) and between cultures based on a stronger emphasis for agriculture, hunting, and
gathering forest products in some cultures (Atran et al., 2004).

What children use as a primary model for naive theories may be influenced by
one’s culturalas well. Carey (1985) suggested thatchildren’s naive biology develops
from a naive psychology because young childrenuse people as the primary source for
comparisonforotherbiological entities. However, research has suggested thatyoung
children in agricultural cultures or cultures thatinvolve knowledge of clan animals
(animals that symbolize a group of people orexplain a clan’s beginnings) may not use

humans as the prototypical modelfor biological phenomenonandare less likely to use
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psychological explanations foranimals or other non-human biological entities (Medin &
Atran, 2004). Similar to Keil (1992a; 2007), Medin and Atran (2004) see a lack of naive
biology based on Carey’s (1985) standards as reflecting a lack of experience with
biological kinds (e.g., plantandanimals) that children in urban American cultures may
obtain. Theysuggest that despiteurban American children’s lack of experience with
biologicalkinds, they still possessa folkbiology, but it is simply not as developed as
compared to childrenwho have more experience with biological kinds. To clarify this
assertion, Medinand Atrannote that they seefolkbiology (naive biology) as innate, in
that itis an innate predisposition that helps canalize learning aboutbiological kinds but
still requires cultural inputto further learningin various directions. In otherwords,
children are born with a predispositionto recognize biological kinds as separate from
nonbiological kinds and this predisposition canalizes, or focuses, how childrensort or
group these kinds. More or less experiencewith various biological and nonbiological
kinds helps refine the understanding the child has aboutdifferentkinds and how they
might group thesekinds. In this way culture helps to define biological theories the child
already possess. This view is also similarto Springer’s (1999) and Inagakiand Hatano
(2002; 2006).

The aboveresearchhelps supportthe previous discussion that children may
possess a naivetheory ofbiology while still expressing aspects of other theories, such as
naive psychology. Researchsuggesting thatatheory ofbiology is not obtained until it
can be distinguished fromother theories like naive psychology (e.g., Carey, 1985) when

coupled with views of Keil (2007) and Medin and Atran (2004) may be reflecting a
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development process of concept development. Research showingthat youngchildren
recognize biological essences (e.g., Gelman & Wellman, 1991; Medin & Atran, 2004)
may reflect the beginning ofthe development of biological concepts. Inaddition,
research showingthat children confuse biological and psychological concepts until later
in childhood (e.g., Carey, 1985) may reflect a later point in the development of biological
concepts.

In sum, the above discussionon biological concepts highlights two basic views on
children’s abilities to understand biological concepts beforethe ageof 8 years. Onthe
one hand, researchers suggest thatchildren’s concepts aboutbiology develop froma
naive psychologyandthat young children may apply human characteristics to animals
and plantsas aresult. In addition, immanent justice provides an example ofhow children
attribute biological occurrences (e.g., illness) to psychological phenomenon (e.g.,
disobeying). On the other hand, researchers suggestchildrenhave a predisposition for
biological kinds (naive biology) from4 -5 years ofage, or younger, but that specific
explanations for biological kinds at very youngages may be influenced by cultural or
socialexperiences. Researchon naivebiology and folkbiology helpstoinform
researchers interested in learning about the development of contamination sensitivity
because contamination involves biological processes.

Contamination Sensitivity

Contaminationsensitivity is the ability to distinguish when an acceptable food or

water has beenrendered inedible due to contact or association with an outside substance

consideredsoiled orimpure (Fallon, Rozin, & Pliner, 1984). Contaminationsensitivity
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lies within the broader framework of naive biology because contaminationinvolves
biological processes suchas the transfer of living microorganisms that can cause illness.
On a practical level it may be important foreven young children to havean
understanding of what is appropriate to consume since consuming contaminated food can
directly affect theirhealthand longevity. Inthis case, children mustknowtherules
surroundingappropriate behaviors that are associated with contamination. However,
understanding contamination is not merely about understanding rules that keep one from
getting ill. When children are able to use their conceptual knowledge about biological
entities, it may aid them in appropriately applyinga learnedrule regarding contamination.
Having a naive biology may assist childrenin learning rules associated with
contamination faster thanrules thatare not associated with a naive theory (e.g., taking
turns whenopening Christmas presents, or making sure both socks you wear are
matching). In otherwords, notonly does the presence of naivebiology at ayoungage
help children understand biological concepts (e.g., Medin & Atran,2004), but it may help
children in learning behaviors associated with biological entities, such as rules about
eating moldy food.

Contamination sensitivity is specifically interesting for developmental
psychologists because it requires that children understand processes involvinginvisible
entities (e.g.,germs) suchas howthose entities move fromone locationto another, to
what degree thoseentities are harmful, and whatthe outcome may be when those entities
are transferred fromone location toanother (Au, Sidle, & Rollins, 1993). For example,

research has found that children as young as 3 years old exhibit an understanding that
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food and drink can be rendered contaminated when in contactwith certain biological
items, such as a cockroach (Siegal & Share, 1990). Additional research has found that
children as youngas 3years ofage understand that invisible agents, suchas germs, can
cause illness (Kalish, 1996; Siegal, 1988).

The extent of contamination knowledgeas youngas 3years of age, however, has
been debated. Some researchers proposethatthoughyoungchildren’s knowledge seems
rudimentary, childrenstill provide explanations for contaminationusing invisible
mechanisms, generally germs, and these explanations are typically correct in how
children describe theinvisible mechanismin terms of basic biological properties and how
they apply their understanding of contamination (Kalish, 1996; Siegal, 1988). This
research suggests that at the age of 3years childrenare ready to learn aboutand
understandinvisible biological mechanisms forexplaining iliness. Other researchers
argue that preschoolers and kindergarteners are more likely to use immanent justice
ratherthan contagionas an explanation ofillness thansecondand fourth graders and that
younger childrenare more likely to overextendtheir use of contagion (i.e.,apply
contagionas a causeforillness in non-contagious circumstances such as the ingestion of
poison) (Kister & Patterson, 1980). Regardless ofage, this research found an inverse
relationship between usingimmanent justice asaway to explain illness and an
understanding of contagion suggesting thatas an understanding of contagion increased,
use ofimmanent justice decreased. Together, theresearchabove suggests thatthe extent

to which children understand contamination as a biological process is debated and further

research may be needed to better understand children’s contamination concepts.
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Contamination sensitivity has shown other age-related patterns. In research, 5-
and 6-year-olds display better contamination rejection than preschoolers (Siegal, 1988;
Toyama, 2011) and 8-year-olds show better rejection of contaminated substances than
both 4-and 6-year-olds (Hejmadi, Rozin, & Siegal, 2004; Siegal, 1988). By 10 to 12
years ofage children are approaching adult-like understanding of contamination (Fallon
etal., 1984; Stevenson etal.,2010). This pattern follows similar age-related patterns for
biological concepts (Anggoro, Waxman, & Medin, 2008; Gimenez & Harris, 2002;
Hatano & Inagaki, 1999).

Understanding of illness caused by contamination was examined cross-sectionally
from 1% grade throughadulthood (Raman & Winer, 2002). It was found thatchildren
gave more biological thannon-biological reasons for iliness asthey got older. The
researchers suggest that cognitive capabilities improve, which allows for more than one
explanation to be understood for the same phenomenon (biological versus folk-based or
immanent justice). Raman and Winer propose that as a child has more experience with
the socialenvironment, social conventions (e.g., going outside withouta coat in the cold
could make you sick) are learned and incorporated in everyday use (Raman & Winer,
2002). Accordingto the researchers, learning social conventions through social
interactions may result in older children’s and adults’ use of' social conventions to explain
illness.

While research has been conducted examining what children know about
contamination, very little research has investigated how children learn about

contamination and ifand how more experienced social partners may contribute tothis
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learning process. Results fromprevious researchsuggest that adults may exhibit more
immanent justice and folk-based explanations than 6" grade children for contaminated
related iliness (Raman & Winer, 2002, 2004). If adults are expressing more non-
biological (e.g., immanent justice or folk-based) reasons for iliness, it may be the case
that parents are discussing contamination issues with their children in terms of these non-
biological explanations as well as biological explanations. However, this questionhas
not been addressed in the literature with childrenolder than4 years ofage.

Innate and Social Mechanisms Contributing to Contamination Sensitivity

The theoretical views discussed above regarding naive biology (Inagaki &
Hatano, 2002; Keil, 2007; Medin & Atran, 2004; Springer, 1999) emphasize
contributions fromboth innate mechanisms and social environments to the acquisition
and development of biological concepts which may contributeto the developmentof
contamination sensitivity. Below, disgust and social interactions are discussed in regards
to the development of contamination sensitivity.

Disgust. Disgustis an innatemechanismbelieved to contributeto the
understanding of contamination. Disgust is considered a primary emotion that involves
distinct facial expressions, specific neurological activity in the right frontal cortex, and
specific body actions thought to be adaptive mechanisms for humans tocommunicate
potentially harmful situations (Oaten, Stevenson, & Case, 2009; Rozin, Haidt, &
McCauley, 2008). Researchersconsiderthe use of disgust facial expressionsto be
specifically related to disease (Oaten, Stevenson, & Case, 2009). Researchhasfoundthat

children as youngas 2-1/2 years will exhibit avoidant behaviors and disgust facial
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expressions in response to odors frombodily waste anda dirty white sock (Stevenson et
al., 2010). Theexpressionofdisgust is believedto be innate because babies exhibit
disgust facial expressions early on and the same expressions are foundaround the world
and recognized cross-culturally (Rozin, Haidt, & McCauley, 2008). The innate processes
of disgust may be evolutionarily beneficial as the expressions involvedare related to
expelling food fromthe body, specifically food thatmay cause illness (Rozin, Haidt, &
McCauley, 2008). Rozin and Fallon’s (1987) definition of disgustinvolves the universal
revulsion of consuming or coming into contact with offensive items, including food itens
rendered unacceptable whenin contactwith offensiveitems. Furthermore, theyspecify
that offensive items are considered contaminants. Thus, disgust expressions are
connected with contamination.

In addition tothe connection between disgust and contamination, disgusthas been
shown to beassociated with moral offenses, e.g., incest (Rozin, Haidt, & Fincher, 2009;
Rozin, Haidt, & McCauley, 2008). Furthermore, it was noted above that some research
has suggested that young children may confuse contractingan iliness with moral behavior
rather than through contamination or contagion (Kister & Peterson, 1980). Given the
relationship between disgustand contamination (Rozin & Fallon, 1987), disgustand
moral behaviors (Rozin, Haidt, & Fincher, 2009), and contamination and moral behaviors
(Kister & Peterson, 1980) there may be a triadic relationship betweenall three elements:
disgust, contamination, and moral behavior. This triadic relationship may account for
inconclusivefindings in researchthat children attribute sociomoral behavior to contracted

ilinessesthatwould otherwise be dueto contamination (e.g., Kalish, 1996; Kister &
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Peterson, 1980). Research hasshownthat adults will exhibit disgust expressions for
immoral acts as wellas contaminated substances (Stevensonet al., 2010). Given the
connections between disgust, contamination, and moral behaviors, it may be confusing
for youngchildrenif disgustexpressions are used for a moral transgression as well as
contactwith contamination. Examining how children are taught about contamination
rather than whatchildren know may provide insightinto thebasis for their knowledge
and seemingly conflictingexplanations.

The disgust reactionthatacts as protectionagain st contaminants may be innate,
while at the same time play an important social function. The disgust reaction transmits
concern about contamination between people (Rozin, Haidt, & McCauley, 2008).
Disgustreactions occur duringsocial contact between the developing child and others in
their social surrounding that may facilitate the child’s understanding of contamination.
Research examining the exhibition of disgust between mothersand childrenages 2 1/2 -
14 years old has found that mothers exhibit more disgust-avoidant behaviors and
expressions with younger children (Stevensonet al., 2010). As children approach the age
of 7 years parents beginto exhibit disgust behaviors at adult-like levels. Anexample of
children learning about contaminated substances through interaction involving disgust
behaviors suggests that children’s choices of potentially contaminated substances were
predicted by mothers’ disgustresponses (Stevenson et al., 2010). While disgust canbe
used as social mechanismto teachabout contamination, the innate nature of disgust
means that caregivers may be inadvertently teaching childrenaboutcontaminants through

the automatic expressionofdisgustin everyday contexts. Children learn important
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information for becoming a competent member of society through observations of more
experienced members (Rogoff, 1998). Thus, whenchildrenseeothers responding with
disgust tospecific behaviors or items, they have learned information regarding that item
or behavior. Forexample, a child may see his mother make a disgust face when she
cleans up dog feces ortakes out thegarbage. Thoughthe motherwas not attempting to
directly teach her child thedisgusting and potentially contaminating nature of garbage or
feces, the child has learned this information the innate behaviors of the mother. Insum,
disgust has beenfoundin research to be closely connected with the developmentof
contamination sensitivity and may be pivotal in social interactions that aimto
communicate potential contamination.

Social interactions. Exhibiting and observing disgust behaviors alone, however,
may not communicate all necessary information aboutthe invisible mechanisms involved
with contaminationsuchas how germs transfer fromone locationto another. For
instance, a child may understand something to beinedible because her mother has
exhibited disgustbehaviors toward it. However, in order to make future inferences from
that inedible itemto other inedible items the child must learn what properties make that
substance inedible. In many cases the reasonmay not be visibly apparent. Afterachild
sneezeson herhand, thenreaches fora cookie to eat,a mother may make a disgustface
then follow up with instructions for the child to wash her hands as the germs fromher
sneeze could nowgeton thecookie. Inthis way, interactions in everyday settings may
teach children both howto interact with potential contaminants and s pecific information

that can be usedto further informtheir concepts about contamination.
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Very little research has been conducted investigatinghow children learn about
contamination (see Auetal.,2008). Researchersexamining contamination sensitivity
have suggestedthat childrenare learningaboutwhat is safeand unsafe to eat through
constant interaction with various substances and observations of others’ behaviors with
these substances (Au, Sidle, & Rollins, 1993). Researcherswho study social influences
on children’s learning suggestthatchildren learn important behaviors through observing
others in theirsocial environment, both family members and community members
(Paradise & Rogoff, 2009). Forexample, achild might learn howto make a common
family meal while watching others in the home prepare the meal. This patternoflearning
can also be applied to learningabouthowto interact with potential contaminants.

Yet, observation of these behaviors alone may not be enough fora youngchild to
learn about events or objects around them, especially whenwhat is being learned is not
readily perceptible and requires inference. As some researchers suggest, learningabout
biological mechanisms and entities requires social input and may be influenced by
variable social factors, such as raising animals or growing plants at home, orachild
being exposedto specific kin relationships such as adoption which emphasizes biological
properties suchas hairand skin color (Inagaki & Hatano, 2002; Keil, 1992a; Springer,
1999). Researchsuggests that social factors, suchas being adopted, may increase
children’s coherence oftheir biological theory, especially betweenthe agesof4and 5
years old (Springer, 1999). However, Springer emphasizes thatit is unknown what
exactly children are learning fromtheir parents aboutthese biological concepts. In

addition, specific types of interactions with other social members and one’s environment
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may also direct the child’s learning about biological con cepts that are specific for that
child’s development into a competentmember of their community (Gauvain, 2001;
Rogoff, 2003). This may be especially important when considering contamination
because thoughsome contaminates are universal, such as animal feces, some
contaminates are environmentally specific such as specific plants causing illness.
Participation in everyday activities provides opportunity for children to observe other’s
behaviors with contaminants as well as

Thoughresearch has not explored what social factors may informcontamination
sensitivity learning, research outside of contamination and naive biology literature has
investigated the benefits of joint discussions and interaction in remembering subsequent
information (Gauvain, 2001). This researchsuggeststhat whenchildrenhave joint
discussions with others, suchas a teacher ora parent, of events in the presentor past they
are more likely to rememberthose events later (Haden, Ornstein, Eckerman, & Didow,
2001; McCabe & Peterson, 2000). Forexample, 2 1/2 — 3 1/2-year-olds remembered up
to three weeks later more ofthe events thatwere jointly discussed with a motherthan
eventsthat were either talked aboutonly by the mother or not talked aboutat all (Haden
etal., 2001). Research haslooked at parent-child spontaneous discussionsata museum
and how this type of exchange contributes to the development ofa child’s scientific
reasoning (Crowley et al., 2001). When parentsand children4-8years old were observed
figuring out how to use a zoetrope, parents helped focus children’s attentionon relevant

aspects ofthe device and provided explanations about how it worked. This provided
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greater opportunity for learning comparedto childrenwho interacted with peers or
worked alone with the zoetrope.

These findings support sociocultural theory, which asserts thatchildren learn
about important everyday knowledgethrough social interactions and joint discussions
with more experienced social partners (Gauvain, 2001; Rogoff, 1998). Inaccordance
with Vygotsky’s (1978) zone of proximal development (ZPD), parents providethe level
of information regarding concepts thatthey believe the child is capable of understanding.
As amore expert social partner presents new knowledge, the novice, or child, applies the
new knowledge to previous knowledge (W ood, Bruner, & Ross, 1976). Forexample, a
parent may believe that their youngchild is not able to understand the concept of germs
because of its invisible nature, thus shemay explain that food is inedible becauseit has
fallen to the ground andis dirty (dirt being a visible contaminant). Later, the child may
learn about germs in school, suchas theability for germs to move fromone place to
another, that theyare invisible, andthat they causeillness. The child thenmay beginto
incorporate germs as an explanation of why food is inedible when it falls to the ground.
Overtime and with the help of scaffolding fromsocial partners such as parents and
teachers, the developing child’s knowledge builds on itself and forms more thorough
concepts (Wood et al., 1976).

In applyingsociocultural theoryto learning biological concepts, researchers (e.g.,
Inagaki & Hatano, 2002; Keil, 2007; Medin & Atran, 2004; Springer, 1999), suggest that
sociocultural contexts contribute to the growth of biological concepts, which include

contamination sensitivity. Intheir frameworks, sociocultural contexts providesituations
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in which children can learn knowledge fromothers, especially throughdiscussion of
examples from everyday occurrences. Very little research, however, has directly
examined the social contributions to contamination sensitivity development. In arecent
study Kalyvaand colleagues (2010) attempt to understand the importance ofsocial
interaction in contamination sensitivity by examining autistic, Down syndrome, and
typically developing children in their ability to identify contaminated substances. They
hypothesized that autistic childrenwould be less likely to make contamination
distinctions becausethey are less responsive to social signals and communicative
messages. The research confirmed thatautistic childrenaroundthe age of 9years had
significantly lower contamination sensitivity than both Down syndrome and typically
developing children ofthe same age. In addition, these children had significantly lower
contamination sensitivity than typically developing 3-4-year-olds fromother research.
Thoughsocial interactions were notdirectly studied, the authors attribute the low level of
contamination sensitivity to severely delayed abilities in autistic childrento pick up and
process socialcues. The researcherssuggest this lack of contamination sensitivity may
alsoresultin higher levels of gastrointestinal ilinesses seenin autistic children.
Otherresearchhas looked more directly at inputfromsocial partners regarding
contamination. One study conducted in Japan examined teachers’ discussions with
preschool children during mealtime (Toyama, 2011). The researcher foundthat
preschool teachers talked more about proper hygienic behaviors thaneatingbehaviors or
manners during mealtime. Explanations fromteachers, however, did notgenerally

contain a lot ofbiological detail but rather involved basic level explanations suchas “It’s
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dirty.” Similar findings were suggested in a study that observed mothers’ explanations to
1- 4-year-olds during mealtime about food that had been dropped onthe floor (Toyama,
2000). Basic explanations such as “It’s dirty” were most frequent, with mention of gems
or iliness as second mostfrequent. Thesebasic explanations could be dueto the age of
the children, though further research investigating discussions regarding hygienic and
contaminated concepts has yetto be done with children over 5years old. Nevertheless,
these discussions draw children’s attention to specific aspects (hygiene) ofa daily activity
(meal time) and teach children both important aspects about the conceptof hygiene, such
as when food is safeto eat, andthat hygiene is important more generally. The above
research suggests that social interactions are beneficial for learning and thatbiological
conceptsare informed by social input, however, research has not investigated the kinds of
socialinteractions that take place when childrenare learning aboutcontamination.
Aims of Proposed Research

The aims of the proposed research are to examine the kinds of information
mothers provide for childrenaboutcontamination of food and water, how these
interactions may facilitate children’s learning about contamination, and whether there are
age-related differences in the way mothers talk to their childrenin regards to
contamination. Three research questions address these aims.

Research question 1: What do mothers conwey to young children during
social interactions involving information about contaminated substances? Three

hypotheses are derived fromthis research question.
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Hypothesis 1.1. Motherswill provide information to their children regarding
contaminated situations thatteach their children the harmful nature of various
contaminants andthat this informationwill be biological. Research with children
youngerthan 4 years suggests that mothers and teachers provide some knowledge about
what is safe to consume, yet they provide only basic informationas towhy it is unsafe,
suchas not eating food thathas fallen on thefloor because it is bad for you (Toyama,
2000, 2011). Otherresearchexamining children’s knowledge of contamination has
suggestedthatchildrenat 3years ofage have some understandingaboutcontamination
and that these young childrencan provide biologically based answers as to why the
substance is contaminated (Siegal & Share, 1990). Accordingto theinvestigators, these
findings may be suggestive of information they are learning with social partners. This
hypothesis is alsobased onsociocultural theory which suggests thatdis cussions and
explanations frommore expert social partners is necessary for developing intoa
competentmember of the community (Gauvain, 1995). Given the health ramifications of
ingesting contaminated food or water, caregivers have strong incentiveto teach their
children about food and water safety.

Hypothesis1.2. In conjunction with biological explanations, mothers willuse
disgust facial expressions whendiscussing contamination related scenarios. This
hypothesis is based onthe disgust literature, which has found that mothers use disgust
facial expressions with their children when presented with contaminated items

(Stevenson et al., 2010).
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Hypothesis 1.3. Motherswill provide more biological explanations regarding
contamination thanimmanent justice explanations when discussing contamination related
scenarios. Some researchsuggests thatchildren provide immanent justice explanations
for illness caused by contamination (Kister & Peterson, 1980). It may be the case that
mothers are providingimmanent justicerather thanbiological explanations to their
children in regards to contaminationandillness. Mother’s useof immanent justice as an
explanation for iliness has not been foundin the literature, though more recent literature
investigating children’s use of immanent justice as explanation forillness suggests that
children are more likely to use biological explanations than immanent justice
explanations (Raman & Winer, 2002).

Research question 2: Do discussions with mothers about contamination
improve a child’s understanding of contamination? Two hypothesesare derived from
this research question.

Hypothesis 2.1. Social participation in discussion with mothers about
contamination will support children’s learning about contamination. This hypothesis is
rooted in sociocultural theory, which has shown that cognitive processes are impacted by
information and interactions provided by a more experienced social partner (Gauvain,
2001). Inthe areaof contaminationsensitivity, research conducted by Stevensonand his
colleagues (2010) found thatdis gust responses elicited by mothers predicted children’s
subsequent choices of potentially contaminated substances. Thesefindings support the

hypothesis for this study thatdiscussions involving both verbaland nonverbal
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communication about contamination with mothers and childrenwill improve knowledge
about contamination by children.

Specifically, it is hypothesizedthatthe level of a child’s conceptual knowledge
about contaminationwill increase, while knowing whether something is contaminated or
not will remain the same. In other words, children’s explanations about whysomething is
contaminated are expected to be conceptually more biological after discussions with their
mothers aboutcontamination thansimply knowing ifsomething is contaminated. This
conceptual knowledge is expectedto presentitself through biological concepts.
Researchers who suggest that children under the age of 7 or 8 years old do not possess
naive biology partially attribute it to a lack of biological mechanisms in their
explanations for biological phenomenon (e.g., Carey, 1985; Solomon et al., 1996).
However, other research maintains thatchildrencan still possess naive biology without
having to use biological mechanisms specifically in explanations because the framework
for understanding biological kinds is still present (Keil, 1992a; Medin & Atran, 2004).
Studies interested in contamination have not investigated the level of biological concepts
used to explain contamination. Given that contamination is a biological phenomenon,
assessing biological concepts provided by the mother may be one way of gauging
contamination concept learning in the child. Again, thisis basedon sociocultural theory
which asserts that interactions with more experienced social partners not only improves
knowledge but helps tobuild on concepts the child already has (\ygotsky, 1934/1986).

Hypothesis2.2. Children’s use ofimmanent justice to explain consequences of

behaviorsthat involve potential contamination will not change after discussions with
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mothers involving potentially contaminated scenarios. Itis expected that mothers will
provide biological explanations over immanent justice explanations (see Hypothesis 1.3).
Thus it is not expected that children’s use of immanent justice will change fromthe
pretestto the posttest. This is alsobased onevidence that children are notlikely to use
immanent justice as an explanation for illness (Raman & Winer, 2002).

Research question 3: Do mothers provide different kinds of information
about contamination to their children based on the child’s age during interactions
inwlving contaminated situations? Three hypotheses are the basis of study ofthis
research question.

Hypothesis 3.1. Motherswilladjust the kind of information they provide for their
children based onthe age ofthe child. This hypothesis is based on Vygotsky’s (1978)
idea ofthe zone of proximal development (ZPD), which asserts that experienced social
partners will draw attention to information believed by the experienced social partner to
be important to the child andbefitting to the child’s competence level. At3and 4 years
old children may hold basic conceptions about contamination (e.g., thata cockroach will
contaminatejuice) (Siegal & Share, 1990), but they may not understand mechanisms
involved in the contamination, e.g. howthe cockroach has contaminated the juice
(Kalish, 1996). Based on Vygotsky’s (1934/1986) theory, as children develop and learn
new information, their contamination concepts are expected to adjustto newly learned
information bothin schooland in the home, providinga new dynamic to the social
interactions they may havewith a parent regarding contamination. In essence, this

bidirectional relationship between the knowledge the child brings to the discussion and
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the information the mother provides should allow the child’s conceptof contamination to
develop fromhavinga less biological foundation (e.g., cockroaches make juice bad to
drink) to a more biologically-based foundation (e.g., cockroaches have germs thatget
into the juice and make one ill when ingested).

Hypothesis 3.2. Explanations fromthe motherto the youngestchildrenare
hypothesized to be less biological in nature (e.g., because it will make you sick) or
include mainly visible contaminants (e.g., it has dirt on it). This outcome is predicted due
to the expectationthat mothers will alter their explanations based onthe amountof
knowledge their child already possesses. Based onthe theoretical view of Vygotsky’s
(1978) ZPD, mothers are expected toadjustto their child’s growing knowledge of
biology andincludemore biological explanations to their 8-year-olds than their 5-year-
olds regarding contamination. Previous research has found thatpreschool teachersand
parents use less concrete terms suchas “bad” while talking to children around age 4 years
in Japan aboutfoodthathas fallen to the ground (Toyama, 2000, 2011).

Hypothesis 3.3. More disgust facial expressions by mother will occur with 5-
year-olds than 8-year-olds. This is based onthe research finding that parents use more
disgust facial expressions with younger children (Stevensonet al., 2010). Inaccordance
with sociocultural theory, as children gainmore biological knowledge, mothers are
expected to provide more biological explanations about the mechanisms of germs or
bacteria (e.g., germs or bacteria are alive and canlive on you or be killed through
washing our hands). Asbiologicalexplanations increase, the motheris expected to

reduce hernonverbal communication of contamination through disgust expressions.

33



To summarize, this study will examine whether mothers provide information
regarding contamination and biological concepts with their children, whether this
information improves children’s understanding of contamination, and if mothers vary the
information they givetheir childrenbased on the child’s age. In addition, this study will
examine behaviors between mothers and childrenduring discussions about
contamination. The goal ofthis researchis to advance our understanding of social
contributions to thedevelopment of contamination sensitivity. Inthe next section, the
piloting conductedto createthe pretest, posttest, and interactive story materials and

procedure is described.
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Chapter 2: Piloting the Pretest, Posttest,
and Interactive Story Materials

Two types of pilot data were collected. The first, referred to as Pilot Phase I,
focusedon the imagesto be usedas stimuliand involved a small set of children and some
youngadults. The second, referred to as Pilot Phase I, focused onthe procedure and
included asmallset of mothers andchildren. Development of the materials and
procedures resulted fromthese two piloting efforts.

Pilot Phase |

Phase I piloted the images to be presentedto thechildrenindividually during the
pretestand the posttestand the stories for the interactionactivity. The piloting
participants, materials, procedures, and results for both of these examinations are
describedmore below.

Part 1: Piloting Pre-and Posttest Images

Participants. To pilotthe pre-and posttest images, threechildren, a 4-year-old
boy, a5-year-old girl, and an 8-year-old girl, were recruited fromfamily and friends of
the primary investigator. The children’s ages representthe ages of children that were
included in the final study.

Materials. The stimulithat were piloted forthe pre-and posttest were
photographed pictorialimages. The content and presentationoftheseimages were based
on prior research on contamination sensitivity conducted with Western (Siegal, 1988;
Siegal & Share, 1990) and non-Western (Gauvain & Beebe, 2011) samples. Allthe

images included in the pilot test were color photographs printedon 5” x5 (12.7cm x
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12.7 cm) white paper. Photographic images were chosenover illustrated (drawn) images
because the formerallows for more detail to be depicted, which is importantfor the
study. Forinstance, childrenwere askedto differentiate and make judgments about
distinct types of contamination (e.g., moldy orrotten or dirty food). Although mostof
the images were photographs that were downloaded directly fromthe web (Google
images), some images were created for the study by merging two or more photographs,
(e.g.,an image of aman coughingon foodoran image of food in some contaminated
state) or staged and photographed by the primary investigator.

In total, 37 different photographs were shown in randomorder to the three pilot
children. The photographs depicted familiar fruits and vegetables, common household
items, and other familiar images orobjects (e.g., apples, tomatoes, a lake, and people
sneezing. The images variedas to whetherthey depicteda contaminatedsceneornot. In
this study moldy refers tothe growth ofa fungus onthe food, dirtyrefers to groundsoil
appearingon thefood, rottenrefers to thedecomposing of food caused by natural
enzymes in the food anddoes notinclude microorganisms such as mold, and untainted
refers to an itemthat is unsoiled or apparently free of infection. The piloteditems,

identified as contaminated (C) or not contaminated (UC), are listed in Table 1.
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Table 1

Stimuli piloted for possible inclusionas pre- or posttest items.

Stimuli Stimuli Contamination
Type  Reference # Stimuli Presentation Status
Food 1* Tomato untainted uc

2 Tomato dirty C
3 Tomato moldy C
4 Potato untainted ucC
5 Potato dirty C
6 Potato rotten C
7 Cucumber untainted ucC
8 Cucumber dirty C
9 Cucumber moldy C
10 Orange untainted ucC
11 Orange dirty (on ground) C
12 Orange moldy C
13 Apple untainted (in tree) uc
14 Apple dirty(on ground) C
15 Apple moldy C
16 Strawberries moldy C
17 Bread moldy C
18 Bread untainted ucC
19 Cheese moldy C
20 Candy bar sealed andwrapped in ucC
commercial packaging
Drink 21 Water stilland clean and ucC
contained in a Britta pitcher
22 Water clearand flowing froma uc
garden elbow-joint spigot
23 Water clearand flowing froma ucC
kitchen sink faucet
24 Water clearand boiling ina glass ucC

pot
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25 Water clearand flowing froma ucC
drinking fountain

26 Water murky in a metal pail C
27 Water clearandstillin a lake in a C
forest in the mountains
28 Water clearin a swift, small river C
running througha forestin
the mountains
29 Water clearin a clean toilet C
30 Juice cockroachinaglass of C
orange juice
Animal/ 31 Animal dog drinking juice froma C
Human glass
Action 32 Animal cat eating pancakes froma C
plate
33 Animal parrot eating spaghetti from C
a plate
34 Human boy huggingawoman who C
is sneezing
35 Human man coughingoveratable C
of food
36 Human in cupped hands with man C
drinking the water fromhis
hands
37 Insect cockroaches crawling on C
sandwich

Note. *Reference numbers are usedto identify the items sothey canbe tracked
throughthepiloting phase and understood in relation to the informationin Table 2.

Procedure. Each ofthe three child participants was interviewed separately and
asked to examine each ofthe 34 photographic images one at a time in randomorder. The

major issue of concern in this pilot was the clarity and familiarity ofthe images. Thus, to
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probe for clarity and familiarity, when each image was shown, the interviewee was asked
by the experimenter (the primary investigator) what was depicted in the picture.

Results. The children’s responses to the questions about whatwas depicted in
each picture indicated that all three children could identify the photographic images
accuratelyand thatthey were able to discernthe important features in the images, e.g.,
that the bread or fruit was moldy or that the water appeared clean. This information
suggests thatthe images are appropriate tousein the study with childrenbetween 4and 8
years ofage.

Afterobtaining verification fromthe pilot participants about the identification of
the images, the setwas reduced from 37 to 28 photographs. Previous research using
similar protocol suggests that 28 images was an adequate number of stimuli (Gauvain &
Beebe, 2011). This number providedsufficientvariability ofitemtype and
representations of contamination (or not), but was not so large, based on prior research in
Uganda, to be fatiguingor causechildren to lose interestin the task. To reduce the item
set, items were identified in relation to the five categories of representation used in
previous research in Uganda (Gauvain & Beebe, 2011), specifically:

1. items that were naturally contaminated due tospoiling (e.g., moldy cheese)

2. items that were contaminated due to condition (e.g., exposed water)

3. items that were contaminated by an outside organic source, either human (e.g.,
sneezing onfood) oranimal (e.g., cat licking food oran insect in a drink)

4. items that were not contaminated (e.g., an untainted potato)

5. items in the process of being decontaminated (e.g., boiling water)
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Afterthe items were identified in relation to these categories, items were chosenthat

represented each category, with at least 2 items per category. The final 28 images

selectedfor piloting with mothersandchildrenin Phase Il appearin Table 2.

Table 2

Stimuli selected for the pre-and posttest for Piloting Phase II.

Stimuli Contamination
Category Reference #  Stimuli Presentation Status
Natural Food 3* Tomato moldy C
Contamination 5 Potato dirty C
9 Cucumber moldy C
11 Orange dirty (on the ground) C
14 Apple dirty (on the ground) C
16 Strawberries moldy C
17 Bread moldy C
Natural Water 23 Water clearand flowing from ucC
Contamination a kitchen sink faucet
25 Water clearand flowing from ucC
a drinking fountain
26 Water murky in a metal pail C
27 Water clearandstillin a lake C
in a forestin the
mountains
Human/animal 36 Water in cupped hands with C
Contamination man drinking the
water from his hands
30 Juice cockroachin aglass of C
orange juice
29 Water clearin a clean toilet C
31 Animal dog drinking juice C
froma glass
32 Animal cat eating pancakes C
froma plate
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34 Human boy huggingawoman C
who is sneezing

35 Human man coughingovera C
table offood
37 Insect cockroaches crawling C
on sandwich
Decontamination 21 Water still and clean and ucC
contained in a Britta
pitcher
24 Water clearand boilingina ucC
glass pot
Uncontaminated 1 Tomato untainted ucC
4 Potato untainted ucC
10 Orange untainted ucC
13 Apple untainted (in tree) ucC
18 Bread untainted ucC

20 Candy bar sealed andwrapped in ucC
commercial packaging
*x Juice untainted (orange ucC
juice)
Notes. * Reference numbers are for tracking purposes only andreferto the
enumeration oftheitems in Table 1.
** This stimuli itemwas used in previous research (Gauvain & Beebe, 2011) and not
testedon childrenin Part 1 of Piloting Phase 1.

Part 2: Piloting the Stories for the Mother-Child Interaction

In the second partofthe first phase of piloting, the stories being considered for
use in the mother-child interaction were examined.

Participants. Three undergraduate students, two females, were recruitedto
participate in this partofthe piloting. Thesestudents were invited individually to the
laboratory where they were presented with a set of sixstories andthen asked several

probe questions about each ofthe stories.
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Materials. The sixinteractionstories were basedon stimuliused in prior
research oncontaminationsensitivity in Tanzania (Gauvain & Beebe, 2011). The stimuli
in the previous researchwere modeled after research conducted by Hejmadiet al., (2004),
Siegaland Share (1990), and Stevensonetal., (2010). For this study, the stories were
adapted fora Westernsetting.

Six stories thatprobe understanding and interaction of contamination were
designed forthe currentstudy. Each story includes three tofour drawings thatshowa
situationin which something becomes contaminated or not. Thestories were based on
types of contamination understanding and disgust responses that have been examined in
otherresearch (Auetal., 2008; Gauvain & Beebe, 2011; Hejmadi, et al., 2004; Siegal &

Share, 1990; Stevenson, etal.,2010). Thesixstories are as follows:

1. Boy eating apple — 3drawings/scenes
Scene 1- boy seesapplesin tree
Scene 2- boy reaches forapple on ground
Scene 3- boy eats apple he picks up fromthe ground
2. Children playing —3drawings/scenes
Scene 1- children playingoutsidewith a dog
Scene 2 - mother carries a baby outside
Scene 3- children touch the baby
3. Teaparty —4drawings/scenes
Scene 1- two girls having atea party
Scene 2- smaller girl gets water fromthe toilet
Scene 3- smaller girl pours toilet water into the other girl’s teacup
Scene 4 - othergirldrinks water fromthe teacup
4. Boy drinking milk— 3 pictures
Scene 1- boy hasaglass of milk and seesa fly in the milk
Scene 2- he removes thefly from the milk
Scene 3- hedrinks the milk
5. Washing carrots—4pictures
Scene 1- motherand child are at grocery getting carrots
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Scene 2 - they come home andwashthe carrots in the sink
Scene 3- mother cutsthe carrots forasnack
Scene 4 - the child eats the carrots
6. Handslapping game —4 images
Scene 1- two girls are playing a hand slapping game
Scene 2- one girlcoughsonherhands
Scene 3- they continuetheirhand game
Scene 4 - mother comes outwith a plate of cookies and both girls take a
cookie

Story #2 above was later removed to reduce redundancy with Story #4above in
the type of contamination represented. Anotherstory (Story #4 above) was changed to
describe a clearerand more plausible situation. The glass of milk used in Story #4 was
removed becauseit is important that the contaminant in the liquid is visible and the
opaquenature ofthemilk may make it difficult to see the bug in the liquid. To alterthe
milk story,aboy eatingabowlofsoupwas createdto providea substance that is clearer
than milk and thus easierto see abug. Two newstories were added, one story depicted
people in the process of decontaminating water andthe other story had a sociomoral
dimension. The story involving decontamination (boiling water during a camping trip) is
as follows:

Family camping — 4 drawings/scenes
Scene 1- family camping in the forest
Scene 2- mother gets water froma lake
Scene 3- mother boils the water at the camp site
Scene 4 - motherdrinks the boiled water

The sociomoral story was added to examine whether mothers discuss any connection
between illnessand moral transgressions, as some investigators have found (Kister &

Peterson, 1980). The newstory, which involveda thiefgettingill, is as follows:
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Thiefstory — 4 drawings/scenes
Scene 1- athiefbreaks into a house at night
Scene 2 - the thiefseesa glass of milk on the kitchen counter
Scene 3- the thiefdrinks the milk
Scene 4- the thiefhas astomachache

Afterthesechangeswere made, the final set of seven stories pilotedin Phase I was as
follows:

1. Boy eating apple—3pictures
Scene 1- boyseesapplesintree
Scene 2- boy reaches forapple on ground
Scene 3- boy eatsapple
2. Family camping —4 pictures
Scene 1- afamily is in the forest camping
Scene 2 - mothergoesandgets water froma lake
Scene 3- motherboils the water at their camp site
Scene 4 - motherdrinks the water
3. Teaparty —4drawings/scenes
Scene 1- two girls having atea party
Scene 2 - smaller girl gets water fromthe toilet
Scene 3 - smaller girl pours toilet water into the other girl’s teacup
Scene 4 - othergirldrinks water fromthe teacup
4. Insectinsoup — 3pictures
Scene 1- boy hasabowlofsoupandseesacockroachin it
Scene 2- he removes thecockroach fromthe soup
Scene 3- he eats thesoup
5. Washing carrots—4pictures
Scene 1- motherand child are at grocery store getting carrots
Scene 2 - they come home and washthe carrots in the sink
Scene 3- mother cutsthe carrots fora snack
Scene 4 - the child eats the carrots
6. Handslapping game —4 images
Scene 1- two girls are playing a hand slapping game
Scene 2- one girlcoughsonherhands
Scene 3- they continuetheir hand game
Scene 4 - mother comes outwith a plate of cookies and bothgirls take a
cookie
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7. Thiefstory —4drawings/scenes

Scene 1- athiefbreaks into a house at night

Scene 2 - the thiefseesa glass of milk on the kitchen counter
Scene 3- the thiefdrinks the milk
Scene 4- the thiefhas astomachache

These seven stories representa range of contamination knowledge and disgust responses.

Table 3 lists these stories and identifies the types of contamination or disgust addressed in

each storyalongwith references andrelevantage related informationregarding the

contamination scenario. The storiesare listedin the orderthey will be presentedin the

dissertation study. Following the table, there is discussion ofthe overall rationale for

including thissetofstories in the dissertation.

Table 3

Types of contamination knowledge and disgust responses in the stories in the mother-
child interaction session™.

Story Contam Description and Age-related
order  Story Depiction Statust Rationale issues
1 Insect in boy sees an insect Contamination due to an  3-year-olds
soup (cockroach) in his bowl action on the part of an recognize this
of soup C outside animal source scenario as
boy removes insect contaminated
from soup
boy eats the soup
2 Washing mother and child select Washing vegetables is a
carrots carrots at grocery store familiar activity for
mother and child wash children inthe US. The
carrots in sink at home D purpose of washing is
mother cuts carrots tested here (washing
4 child eats the carrots helps kills germs left by
other people).
3 Thief thief breaks into a house Either the moral Children as
story at night transgression (thief young as 5
he sees a glass of milk C breaking into a home) or  years were
on the counter the potential natural found to use
he drinks the milk Socio- contamination (milk left immanent
4 hethen has a stomach moral  out at night) or both can  justice as an
ache be discussed as a cause explanation
for the thief's illness. for illness
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4 Tea
party

two girls are playing tea

party

younger girl gets water
from the toilet

younger girl pours water
from the toilet into the
older girl’s teacup

older girl drinks the
water from the teacup

Toilets elicit strong
disgust responses from
both mothers and young
children and are a form of
human contamination.

4.5 year old
children

recognize
toilets as

contaminated

5 Boy
eating

apple

boy sees apples in tree
boy picks up apple from
ground

boy eats the apple from
the ground

Story addresses a visible
type of contamination,
dirt on food, which can
also be easily removed
through washing. This
provides opportunity to
discuss decontamination.

5 years and
older
understand
this type of
contamination

6 Family
camping

family is camping inthe
forest

mother gets water from a
lake

mother boils the lake
water at their camp site

mother drinks the water

Decontamination may be
harder for children to
understand as it involves
knowledge of the
contamination as well as
how it can be removed.
Boiling water to kill
germs is less familiar to
children inthe US and
requires biological
understanding of germs.

7 Hand
slapping
game

two girls are playing a
hand slapping game

one girl coughs on her
hands

they continue their hand
game

mother enters with a
plate of cookies and both
girls take a cookie

The story emphasizes
human contamination
which illustrates the
spread of germs from
person to person.

Notes. * The order of stories listed isthe order in which they were presented in the final study. Pilot
Phase Il indicated there may be response effects when the thief story is at the end. Toaccount for this the
order of stories was revised into this final order.
+C = contamination; D = decontamination




Once the stories and their sequences were determined, the stories were printedin
coloron two white 8.5”x 117 (21.6 cmx 27.9 cm) pieces of paper with two illustrations
perpage. The stories were illustrated and bound which provides a familiar storybook-like
experience forthe motherand child, mimicking an event they may do togetherat home.
lllustrationsalsoallow for continuity between the images that tellthe story. Forinstance,
by illustrating a sequence ofevents, differentcharacters canbe drawn fromstoryto story,
a task foundto be difficult with photographic images. By keeping thecharacters
different fromstory tostory it reduces confusionon thepart of the mother or child that
the stories may in some way be connected. A storybook-like procedure was used, similar
to Hejmadi, et al. (2004).

Procedure. All stories were pilotedwith three undergraduate students.
Participants were interviewed separately in the laboratory. Foreach story, theparticipant
was asked to identify and describe theevents depicted in the illustrations.

Results. Results revealed thatall participants were able to identify the storyline
for each story sequence and to explain the events depicted in each illustration accurately.
Minor changes were made based on feedback fromthe students toenhancethe clarity of
each story, suchas repositioning theboy’s eyes in the apple story so it was more apparent
he was looking up ordown.

In preparation for the piloting conducted in Phase 11, the stories were made into a
final format as they will appear when presented to the motherand child. This included

editing the illustrations as needed (e.g., adjusting the boy’s eyes in the apple story),
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printing the stories onwhite 8.5”x 117 (21.6 cm x 27.9 cm) card stock paper (one
illustration per page), laminating all the pages, and binding theminto individual booklets.
Pilot Phase Il

Piloting involving the entire dissertation procedurewas conducted in order to test
both the materials and the procedure with mothersandchildren. Phase Il piloting
involved conducting the procedure in the same manner as expected for the final study.
Participants

Fourchildren, two 5-year-olds (2 males) and two 8-year-olds (1 male) were
recruited using a postingon Craigslist. Mothers were compensated $20 for their time and
transportation.
Pretest

Motherand child were brought tothe laboratory into the observation roomwhere
the motherfilled out a consentform, a briefoverview of the three activities were
explained, and initial questions were answered. The researcher gave a briefoverview of
the procedure (e.g., that there would be three parts, and during the first and last partthe
motherwould be in the otherroom). The motherwas thenbrought to a nearby room
where she filled out a demographic questionnaire. The child andthe researcher remained
in the observation roomand proceeded with the pretest.

Materials. Table 4 (following page) displays the 13 images used for the pretest

in the order they were presented.
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Table 4

Items presented in the pretestin theorder of presentation.

Stimuli o
Order of Reference Contamination
Presentation Category #* Stimuli Presentation Status
1 Uncontaminated 18 Bread Untainted uc
2 Natural Food 17 Bread Moldy C
Contamination
3 Uncontaminated *x Juice Untainted uc
(orange juice)
4 Human/animal 30 Juice Cockroachin a C
Contamination glass of orange
juice
5 Natural Water 21 Water Still and clean ucC
Contamination and contained in
a Britta pitcher
6 Natural Water 32 Animal Cat eating C
Contamination pancakes from a
plate
7 Natural Water 35 Human Man coughing C
Contamination over table of
food
8 Uncontaminated 10 Orange Untainted ucC
9 Natural Food 9 Cucumber  Moldy C
Contamination
10 Natural Water 26 Water Murky in a metal C
Contamination pail
11 Human/animal 35 Human Man coughing C
Contamination over a table of
food
12 Natural Food 11 Orange Dirty (on C
Contamination ground)
13 Natural Water 25 Water Clear and uc

Contamination

flowing from a
drinking fountain

Notes. * Numbers refer to the reference numbers from Table 1.

49

** Thisitem was not testedin Phase | piloting as it was used in previous research



Procedure. The procedure forthe pretest was carried outas planned for the
proposed dissertation study. The researcher began by showingtheitems to the child one
ata time and by asking the child what was in the picture to ensure that the child could
identify the item. Then the researcheraskedif it was OK ornot OKto do (or eat or
drink) what was in the picture. Followingthe child’s response, the researcher asked why
it was OK (ornot OK). If achild gave a vague orincomplete response, such as “it has
things onit,” the researcher probed further and asked why those things are OK (or not
OK dependingon theresponse).

Results. The two 5-year-olds and two 8-year-olds were able to identify all items
accurately, however, one 8-year-old boy hadtrouble with a single image, that ofa moldy
cucumber. Becausethis image was redundant with pictures of other moldy foods, it was
removed fromthe set. The first two children (a 5-and 8-year-old boy) were asked probe
questions foronly fouritems as per previous researchusing a similar protocol. The
pretest, including thefour probe items, tookabout7 minutes. It was later decidedto
include probe questions for eachitemin orderto increase the opportunity to examine
children’s conceptual knowledge. Probe questions were thenincluded for all items with
the remaining two children (a 5-year-old boyandan 8-year-old girl). The addition of
probe questions for each itemextendedthe pretest to about 10 minutes.

Mother-Child Interaction
Following the pretest, the mother was brought back into the observationroomfor

the interactionstories.
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Materials. The seven story booklets created after Phase | of piloting were usedin
the interaction. The storiesand their order of presentation was as follows:

Boy eating apple
Family camping
Teaparty
Insectinsoup
Washing carrots
Hand slapping
Thiefstory

No gk owbdpE

A training storywas included in the setofillustrated stories used in the mother-
child interaction. Thetrainingstory was nottested in Phase I since it was a story that had
been used in previous research (Gauvain & Beebe, 2011). Thetraining storywas found
in previous research to beusefulin explaining a procedure thatuseda sequence of
images. It is used in the proposal to explain the layout and use of the booklets made for
the motherand child. The trainingstoryis as follows:

Boy in garden — 3 pictures

Scene 1- boy is diggingin his garden

Scene 2- thereis adroopingcornplantseen in the garden
Scene 3— boy pourswateron theplant

Procedure. The training story was usedto explain the task to the motherand
child. The motherand child were shown thebooklet that contained the training story and
explained that this story was similar to the other stories themotherand child would look
attogether. The motherand child were then told thatthey should talkabout thestory as
represented in the pictures. The experimenter talked throughthe garden story with the
participants and explained what was depicted in each picture (e.g., forscene 1, “In this

picture the boyis working in his garden”). The motherandchild were thentold that they
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shouldtalkaboutthe events thathappen in the story. Anexample fromthe training story
provided by saying it was good thatthe boy watered the plant since plants need water to
grow. The motherand child were thenaskedto lookat eachstoryand talkaboutthem,
proceeding through all seven stories in the order they were numbered. The mother and
child were then asked ifthey hadany questions. Afteransweringquestions, the
experimenter left the roomand the motherand child looked at the stories on their own.
The entire interaction was videotaped.

Results. The materials and procedure were successful. Allparticipants
understood thattask. Allof the mothers, as instructed, discussed what was happening in
the story, they discussed the story as intended, and they directed the children’s attention
to different forms of contamination thatwere displayed. Some ofthe mothers also
pointed out why somethingwas contaminated and, for some of the items, how one could
decontaminate theitem. Two ofthe mothers directed their children’s attentionto how
activities shownin the story were similar to routines and practices they do at home. The
entire interaction lasted between 10and15 minutes.

There were small adjustments made to the Thief Story as a result of information
obtainedduringthepiloting. In piloting, onemotheraskedaloudwhy thethiefwould
breakin justto drinkmilk. While piloting the Thief Story it became apparentthatthe
immoral behavior may not have beensalientenough. After considering previous
research (Kister & Peterson, 1980; Solomon & Cassimatis, 1999) the immoral
transgressionwas changedto a more obvious moral transgression (money on the table the

thiefputs in his pockets in addition to breaking in to the house) for clarity purposes.
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Posttest

Following the interaction, the child remained in the observationroomwhile the
motherwas asked tomove into theseating area, whereshethencompleteda surveyon
illness and germs. The experimenter thenconducted the child-only posttest which
included the remaining contaminated/uncontaminated items developed forthe study as
well as two additional items usedto test immanent justice responses.

Materials. The 15 items used in the posttest were presentedin the order listed in
Table 5. Items 14 and 15were the items used for the sociomoral questions.

Procedure. The posttest was administered usingthesame procedureas the
pretest. During piloting, two sociomoral items, awrapped candy barand moldy
strawberries, were used only in the posttest. Two figurines were used to tellastoryabout
each itemindividually. One figure stole the food itemfrom the other figure and ate the
food. Participants were asked ifthe behaviorwas OK ornot OK and if anything would

happento thefigure who stole the food. Participants were askedto explain theiranswer.
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Table5
Items used in the posttest as they werepresented.

Order O_f Category Rstf:aTeLglce Stimuli Presentation Contamination
Presentation o Status
1 Uncontaminated 1 Tomato untainted ucC
Natural Food 3 Tomato moldy c
Contamination
3 Human/animal 29 Water clear in a clean
Contamination toilet ¢
4 Human/animal 37 Insect cockroaches
Contamination crawling on C
sandwich
5 Natural Food 5 Potato dirty C
Contamination
6 Decontamination 24 Water clear and boiling UC
in a glass pot
7 Human/animal 31 Animal dog drinking juice
Contamination from a glass
Uncontaminated 13 Apple untainted (in tree) ucC
Natural Water 27 Water clear and still ina
Contamination lake in a forest in C
the mountains
10 Natural Food 5 Potato dirty C
Contamination
11 Human/animal 34 Human boy hugging a
Contamination woman who is C
sneezing
12 Natural Food 14 Apple dirty (on the
Contamination ground) ¢
13 Natural Water 23 Water clear and flowing
Contamination froma kitchen ucC
sink faucet
14 Uncontaminated 20 Candy bar sealed and
wrapped in
cor:n[iercial uc
packaging
15 Natural Food 16 Strawberries  moldy c

Contamination

Note. * Numbers refer to the reference numbers from Table 1.
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Results. Results usingthe posttest items indicated that the procedure was
successfulin eliciting children’s explanations about contamination. Children were also
found to repeat phrases and explanations their mothers usedin the interaction. Piloting
with the first two children (a 5- and an 8-year-old boy) revealed that the unhealthy aspect
of the candy bar could cause the child to reject it as something thatshould not be eaten.
Forthe remaining participants (a 5-year-old boy andan 8-year-old girl) a bowl of
untainted blueberries was used andthe candy bar itemwas removed. Both the 5-year-old
boy and 8-year-old girlacceptedthe blueberries as edible and rejected the strawberries as
inedible. The posttesttookabout 12 minutes.

Afterthe posttesttest was finished and the mother completed the survey, the
mother was compensated $20 for hertime and transportation. The parentsurvey took 3-5
minutes longerthanthe child’s posttest. It was decided to adjustthe questionsin the
parentsurvey. ltems involvinghow much the mother worried aboutgerms andall water
questions in the parent survey were removed as they did not seemrelevant to the current
study’s questions. Items regarding stomachillness were thenaddedto replace items
asking about water contamination. Stomachillness questions were more appropriate for
the nature ofthe study. The finalnumber of items was reduced in the surveyto adjustthe
timing ofthe child and parentduring the posttest sessionand to make fora more concise
survey.

General Discussion and Further Changes
Following Phase Il ofthe piloting theitems in the pre-and posttest were further

changed to create amore incisive and balanced set of items andto refine the types of
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contamination tested. Specifically, it was decided totest dirty, rotten, and untainted
forms of food in both thepre-and posttest as theseare different types of contamination
with different consequences, e.g., unlike soiled food, rotten food cannot be
decontaminatedandhas a higher likelihood thansoiled food to cause illness. Some items
were removed to reducethe final list to include 13 contaminated/uncontaminated items
and 2 sociomoral items. The removed items were deemed redundant and included water
in a metal pail, untainted bread, and untainted orange juice. A few items were shifted
fromthe pretestto posttestorvice versato balancethe contamination types for each test.
The final set of items chosen for the dissertation reflects these changes andis listed in
Table 6. In the table,the starreditems are the new oradjusted items in the final set of 32
items and items that are crossed outhave been removed fromthe list.

Adjustments to the sociomoral questions asked at the end of the posttest (andnow
added to the pretest) were adjusted to match other immanent justice storiesused in
research (Kister & Peterson, 1980: Solomon & Cassimatis, 1999). The moral
transgressionwas increasedto include one figure hitting the other thenstealingthe item.
Sociomoral items were added to the pretest and a neutral non-food item, such asa toy,
was added tothe sociomoral items. The same sequence between the figures will transpire
and questions regarding the food items will be applied to the toy. The neutralitemis
included to testfor immanent justice beliefs thatmay not appear with food items.
Research suggests thatchildrenmay vary theirapplication of immanent justice depending
on the situationin question (Springer & Ruckel, 1992). Addinganeutralnonfood item

allows for comparing immanent justice beliefs betweenfood and nonfood items.
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Table 6
Final set ofitems to be usedin the pretest and the posttestin the dissertation study.

Category Pretest Posttest
Natural Moldy bread Moldy cheese*
Contamination Dirty orange (on ground) Dirty apples (on ground)

Rotten potato™* Rotten tomato

Dirty potatoes ** Dirty tomato

Moldycucumber
Exposed water Flowing river* Clear lake

Water fountain with flowing Water fromkitchen sink

water

Waterinmetalpail
Human/animal Cat eating pancakes on plate Dog drinking juice fromglass
Contamination Cockroach in juice Cockroaches onsandwich

Boy huggingsneezing woman** Person coughing over table of

Drinking water from hands food**

Cleantoilet with waterin it

Decontamination Water in Brita pitcher Water boiling
Uncontaminated Untainted orange Untainted apple

Untainted potatoes* Untainted tomato*

Cleanbread

I -

Sociomoral items Untainted cucumber Untainted blueberries

Rotten corn Rotten strawberries

Ball Teddy bear

Notes. * New items added to thefinal list
** ltems moved frompre-to posttestor post-to pretest

Bxplanations of the interaction to the motherand child on the partofthe
experimenterwill be adjustedto exclude prompts regarding discussions of what the
motherand child thinkaboutthe images theylookat. Instead, motherand child will be
shown howthe stories canbe used, moving page by page, using the trainingstory. This

will conclude the training session for the interaction. This change is made due to
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research that suggests that mothers will adjust their prompts and behaviors with their
children depending on whatthe mother believes the goals of the activity are (Gauvain,
1995). By keeping the promptforthe interactionmore neutral it will allow for an
interaction between mothers and children that will be less influenced by the

experimenter.
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Chapter 3: Methods
Participants

Participants were recruited fromthe community surrounding Riverside, California
(N =76; 38 females). Mothers and their children were recruited using postings on
Craigslistand througha child care center on the University of California, Riverside
campus. Agesofthe childrenrangedfrom4 years 6 months to 8 years 11 months (M =6
years 7months). Children were froma variety of ethnic backgrounds thatincluded
White (28%), Latino/Hispanic (26%), African American (12%), Asian (3%),and
other/mixed ethnicity (31%). The distributionofhousehold income is as follows: $0-
$19,999 (12%), $20,000-$39,999 (34%), $40,000-$74,999 (37%), $75,000-$99,999 (5%),
and over $100,000 (8%). The majority of mothers had at least some college education
(47%) or a bachelor’s degree or higher degree (34%). All mothers hadat leastsome high
school education.

Children were divided into two age groups, 5-year-olds (n =38; 17 females) and
8-year-olds (n =38; 21 females). The 5-year-old age groupranged in age from4 years 6
months to 5years 11 months (M =5 years 2months) andthe 8-year-old age group ranged
from 7 years 4 months to8years 11 months (M =8 years 0 months). Forthe 5-year-olds,
26% had no schooling, 58% were in or had completed preschool and 16% were in or had
completed kindergarten. Forthe 8-year-olds, 8% were in orhad completed kindergarten,
21% were in or had completedfirst grade, 63% were in orhad completed second grade,
and 8% were in third grade. Some ofthe data were collected in the summer after the

schoolyear was completed, thus some ofthe children’s grades were recently completed.
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DesignandMaterials

This study includes two age groups involved in a child-only pre-and posttest
design with a mother-child interactive storyactivity following the pretest. In addition,
mothers provided demographic information andtook a survey with questions about
stomach illnessandgerms.

Pre-and posttest. The pre-and posttest were based onprevious researchthat
tested contamination sensitivity in Ugandan childrenages 4-12 years using pictures
(Gauvain & Beebe, 2011) and researchthat has showntesting health knowledge in 3-5-
year-olds with pictures tobe effective (Mobley, 1996). The method forthe current study
involved 13 laminated 57 x 5 photographic pictures for the pre-testand 13 laminated 5
x 5” photographic pictures for the posttest. Images were of contaminated,
uncontaminated, or in the process of being decontaminated items or situations in which
the child was asked ifitis OK, not OK, orif they are unsure to eat, drink, or do what was
represented in the picture. The child was then askedto explain heranswer. Following
the contaminationimages three additional images were used to probe children’s beliefin
Immanent justice.

The items used in the pre-and posttest were familiar to American children and fit
into one of five categories: natural contamination (includes dirty or rotten food), natural
water sources (such as a lake), human oranimal contamination (including vectors or
drinking water from hands), decontamination (boiling water), uncontaminated (clean fruit
and vegetables), and items used during the sociomoral questions (see Table 7). The

sociomoral questions involved three items usedto tellasociomoral story. Two ofthe
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items were food items, one of which was clearly rottenandinedible. Thefood items
were used to test whether children focus on the contamination aspectofthe food or the
sociomoralaspects of the question. The third itemwas anon-food itemused asa control.
Figurines were used to tellashortstory aboutthesethreeitems in which one figure hits
the otherandtakes the itemfromthe other figure either eating it or playing with it. Both
a male and a female figure were used and the figure that performed the hittingwas
counterbalancedto control for gender bias. Probe questions followed asking whether it
was OK to take and eat or play with the itemand what would happen tothe figure who
tookit. To testwhetherthe genderofthe dollhitting the otherdollhad an effect onthe
pre-and posttest sociomoral responses two 3 (contaminated food, uncontaminated food,
toy) x 2 (dollgender) MANOVASs were conducted. Resultsindicatedthegender ofthe
doll who carried out the hitting did nothave an effect onthe child accepting items as OK
to eat or play with in the pretest, F (3,64) = .95, p = .42, n,” = .04, or the posttest, F (3,64)

=.57, p= .64, npz =.03. Thus,sociomoral responses will by collapsed by dollgender.
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Table7

Pretest and posttest items listed in the order theyare presented to children,
contamination category anda description oftheir presentation.

Contamination

Stimuli Category Presentation
Pretest Potato Uncontaminated untainted
Bread Natural contamination  moldy
River* Exposed Water clear and flowing in a forest
Juice Human/animal cockroach in a glass of orange juice
Water Decontaminated still and clean and contained in a Britta
pitcher
Animal Human/animal cat eating pancakes from a plate
Potato Natural contamination  rotted
Orange Uncontaminated untainted
Water* Human/animal in cupped hands with man drinking the
water from his hands
Potato* Natural contamination  dirty (in a pile on the ground)
Human Human/animal woman hugging a man who is sneezing
Orange* Natural contamination  dirty (on the ground)
Water Uncontaminated clear and flowing from a drinking fountain
Pretest Cucumber Uncontaminated untainted
Sociomoral  Com Natural contamination  moldy
Teddy Bear  Control untainted
Posttest Tomato Uncontaminated untainted
Cheese* Natural contamination  moldy
Water * Exposed Water clear and still ina lake ina forest inthe
mountains
Insect Human/animal cockroaches crawling on sandwich
Water Decontaminated clear and boiling ina glass pot
Animal Human/animal dog drinking juice from a glass
Tomato Natural contamination  moldy
Apple Uncontaminated untainted (in tree)
Water * Human/animal clear in aclean toilet
Tomato* Natural contamination  dirty (on the ground)
Human Human/animal man coughing over a plate of cookies
Apple* Natural contamination  dirty (on the ground)
Water Uncontaminated clear and flowing from a kitchen sink
faucet
Posttest Blueberries  Uncontaminated untainted
Sociomoral  Strawberries Natural contamination  moldy
Ball Control untainted

Note. * Indicates difficult items.
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Table 7 displaysthelist of the items for both the pre-and posttest in each
contamination category types. The items in the posttest corresponded with items from
the pretest. Forinstance, a potato was used in the pretest, and another vegetable with
edible skin was used in the posttest, such asatomato. No items were repeated frompre-
to posttest. Stimuliitems in the pretestdid notappear in the story activity. Some ofthe
items addressed in the story activity (e.g., toilet water, dirty apple, or vegetablesin a
grocery store) were included in the posttest to testwhether children apply contamination
explanations fromthe same items discussed during the story activity with their mothers
with those depictedin the posttest. Items in the pre-and posttest were tested in piloting
and all children were foundto be familiar with the items. Items in the pre-and posttest
were in a fixed orderand contaminated and uncontaminated items and water and food
items were distributed evenly in their presentation so that many items of onetype (e.g.,
contaminated food) were not grouped together.

In orderto avoid ceiling effects for the older children, items varied in the
difficulty ofthe biological concepts needed to understand the contamination. These
items are referred to as difficult items (see Table 7). Forinstance, cheese with some mold
on it can be eaten ifthe mold is cut off. Mold has beenfoundin otherstudies (Siegal &
Share, 1990) to signify contamination understanding in young childrenand 8-year-old
children may not know that removing cheese mold can render the cheese edible.
Furthermore, contaminated items thatcan be decontaminated require a child understands
multiple pieces of knowledge in order for the decontamination process to be effective.

Forexample, a child may knowthat mold renders a food itemcontaminated, however,
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some mold can be removed allowing the food to remain edible. Whereas, for items such
as aglass of water, if acontaminantcomes in contactwith one part of the water (the top
of waterin a glass) the rest of the water is considered inconsumable. Research suggests
that young children may have a more difficult time than older children and adults using
more than one criterion in making decisions about whether an itemis contaminated or not
(Raman & Winer,2004). In addition, childrenwere tested not only on theiracceptance
of the itemas safe to consume or do, but alsothedepth of their knowledge regarding the
food oractivity by coding for the depth of biological explanations. Itis the explanations
of their OK/not OK answers that should keep the test fromhavinga ceiling effect. For
instance, a child might say a food itemwith dirt on it can be eaten if the dirt is washed off
during the pretest, but during the posttestmay say another food is safe to consume when
the dirt is washed off becausedirt has bacteria and washing it keeps the bacteria from
getting inside you. Thiswould indicatean increase in conceptual knowledgeregarding
biological properties involved with decontaminating the food item.

Interactive story activity. The interactive story activity is presented afterthe
pretest. It is based on methods used in previous research conducted by Gauvain and
Beebe (2011) in Tanzania with children age4-9years old, other research thathas used
stories to test contamination sensitivity (Hejmadi, et al., 2004), and research examining
parent-child discussions of biological concepts (Jipson & Callanan, 2003).

The interactivestory activity useda series of illustrations to create short stories
that depicted everyday scenarios in which some kind of contamination may or may not be

avoided. There were 3—4 illustrations perstory andatotal of eight stories including a
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training story. The training story was a neutral story notcontaining contaminated items
of achild planting a plant in agarden, watering it, and watching it grow. AppendixA
depicts allstoryimages. The seventest stories were as follows: (1) a boy hasabowl of
soup with acockroachin it, he removes the cockroach, then continues eating the soup
(contamination story); (2) motherand child are at the grocery store, they bring home
vegetables, then wash them, cut them, and have themfora snack (decontamination
story); (3) athiefenters ahouse at night, he sees milk and money on thetable, he takes
the money and drinks themilk, he then gets sickto his stomach (sociomoral story); (4)
two little girls are playing tea party, the littlest girl dips theteapot into the toilet, then
pours thewater fromthe teapot intothe other girls teacup, and the older girlbegins to
drink from the teacup (contamination story); (5) a child is standing near an apple tree,
sees apples within reachin the tree and on theground, picks one fromthe ground and
begins to eatthe apple (contamination story); (6) a family is camping in the woods,
mother gathers water froma lake, she boils thewater, thencools it and drinks
(decontamination story); (7) two children are playing a handslapping game, one ofthem
sneezesinto herhand, they continue with theirhand game, thenmother bringsin a plate
of cookies that the girls pick-up to eat(contaminationstory).

Piloting the interactive story activity found that all mothers and children, both 5
and 8 years old, talked about whatwas happening in the stories, including the
contaminated aspects of the story. Some mothers probed their children with questions
regarding thestoriesandchildrenwould sometimes offer spontaneous comments about

what they saw happening in the stories. Also, some motherswould elaborate on the story
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toinclude steps thestory characters could decontaminate already contaminated items.
Forinstance, in the story where aboy eats an apple fromthe ground some mothers would
comment that if the boy had washed the apple then it might be OK to eat. Piloting,
therefore, indicated the stories elicited conversation between mother and child that was
appropriate for this study. Allthe stories used in this study were piloted.

The illustrations for each story were combined into a story book format.
lllustrations were presented oneat a time so that as the pages were turned the next
illustration in the story appeared. Each previous picture remained onthe pageso thatby
the end ofthe story allillustrations for each story were visible on the two open pages.
Each story had its own booklet. The booklets were given neutral names, e.g., A Family,
Danny, and AtNight,and placedin the order mothers were to look at themwith their
child. The orderofthe stories was chosento keep foodandwater or contaminated and
decontaminating stories separated. The thiefstorywas includedas a sociomoral itemand
included early on soother food/water contamination stories would not prime the mother.

Parentsurwey and demographics. A survey wasgivento mothers totest their
knowledge about illness, germs and contamination, and what their child knows about
germs. This survey is based on previous researchassessing similar topics with adults
(Schonfeld, Johnson, Perrin, O’Hare, & Cicchetti, 1993; Lagare & Gelman, 2009) (see
AppendixB for survey). The survey was used to assess the mother’s knowledgeas a
comparisonforwhat shemay talkto her child about, aswellas discover whatshe
believes herchild knows about illnessandgerms. Sociocultural theory suggests that

caregivers will adjust theinformationthey providethe developing child based on the
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child’s abilities and knowledge (Gauvain, 2001). In doing so, mothers may discuss
contamination concepts at a lower biological level then whatthey would express with
otheradults. Collecting survey information regarding mothers’ knowledge about germs
and iliness helps provide a general biological concept score for mothers.

The surveywas divided into two sets of knowledge, illness knowledge and germ
knowledge. Questions were open-ended, and questions with a yesorno response
followed with why orwhy not probequestions. Forillness knowledge, 10 questions were
asked. These questions focused on how stomachillness is contracted, treated, and
prevented. Examples of stomachillness questions included thefollowing:

1. Howdoes someone getstomachillness?

2. Cansomeone getastomach iliness fromsomeone else who has a stomach

illness?

3. Aretheretreatments or cures for stomach illness?

4. Whatdo youdosoyoudon’t getstomachillnesses?

Twelve questions comprisedthe germquestions. These questions asked what germs
were, aboutthe vitality of germs (live, die, or move), consequences of germs getting in or
onyou,and howto treat and preventgerms fromgettingin oron you. Examples ofgerm
questions included the following:

1. Briefly describewhat germs are.

2. Aregerms alive?

3. Cangermsdie?

4. Howdo you know if something has germs on orin it?
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5. What would youdo ifgerms geton orin you?

Demographic informationwas also collected using a written questionnaire. The
demographic information included ethnicity of child and parents, marital status of
parents, primary languagespoken at home, zip code where child resides, mother’s and
father’s employment and education information, and household income. AppendixC
displays thedemographic questionnaire.

Procedure

Recruitment materials informed mothers that theresearchers were interested in
howmothers andchildren talk about everyday items and activities while looking at story
books. Two separate rooms were usedto conduct the study; the main roomwas used for
the pretest, interactive story activity, and posttest. Allactivity in the main roomwas
video recorded. Thesecondroomwas usedto keep the mother separate fromthe child
during the pre-and posttest. Mothers completed thedemographic questionnaire and
surveyin the secondroom. Mothersandchildrencame to the laboratory on asingle
occasion. Uponarrival motherandchild were brought to the main roomused forthe
studyand mothers filled out a consentformwhile the child was askedto give verbal
assent. Themotherwas broughtto the second roomto fill out the demographic
questionnaire while the child was giventhe pretest. Forthe pre-test, thechild was shown
each itemindividually and asked ifit is OK to eat/drink/dowhat was depicted in the
picture. Each itemwas probed about why something may or may not be OK to eat/
drink/do. Ifa child answeredthat an itemis not consumable shewas asked if there is any

way to make the item OK to consume. Following the main pretest items thethree
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sociomoral images were shownusingtwo figurines. Each itemwas shown andthechild
was told “This (item)is Suzy’s but Tommy wants it. Tommy hits Suzy and takes (eats)
the (item). Was it OK for Tommy to hit Suzy and take (eat) her (item)? Will anything
happento Tommy when he takes (eats) her (item)?” The child’s responses were probed
as to why orwhy not they gave theiranswers. The child was thenasked if it would have
been OK for Suzy to eat/play with the itemto verify whether the child believed the item
was OK to eat/play with in the absence of the moral transgression and why. Responses
regarding Suzy eating/playing with theitemshould indicate whether the child believed
the itemwas contaminated. Thepretest took an average of 10 minutes.

Afterthe pretestwas finished, the mother was brought into the roomwith the
child for the interactive story activity. They were seated at atable and askedto talk
togetherabout whatthey saw taking placein the picturestory. The researcher used the
training storyas an example by pointing outthe pictures, showingthesequence of events,
and explaining that thediscussion should be about what they see in the illustrationsand
what they thinkabout the things taking place in the story. It was explained that each
story is in its own booklet and the booklets were placed in the order they should be
viewed. Afterthe experimenter made surethe participants had no questions she left the
roomand allowed the motherandchild to continue. The storyactivity tookan average of
15 minutes.

Afterthe story activity was finished the mother was brought out of the roomto
complete the survey in the second roomand the child was giventhe posttest. The

posttesthadthe same procedure as the pretest where children were shown pictures and
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asked ifit is OK/not OK/unsureto eat/drink/do whatwas in the picture. During this time
the mothercompletedthegermand illnesssurvey. The posttest took on average 12
minutes. The entire procedure was video recorded for coding purposes and typically took
no more than one hour.

Coding

Forall following codes, independent coders, blind to the hypotheses of the study
were used for reliabilities. Coders overlapped at least 20% of the data coded.
Reliabilities for the codes were conducted usingthe intraclass r (also referred to asa
Spearman-Brown “down”reliability ) (Rosenthal & Rosnow, 1991). In this way,
reliabilities for each set of codes could be calculated across items or stories and by
combining theoretically similar codes. Reliabilities reported below combined
theoretically similar variables. Forinstance, allbehavioral variablesare combinedin the
reliability analysisandexamines rater reliability across thesevariables. Reliabilities are
reported at theend ofeach coding description.

Pre-and posttestcoding. Pre-and posttestitems were coded for two dependent
variables. First, children’s acceptance of contaminated and uncontaminated items as safe
to consume was recorded. Second, probe questions explaining the rejectionor
acceptance ofeachitemwere coded for biological concepts. Differencescores between
the pre-and posttest were also analyzed for acceptance of items as safe to consume and
levelof biological concepts. Allpre-and posttest items were divided into two groups
based onthe itembeing contaminated or uncontaminated, thus creating two g roups of

items referred to as contaminated items and uncontaminated items. Thesegroups are
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referred to throughoutthe analysisas itemtypes. Pre-and posttest variables are analyzed
throughout based onthese itemtypes.

The sociomoral vignettes in the pre- and posttestwere also coded for two
dependentvariables, acceptance of vignette itemand presentofimmanent justice.

Acceptance of items as safe to consume. The first dependentvariable was
children’s acceptance ofitems as safe to consume. This code was incorporated in the
study to examine children’s knowledge aboutcontaminationandto aid in answering
Research question 2, that interactions with mothers willimprove children’s
understanding of contaminationand biological concepts. Children were coded as either
acceptingornot accepting items they were presented as safe toconsume. An acceptance
of an item as safe to consume was codedas 1,and arejection ofan itemas safe to
consume was codedas 0. Responsesto all contaminated items were averaged to create a
percentage of contaminated acceptances variable, and responses to alluncontaminated
items were averaged to create a percentage ofuncontaminated acceptances variable. The
range of thesevariables was from0% to 100%.

Biological concept codes. The second dependentvariable for pre-and posttest
was to measure children’s biological concepts. The purpose ofthese codes is to further
assess children’s understanding of contamination in terms ofbiological concepts. These
codes willbe used foranalysis in answering Research question 2.

Probe questions in the pre-and posttestwere coded using codes based on a coding
scheme developed by Perrin, Sayer,and Willett (1991) which was developedto assess

the depthofchildren’s conceptual understanding of the biological processes involved in
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illnesses. This codingscheme was chosenbecause similar biological processes are
involved in contamination. Becausethese codes deal with biological concepts, the
variable is referred to in this studyas thechild’s general biological concepts.

Forthe current study the concept codes were adjusted to reflect biological
knowledge related to contamination more specifically and an additional code was added
to encapsulate immanent justice explanations. The additionalimmanent justice itemwas
included before “phenomenological res ponse” because phenomenological res ponses
involve factual feelings or characteristics (e.g., “that’s notgood to eat because it’s blue”)
and an immanent justice response involves non-factual phenomenon (e.g., “that will
make you sickbecause you will get in trouble for eatingmoldy bread”). Thus, when
consideringbiological concepts, factual phenomenonsuchas the color ofa food (which
may be related to discoloration in mold or decay) is closer to relaying biological level
concepts thana food making you sick because it was against the rulesto eat it. The codes
for assessing biological explanations are hierarchical, rangingfrom1 to 7 (see Appendix
D for more detailed codingdescriptions). The codes listed by the codenumber with a
description of the codefollows:

1— NO KNOWLEDG: no knowledgeor inappropriate knowledge, e.g., child

states that she does not know or comments aboutsomething unrelated to the topic

2 — SOCIOMORAL.: immanent justice (sociomoral) response, e.g., causes are not

biological or phenomenological, causes based on unacceptable behavior rather

than factual phenomenon.
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3— PHENOMENISM: phenomenological or circular response, no information
about biological cause or process, e.g., youget sickbecauseyou feel bad, that
food will make you sickbecause oftheblue stuff.

4 — EXTERNAL AGENT: includes external factualagents, e.g., thatfood makes
you sickbecause there’s mold on it.

5— INTERNALIZATION: includes understanding that something is internalized
in order forillness to occur, e.g., when youbreathe in sick people’s germs.

6 — INTERACTION: includes an interaction between person and iliness causing
agent, e.g., germs get in your systemand kill your cells.

7— MECHANISMS: includes abstractknowledge of the biological mechanisms
involved, e.g., germs take food away fromcells within the body and then the body
has no energy tokeep itself healthy allowing bacteria or other illnesses to take
over.

Scores below 4 (externalagent) indicate a lack of information about biologically

causalagents or processes involved in illness or contamination concepts. A scoreof4

requires thatthe participantname concrete, specific causalagents or actions involvedin

illness or contamination. They must name factual information about the cause, treatment,

or prevention of the contaminant withoutdemonstrating knowledge ofa causal

mechanism. Forexample, “someonecoughingon you” could make you sick, butthe

causal mechanismis not clear. If participants mentionthe internalization ofa causal

agent, theyreceive ascore of 5. For example, germs getting inside you will make you

sick, but the causal mechanismis once again not clear. In orderto receiveascoreof6,
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the specific effect of the illness-causing (or contaminating) agent has tobe stated (e.g.,
the virus entering the body andkilling immune cells). In orderto receive ascore of 7, the
causal mechanismor process has to be elaborated (e.g., white blood cells notworking
and unable to fight off other sicknesses). Scores of 6or 7 require that participants
mention specific biological causal process or mechanismof contamination or illness, not
simply that they identified causal agents or other factual information. Conceptsthat
receive ascore of4or above are referred to as biological level concepts. Items were
divided by contaminated and uncontaminated items and biological concepts codes were
then averaged foreach itemtype. The child’s highest biological concept fromeach item
type was noted and referred to as the child’s highest biological concept. Therefore,
children received two biological conceptscores for both the pretest and the posttestand
for each itemtype, ageneral biological conceptscores for contaminated and
uncontaminated items anda highestbiological conceptscore for contaminated and
uncontaminated items.

Concept codes were also examined categorically to uncover patterns in the types
of reasoning children may be using. Foreach itemin the pre-and posttest, each code was
analyzed separately by counting the number of children who were coded for thatcode.
The sumofthese children was usedto createa percentage of children (based on theentire
set of 76 children) who were codedas using eachcode. The sumofeach code was also
calculated across all contaminated and uncontaminated items. Contaminated items

encompassed nineitems and uncontaminated items encompassed four items. The total
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number of children usingeach code for the entire setof contaminated and
uncontaminated items was summed.

Two coders were usedto testthe reliability of the conceptcodes. Reliability for
concept codes was calculated usingthe general biological conceptscore averaged across
all items forthe pre and posttests. Reliability was high, pretest intraclass r = .95, posttest
intraclassr=.88.

Immanent justice. The three sociomoral vignettes were created to test for use of
iImmanent justice. The percentage of children’s acceptanceofthe vignette itemas safe to
consume (or play with in the case ofthe toy) was calculated. This variable is referred to
as acceptance ofvignetteitems. Each vignette was analyzed separately. Items accepted
as safe to consume or play with were codedas 1, and items rejected were codedas 0.

The percentage of acceptances was calculated for each vignette.

Next, children’s explanations about why the doll should not consume or play with
the item were coded for the use ofimmanentjustice. The criterion for what constituted
an immanent justice explanationwas the same as thatused in code 2 ofthe biological
concept codes. Immanent justice (sociomoral) responses were explanation that did not
use biological reasons, rather, causes are based onthe doll’s unacceptable behavior rather
than factual or biological phenomenon. The use of immanent justice receiveda code of
1, and all otherexplanations received a code of 0. Coding ofimmanent justice
explanations revealed too few uses to conduct reliable reliabilities. There was one use in

the pretest and one in the posttest. Theuseofimmanent justice did not occur within the

75



20% of overlapped participants between coders. However, the two coders discussed, and
agreed upon, the two immanent justice uses.

Interaction story activity coding. Fourdistinct aspects ofthe interaction task
were coded. First,behavioral codes based ona codingscheme used in researchassessing
mother-child interactionduringa joint cognitiveactivity (Gauvain & Perez, 2008) were
used to code for mother-child behaviors. Second, mothers’ discussions and explanations
were coded using the biological concept codes described above. Third, mothers’
contamination related references during each story were counted. Finally, mothers’
disgust expressions were coded. Thesecodes are described more below. Video
recordings for each dyadic interaction were divided by story (sevenstory segmentsin
all). Each story segment was thenedited into 30second clips. These clips were used for
coding mother-child behaviors and facial expressions. Separatesets of coders were used
for each coding category. Foreach set of codes, coders viewed theentire 30secondclip,
then ascreenappeared with theword CODE. Coders then paused the video and recorded
theircodes. Short clips of behavior have been found to reliable and useful in rating
behaviors and expressions (Ambady & Rosenthal, 1992). Specific information about
each codingcategory is described in more detail below.

Mother-child behaviors. Motherand child behaviors were used descriptively, as
dependentvariables, in relation to child agedifference, and as independent variables, as
predictors for child posttestscores. The use ofthesecodes is meant to aid in answering
all three Research questions. Thoughbehaviorsdonot directly informa personabout

contamination, the manner in which a motherand child interactmay help to teach a child
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new concepts (Gauvain & Perez, 2008). In addition, thesebehaviors may vary depending
on the age ofthe child (Gauvain & Perez, 2008).

Behaviors ofthe motherand child were coded fromthe video recordings and used
to describe behaviors between motherand child while discussing contamination re lated
scenarios and as dependent variables in examining differences in those behaviors based
on the child’s age. Mother-child behaviors were alsousedas independent variables to
investigate potential predictors for children’s changes frompre-to posttest. The codes
for this were based on mother-child interactions during a joint cognitive activity (Gauvain
& Perez, 2008).

Behavior variables forthe motherincluded whether the mother provided guidance
for herchild through thestory, directed her child’s activity, encouraged her child’s
independentcontribution, kept her child involved, and confused the child. Providing
guidance is the extentthe mother explained rules or steps of the task, pointed out
constraints in the task, or providedany informationon howthe task should be performed.
Direct child’s activity is the extent the mother tells the child to performparticular roles in
the taskorhowto behave duringthetask, not as a suggestion but more like a demand or
order. Encouraging child’s independentcontribution is the extent the mother attemptsto
have the child work on aspects of the task independently or have thechild come up with
suggestions of herown. Keepschild involvedin activity is the extentthe mother attempts
to keep the child involved in executingaspects ofthe task. Confusesthechildis the
extent to which the mother provides unclear orincorrect informationto thechild as they

are trying to understand thestory and discuss contamination.
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The variables the child was coded on included involvement in the task, level of
frustration, being off-task, cooperationwith mother. Involvement intask is the extentthe
child is involvedin carrying out aspects of the task suchas asking questions, making
suggestions, describing pictures, elaborates on thestory, etc. Frustrationis the extent the
child is frustrated with thetask or with her mother’s handling ofthe task. Being off-task
Is the extent to which the child engages in behaviors or comments thatare not re lated to
the task. Cooperative withmother is the extentto which thechild cooperates and
complies with mother throughout the entire planning task.

As adyad they were rated on whowas mostresponsible for the task. Task
responsibility deals with who was mainly responsible for the task progressing including
reading discussing pictures, making decisions about how the story will be read, etc.

Codes were on a 5-point scale with 1 being little or minimal and 5 being very
much orextremely (except task responsibility where 1 was mothersolely responsible and
5was child solely responsible). Behaviors were evaluated and scored duringeach 30
second clip. Raters observedeachvideoclip and at the end ofeachvideoclip rated
behaviorasitoccurredduring that clip. Foreach behaviorascorewas calculated for
each story by averagingscores for all 30 secondclips for thatstory. The number of video
clips perstory varied between participants based on the amount of time motherand child
spentdiscussing stories. Forexample, if a motherand child spent2.5 minutes discussing
the first story this resulted in five 30 second video clips that were used for rating. Ratings
for each ofthe five video clips were averaged together to create onerating foreach

behaviorduring thatstory.
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An overall composite score foreach behavior was then calculated acrossall ofthe
seven stories. Composite scores could range between 1and 5, in accordance with the
scale describedabove. Storieswere also divided by contamination type (contamination
related stories, decontamination related stories, and the sociomoral story). Behavior
ratings were thenaveraged over all contaminated and decontaminating stories. Because
there was only one sociomoral story, thescore for thatstory wasusedas is. Thus,
mothers and children receivedan overall rating for each behavior (across all stories) and
separate ratings for contamination related stories, decontamination related stories, and
sociomoralstory. Because this study is interested in responses based on contamination,
only behaviorscores based on story typeare used in the analysis.

Two coders were usedto testreliabilities of the behavioral codes. Because the
behavioral codes can be grouped theoretically, they were tested for reliabilities together
in the intraclass reliability. As stated above, thecodes used in the reliability were
providing guidance, direct child’s activity, encouraging child’s independent contribution,
keep childinvolved inactivity, confuses the child, child involvement in task, child level of
frustration, child off-task, cooperationwith mother, andtask responsibility. Reliabilities
were calculated based onthe compositescore across all stories. Reliability forthe
behavioral codes was high, intraclass r =.84.

Biological concepts. Motherswere coded forthe extentofbiological
understanding during discussions with their children in the interactive task. This variable
helps to answer Research question 1and 3, interested in what types of information

mothers provide their children and if there are age differences. It describes mother’s
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level of biological concepts while discussing contamination related scenarios with her
child and usedas a dependent variable to assess differences in mother’s biological
concepts basedon thechild’s age. Mother’s biological concepts were also used as an
independentvariable for investigating predictors of children’s changes frompre-to
posttest. The same concept codes usedin the pre-and posttest, as described above, were
used during the interactive task. Briefly, the coding scheme ranges from1-7 with 1 used
for responses of “Idon’t know” orreflecting inappropriate responses and 7 indicating
abstract biological knowledge. Scoresof4and higher indicated biological level
concepts. Coders used video recordings of the interactions to codebiological concepts.
Coders watchedthe video recording of theinteraction during the entire story and gave
mothers one conceptcodebased onthe highest level of biological concept she provided
atany time during the story. Forexample, if at some point duringtheinteractionfor
story 1amothertells herchild that germs fromthe bug are in the soup thatwill then g et
inside the boy making himsick, then she is givena conceptcode of 5fordiscussing
internalization. Provided she does not give further details about how the germs might
interact with the body or mechanisms involved in gettingill from germs, her concept
score remains 5. One biological concept codewas given foreach story.

An overall composite score for the conceptcodes was calculated across all of the
seven stories by averagingthe concept code foreach story. Storieswere also divided by
contamination type (contaminationrelated stories, decontamination related stories, and
sociomoral story). Concept codes were thenaveraged over all contaminated and

decontaminating stories. Because thesociomoralstory only encompassed onestory, the
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score forthat storywas used asis. Thus, mothers receivedan overall concept code
(across allstories) and separate concepts codes for contamination related stories,
decontaminationrelated stories, and sociomoral story. Scores forranged from1to7
based onthe biological concept codesabove. This variable is referred to as mother’s
general conceptscore.

Mothers’ highestbiological code for each story type was alsousedin the analysis.
Forthis code the highest biological code fromeach story thatcomprised the composite
score foreach story type was used. Forexample, four stories comprisethe contamination
related stories. Ifthree storieselicited ascoreof 3for each story fromthe mother butone
of the four stories eliciteda score of 5, then 5was usedas the highestbiological concept.
This variable ranged from1 to 7 as described by thebiological conceptscores above and
is referred to as mothers’ highestconceptcode.

Two coders were usedto testthe reliability of the conceptcodes during the
interactive task. Reliability for mothers’ conceptcodes was assessed usingthe overall
concept codes across all stories. Reliability was good, intraclass r = .74.

Contamination references. Mothers’ references to contaminationare used to aid
in answering Researchquestions 1and 3, interested in the types of information mothers
provide their childrenand ifthis information varies as a functionofthe child’s age.
Coding for contamination references were conducted using the videorecordings ofthe
interaction. Mothers’ statements were coded into four variables, which include
contaminated (e.g., That apple’s dirty, he shouldn’t eat it), uncontaminated (e.g., Those

are OK to eat), decontaminated (e.g., Washing vegetables makes themclean), or
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immanent justice (e.g., If you do mean things youwillget sick). These fourvariables
were used to describe thetypes of references mothers providetheir children during
discussions about contamination related scenarios. In addition, these variables were used
as dependent variables to examine differences in mother’s references based on thechild’s
age and as independentvariables to investigate potential predictors for children’s changes
from pre- to posttest. Contaminated statements referto an itemas being unsafe to
consume (as in the case of food orwater) or spreading germs or bacteria (as in the case of
germtransmissionfrompersonto person). Uncontaminated statements referto a lack of
contamination existing, or an itembeing safe to consume or not transmitting germs or
bacteria. Decontaminated statements refer to potential germs or bacteria being removed
from something (e.g., food, water, hands) changing it from contaminated to
uncontaminated. Immanentjustice statements referto an actionorbehaviorthatthe
mother or child says is a punishmentoris punishable (e.g., getting sick because someone
misbehaves).

Frequencies were usedto evaluatethe total number of times these topics were
referenced by the motherin each story. Foreach story, references were counted during
the course of discussion between motherand child. Because references were counted,
there was not arangethe number of references fell between. Frequencies for mothers’
referencesranged fromOto an unlimited number of references. Each reference variable
(contaminated, uncontaminated, decontaminated, and immanent justice) was averaged
acrossallofthe sevenstories. Storieswere also divided by contamination type

(contamination related stories, decontamination related stories, and sociomoral story).
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Each reference variable was thenaveraged over all contaminated and decontaminating
stories. Because there was only one sociomoral story the frequencies of each variable
during this story was used as the frequencies for the sociomoral story. Thus, mothers
received an overall average frequency of each reference (across all stories) and separate
averages for contamination related stories, decontamination related stories, and
sociomoral story. Two coders were usedto testthe reliability of all four contamination
references duringthe interactivetask. Reliability forreferences was high, intraclass r =
94,

Disgust expressions. Inaddition toverbal content betweenthe motherand child,
disgust facial expressions were coded. Disgust is usedas a dependent variable to
examine mother’s differences in disgust facial expressions based onthe child’s ageand
as an independent variable to investigate potential predictors for children’s changes from
pre-to posttest.

Expressions were evaluatedandscored duringeach 30secondclip. Raters
observedeachvideo clip with the sound off, focusing only on the mother. Atthe end of
each video clip mothers were rated for the highest level of disgustexpressions that were
displayedduring that clip. Ratingswere ona5-point scale with 1 being emotion not
expressedand 5being emotion extremely expressed. Disgust was givenarating foreach
story by averagingscores forall 30 second clips forthatstory. The number ofvideo clips
perstory varied between participants based on theamount of time motherand child spent
discussingstories. Forexample, if a motherand child spent 2.5 minutes discussingthe

first story this resultedin five 30 secondvideoclips thatwere used forrating. Ratings for
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each ofthe five video clips were averaged together to createone rating for disgustduring
that story. Therefore, each story receivedarating for disgust. This variable is referred to
as mother’s disgust and ranged from1 to 5 based on the coding scheme above.

An overall composite score for disgustwas then calculated across all of the seven
stories byaveraging alldisgust scores across the stories. Storieswere alsodivided by
contamination type (contamination related stories or decontamination related stories).
Expressions were then averaged over all contaminated and decontaminating stories.
Thus, mothers received an overall rating for disgust (across all stories) and separate
ratings for contaminationrelated stories and decontamination related stories. These
disgust scores are referred to as general disgust scores. To testwhethera brief, but
extreme, dis gust expression might influence children’s outcomes, mothers’ highest
disgust score overall clips foreach storywas alsoused in the analysis. These scores
were averaged across all stories and separately for contaminating and decontaminating
stories. These disgustcodes are referred to as highest disgustscores. Three coders were
used to testreliabilities of disgust facial expressioncodes. Reliability forthe expression
codes was high, intraclass r =.97.

Parentsurwey. Mothers’ responses tothe parentsurvey were codedusingthe
concept codes described above for the level of biological concepts present in their
explanations for causes, treatments, and prevention of iliness orgerms. Two variables
were created forthe parent survey, the illness knowledge and germ knowledge variables.
Parent survey variables were usedas independent variables to investigate potential

predictors for children’s changes frompre- to posttest. Allquestions were codedusing
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the biological conceptcoding scheme except questions 3and 15. Questions 4,7, and 22
were not included in the following analyses because these items did not lend themselves
to biological concepts (e.g., Who taught you about stomachillness?). Two coders were
used to testthe reliability ofbiological concept codes for the parent survey. Reliability

for concept codes was high, intraclass r=.93.
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Chapter 4: Results

Results are reported in four separate sections. First, preliminary analysis was
conductedto determine if child gender can be collapsed for the remaining analyses.
Second, children’s performance on the pretest and posttestand differences frompre- to
posttestwas examined based on the child’s number ofaccepted items as safe to consume
and levelof biological concepts. Due to theinterestin contamination, the analysis was
examined by contaminated and uncontaminated testitems. Children’s performance on
sociomoral items were also examined in this section. Third, mothers biological concepts
based onthe parent surveyare analyzed. Fourth, thestory book interaction between
motherand child examined the following: 1) references mothers make about
contamination, lack of contamination, decontamination, and immanent justice; 2) the
level of biological concepts expressed by mother; 3) behaviors of the motherand child
which include parental guidance, directing child’s activity, encourage independent
contribution ofthe child, mother keeping the child involved, mother confusing the child,
the child’s involvement in the task, child’s frustration, if the child is off-task, child’s
cooperationwith the mother, and whether themother or child was more responsible for
the task; and4) mothers’ disgust facial expressions. Theseanalyses are examined by
story type. Finally, the following variables were examined as potential predictors for
children’s improvement on the posttest: mother’s references to contamination, lack of
contamination, decontamination, and immanent justice; the level of biological concepts
expressed by mother; motherand child behaviors; and mother’s disgust facial

expressions.
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Preliminary Analysis

Variables were tested for gender differences to determine if participants could be
collapsed by gender forthe remaining set of analyses. Pretestand posttest variables are
describedfirst, followed by the story interaction variables, and ending with the parent
survey.

Pretestand posttestvariables. The percentofitems children accept as safe to
consume was analyzed for gender effects in the pretestand posttest items. Pretestitems
were divided into contaminated or uncontaminated items and tested for gender effects. A
2 (contaminationtype) x 2 (gender) multivariate analysis of variance (MANOVA) was
used to examine gender effects onthe percent of pretest items that were accepted as
consumable and found no gender effects, F(2,73) = .31, p =.73. Posttest items were then
divided by contamination typeand a 2 (contaminationtype) x 2 (gender) MANOVA was
used to examine gender effects onthe percent of posttest items that were accepted as
consumable and found no gender effects, F(2,73) = .17, p = .85. Based on these analyses
genders did notdiffer on the acceptance of items as safeto consume on pretest and
posttestitems.

Next, children’s biological concepts were analyzed for gender effects in the pre-
and posttest. Concepts were analyzed based onchild’s general biological conceptscores
acrossall stories and thesumofeach concept codeacross all stories. Forthe general
biological scores, aone-way ANOVA indicated there were no gender differences in the
pretest, F(1,74) = .34, p=.56. Next, aone-way ANOVA indicatedthere were no gender

differences in the posttest, F(1,74) = .46, p =.50. These analyses suggest that males and
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females had similar levels of biological concepts in the pretestand posttest items. Forthe
categorical concept codes all codes were for the pretest and posttest were combined and
analyzed in two 4 (concept codes) x 2 (gender) MANOVA for the effectof gender in the
pretest,and a5 (concept codes) x 2 (gender) MANOVA (code 6 was not included in the
pretestbecause no children used it). Results foundno effect of gender on the categorical
concept codes in the pretest, F(3,72) = 1.86, p = .15, orthe posttest,, F(4,71) = 2.26, p =
.07, though this significancewas trending.

Finally, the sociomoral vignettes were analyzed for gender effects on the
acceptance of items as safeto consume or play with and for the number of explanations
using immanent justice. Two 3 (vignette items) x 2 (gender) MANOVA was usedto test
gendereffects onaccepting pretest items in the sociomoral vignettes as safe toconsume
or play with. The vignette items includeda contaminated item, an uncontaminated item,
and the toy item. Males and females did notacceptsociomoral vignette items differently
in the pretest, F(3,72) = 1.03, p = .39, or the posttest, F(3,72) = 1.33, p=.27. These
analyses suggest that males and females are accepting the sociomoral vignette items as
safe to consume or play with similarly. Immanent justice explanations for why these
items were safe to consume or play with were too fewto conduct ananalysis. There was
only one instance ofimmanent justice use in the sociomoral pretest vignettesand one
case in the posttestvignettes.

Interaction variables. Story interactionvariables were analyzed for child gender

differences using MANOVA. First mother’s references to contamination are analyzed,
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then mother’s level ofbiological concepts, followed by mother’s and child’s behaviors,
and finally mother’s dis gust facial expressions will be will analyzed for gender effects.

A 4 (reference type) x 2 (gender) MANOVA was usedto find differences for
mother’s references to contamination based on the child’s gender. Referencetypes
include contamination, no contamination, decontamination, and immanent justice. No
gendereffects were found on thecombined variables, F(4,71) = .53, p=.72. Mothers
did not refer differently to contaminationbased onthe child’s gender.

Forbiological concepts, a one-way ANOVA was usedto find differences for
mother’s general biological conceptlevels based on thechild’s gender and foundno
differences, F(1,74) = .56, p = .46. Mothers’ highestconceptbased onstory type was
also analyzed across all story types usinga 3 (story type) x 2 (child gender) MANOVA.
Results foundno effectofage on mothers’ highest biological concepts, F(3,72) =.09, p =
.96. Mothers did not exhibit differences in biological conceptlevels based on the child’s
gender.

Next, behavior variables were divided into mother behaviors and child behaviors
and assessed for gender effects. A 5(behaviortype)x2 (gender) MANOVA was usedto
examine gender effects on mother’s behaviors during the interactive story task. Behavior
types includeparental guidance, directing child’s activity, encouraging child’s
independentcontribution, keep the child involved, and confusing the child. No gender
effects were foundon the combinedvariables, F(5,70)= 1.19, p=.32. A4 (behavior
type) x 2 (gender) MANOVA was used to examine gender effects on thechild’s

behaviors during the interaction. Behaviortypes include child’s involvement in the task,
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child’s frustration, whether the child is off-task, and child’s cooperation with mother. No
gender effects were found on thecombined variables, F(5,70) = 1.79, p = .14. The final
behavioral variable, task responsibility, encompassed both motherand child behaviors
and was analyzed separately for gender differences. A one-way ANOVA indicatedno
gender differences for task responsibility, F(1,74) = .01, p =.93. Mothersandchildren
did not exhibit behavior differences based on the child’s gender.

Finally, for disgust expressions a one-way ANOVA was used to examine child
gender effects onmother’s general disgust expressions duringthe interactive story task.
No child gender differences were found for disgust expressions, F(1,74) = .04, p=.85. A
3 (story type) x 2 (gender) MANOVA was used to analyze whether the child’s gender
had an effect on mother’s highest disgustacross all story types. Results foundno effectof
child age, F(3,72) = 1.25, p=.30. Mothersdid notdisplay facial expressiondifferently
based onthe child’s gender.

Parentsurwey. Mothersbiological concepts onthe parent survey were tested for
differences in illness knowledgeand germknowledge based onthe child’s genderusinga
2 (knowledge type) x 2 (gender) MANOVA. Resultsindicate there was notan effect of
child gender, F(2,73)=.39, p = .68

Based on the above analyses, no differences based on child gender were foundin
the main effect variables forthe pretest, posttest, or the interactive story task. Thus,

furtheranalysis was collapsedacross child gender.
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Children’s Performance on the PretestandPosttest

The pretest and posttestincluded the percent ofitems children accepted as safe to
consume and children’s level ofbiological concepts. Inaddition, sociomoral vignette
items were included in the pre- and posttest totest for the use of immanent justice
explanations. Children’s acceptance of safe items was analyzedfirst, thenbiological
concept levels were examined, and lastly, performance on the sociomoral items were
examined. Within each analysis set, pretest performance is examined first, followed by
examination of the posttest, and ending with differences betweenthe pre-and posttest.
Where applicable, analysis is based on whether items are contaminated and
uncontaminated.

Acceptance of items as safe to consume. Children’s decision whether an item
was safe to consume or not was examined by age and itemtype (contaminated or
uncontaminated). Items were divided by contaminationtype and counted to create a
percentageofaccepted items foreachitemtype. . Table 8 displaysthe mean percentage
of accepted items as safe to consume by itemtype, test type, difficulty, andage group.

Means for the following analyses in this section can be found in Table 8.
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Table 8
Percentage of items accepted as safe to consume by age, difficulty type, itemtype,
and test type.

5-year-olds 8-year-olds
Non-
Non- difficult
Difficult difficult Difficult Mean

—
D
3
~
<
=]
D
w

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) (SD)

21% 18% 24% 17% 25%  10%
Pretest  (17%)  (24%)  (18%) (15%)  (25%) (15%)**

23%  22% 22% 13% 19% 7%
Posttest  (19%)  (21%)  (24%)  (13%)*  (22%) (11%)**

Uncontaminated [ Contaminated

7% 82%
Pretest  (25%) (13%)

70% 79%
Posttest  (27%) (19%)

Note. Allmean acceptance rateswere differentthanchance, p <.001. Age
differences were *p <.05, acceptance of difficult items was greater than non-
difficult items at ** p < .01. There were no differences between pre-and posttest.

Pretest. Previous researchsuggests that children asyoung as 5years olds can
accurately acceptcontaminated or uncontaminated items as safe to consume (Siegal &
Share, 1990). Thus, pretest items accepted as safe to consume were first analyzedto
ensure children accepted themto be different fromchance (50%). One-sample t-tests
with a i of .5 (representing 50%) revealed that 5-year-olds accepted contaminated items,
t(37) = -10.37, p < .001, and uncontaminated items, t(37) = 6.67, p <.001, significantly
different fromchance. Likewise, 8-year-olds performed different fromchance for
contaminated items, t(37) = -13.69, p <.001, and uncontaminated items, t(37) =11.37, p

<.001. These datasuggest that both5-year-oldsand8-year-olds in this study accept
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items as safe to consume differentfromchance. Both5-and 8-year-oldsaccepted
contaminated items as safe less likely than chance, and uncontaminated items more likely
than chance.

Next, differences foracceptance rates between itemtypes (contaminated or
uncontaminated) based onage were examined. Paired-samples t-tests were conducted
separately for 5-year-olds and 8-year-olds tocompare itemtypes. As expected, both 5-
year-olds, t(37) = 6.05, p <.001, and 8-year-olds, t(37) = 6.15, p < .001, accepted more
uncontaminated items as safe to consume. Acceptance rates were examined forage
group effects, based on itemtype (contaminated or uncontaminated) usinga 2 (item type)
x 2 (age group) MANOVA. Analysisrevealedthere were no age group differences for
accepting items as safe, F(2,73)= 1.73, p = .06, n,” = .07, thoughthe significance was
approaching significance. The pretest datasupport previous research (Siegal & Share,
1990) indicating thatboth 5-year-olds and 8-year-olds canselect items as safe to
consume greater thanchance.

Additional analyses consideredthe difficulty level ofthe items. Some items were
considered more difficult than others based on theitems ability to be decontaminated (see
Table 7 for specific items in this analysis). To test thedifference in acceptance rates of
difficult and non-difficult items by child age, a 2 (difficult or non-difficult) x 2 (age)
within-between ANOVA was conducted. Results revealed nomain effect of item
difficulty, F(1,74) = 2.12, p=.15, nora main effect ofage, F(1,74) = .84, p=.36.
However, there was an interaction, F(1,74) = 13.34, p <.001, an =.15. Posthoc paired-

samples t-tests were used to test for differences between difficult and non-difficult items
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for each age group. Results indicatethat 5-year-olds accepted difficult items as
frequently as non-difficult items, t(37) = -1.63, p =.11. Eight-year-olds, however,
accepted difficult items as safe to consume more frequently than non-difficult items ,
t(37) = 3.45, p=.001. These datasuggest that overalldifficult and non-difficult items
are acceptedsimilarly by child as safe to consume. However, an interaction with age
indicates that5-year-olds acceptdifficult and non-difficult items at similar rates, but 8-
year-olds accepted difficult items more frequently (and at a similar rate as 5-year-olds)
than non-difficult items in the pretest.

Posttest. Forthe posttest items, one-sample t-tests with a pset at .5 were used to
test whether the percentage of accepted items was different fromchance (50%) for
contaminated and uncontaminated items. As in the pretest, 5-year-olds performed
different from chancefor contaminated items, t(37) =-8.89, p <.001, and
uncontaminated items, t(37) = 4.63, p <.001. Likewise, 8-year-olds performed different
from chance for contaminated items, t(37) = -16.74, p <.001, and uncontaminated items,
t(37) = 9.46, p<.001. These datasuggest that both5-year-olds and 8-year-olds choose
different from chancewhen food orwater is safe to consume andthat these results are
similar to the pretest.

Differences foracceptance rates in the posttestby agegroup and itemtype were
examined next. Paired-samples t-tests were conducted separately for 5-year-olds and 8-
year-olds to compare contaminated and uncontaminated items first. Like the pretest, both
5-year-olds, t(37)=10.17, p < .001, and 8-year-olds, t(37) = 20.05, p <.001, accepted

more uncontaminated items as safe to consume than contaminated items. Agegroup
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effects in the posttest for acceptance rates, based on itemtype, were examined next. A 2
(itemtype) x 2 (age group) MANOVA determined there were age effects foraccepting
items as safe in the posttest, F(2,73) =5.37, p=.01, npz =.13. Posthoc between-subjects
tests indicated that for contaminated items, 5-year-olds accepted more items as safe to
consume than8-year-olds, F(1,74) =5.72, p=.02. For uncontaminated items, however,
both age groups similarly accepted items as safe to consume F(1,74) = 2.54, p =.12.
These data indicate thatduring the posttest bothage groups had higher rates of selecting
uncontaminated items than contaminated items as safe to consume. When considering
contaminated items, 5-year-olds choose more items as safe than 8-year-olds. Therewas
no difference betweentheage groups for accepting uncontaminated items as safe.

Additional analyses considered the difficulty level ofthe items in the posttest (see
Table 7 for specific items in this analysis). To test thedifference in acceptance rates of
difficult and non-difficult items by child age, a 2 (difficult ornon-difficult) x 2 (age)
within-between ANOVA was conducted. Results revealed a main effect of item
difficulty, F(1,74) = 4.88, p = .03, an: .06. Pairwise comparisons indicate that5-year-
olds accepted all items more frequently (M =.22, SE = .03) than 8-year-olds (M =.13, SE
=.03) (p =.02). Therewas also amain effectofage, F(1,74) =5.94, p=.02, n,f =.07.
Pairwise comparisons indicate that difficult items were accepted more frequently (M =
.20, SE =.03) than non-difficult items (M =.15, SE=.02) (p =.03). Therewas also an
interaction, F(1,74) = 6.30, p =.01, n,°=.08. Post hoc paired-samples t-tests were used
to test for differences betweendifficult and non-difficult items foreach agegroup.

Results indicate that 5-year-olds accepted difficult items at the same rate as non-difficult
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items, t(37) =-.22, p=.83. Eight-year-olds, however, were more likely to accept
difficult items than non-difficult items , t(37) = 3.23, p=.003. These results suggest that
acceptance rates of difficult items were accepted more than non-difficult items in the
posttestandthat8-year-olds were more likely to accept difficult items than 5-year-olds
were.

Changes from pretestto posttest. To partially test for Hypothesis 2.1, that
biological concept will change, though acceptance of items as safewill not, changes of
acceptance rates by age group were analyzed usinga 2 (time: pre-and posttest) x 2 (age
group) within-between ANOVA. Contaminated and uncontaminated items were
analyzed separately. Forcontaminated items, there was nota main effect oftime, F(1,74)
= 53, p = .47, but there was a main effect ofage, F(1,74) = .4.14, p= .05, n,"= .05, such
that 5-year-olds accepted more items as safe (M =.22, SE = .03) than 8-year-olds (M =
.15, SE=.03). There was not an interaction effect, F(1,74)=1.97, p =.17. These data
suggest thatthough 5-and 8-year-olds accepted items as safe differently, these
acceptancesdid not changefrompre-to posttestforeitherage group. For
uncontaminated items, there was not a main effect oftime, F(1,74) =2.01, p =.16, a
main effect ofage, F(1,74) = 2.73, p = .10, or an interactioneffect, F(1,74) = .37, p = .55.
This suggests that for uncontaminated items both age groups had similar acceptancerates
of uncontaminated items as safeand there were no changes fromthe pretestto the

posttest.
Next, difficult and non-difficult items were analyzed for changes frompre-to

posttestusing 2 (time: pre-and posttest) x 2 (age) within-between ANOVAs. For
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difficult items there was nota main effect oftime, F(1,74) = .24, p =.62, noramain
effectofage, F(1,74) = .23, p=.63. However,there was an interactioneffect, F(1,74) =
4.74, p= .03, npz =.06. Posthocpaired-samples t-tests were used totest for differences
between pre-and posttestforeach age group. Resultsindicate that for difficult items, 5-
year-olds accepted pretest items at the same rate as posttest items, t(37)=-1.23, p =.23.
Eight-year-oldsalsoaccept pretest items at a similar rate as posttest items, t(37) = 1.83, p
=.08, though this significancewas trending. Fornon-difficult items, there was nota
main effect oftime, F(1,74) = 1.65, p=.20, or an interactioneffect, F(1,74)= .15, p=
.70. However, there was a main effect ofage, F(1,74) = 18.79, p <.001. Pairwise
comparisons indicate that 5-year-olds accepted all non-difficult items more frequently (M
=.23, SE =.02) than 8-year-olds (M =.08, SE=.02) (p <.001). These resultssuggest
that acceptance of difficult items does not changeafter interacting with mother.

In sum, thesedataindicate that both 5-and 8-year-olds accept contaminated and
uncontaminated foodand beveragesimilarly before interacting with their motherabout
contamination related scenarios. However, this is only true of contaminated items that
are not considered difficult, or that cannot be decontaminated. After interactingwith
their motheraboutcontamination related scenarios, 8-year-olds accepted fewer
contaminated items as safeto consume than 5-year-olds. Foruncontaminated items, both
age groups similarly accepted items as safe to consume. However, analysis suggests that
patterns foraccepting items as safe to consume fromthe pre-to the posttestwere not
different based onage. These results partially support previous research that children as

youngas 5years are able to recognize when food or water is considered contaminated or
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safe to consume. Resultsalso partially supportHypothesis 2.1 that childrenare not likely
to improve theiracceptance rates after interacting with their mother during contamination
related scenarios.

Biological concepts. To test forthe remaining part of Hypothesis 2.1, children’s
biological concepts were examined by age and itemtype (contaminated or
uncontaminated) for the level of biological understanding expressed in their reasons why
an itemis oris notsafe to consume. Table 9displays the biological concept means by
itemtype, test type,andage group. The table also includes the children’s highest
biological concept score based on itemtype. Meansforanalyses in this sectioncanbe

found in Table 9.

Table 9
Mean levels ofbiological concepts byage, itemtype, andtest type.
Itemand Test Types 5-year-olds 8-year-olds
General Highest General Highest
Mean (SD)  Mean (SD) Mean (SD) Mean (SD)
Contaminated Pretest  3.14 (55) 3.97 (.70) 3.79 (.43) 453 (51)

Posttest  3.37 (.51) 4.00 (.62) 3.98 (.33) 4.58 (.55)
Pretest 294 (51) 3.42(.64) 3.28 (54) 3.87(41)
Posttest  2.95 (.49) 3.45 (.65) 341 (51) 4.05(.61)
Note. Means basedon 7-point scale with 1=don’t know, and 7=highest level of
biological concepts (Mechanisms). Allhighest means were greater thangeneral

means, p <.001. Meansbetweenages forall testand items types were different, p
<.01. Differences frompre-to posttest for contaminated items were p < .001, but

there were no pre- to posttestdifferences for uncontaminated items.

Uncontaminated

Next, analysis was conductedto evaluate biological concept scores categorically.
Each concept score is reported in associationwith each itemin the pre-and posttest (see

Table 10). Table 11 displaysthesumofeach concept codeacross each itemtype by

child age group.
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Table 10

Percent ofeach conceptcodeusedfor pretest and posttestitems.

Test Concept Codes
Type i o 1 3 4 5 6
em o Contamination  Don’t Phenom External Internal- Inter-
# Stimuli Type Know  -enism  Agent ization  action
Pretest 1 Potato Uncontaminated 15% 67% 18% 0 0
2 Moldy bread Contaminated 3% 38% 18% 0 0
3 River* Contaminated 8% 38% 53% 7% 0
4 Juice W Contaminated 3% 13% 7% 7% 0
cockroach
5 Waterin Uncontaminated 8% 58% 34% 0 0
pitcher
6 Cat eating Contaminated 7% 43% 43% 7% 0
pancakes
7 Potato rotten Contaminated 3% 46% 50% 1% 0
8 Orange Uncontaminated 5% 50% 45% 0 0
9 Drinkingwater Contaminated 13% 45% 32% 10% 0
from hands*
10 Potatow/dirt* Contaminated 3% 7% 87% 4% 0
11 Woman hugs Contaminated 34% 32% 14% 20% 0
sneezing man
12 Orange w/ dirt* Contaminated 4% 33% 59% 4% 0
13 Water from Uncontaminated 8% 75% 16% 1% 0
drinking
fountain
Posttest 1 Tomato Uncontaminated 4% 59% 36% 1% 0
2 Cheese, moldy* Contaminated 4% 21% 67% 8% 0
3 Clear lake* Contaminated 2% 45% 45% 8% 0
4  Cockroacheson Contaminated 1% 16% 75% 8% 0
sandwich
5 Boiling water  Uncontaminated 17% 61% 13% 9% 0
in pot
6 Dog drinking  Contaminated 3% 39%  45% 13% 0
from a glass
7 Tomato, moldy Contaminated 4% 30% 59% 7% 0
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Apple, intree
Water in toilet*

10 Tomatow

dirt*

11 Man coughing
over cookies

12 Apple w/ dirt*

13 Water from
kitchen faucet

Uncontaminated
Contaminated

Contaminated

Contaminated

Contaminated
Uncontaminated

3%
3%
1%

9%

3%
11%

50%
33%
16%

41%

37%
72%

46%
60%
79%

33%

55%
13%

1% 0
4% 0
3% 1%
17% 0
4% 1%
4% 0

Note. Only concept codes thatwere used by childrenwere includedin the table. No
children displayed concepts that would have scored 2or 7.
*Indicates difficult items that can be decontaminated.

Table 11

Sumofeach conceptcode used by itemtypeandchildage.

Pretest
5-year-olds 8-year-olds

Posttest
5-year-olds 8-year-olds

Code
Number Sum Sum Sum Sum
Contaminated 1 42 16* 16 7
Iltems 3 173 B3*** 138 73%*
4 121 223%** 158 236***
5 6 40*** 30 24
6 0 0 0 2
Uncontaminated 1 16 11 13 13
Items 3 113 T7xx* 102 82
4 23 B3*** 29 53**
5 0 1 8 4
6 0 0 0 0

Note. Age differences foreachcodesare * p<.05, ** p<.01, *** p <.00L.

Children’s concept scores were also coded as either biological ornon-biological

based ontheiraverage biological conceptscores. Basedon thecoding used for biological

concepts, ascore of4or higherindicates that the concepts expressed are being
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understood at a biological level. Forinstance, childrenexplain why an itemis inedible
based onbiological criteria, e.g., eating that rotten food will make your stomachsick.
Scores belowa 4 indicate that the child has, at best,a phenomenological understanding of
the concepts in question, e.g., you shouldn’t eat this because it’s bad. Any score below 4
was considered non-biological, while any scoreof 4 or higherwas biological. For
example, achild with an average biological concept score of 3.7would be coded as non-
biological, while a child with an average concept scoreof4.2 would be codedas
biological. This coding was conducted for overall items, contaminated items, and
uncontaminated items in boththe pretest and posttest. The meansconveyedin Table 9
suggest thatas a groupthechildrendid not elicit responses thatwould indicate biological
knowledge is beingcommunicated. Table 12 displaysthe percent of childrenwho scored
anaverage biological concept scoreof 4 or higher, displayingat leasta basic level of
biologicalunderstanding. Differences betweentest types, age groups, and itemtypes for
biological concept means and percentages are discussed below. Means forthe following

analysesin this sectioncanbe found in Tables 9through 12.

Table 12
Percentage ofchildren by age, itemtype, and test type who displayed concepts ata
biological level.

Item Types 5-year-olds 8-year-olds
Mean (SD) Mean (SD)
Contaminated? Pretest 0% 45% (50%)
Posttest 5% (23%) 53% (51%)
. Pretest 0% 8% (27%)
Uncontaminated
Posttest 0% 21% (41%)

Note. Allpercentageswere differentbyage, p’s <.01, except for in the uncontaminated
pretest. *For 8-year-olds, biological level concepts were significantly more frequent for
contaminated items than uncontaminated.
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Pretest. Generalbiological conceptmeansand highest biological concept means
were analyzed first followed by analysis based on categorical concept codes, and finally
percentages of children whoexpress concepts at a biological level were analyzed.
General biological concepts were examined for differences based on itemtypes
(contaminated and uncontaminated). A 2 (contaminated and uncontaminated) x 2 (age)
within-between ANOVA revealed a main effect of item type, F(1,74) = 56.59, p <.001,
np2 = .43, such that contaminated items elicited higher level biological concepts (M =
3.47, SE = .06) than uncontaminated items, (M =3.11, SE=.06). There was amain
effect ofage, F(1,74) = 21.50, p < .001, n,”= .23, such that 5-year-olds had lower level
biological concepts (M =3.04, SE =.08) than 8-year-olds, (M = 3.54, SE=.08). There
was also an interaction effect, F(1,74) = 10.52, p =.002, npz =.12. Posthoc paired-
samples t-tests were used to test for differences between itemtypes for each age group.
Results suggest thathigher biological concepts were displayed for contaminated items
than uncontaminated items by both 5-year-olds, t(37) =3.10, p =.004, and 8-year-olds,
t(37) = 7.43, p < .00L1.

Highest biological concepts were compared with general biological conceptsto
test for differences between children’s averaged score and their highest biological
concept using paired-samples t-tests. Results revealedthat for 5-year-olds, highest
biological concepts were significantly higher than general biological concepts for both
contaminated items, t(37) = 12.91, p <.001, and uncontaminated items, t(37) = 6.21, p <
.001, and also for 8-year-olds, both contaminated items, t(37) = 12.56, p <.001, and

uncontaminated items, t(37) = 8.14, p <.001, highest concept scores were higher than
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general concept scores. Highestbiological concepts were thenexamined for differences
based onitemtypes (contaminated and uncontaminated). A 2 (contaminatedand
uncontaminated) x 2 (age) within-between ANOVA revealed a main effect of item type,
F(1,74) = 86.04, p <.001, n,° = .54, such that contaminated items elicited higher level
biological concepts (M =4.25, SE =.07) than uncontaminated items, (M = 3.65, SE =
.06). Therewas also amain effect ofage, F(1,74) = 18.46, p < .001, npz =.20, such that
5-year-olds had lower level biological concepts (M =3.70, SE = .08) than 8-year-olds, (M
=4.20, SE=.08). However,there wasnotan interaction, F(1,74) = .65, p = .42.
Together the results for children’s general and highestbiological concepts in the pretest
suggest that 8-year-olds display higher levels of biological concepts, whether the items
are contaminated ornot. Contaminated items elicited higherbiological concepts than
uncontaminated items by bothage groups.

Additional analyses were conducted to test whether children’s biological concepts
were different based on the difficulty level of the contaminated item. Items that could be
decontaminated were considered more “difficult” in that knowledge about
decontaminated processes requires understanding many levels of contamination. Table
10 indicates which items were considered difficult. Paired-samples t-tests were usedto
compare biological conceptcodes between difficult items and non-difficult items (note
that only contaminated items were used). No general biological concepts were different
between difficult (M =3.22, SD = .60) and non-difficult items (M =3.08, SD= .58) for

5-year-olds, t(37) = 1.97, p = .06, thoughthis significance is trending. No general
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biological concepts were differentbetweendifficult (M =3.77, SD = .48) and non-
difficult (M =4.01, SD = .49) items for 8-year-olds, t(37) =-.40, p = .69.

Next, conceptcodes were assessed individually using the sumofeach code across
all items for contaminated and uncontaminateditems. In orderto treat the codes
categorically, separate one-way ANOVAs are conducted foreach codeto assess age
differences in code usage. For contaminated items, 5-year-olds did notknowthe answer,
F(1,74) = 4.48, p = .04, and had phenomenismresponses, F(1,74) = 48.70, p < .001,
more than 8-year-olds, while 8-year-olds used external agent responses, F(1,74) = 42.92,
p < .001, and internalization responses, F(1,74) = 15.87, p <.001, more than 5-year-olds.
Foruncontaminated items, 5-year-olds used phenomenismmore than 8-year-olds,
F(1,74) = 14.35, p <.001, and 8-year-olds used external agent more than 5-year-olds,
F(1,74) =23.74, p <.001. There were no age differences between notknowing, F(1,74)
=.50, p= .48, and internalization, F(1,74) = 1.00, p =.32. No children used immanent
justice, interactionresponses, or biological mechanisms in the pretest. Analysisofthe
categorical codes suggests that, for contaminated items, 8-year-olds were more likely to
use biological level reasoning in explaining their answers for why an itemcould or could
not be consumed, e.g., reasoningusing external agents as causes and internalizationas a
process. Foruncontaminated items, 8-year-olds were still more likely to use biological
levelexplanations (externalagents), but the use of higher level biological explanations
(internalization) was notdifferentbetweentheage groups. The use ofthe categorical
codes support age differences based on biological conceptmeans, that 8-year-olds display

more biological level reasoning.
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Finally, the recoded data reporting the percentages of children whoexpress
conceptsatabiological level were analyzed. Because no 5-year-oldsreceiveda
biological level mean, age differences cannotbe compared due to 0% violating
assumptions oftesting. Thoughsome 8-year-olds displayed biological level concepts,
note thatonly 8% did so foruncontaminated items. Next, biological level concepts were
compared between contaminated and uncontaminated items within agegroups. Dueto
contaminated and uncontaminated variables being within-subjects variables, McNemar
chi-square was used (McNemar, 1947). No 5-year-olds expressedbiological level
explanations forwhy an itemmay or may not be safe to consume. Thus, analysis was not
conductedforthis age group. For8-year-olds, McNemar chi-square revealed 8-year-olds
were more likely to express biological level concepts for contaminated items (45%) than
uncontaminated items (8%) (p < .001) (see Table 12). Results forchildrenexpressing
biological level concepts duringthe pretest indicate that5-year-olds did not express any
conceptsatabiological level. Eight-year-olds, on theother hand, did express concepts at
a biological level, but mostly for contaminated items.

Posttest. Forthe posttest items, biological conceptmeans were analyzed first
followed by analysis of percentages of biological level explanations. Biological concepts
were examined for differences based on itemtypes (contaminated and uncontaminated).
A2 (itemtype) x 2 (age group) repeated measures ANOVA revealed a main effect
between contaminated and uncontaminated items, F(1,74) = 103.58, p <.001, n,” = .58,
indicating contaminated items elicited higher level biological concepts (M =3.68, SE =

.05) than uncontaminated items, (M = 3.18, SE =.06). There was also a main effect of
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age, F(1,74) =31.34, p< .001, npz =.30, such that 5-year-olds had lower levels of
biological concepts (M =3.16, SE =.07) than 8-year-olds, (M = 3.69, SE = .07).
However, there was no interaction with age, F(1,74) = 2.10, p = .15.

Highest biological concepts were compared with general biological concepts in
the posttest to test for differences between children’s averaged score and their highest
biological concept using paired-samples t-tests. Results revealed thatfor 5-year-olds,
highestbiological concepts were significantly higher than general biological concepts for
both contaminated items, t(37) = 12.83, p < .001, and uncontaminated items, t(37) = 6.48,
p < .001, and for 8-year-olds, both contaminated items, t(37) = 8.43, p <.001, and
uncontaminated items, t(37) = 9.34, p <.001. Highest biological concepts were then
examined fordifferences based onitemtypes (contaminated and uncontaminated). A 2
(contaminated and uncontaminated) x 2 (age) within-between ANOVA revealed a main
effect ofitem type, F(1,74) = 49.80, p <.001, n,>= .40, such thatcontaminated items
elicited higher level biological concepts (M =4.29, SE =.07) than uncontaminated items,
(M =3.75, SE=.07). Therewas also a main effect ofage, F(1,74) = 25.86, p <.001, np2
=.30, such that 5-year-olds had lower level biological concepts (M =3.72, SE = .08) than
8-year-olds, (M =4.32, SE=.08). However, there was notan interaction, F(1,74) = .03,
p =.86. Results forchildren’s biological concepts in the posttest suggestthat 8-year-olds
display higher levels of generaland highestbiological concepts than 5-year-olds whether
the items are contaminated or not. Like in the pretest, biological concepts were higher

with contaminated items than uncontaminated items.
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Additional analyses were conducted to test whether children’s general biological
concepts were differentbased on the difficulty level of the contaminated item. Table 10
indicates which items were considered difficult on the posttest. Paired-samples t-tests
were used to comparebiological concept codes between difficult items and non-difficult
items (only contaminated items were used). No general biological concepts were
different between difficult and non-difficult items for 5-year-olds, t(37) = 1.72, p = .09,
though thissignificanceis trending, or for 8-year-olds, t(37) = -1.10, p = .28.

Next, conceptcodes were assessed individually using the sums ofeachcode
acrossallitems for contaminated and uncontaminated items. Separate one-way
ANOVAs are conducted foreach codeto assess agedifferences in codeusage in the
posttest. For contaminated items, 5-year-olds used phenomenismmore than 8-year-olds
F(1,74) =10.04, p =.002, while 8-year-olds used external agent responses, more than 5-
year-olds, F(1,74) = 16.67, p <.001. There were no age differences between not
knowing, F(1,74) = .89, p = .35, and internalization responses, F(1,74) = .25, p = .62.
Foruncontaminated items, 8-year-olds used external agent more than 5-year-olds,
F(1,74) =7.58, p =.007. There were no age differences between notknowing, F(1,74) =
.00, p=1.00, phenomenism, F(1,74) = 3.16, p = .08 (thoughthis s trending), and
internalization, F(1,74)= .78, p = .38. Though afewchildren usedinteraction responses
in the posttest, there were notenough to complete an analysis. However, it should be
noted that the interaction responses were only used for contaminated items. Results for
the categorical analysis suggestthat for contaminated items in the posttest 8-year-olds

were still more likely than 5-year-olds to use thebiological level explanation off external
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agentsand5-year-olds were more likely to use phenomenological responses. However,
both age groups did not know theanswer and used internalizationsimilarly. For
uncontaminated items, only external agents were used more by 8-year-olds. Immanent
justice and biological mechanisms were notused in the pretest.

Finally, the recoded data reporting the percentages of children who express
biological level concepts were analyzed. Chi-squaretests of independence were usedto
examine differences in the proportion ofbiological level concepts between age g roups.
Results indicated that 8-year-olds were more likely than 5-year-olds to use concepts at a
biological level forall items combined, * (1) = 8.61, p =.003. ltems were separated by
type and tested for age differences with eachtype, however, only results for contaminated
items can be calculated dueto no 5-year-olds reaching biological level concepts for
uncontaminateditems. Resultsindicated that for contaminated items, 8-year-olds were
more likely than 5-year-olds to express biological level concepts, »* (1) = 20.73, p < .001
(see Table 12). Biological level concepts were thencompared between contaminated and
uncontaminated items within age groups. McNemar chi-square was usedto test item
typeswithin age groups. Too few 5-year-olds expressed biological level explanations for
why an item may or may not be safe to consume to run an analysis. McNemar chi-square
revealed that8-year-olds expressed biological level concepts differently for contaminated
and uncontaminated items in the posttest (p =.002). Eight-year-oldswere more likely to
express biological level concepts for contaminated items (53%) than uncontaminated

items (21%) (see Table 12).
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Changesfrom pretestto posttest. Changes frompre-to posttest forthe biological
concept means are examined first, followed by an examination of changes frompre-to
posttestforthe sumofconcepts codes, and finally differences between pre-and posttest
for occurrences of biological level concepts is examined.

Biological conceptmeans are examined first itemtype. To analyze changes from
pre-to posttestoveralland by itemtype, 2 (time: pretest and posttest) x 2 (age) within-
between ANOVAswere used. Forcontaminated items, there was a main effect for time,
F(1,74) =19.11, p <.001, an =.21, such that childrenhad higher biological concepts in
the posttest (M =3.68, SE =.05) than the pretest, (M =3.68, SE=.05). Therewas also a
main effect forage, F(1,74) = 43.38, p <.001, npz = .37, such that 5-year-olds had lower
biological concepts (M =3.26, SE = .07) than 8-year-olds for contaminated items, (M =
3.89, SE=.07). Therewas no interactioneffect, F(1,74)= .24, p= .62. For
uncontaminated items, there was not a main effect of time, F(1,74) = 1.22, p = .27, and
there was no interaction effect, F(1,74) = .98, p = .32. Howeverthere wasa main effect
of age, F(1,74) = 15.75, p<.001, np2 =.18, which indicated that for uncontaminated
items 5-year-olds had lower levels of biological concepts (M =2.94, SE =.07) than 8-
year-olds (M =3.35, SE =.07).

Together, these results supported Hypothesis 2.1that children’s biological
concepts would increaseafter interactions with theirmothers. Specifically, results
indicated that bothage groups improved similarly fromthe pretestto the posttest when all
items were combined. Whenexamined by itemtype, children had higher biological

concept means on the posttestfor contaminated items, but there was no change for
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uncontaminateditems. No interactionwith age suggests thatage groups changed from
pre-to posttestsimilarly.

Next, changes frompre-to posttest forindividual codes were examined. Each
code and contaminated and uncontaminated items are examined separately using 2 (time:
pretestand posttest) x 2 (age) within-between ANOVAs. Contaminated itemcodes were
examined first. For not knowing the answer there was a main effect oftime, F(1,74) =
544, p= .02, npz = .07, with the pretest having more “don’t know” answers (M =.76, SE
=.16) than the posttest (M =.30, SE =.13). There was also a main effect ofage, F(1,74)
=472, p =.03, n,” = .06, with the 5-year-olds using more don’t know answers (M =.76,
SE =.15) than 8-year-olds (M =.30, SE = .15). There was no interaction, F(1,74) = 1.28,
p =.26. Forphenomenismthere was nomain effect oftime, F(1,74) =.99, p = .32, and
there was no interaction, F(1,74) = 3.20, p = .08, though this significance was trending.
There was a main effect ofage, F(1,74) = 43.41, p <.001, n,*= .37, with the 5-year-olds
using more phenomenismanswers (M =4.09, SE = .25) than 8-year-olds (M =1.79, SE =
.25). For there was a main effect oftime, F(1,74) =4.72, p=.03, np2 =.06, with the
posttesthavingmore external agent answers (M =5.18, SE = .25) than the pretest (M =
453, SE =.21). Therewas also amain effect ofage, F(1,74) =47.28, p <.001, an =.39,
with 8-year-olds using more external agent answers (M =6.04, SE = .24) than 5-year-olds
(M =3.67, SE=.25). Therewas no interaction, F(1,74)=1.09, p=.30. For
internalization therewas no main effect oftime, F(1,74) = .31, p = .58, and no main
effectofage, F(1,74) = 3.47, p=.07, thoughthis significance is trending. However,

there was an interaction, F(1,74)=7.63, p =.007, np2 =.09. Posthoc analysiswas
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conducted using paired-samples t-tests to test forage group differences. Five-year-olds
used code 5more internalization explanations in the posttest (M =.79, SD=1.71) than
the pretest, (M =.16, SD=.37), t(37) =-2.14, p = .04, but 8-year-olds did not use
internalization more in the posttest (M =.63, SD = .94) than the pretest(M =1.05, SD =
1.33), t(37) = 1.75, p =.09, thoughthis significance is trending.

Uncontaminated itemcodes were examined next. For not knowing there was no
main effect oftime, F(1,74) = .01, p =.92, no main effect ofage, F(1,74) = .30, p = .59,
and no interaction, F(1,74) = .28, p =.60. Forphenomenismthere wasno main effect of
time, F(1,74) = .17, p = .68, and there was nointeraction, F(1,74)=1.23, p=.27. There
was a main effect ofage, F(1,74) = 13.86, p <.001, npz = .16, with the 5-year-olds using
more phenomenismanswers (M =2.83, SE = .14) than 8-year-olds (M =2.09, SE = .14).
Forexternal agents there was no main effect of time, F(1,74) = .13, p=.72, and there
was no interaction, F(1,74) = 2.00, p = .16. There was a main effect ofage, F(1,74) =
25.77, p <.001, npz = .26, with the 8-year-olds usingmore externalagents answers (M =
1.53, SE =.12) than 5-year-olds (M =.68, SE =.12). Forinternalization there was a main
effect oftime, F(1,74) = 5.59, p=.02, n,> = .07, with the posttesthaving more
internalization answers (M =.16, SE = .06) than the pretest (M =.01, SE=.01). There
was also no main effect ofage, F(1,74) = .42, p = .52, and no interaction, F(1,74) = 1.16,
p=.29. Insum,results forchanges frompre-to posttest onthe concept codes suggest
that for contaminated items, code 1 (don’t know answer) was used less in the posttestand
code 4 (external contaminantagents stated) was used more in the posttest, while codes 3

(phenomenism) and 5 (internalization) remained the same. Foruncontaminated items
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only code 5 (internalization of contaminantneeded for illness to occur) increased in the
posttest. Codes1, 3, 4 did not change between pre-and posttest.

Next, thoughbiological conceptlevels increased frompre-to posttest, post hoc
analyseswere conduct using the percentage of children with biological level concepts to
test if more children obtained biological level concepts frompre-to posttest. The
percentages of children with biological level concepts were compared frompre-to
posttest. Becauseso few 5-year-olds displayed biological level concepts pre- and posttest
scorescould notbe examine. Inthe pretest, 0% of 5-year-olds expressed general
biological level concepts, though in the posttest 5% of 5-year-olds had general biological
level conceptsand only for contaminated items. For 8-year-olds, paired-samples t-tests
were used to compare pre-and posttest scores. Foroverallitems there was nodifference
between pre-and posttest, t(37) = .00, p = 1.00. Items were then separatedinto
contaminated and uncontaminated items. Forboth contaminateditems, t(37) =-1.00, p =
.32, and uncontaminated items, t(37) = -1.53, p = .13, there was no difference between
pre-and posttest.

These results suggestthatthe percentage of childrenexpressing concepts at a
biological leveldid not change frompre-to posttest regardless of the itemtype orage.
More 8-year-olds exhibited biological level concepts than 5-year-olds across tests. These
results supportresearchers whosuggest that children youngerthan 8 years old do not
possessa naivebiology based on theuse ofbiological mechanisms as explanations for

biological phenomenon (Carey, 1985; Solomon et al., 1996).
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Immanent justice. Three short vignettes tested children’s use of immanent
justice in support of Hypothesis 2.2. First, children’s acceptance of vignette items (food
and toy) were analyzed. Next, analysis forwhether children provided immanent justice
as an explanation for what will happen to the child after they hit, steal, and theneat (or
play with) the item they stole was examined. Table 13displaysthepercentof
acceptances forwhether theitemwas safe to consume or play with by itemtype, test

type,and agegroup.

Table 13

Percentage ofchildren who acceptedthevignette items as acceptable to eator play
with.

ltem Types 5-year-olds 8-year-olds
Mean (SD) Mean (SD)
. Pretest 50% (.51) 24% (.43)*
Cont ted
ontaminate Posttest 63% (.49) 24% (A3)***
. Pretest 71% (.46) 90% (.31)
Uncontaminated
' Posttest 829% (.39) 79% (.41)
Toy Pretest 84% (.37) 90% (.31)
Posttest 84% (.37) 92% (.27)

Note. Age differences were * p<.01; ***p<.00L

Forthe pretestand posttest analyses below, the probability of items accepted as
safe different fromchance was examined for each itemtype first. Then rates of
acceptance forthe contaminated and uncontaminated food items were compared. Finally,
explanations foracceptance (or not) of items was examined for the presence of immanent
justice. Following this was an examination of changes frompre-to posttest.

Pretest. First,acceptance of vignette items in the pretest was analyzed for
acceptance different fromchance (50%). One-sample t-tests with pset at.5 (50%) were

used to testthe percentage of accepted items for each vignette item. Tests concluded that

113



5-year-olds did notacceptthe contaminated items different fromchance, t(37) = .00, p =
1.00. Five-year-oldsdid acceptitems different fromchance for the uncontaminated item,
t(37) = 2.82, p=.01 and forthe toy, t(37) = 5.71, p < .001. For8-year-olds,the
contaminated item, t(37) =-3.77, p =.001, uncontaminated item, t(37) = 7.82, p <.001,
and the toy, t(37)=7.82, p <.001, were all accepteddifferent fromchance. Thesedata
suggest thatboth 5-year-olds and 8-year-olds were more likely than chance to accept the
uncontaminated foodandthetoy. Forthe contaminated item, however, 5-year-olds
accepted it at chance, while 8-year-olds were less likely than chance to accept theitem.

To examine the effect ofage on vignette types in the pretest, a 3 (vignette type:
uncontaminated, contaminated, ortoy) x 2 (age) MANOVA was conducted. Results
reveal an effect ofage, F(3,72) = 2.73, p = .05, n,” = .10. Post hoc between-subjects
effects determined 5-year-olds accepted the contaminated itemin the pretestmore than 8-
year-olds, F(1,74) =5.95, p =.02, n,”=.07. However, age groups were equally likely to
accept theuncontaminateditem, F(1,74) = 1.96, p = .78, or the toy item, F(1,74) = .00, p
=1.00. These dataindicate that 5-year-olds were more likely than 8-year-oldsin
acceptingthecontaminated itemto eat duringa sociomoral vignettes (see Table 13 for
means). Whenan uncontaminated itemora toy was presented, both agegroups accepted
the items as safe to consume similarly.

Explanations forwhy the food ortoy was or was notacceptable to eat or play with
were analyzed for the presence of immanent justice. One immanent justice explanation
was given by a 5-year-old for why the contaminated food itemcould notbe eaten and no

immanent justice explanations were given by 8-year-olds for the contaminated food. No
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immanent justice explanations were given for the uncontaminated food itemor the toy
item by eitherage group. Thesedatasupport previous research that children are not
likely to give an immanent justice explanationfor consequences ofactions orillness
(Raman & Winer, 2002).

The patterns ofaccepted items differ fromthose of the main pretest items,
specifically in the case of thecontaminated itemfor 5-year-olds. The set of contaminated
items in the pretest were accepted as safe to consume by 5-year-olds different from
chance, however, this was not the case whena contaminated itemwas presentedin a
sociomoralscenario. Some researchers contend that childrenwill answer questions
related to contamination differently based on howthe questionis framed (Kiel, 1992a).
Rates ofacceptance for the contaminated and uncontaminated food items during the
sociomoral stories were compared with responses for the regular pretestitems in posthoc
analysisusing a 2 (testingtype: vignette items and pretestitems) x 2 (age) within-
between ANOVA. Contaminated and uncontaminated items were tested separately. For
contaminated items, there was a main effect for item type, F(1,74) = 12.02, p=.001, np2
=.14, suggesting thatacceptance of contaminated items was higher for the sociomoral
vignetteitem(M = .37, SE = .05) than forregular test items (M =.19, SE=.02). There
was a main effect ofage, F(1,74) = 6.26, p =.02, n,” = .08, suggesting 5-year-olds were
more likely to accept the contaminated items (M =.36, SE = .04) than 8-year-olds (M =
20, SE=.04). There was also an interaction effect, F(1,74) = 4.40, p=.04, n,” = .06,
suggesting age groups choose contaminated items differently based on testingtype. Post

hoc paired-samples t-tests were used to analyze howagegroups performed differently.

115



Analysis indicated 5-year-olds accepted contaminated food more frequently duringthe
sociomoral vignette than during regular pretestitems, t(37) = -3.62, p =.001, but 8-year-
olds did not acceptcontaminated food differently, t(37) =-1.07, p =.29. Because the
vignetteitemwould be considered a non-difficult itemas described above, acceptance
rates of the contaminated vignette itemwas compared with thenon-difficult items.
Results revealed a main effect for item type, F(1,74) = 16.40, p <.001, npz =.18,
suggesting thatacceptance of contaminated items was higher for the sociomoral vignette
item (M = .37, SE =.05) than forregular non-difficult test items (M =.17, SE = .02).
There was a main effect ofage, F(1,74) = 9.89, p =.002, n,*= .12, suggesting 5-year-olds
were more likely to accept the contaminated items (M =.37, SE = .05) than 8-year-olds
(M =.17, SE=.05). Therewas notan interaction, F(1,74) = 1.54, p=.22. When
considering the non-difficult items, the interactionemerged with different results thanthe
combined contaminated pretestitems. Non-difficult items did not reveal 5-and 8-year-
olds different patterns in accepting the vignetteandthe non-difficult items, however, all
regular contaminated items did reveal age differences in the patters ofaccepting vignette
and regularitems.

Forthe uncontaminated item, there was not a main effect for testing type, F(1,74)
=.05, p= .83, and there was notan interaction effect, F(1,74) = .61, p = .44. However,
there was a main effect ofage, F(1,74) = 4.45, p = .04, n,° = .06, suggesting that more 8-
year-olds accepted uncontaminated items (M =.86, SE = .04) than 5-year-olds (M =.74,
SE =.04). Together,theseresults suggest in general 8-year-olds are better at accepting

food as edible than 5-year-olds. Inaddition, 5-year-olds have a more difficult time than
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8-year-olds recognizing food as inedible when contaminated food is presented within the
framework ofa sociomoral vignette. Presenting uncontaminated food in different
frameworks does not seemto affect acceptance of food as consumable.

Posttest. Next, posttest items that were accepted in the sociomoral stories were
analyzed foracceptance differentfromchance (50%). One-sample t-tests with psetat.5
were used to test the percentage of accepted items for each vignette item. Tests
concludedthat5-year-olds did notaccept the contaminated items different fromchance,
t(37) = 1.66, p=.11. Forthe uncontaminated item, t(37) = 4.96, p < .001 and forthe toy,
t(37) = 5.71, p<.001, 5-year-olds did acceptitems more likely than chance. For8-year-
olds, the contaminated item, t(37) = -3.77, p =.001, was less likely than chanceto be
chosen, andtheuncontaminated item, t(37) = 4.32, p <.001, and the toy, t(37) =9.50, p <
.001, were more likely than chanceto be accepted . Forthe uncontaminated itemand the
toy, data reflected those in the pretest suggesting that both age groups accepted the
uncontaminated foodandthetoy as acceptable to eator play with betterthanchance. For
the contaminated item, however, 5-year-olds could notacceptit as acceptable different
from chance, while 8-year-olds could.

To examine age differences within vignette types in the posttest, a 3 (vignette
type) x 2 (age) MANOVA was conducted. Results reveal an effect forage onthe
vignettes, F(3,72) = 6.45, p=.001, n,°=.21. Posthoc between-subjects effects
determined 5-year-olds accepted the contaminated itemas safe to eat more than 8-year-
olds, F(1,74) = 16.48, p<.001, an =.18. However,age groupsdid not perform

differently forthe uncontaminated item, F(1,74) = .08, p =.78, orthe toy item, F(1,74) =
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11, p=.74. These resultswere similarto the pretest and indicate that 5-year-olds
performed worse than 8-year-olds in accepting the contaminated duringa sociomoral
scenario. Whenan uncontaminated itemoratoy was presented bothages performed
similarly.

Bxplanations forwhy the fooditems and toy was or was notacceptable to eat or
play with were then analyzed for the presence of immanent justice. Only oneimmanent
justice explanationwas given bya 5-year-old forwhy the doll should not play with the
toy item. No otherimmanent justice explanations were given by 5-year-olds for the food
items. No immanent justice explanations were givenby 8-year-olds forany ofthe
sociomoralstory items. These data, similarto thosein the pretest, suggest that when
children are presented with misbehaving scenarios, they are not likely to give an
immanent justice explanation for consequences of the actions.

As was done in the pretest analysis, rates of acceptance for the food items during
the posttest sociomoral stories were compared with responses to the regular posttest itens
using 2 (testingtype: vignette items and posttest items) x 2 (age) within-between
ANOVAs. Contaminated and uncontaminated items were tested separately. For
contaminated items, there was a main effect for testing type, F(1,74) = 26.73, p < .001,
n,’ = .27, suggesting thatacceptance of contaminated items in regular testitems was
lower (M =.18, SE =.02) than the sociomoral vignetteitem (M = .43, SE = .05), p <.001,
for the posttest. There was a main effect ofage, F(1,74) = 15.17, p <.001, n,” = .17,
suggesting that5-year-olds accepted contaminated items more frequently (M =.43, SE =

.04) than 8-year-olds (M =.19, SE = .04), for the posttest. There was alsoan interaction
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effect, F(1,74) = 9.55, p=.003, np2 =.11, suggestingtheage groups choose contaminated
items differently based ontesting type. Paired-samples t-tests were usedto conduct post
hoc analysis of age-group differences based on testingtype. Analysis indicated that 5-
year-olds accepted food as acceptable to eatmore frequently during the sociomoral
vignettethanduring regular posttest items, t(37) =5.59, p <.001, but 8-year-oldsdid not
accept contaminated food differently based ontestingtype, t(37) = 1.54, p =.13.
Acceptancerates for the posttestcontaminated vignette item were compared with the
non-difficult items. Results revealed a main effect for itemtype, F(1,74) = 31.02, p <
.001, n,>=.30, suggesting thatacceptance of contaminated items was higher for the
sociomoral vignette item (M = .43, SE =.05) than forregular non-difficult test items (M =
15, SE=.02). There was a main effect ofage, F(1,74) = 20.11, p<.001, n,” = .21,
suggesting 5-year-olds were more likely to accept the contaminated items (M = .43, SE =
.04) than 8-year-olds (M =.15, SE =.04). There was also an interaction effect, F(1,74) =
5.19, p= .03, npz =.07. Paired-samples t-tests were usedto conduct post hoc analysis of
age-group differences based on testingtype. Analysis indicated that both 5-year-olds,
t(37) = 5.52, p<.001, and 8-year-olds, t(37) = 2.34, p = .03, accepted the contaminated
food as acceptable to eat more frequently duringthesociomoral vignettethanduring
regular posttest items. Whenconsidering the non-difficult items, acceptance rates were
similar as the combined posttestcontaminated items.

Foruncontaminated items, there was nota main effect for test itemtype, F(1,74)
=1.34, p =.24, noramain effectofage, F(1,74) = .26, p = .61, or an interaction effect,

F(1,74) = 1.34, p =.24. This suggests thatacceptance of uncontaminated items in the
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posttestwas not different between regular test items and the sociomoral vignette item,
and that agegroups choose uncontaminated items similarly between thetesting types.
Together, these data are similar to those in the pretestand suggest that 5-year-olds have a
more difficult time than 8-year-olds recognizing foodas inedible when contaminated
food is presented within the framework of sociomoral behaviors. Presenting
uncontaminated food in different frameworks does not seemto affect acceptance ofthe
food as consumable.

Changes from pretestto posttest. Acceptanceofsociomoralvignette items is
compared frompre-to posttest. Due to sofew children providing immanent justice
explanations duringthevignettes analysis comparing pre- and posttestcould notbe
conducted. To testpre-to posttest changes in acceptances of sociomoral vignette items,
three 2 (time: pre- and posttest) x 2 (age) within-between ANOVASs were conducted for
each vignette. Forthe contaminated food there was noeffect oftime, F(1,74) =1.33, p=
.25, and no interactioneffect, F(1,74) = 1.33, p = .25. However, there wasa main effect
of age, F(1,74) = 13.28, p<.001, np2 = .15, suggesting that 5-year-olds accepted
contaminated items more frequently (M =.57, SE = .06) than 8-year-olds (M =.24, SE =
.06). For the uncontaminated food, there was noeffect of time, F(1,74) = .00, p = 1.00,
or amain effect ofage, F(1,74) = .98, p =.33. However, there was an interaction effect,
F(1,74) =5.59, p =.02, n,”=.07. Posthoc analysis was conducted using paired-samples
t-teststo testforage group differences. However, neither 5-year-olds, t(37)=-1.6, p =
.10, nor 8-year-olds, t(37) =1.67, p = .10, accepted uncontaminated items differently

from pre- to posttest. Forthe toy, there was noeffect oftime, F(1,74) =.09, p =.77, nor
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a main effect ofage, F(1,74) = 1.11, p =.30, and no interactioneffect, F(1,74)= .09, p =
7.

In sum, results for the presence of immanent justice suggestthat childrenin both
age groups did not changetheiracceptance of the sociomoral scenario items as
acceptable to eator play with between the pre-and posttests. Resultsforthe use of
immanent justice as an explanation for the dolls behaviors also support Hypothesis 2.2
that children will not change their use of immanent justice after discussing stories with
potentially contaminated scenarios.

ParentSurwey

Results fromthe parent survey were examined next. Two variables were usedin
these analysis, illness knowledgeand germknowledge. Thesevariables were delimited
by the survey’s questiontype, eitherillnessorgerms. This was done to examine whether
having more biological knowledge about germs or illness may be correlated with
biological level information mothers provideto their children. In addition, some mothers
may have more biological level information about germs and how they functionor illness
and its causes andtreatments. Thesescoresare meant to provide a baseline forthe
mothers’ biological concepts when not discussing these concepts with their children to
test whether mothers may be altering their biological concepts with their children
different than whatthey may reportknowing.

Analysis was conducted to test for differences on the survey based on child’s age

using aone-way ANOVA. Results indicated there were no differences based onchild’s
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age, F(1,74) = 2.54, p=.12. Results formothers’ surveyscores are collapsed by child’s

age. Table 14 displays themeans for biological conceptscores by thechild’s age.

Table 14

Mothers ’biological concept scores onthe parentsurvey.
Knowledge Type Means (SD)

Germ 2.93 (.47)

lliness 3.04 (.34)*

Notes. Meansbased on 7-point scale with 1=don’t
know, and 7= highest level of biological concepts
(Mechanisms). Knowledge typewas different,* p <.05.

Knowledge typewas divided into germand stomach illness and examined for
differences using a paired-samples t-test. Results indicate mothers had higher biological
concepts for stomachillness than forgerms, t(75) = 2.48, p = .02.

Next, mothers’ survey scores divided by knowledge type were correlated with

householdincome and mother’s education levelusing Pearson’s correlation. No

significant correlations were found. Table 15displaysthecorrelation matrix

Table 15
Correlationmatrix of surveyscores and demographic
information.
Household Mother
Income Education
Germ survey 07 18
score
lliness survey A1 17
score
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Mother-Child Interactions

Socio-cultural theory contends thatchildren learn importantconcepts fromsocial
partners (Vygotsky, 1978). Thus, in the following sections, interactions between mothers
and children were examined while they discussed stories related to contamination. First,
mothers’ references to contamination and immanent justice during the interactive story
taskare examined. Second, mothers’ biological concepts during the interaction were
examined. These scores were compared with biological conceptscores fromthe parent
survey. Finally, motherand child behaviors, including collaboration related behaviors
and facial expressions, were examined. The following analyses describe interactions
between motherandchild and the types of information mothers provide their children
during an interactive task involving contamination related scenarios. Mothers’
information and behaviors is examined by child’s ageandby child’s biologicallevel
concepts in the pretest.

Mothers’ references to contamination and immanent justice. Mothers’
references to contamination, no contamination, decontamination, and immanent justice
were examined to test Hypotheses 1.1and 1.3 that mothers will discuss contamination
related topics with their children and pointout contamination specifically and will do so
more than make reference to immanent justice. Referenceswere summed foreach story
and averagedoverallstories, and foreach story type. Table 16 displays mothers’ mean

references forall story types andby thechild’s age group.
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Table 16

Mothers’ mean sumofcontamination relatedreferences by agegroup and story type.

Contamination Decontamination Sociomoral
Reference Type  Age Group Stories Stories Story
Mean (SD) Mean (SD) Mean (SD)
Contamination 5-year-olds 1.76 (1.30) 0.26 (.45) 11 (.31)
8-year-olds 2.05 (1.27) 0.37 (.59) .18 (.39)
No contamination 5-year-olds 0.05 (.23) 0.05 (.23) 0
8-year-olds 0 0 0
Decontamination 5-year-olds 0.39 (.50) 0.58 (.83) 0
8-year-olds 0.37 (.67) 0.58 (.76) 0
Immanent Justice 5-year-olds 0.03 (.16) 0 13 (.34)
8-year-olds 0 13 (.34)

Note. Significant differences between all reference types except No Contamination
and Immanent Justice, p <.001.

Means suggestthat mothers do make contamination related comments to their
children, but very few comments that something is notcontaminated or thatthe use of
immanent justice is occurring. A 4 (reference type: contaminated, notcontaminated,
decontaminating, immanent justice) x 2 (child age) within-between ANOVA was
conducted overall stories to testfor differing number of contamination references by age.
Results revealed a main effect of reference type, F(3,222) = 62.20, p <.001, n,> = .46.
Pairwise comparisons show differences betweeneachtype of reference (p’s <.001)
except between no contamination and immanent justice. Table 16 shows thatreferences
to contamination were most common, followed by references to decontamination. There

was no main effect ofchild age, F(1,74) = .08, p= .77, and no interaction effect,
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F(3,222) = .94, p = .43, suggesting that mothers’ contamination references donotdiffer
based onthe child’s age.

References were then examined by story type (contamination, decontamination
related, and sociomoral). Because childrenperformeddifferently with contaminated and
uncontaminated items in the pretest and posttest, analysis was conducted to test whether
specific reference types were more or less present based on thescenario of the stories.
Table 16 displays allmeans foreach story typeby child’sage group. To analyze
differences foreach reference type by story type and child age, 3 (story type) x 2 (child
age) within-between ANOVAS were used. Referenceswere alsoanalyzed by whether the
child had an average biological level concept score using 3 (story type) x 2 (child bio
concept level) within-between ANOVAS.

Forreferences to contamination, there was an effect for story types, F(2,148) =
120.22, p <.001, an: .62, no main effect ofage, F(1,74) = 1.65, p=.20, and no
interaction effect, F(2,148) = .42, p = .66. Posthoc pairwisecomparisons revealed there
were significant differences between all story types (p’s <.05). Meansdisplayed in
Table 16 suggest that contamination references happen most frequently during
contamination related stories. Together,these data indicatethatmothers make reference
to contaminationand will do so differently based on thescenarios they are presented
with. Mothersare especially likely to make reference to contaminationduring stories
where contaminationis present, but will also make reference to contamination during
stories wheredecontamination is presentand during a story where both contamination

and socially unacceptable behavioris occurring. In addition, mothers make references
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similar to children in both agegroups. Differences for contaminationreference based on
child’s biological conceptlevel revealed a main effect forstory type, F(2,148) = 51.15, p
<.001, an: 41, no main effect of child conceptlevel, F(1,74) = .23, p=.63, and no
interaction effect, F(2,148) = .13, p = .88. Post hoc pairwise comparisons revealed that
contamination related stories were significant different fromdecontamination related
stories andthesociomoral story (p’s <.001). There was no differencebetween
decontamination related storiesandthe sociomoral story. These results were similar to
the results examining references based on child’s age.

Mothers made very few references to contamination not being present (no
contamination). Testing for mothers’ referenceto no contamination revealed no main
effect of story type, F(2,148) = 2.06, p = .13, no main effect ofage, F(1,74) =2.06, p =
.16, noran interaction effect, F(2,148) = 2.06, p =.13. Analysis by child biological
concept levelrevealed, no main effect of story type, F(2,148) = .30, p = .74, no main
effect ofage, F(1,74) = .30, p =.58, noran interaction effect, F(2,148) = .30, p = .74.
Means for references tono contamination suggestthat mothers do notmake frequent
mention of contamination notbeing presentandthe few references made do not differ by
the storytypesin this study.

For decontamination references, there was a main effect of story type, F(2,148) =
24.26, p <.001, n,>= .25, no main effect ofage, F(1,74) = .01, p = .92, and no interaction
effect, F(2,148) = .02, p=.98. Post hoc pairwise comparisons showed there were
significant differences between the sociomoral story and both contaminationand

decontamination related stories (p’s <.001) but there was not a difference between
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contamination related stories and decontamination related stories. Analysis basedon
child’s biological level concepts revealed similarresults. There wasa main effect of
story type, F(2,148)=9.77, p <.001, an: .12, no main effect of child concept level,
F(1,74) = .23, p = .64, and no interaction effect, F(2,148) = .09, p=.91. Posthoc
pairwise comparisons showed there were significantdifferences between the sociomoral
story and both contamination and decontamination related stories (p’s <.01) but there
was not a difference between contamination related stories and decontamination related
stories. These data suggestthatmothers make referenceto decontamination similarly
during stories thatspecifically address contamination (e.g., either somethingis being
contaminated or somethingis beingdecontaminated). They did not make
decontamination references during a story where unacceptable behavior is occurring.
Mothers made very few references toimmanent justiceduringthestories.
However, there was a main effect for story type, F(2,148) = 9.05, p < .001, n,”= .11, no
main effect ofage, F(1,74) =.10, p =.75, and no interaction effect, F(2,148) = .10, p =
.91. Posthoc pairwisecomparisons indicated therewere significant differences between
the sociomoral story and both contamination and decontamination related stories (p’s <
.05) but there was not a difference between contamination related stories and
decontaminationrelated stories. Based on the means, mothers were more likely to make
reference to immanent justice during the story where unacceptable behavior occurs.
During stories where contamination and decontamination occurs, mothers make similar
(almost no) references to immanent justice. Analysis basedon child biological concept

levelrevealed a main effect for story type, F(2,148) = 3.45, p = .03, npz =.04, no main
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effect of child biological level, F(1,74) = .18, p = .67, and no interaction effect, F(2,148)
=.07, p=.94. Posthocpairwise comparisons indicated there were no significant
differences between stories.

These findings support Hypothesis 1.1. When mothers interact with their children
during stories related to contamination, mothers will make references about
contamination (e.g., something beingnotsafeto consume due to some formof
contamination). Expectedly, mothers make more referencesto contamination during
stories where contaminationis taking place. Mothers also make referencesto
decontamination (e.g., rendering food or water safeto eat or drink) and do soequally
during stories where contamination and decontamination is occurring. Insupport of
Hypothesis 1.3, mothers very infrequently made references to immanent justice. In
addition, Hypothesis 3.1 was not supported. Mothers did notchange thetypes oramount
of information regarding contamination based onthe child’s age or based on whether the
child had biological level concept.

Mothers’ biological concepts. Next, mothers’ biological concepts are examined
to test Hypotheses 1.1and 3.2, that mothers will provide importantinformation regarding
contamination totheir children (in this casebiological concepts) and thatthis information
will differbased on the child’sage. Mothers’ discussions with their children duringthe
interactive story task were coded forthe level of biological concepts they expressed.

Table 17 shows generaland highest mean biological concepts by story type.
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Table 17
Mothers mean biological concepts by story type and child age during the interactive

story task.

5-year-olds 8-year-olds
General Highest Highest
Story Type Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Contaminated 2.97 (.75) 4.37 (.75) 3.33 (.91) 4.24 (1.05)

Decontaminating 2.55 (1.05) 3.37 (1.50) 2.51 (1.15) 3.563 (1.35)

Sociomoral 216 (1.37) 245 (157) 327 (L59)**  2.97 (1.55)

Notes. Meansbased on 7-point scale with 1=don’t know, and 7=highest level of
biological concepts (Mechanisms). Child age differenceswere * p <.05; **p <.01.
First, overall biological concepts during the interactive story task were related to

mothers’ biological concept scores on the parentsurvey to examine relationships between
the level of biological concepts the mother might share with her child versus the level she
may reportonageneralsurvey. Pearson’s correlation was conducted and the results are
reported in Table 18. Thoughgermand iliness scores were significantly correlated with
concept scores in contamination and decontamination related stories, these correlations

are considered mediumin strength (Cohen, 1977).

Table 18

Correlations between mothers’ survey scores and conceptscores based on storytype.
Contaminationstories Decontamination Sociomoral story score
conceptscore stories concept score

Germ survey 33% 35%* -01

score

lliness survey e gk 12

score

Note. Correlation significant at **p <.01.
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To examine mean differences betweenoverall concept scores on the survey and
thoseexpressedduring the interaction, a paired-samples t-testwas used. Resultsindicate
there was no difference between mothers’ scores onthe survey and their biological
concept scores with their children, t(76) =-.78, p = .44. Together with the correlations,
these results suggestthat mothers expresssimilar level biological concepts with their
children as theydo onageneral surveyaboutgerms andillness. Thus mothers’
biological concepts as reported on agermand illness survey may constrainthe level they
express with theirchildren.

Next, stories were divided by type (contaminated, decontaminating, and
sociomoral)to testwhetherthe child’s ageand biological concept level (general concepts
that were at a biological level or not) had an effect on mothers’ biological concepts based
on story type. Two 3(story type) x 2 (child age) MANOVA were conduct. Results
revealed a main effect for child age, F(3,72) = 4.66, p = .01, n,” =.16. Between-subjects
testsrevealed noage effectfor contaminated stories, F(1,74) = 3.53, p = .06, though this
result is trending, and no ageeffect for decontaminating stories, F(1,74) = .02, p = .88.
However, there was an age effect for the sociomoral story, F(1,74) = 10.58, p = .002, n,’
=.13. Based onthe means (see Table 17), mothers expressed higher biological concepts
with 8-year-olds than 5-year-olds. Results based onchild’s biologicallevel concepts
revealed no main effect of child’s concept, F(3,72) = .56, p = .64. Mothers” highest level
of biological concept was alsotested for child age effects and child’s biological level
concepts. Resultsrevealedthatchild’s age did not have an effecton mothers” highest

level of biological concept expressed, F(3,72) = 1.08, p =.37. Child’s biological concept
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levelalso did not have an effect on mothers” highestlevel of biological concept
expressed, F(3,72) = .81, p =.50. These results suggestthatthe child’s age has an effect
on mother’s general biological concepts but nother highestlevel ofbiological concepts,
though thelevel ofthe child’s biological concepts does not havean effect oneither
generalorhighest biological concepts.

In the children’s pre-and posttest, biological concept levels were recoded based
on the level of biological concept expressed suchthatthose whoreachedascoreof4
(external agent) were expressing explanations at biological level. The same recodingwas
conducted formothers’ discussions with their children during stories. Mothers’ general
biological concept scores of orabove4 indicate biological concepts are being conveyed
and require naming specific causal agents oractions involved contamination. Scores
below4 do notindicatethatbiological concepts were conveyed. Table 19displaysthe

percent of motherswhoexpressed biological level concepts by story type.

Table 19
Percentages of mothers whoexpressed biological level concepts
with their children by story type and childage.

5-year-olds 8-year-olds
Story Type Mean (SD) Mean (SD)
Contaminated 38% (.27) 54% (.33)*
Decontaminating 34% (.33) 34% (.35)
Sociomoral 16% (.37) 47% (.51)**

Note. Child age differenceswere * p<.05; **p<.0L.

A 3 (story type) x 2 (child age) MANOVA was conductedto test for child age

effects basedon the story types. Results indicated a main effect for child age, F(3,72) =
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4.92, p=.004, n,>=.17. Posthoc between-subjects tests indicated that more mothers
expressedbiological level concepts with 8-year-olds than 5-year-olds for contamination
related stories, F(1,74)=5.17, p = .03, an: .07, and the sociomoral story, F(1,74) =
9.65, p = .003, n,”=.12. However, mothers did notexpress biological level concepts
differently forthe decontamination related stories, F(1,74)=.00, p = 1.00. When data
were analyzed by child’s biological level concepts results revealed no main effect of
child’s concept level, F(3,72) = .61, p = .61. These resultsare similarto thoseexamining
mothers’ biological concept means in thatchild age had an effecton thepercentof
mothers who expressed biological level concepts, but child concept level did not.

In sum, theseresults partially support Hypothesis 1.1and 3.2, that mothers
express biological concepts with their children and do so at a higher level with 8-year-
olds than 5-year-olds. Support was partial because mothers only expressed higher level
biological concepts with 8-year-olds duringthesociomoral story. Whenmothers” highest
biological concepts are considered, mothers’ do not express higher biological concepts
based onthe child’s age. The same is true for mothers’ biological concepts expressed to
children with biological level concepts. Mothers expresssimilar level biological
concepts despitethe child’s biological concept level. Whenmothers’ level ofbiological
concepts is considered, mothers on average donotoverall express concepts at a
biological level when discussing contamination concepts with their children. Thepercent
of mothers who express biological level concepts suggests that some mothers doexpress

conceptsatabiological level. Forthosewho did, more did so with 8-year-olds than 5-
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year-olds during contaminated stories and the sociomoral story, but not during the
decontaminating stories.

Mother and childbehaviors. Behaviorsbetweenthemotherandchild were
coded forparental guidance, directing child’s activity, encourage independent
contribution ofthe child, mother keepingthe child involved, mother confusing thechild,
the child’s involvement in the task, child’s frustration, if the child is off-task, child’s
cooperationwith the mother, and whether themother or child was more responsible for
thetask. Table 20displays means forallbehaviortypes by child’s age.

Based on the means presented in Table 20the following behavior variables were
removed fromsubsequent analyses: parental guidance, mother directs child activity,
mother confuses child, child frustration, and child off-task. The means for these variables
indicate that these behaviors were exhibited rarely ornotatall. To gainan ideahowthe
behavior variables related to one another, a Pearson’s correlation was conducted. Table
21 displaysthe correlations betweenthebehavior variables divided by age group. Task
responsibility was removed becausethis scale is examined differently thanthe other

variables.
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Table 20

Behavior type means by child’s age during the interactivestory task.

5-year-olds 8-year-olds

Behavior Type Mean (SD) Mean (SD)
Parentalguidance .05 (.10) .08 (.13)
Motherdirects child’s
activity 10 (.13) .10 (.18)
Motherencourages
independentcontribution® 350 (-73) 2.96 (:99)**
Mother keeps child x
involved® 3.13 (1.02) 240 (1.31)
Mother confuses child 0 0
t(élt;ilical’s involvementin the 3.16 (.85) 3.24 (.85)
Child’s frustration .03 (.08) .01 (.04)
Child off-task .32 (.40) 32 (.49)
ﬁl;ltlrc]iesracooperatlonwnh 479 (34) 476 (37)
Taskresponsibility® 2.61 (.40) 2.79 (.50)

Note. Meansbasedon 5-point scale with 1=behaviorrarely present and
5=behaviorextremely present. Age differenceswere **p =.01.
“Indicates items retained in the analyses.
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Table 21
Correlationmatrix ofbehavioral codes divided by child age.

Motherencourages Motherkeepschild Child’s

independent involved involvementin the
contribution task
Syr 8yr Syr 8yr Syr 8yr
Motherencourages
independent - -
contribution
Mother keeps child
involved 39* AB** - -
Child’s
involvement in task -.002 -.18 -.004 -17 - -
Child’s cooperation 23 _3p 31 e 15 P

with mother

Note. Correlation significantat *p<.05, ** p <.01

The taskresponsibility variable was meantto reflect whether the mother orthe
child is more responsible for the task. Scoresrangedfroml =only child responsible to 5
= only motherresponsible. The means reported suggestthe child had somewhat more
responsibility than mothers. A one-sample t-testwith pset at 3(motherand child equally
responsible for task) was conducted to testwhether mother and child equally contributed
tothetask. Age groupswere analyzed separately. Results indicatethatfor 5-year-olds,
t(37) = -6.01, p <.001, and for 8-year-olds, t(37) = -2.63, p = .01, means were
significantly different from3, suggesting the contribution of the child as somewhat more
than the mother was significant.

To test fordifferences based on thechild’s age for the remaining variablesa 4

(behaviortype) x 2 (age group) MANOVA was conducted. Results reveala main effect
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for age, F(5,70) =2.83, p =.02, np2 =.17. Posthoc between-subjects tests indicate that
mothers encouraged independent contribution, F(1,74) = 7.14, p =.01, n,*= .09, and kept
the child involved, F(1,74)= 7.39, p=.01, npz =.09, more for 5-year-olds than 8-year-
olds (see Table 10formeans). None ofthe other variables demonstrated age differences.
These data suggestthat mothers exhibit different behaviors with 5-year-olds and 8-year-
olds. Specifically, mothers encourage independent contributions with 5-year-olds and
keep 5-year-olds involved more than with 8-year-olds.

Behavioral means were thenexamined by story type. Table 22displays
behaviors by story type andage group. Behavior types were examined separately for
differences betweenstorytypesandby agegroups using 3(storytype) x 2 (age group)

within-between ANOVAS.
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Table 22

Behavioral means by story type andchild age.

5-year-olds 8-year-olds

Behavior Type Story Type Mean (SD) Mean (SD)
Motherencourages Contaminated 3.46 (74) 2.98 (102)
independent Decontaminating 3.53 (.82) 2.95 (1.06)
contribution Sociomoral 3.60 (.85) 2.92 (1.16)
Mother keeps child Contaminated  2.95 (1.10) 2.32 (1.33)
involved Decontaminating 3.40 (1.06) 2.45 (1.38)
Sociomoral ~ 3.30 (1.16) 2.61 (1.42)

Child’s involvement Contaminated 3.13 (.86) 3.22 (.86)
in task Decontaminating 3.20 (.91) 3.33 (.96)

Sociomoral ~ 3.20 (1.03) 3.19 (.95)

i ) Contaminated 4.75 (.37) 4.77 (.36)
Child’s \(;\ztohp r‘:]rg‘tt;]%r; Decontaminating 4.83 (.47) 4.76 (.42)
Sociomoral 4.87 (.23) 4.71 (.54)

Contaminated 2.60 (.43) 2.77 (51)

Taskresponsibility Decontaminating 2.60 (.49) 2.82 (.55)
Sociomoral 2.62 (.49) 2.79 (.62)

Notes. Meansbased on5-point scale with 1=behavior rarely present and 5=
behaviorextremely present. Differences betweenstory types, ***p <.001.

For motherencouraging independentcontributionthere was not a main effect for
story type, F(2,148) = .17, p = .85, or an interaction effect, F(2,148) = .93, p = .40.
However, there was a main effect ofage, F(1,74) = 8.20, p = .01, n,”= .10, suggesting
that 5-year-olds received more encouragement (M =3.53, SE = .14) than 8-year-olds (M
=2.95, SE=.14). Forkeeping the child involvedthere was a main effect for story type,
F(2,148) =8.07, p <.001, n,°=.10. Pairwise comparisons indicatethatkeeping thechild
involved happened significantly less in the contamination related stories than the
decontaminationand sociomoral stories (p’s <.01). There was also a main effect forage,

F(1,74) =7.95, p = .01, an: .10, suggestingthat 5-year-olds received more
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encouragement(M =3.22, SE = .19) than 8-year-olds (M =2.46, SE =.19). However,
there was no interaction effect, F(2,148) = 1.89, p=.16. For child’s involvement in the
task there was no main effect of story type, F(2,148) = 1.04, p = .36, or a main effect of
age,F(1,74) =.11, p=.74, noran interactioneffect, F(2,148) = .63, p = .54. Forchild’s
cooperationwith mother there was no main effect for story type, F(2,148) = .46, p = .64,
or amain effectofage, F(1,74) = .66, p = .42, but there was an interaction effect,
F(2,148) =3.23, p =.04, ,°= .04. Posthoc paired-samples t-tests were conducted
within age groups for differences. Only onepaired-sample was significant. Five-year-
olds cooperated more with their mother during the sociomoral story than during the
contamination related story, t(37) =2.69, p =.01. For taskresponsibility, there was no
main effect forstory type, F(2,148) = .13, p = .89, no main effect ofage, F(1,74) = 3.15,
p=.08,1,°= .04, thoughit is trending toward significance, and no interaction effect,
F(2,148) = .20, p = .82.

Together these results indicate thatmost behaviors were displayed equally across
story types, except for keeping children involved. Mothers kepttheir childreninvolved
less during contamination related stories than decontamination related and sociomo ral
stories. There was one age-related differencethatsuggested 5-year-olds cooperated more
during the sociomoral story thanduring the contamination related story.

Disgustexpressions. Next, Hypotheses 1.2and 3.3 were tested, thatmothers
would use disgust when discussing contamination and will display more disgust
expressions with younger children. Disgustfacial expressions may be associated with

children’s acceptance of contaminated items (Stevenson et al.,2010). Table 23 displays
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mean levels of generaland highest disgust facial expressions overall, by story type, and

by child’s age.

Table 23
Mothers’ mean generaland highest disgust expressions by storytypeandchildage.
5-year-olds 8-year-olds
General Highest General Highest
Story Type Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Contaminating 1.49 (.7Q)*»  3.00 (1.51) 1.38 (.47) 2.92 (1.34)
Decontaminating 1.06 (.11) 1.55 (1.08) 1.05 (.12) 1.37 (.75)
Sociomoral 1.13 (52) 1.40 (.86) 1.09 (.20) 1.34 (.78)

Note. Means basedon 5-point scale with 1=disgustnotexpressed and 5=disgust
extremely expressed. Disgust displayed more in Contaminating stories ***p <.001.
There were no age differences.

To test whether generaland highest disgust expressions were different, paired-
samples t-tests were conducted by story type. General disgust scores were lower than
highestdisgust scores overall, t(75) = -11.43, p < .001, for contaminatingstories, t(75) =-
4.21, p < .001, decontaminatingstories, t(75) = -4.09, p <.001, and the sociomoralstory,
t(75) = -3.76, p <.001. Based on these differences, highest disgustscores will also be
analyzed in conjunctionwith general disgustscores.

Stories were divided by type (contamination, decontamination, and sociomoral)
and general disgust was examined by story type and child age group for disgust
differences using a 3 (story type) x 2 (child age) within-between ANOVA. Results
indicate there was a main effect for story type, F(2,148) = 20.30, p <.001, n,” = .22, but
no main effect ofage, F(1,74) = .81, p =.37, and no interaction effect, F(2,148) = .34, p
=.71. Pairwise comparisons suggesthigher levels of disgust were expressedduring

contamination related stories than both decontamination related stories and the
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sociomoralstory (p 's<.001). Therewas no difference between decontaminationrelated
stories andthesociomoral story. Highestdisgust was thenanalyzedfor differences
between story types and child age groupand found a main effect for story type, F(2,148)
=70.73, p <.001, n,*= .49, but no main effect ofage, F(1,74) = .34, p= .56, and no
interaction effect, F(2,148) = .09, p =.90. Pairwise comparisons suggest higher levels of
disgust were expressed during contamination related stories than both decontamination
related storiesandthesociomoralstory (p s <.001). There was no differencebetween
decontamination related stories and the sociomoral story. Together, these results suggest
that mothers expressed disgustmore during contamination stories than other stories and
these patterns of expressions were similar forboth ages. In addition, though highest
levels of disgustwere significantly differentfromthe mean, mothers expressed highest
levels of disgustin similar patterns as mean levels of disgust (general disgust) with their
children.

In accordance with sociocultural theory, that caregivers adjustinformation based
on the abilities ofthe child, analysis was conducted to examine whether the level of
disgust a mother exhibits is based on thechild possessing biological concepts. Both
generaland highestdisgust were analyzed by story type andchild’s biological level
conceptusinga 3(story type) x 2 (child concept level: non-biological level x biological
level) within-between ANOVA. Forgeneral disgust there was a main effect for story
type, F(2,148) = 9.17, p < .001, n,’ = .11, but no main effect of concept level, F(1,74) =
.34, p=.56, and no interaction effect, F(2,148) = .03, p = .97. Pairwise comparisons

suggest higher levels of disgust were expressed during contamination related stories than
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both decontamination related stories and the sociomoral story (p 's<.05). There was no
difference between decontamination related stories and thesociomoral story. Forhighest
disgust there was a main effect for story type, F(2,148) = 31.43, p <.001, npz =.30, but
no main effect of concept level, F(1,74) = .02, p = .90, and no interaction effect, F(2,148)
=.04, p=.96. Pairwise comparisonssuggest higher levels of disgust were expressed
during contamination related stories than both decontamination related stories and the
sociomoralstory (p 's<.001). There was no difference between decontaminationrelated
stories andthesociomoral story. Theseresults suggest thatmothersare notadjusting
theirdisgust expressions based onthe whether thechild is discussing concepts at a
biological level. The results suggest a similar response pattern onthe partofthe mother
based onchild age.

Based on the mean scores in Table 23disgust either occurred infrequently or at
low levels. Recallthat the facial expressioncode ranged from1= not expressedto 5=
extremely expressed. Means fordisgustdid not reach ascore of2. Thus, disgust was
recoded forwhether it occurred despite the level of disgust expressed during stories. In
this way the percentof mothers who display disgust expression could be examined, rather
than at what level disgustwas exhibited. Table 24displays the percent of motherswho

displayeddisgust facial expressions overalland by story type.
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Table 24
Percentage of mothers whoexpressed disgust with their childrenby
story type andchildage.

5-year-olds 8-year-olds

Story Type Mean (SD) Mean (SD)
Contaminated 33% (27%) 38% (31%)
Decontaminating 18% (26%) 12% (24%)
Sociomoral 18% (37%) 21% (41%)

Note. There were no age-related differences.

To investigatedifferences in the percent of motherswhodisplay disgustbetween
story types and byage, a 3(story type) x 2 (age group) within-between ANOVA was
used. Resultsindicate there was a main effect for story type, F(2,148) = 12.81, p < .001,
N, = .15, but no main effect ofage, F(1,74) = .19, p = .67, and no interaction effect,
F(2,148) = .69, p =.50. Pairwise comparisons indicated that contaminationstories were
significantly higher thanthe decontaminationstories and thesociomoral story (p’s <.01)
(see Table 23for means). There was no difference between the decontaminating stories
and the sociomoral story. Whenanalyzedby child concept level results were similar
thoseby age and indicate therewas a main effect for story type, F(2,148)=7.97, p =
.001, an: .10, but no main effect of child concept level, F(1,74)= .07, p=.79, and no
interaction effect, F(2,148) = .55, p = .58. Pairwise comparisons indicated that
contamination stories were significantly higher thanthe decontamination stories (p’s <
.001) but not the sociomoral story (see Table 24 for means). There was nodifference
between the decontaminating stories andthe sociomoral story. These results indicate that

more mothers express disgustduring contamination stories than decontaminating or
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sociomoralstories. This pattern was similar for both age groups. The results for
mothers’ dis gust facial expressions support Hypothesis 1.2, that mothers will incorporate
disgust facial expressions when discussing contamination with their children. However,
Hypothesis 3.3, that mothers will exhibit more disgustwith younger children was not
supported.
Child Posttest Predictors

Very little research has directly investigated factors contributing to children’s
improved understanding of contaminationandno studies have investigated this for
children underthe ageof8years (Auetal., 2008). Researcherssuggestthatchildren
learn about contamination through instruction fromothers (e.g., Solomon & Cassimatis,
1999). Otherresearcherssuggest that we are born with innate mechanisms that provide a
predisposition for learning about biological concepts like contamination (e.g., Hatano &
Inagaki, 1994). In this perspective, specialinstructionis not necessarily needed for
children to build their understanding thatsomething is rendered unsafe toconsume. The
above analysis examining changes frompre-to posttest found thatchildren’s biological
concepts improved in the posttest, but their selection of items as safe to consume stayed
the same. Inthis section, predictors for children’s biological concepts in the posttest will
be explored but accepting items as safe to consume were excluded since changes from
pre-to posttestdid not occur. Analysiswill be conducted based on contaminated and
uncontaminated posttestscores and separated by child age and child biological concept
level. The variables included in this analysis willbe mother’s references to

contamination, mother’s biological concepts, mother and child behaviors, and mother’s
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disgust facial expressions. Allanalyses were split by age to explore age differences
specifically. The analyses describedbelow are exploratory. Allvariableswere tested
separately in theirown model. To keep the results concise, only variables that were
shown to significantly predict posttestscores are reported below.

Mother’s reference to contamination. First, mother’s references to
contamination were examined as predictors for the child’s scores in the posttest. Multiple
regressionanalysis was conducted to control for pretestscores and further evaluate if
references to contamination may be predicting posttestscores for children. For
referencesto contamination all four reference types were examined including
contamination, no contamination, decontamination, and immanent justice. Forbiological
concepts, reference types across all stories, andage groups were analyzed in separate
models.

Predictors for contaminated posttest scores. Predictors forbiological concept
changes frompre-to posttestfor contaminated items were explored next. For
contaminated items, two predictors were found based on child’s age. The first predictor
was that mothers’ references to a lack of contamination over all stories predicted 5-year-
olds’ posttestbiological conceptscores for contaminated items. A multiple regression,
split by age, and conducted with contaminated pretest items and overall mothers’
references to a lack of contaminationas predictor variables. The model produced an R
of .58, which was statistically significant, F(2,35) = 23.65, p < .001. Contaminated
pretestscores and lack of contamination references accountfor 58% of the variancein

contaminated posttest scores for 5-year-olds. Contaminated pretest scores were
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positively related to contaminated posttest scores (B =.66, t = 6.43, p <.001). Lack of
contamination references were positively related to contaminated posttestscores (B =.25,

t =2.05, p=.05). Theresultsofthe regressionanalysis are shown in Table 25.

Table 25

Regression output for mothers’ overall references toa lack of
contamination predicting 5-year-olds’ posttest scores for
contaminateditems.

Predictor B B t p
Constant 1.28 3.92 <.001
Contaminated Pretest 066 0.71 6.43 <.001
Overall immanent justice 095 0.23 205 05

references

The second predictor was that mothers’ references to immanent justice across all
stories predicted contaminated posttest scores for 8-year-olds. A multiple regression,
split by age, and conducted with contaminated pretest and overallimmanent justice
references as predictor variables. The model producedan R? of .29, which was
statistically significant, F(2,35) = 7.23, p =.002. Contaminated pretest scoresand
immanent justice references can account for 29% of the variance in contaminated posttest
scores for 8-year-olds. Contaminated pretest scores were positively relatedto
contaminated posttest scores (B =.26, t =2.35, p =.03). Immanent justice references
were positively related to contaminated posttestscores (B =.37, t=2.66, p=.01). The
results ofthe regressionanalysis are shown in Table 26. Though this modelwas
significant, it accounted fora low percent of the variance for changes frompre - to

posttestfor contaminated items.
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Table 26

Regression output for mothers’ overall immanent justice references
predictingincreases in 8-year-olds’biological concepts for
contaminated items.

Predictor B B t p
Constant 2.95 7.11 <.001
Pretest 26 .34 2.35 .001

Overall immanent justice

references 37 .38 2.66 .003

Next, one predictors was found based on child’s biological concept levelin the
pretest. Mothers’ references to immanent justice predicted posttest scores for children
who had biological level concepts. A multiple regression, split by child conceptlevel,
and conducted with contaminated pretest and overall immanent justice references as
predictor variables. The modelproducedan R® of .65, which was statistically significant,
F(2,9) =6.38, p=.03. Contaminated pretestscoresand immanent justicereferences can
account for 65% of the variance in contaminated posttest scores for children with
biological level concepts. Contaminated pretestscores were not significantly related to
contaminated posttest scores (B =-1.30, t =-1.62, p =.15). Immanent justice references
were positively relatedto contaminated posttestscores (B =1.48, t =3.37, p=.01). The

results ofthe regressionanalysis are shown in Table 27.

Table 27

Regression output for mothers’ overallimmanent justice references
predicting biological concepts for contaminated items in children
with biological level concepts.

Predictor B B t p
Constant 2.95 7.11 <.001
Pretest 26 .34 2.35 .001

Overall immanent justice

references 37 .38 2.66 .003
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Predictors for uncontaminated posttest scores. Predictors for biological concept
in the posttest for uncontaminated items were explored next. Foruncontaminated items,
one predictor was found. Mothers’ references to immanent justiceacross all stories
predicted uncontaminated posttest scores for 8-year-olds. A multiple regression, split by
age, was conducted with uncontaminated pretestand overallimmanent justice references
as predictorvariables. The model produced an R*of .24, which was statistically
significant, F(2,35) = 5.53, p =.008. Uncontaminated pretest scores and immanent
justice references can account for 24% of the variance in uncontaminated posttest scores
for 8-year-olds. Uncontaminated pretest scores were positively relatedto
uncontaminated posttestscores (B =.30, t =5.07, p =.04). Immanent justice references
were positively related to uncontaminated posttest scores (B =.49, t =2.21, p=.03). The
results ofthe regressionanalysis are shown in Table 28. Though thismodelwas
significant, it accounted fora low percent of the variance for changes frompre - to

posttestfor contaminated items.

Table 28
Regression output for mothers’ overall immanent justice references
predicting 8-year-olds’biological concepts for uncontaminated

items.

Predictor B B t p
Constant 2.37 5.07 <.001
Pretest 30 31 2.10 .04
Overall immanent justice 9 291 03
references

In sum, theseresults indicate that mothers’ references to immanent justice

predicted posttest scores for both uncontaminated and contaminated items for 8-year-
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olds. Mothers’ references toa lack of contamination predicted posttest scores for
contaminated items for 5-year-olds. Whenconsideringbiological concept level, mothers’
referencesto immanent justice was the only reference that predicted posttest scores for
children whose concepts were at a biological level. There were no reference predictors
for children whose concepts were not at a biological level.

Mothers’ biological concepts. Next, mothers’ generaland highestbiological
concepts were explored as predictors forthe child’s scores in the posttest. Multiple
regressionanalysis was conducted to control for pretestscores and further evaluate if
mothers’ biological concepts predicted posttestscores for childrenbased on child’s age
and child’s biological level concepts.

Predictors for uncontaminated posttest scores. Mothers’ highest biological
concept in the decontamination stories was foundto predict 5-year-olds’ posttestscores
for uncontaminated items. A multiple regression, split by age, was conducted with
uncontaminated pretestand mothers’ highestbiological concepts in the decontaminated
stories as predictor variables. Themodel producedan R*of .51, which was statistically
significant, F(2,35) = 18.00, p <.001. Uncontaminated pretestscores and mothers’
highestbiological concepts in the decontaminated stories can account for 51% ofthe
variance in uncontaminated posttestscores for 5-year-olds. Uncontaminated pretest
scores were positively related to uncontaminated posttestscores (B=.59, t=5.17, p <
.001). Mothers’ highest biological concepts in the decontaminated stories were
negatively related to uncontaminated posttestscores (B =-.12, t = -3.02, p =.005). The

results ofthe regressionanalysis are shown in Table 29. In sum, this predictor suggests
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that the higher the mother’s biological concepts expressed in the decontaminationrelated

stories, the lower the 5-year-olds posttestscores for uncontaminated items.

Table 29

Regression output for mothers’ highest biological concepts in the
decontaminated stories predicting 5-year-olds’ biological concepts
for uncontaminated items.

Predictor B B t p
Constant 1.61 443 <.001
Pretest 59 61 5.17 <.001

Highest biological concepts in

the decontaminating stories 12 -3 302 005

Mother and childbehaviors. Behaviorswere explored as predictors for
children’s scores in the posttest. Age groups were examined separately. Multiple
regressionanalysis was conducted and found that for contaminated posttest items,
mother’s encouragement of independent contribution predicted 8-year-olds’ scores.
There were no predictors for 5-year-olds. The regressionanalysis is reported below
based onposttesttype.

Predictors for contaminated posttest scores. A multiple regression, split by age,
and conducted with contaminated pretest and mother’s encouragement of independent
contributionas predictor variables. The model producedan R? of .30, which was
statistically significant, F(2,35) = 7.62, p =.002. Contaminated pretest scoresand
mother’s encouragement of independent contribution canaccountfor 30% of the variance
in contaminated posttest scores for 8-year-olds. Contaminated pretestscores were
positively related to contaminated posttest scores (B =.23, t =2.06, p =.05). Mother’s

encouragementofindependentcontributionwas negatively related to contaminated
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posttestscores (B =-.13, t=-2.79, p=.01). Theresults ofthe regressionanalysisare
shown in Table 30. As mother’s giveless encouragement forindependent contribution,

8-year-olds’ contaminated posttest scores increase.

Table 30

Regression output for mothers’ encouragement ofindependent
contribution predicting 8-year-olds’ biological concept posttest
scores for contaminated items.

Predictor B B t p
Constant 3.52 7.43 <.001
Pretest 23 .30 2.06 .05

Overall immanent justice

references -13  -40 -2.79 01

In sum, behavior predictors indicate that mother’s encouragement for independent
contributionhas a negative influence on 8-year-olds’ posttest scores, specifically the
contaminated posttest scores. This was notthe casefor5-year-olds, however.

Mother’s disgust facial expressions. Disgust expressionswere explored as a
predictor for posttestscores. Multiple regressionanalysis was conducted to control for
pretestscores and further evaluate if mothers’ general and highest disgust expressions
predicted posttest scores for children. Neither mothers’ generalnor highestdisgust
expressions predicted children’s posttestscores for contaminated or uncontaminated
items in the posttest.

In the following chapter, results reported here will be discussed in relation to

previous researchandthe hypotheses ofthe study. In addition, limitations and future

research willbe addressed.
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Chapter 5: Discussion

The purposeofthis studywas to examine the contributions mothers provide to
children’s developing sensitivity to contamination of water and food. Researchhas
investigated children’s developmentof contamination sensitivity, but has not examined
socialfactorsthatinfluence contaminationsensitivity. Threeresearchquestions were
examined: 1) Do mothers provide information about contamination to their children
during discussions about potentially contaminated situations? 2) Do discussions with
mothers aboutcontamination improve children’s understanding of contamination? 3) Do
mothers provide different kinds of information to 5-and 8-year old children about
contamination during an interaction involving stories some of which involve
contaminated situations? Overall, results revealed that mothers do provide contamination
related information to their children, that these discussions improve children’s biological
understanding or concepts, and thatmothers alter some of their information and
behaviorsbased on theage oftheirchild. Below, the results will be discussed as they
relate to the above research questions andthe hypotheses derived fromthese research
questions. First, the information mothers provide for their children during the interaction
will be discussed followed by a discussionof howthe interactions related todifferences
in the children’s performance as measured on thepre-and posttest. Age-related findings
will be discussed throughoutthe discussion of the first two research questions. The

discussion will end with the currentstudy’s limitations and concluding remarks.
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Mothers Provision of Information about Contamination and Immanent Justice

The first research questionwas interested in whether or not mothers would
provide informationto their children aboutcontamination. Asexpected (Hypothesis 1.1),
mothers did provide information about contamination during theinteractions with their
children. Some mothers included biological level concepts, though few incorporated
disgust expressions. Informationmothers provided for their children is discussed below
in relation the type of information (contamination references, biological concepts, and
disgust expressions). Mother-child behaviors will also be discussed below.

References to contamination and immanent justice. Mostofthe mothers’
contamination related references were references directly aboutcontamination and were
mainly made during contaminationrelated stories. This supports Hypothesis 1.1that
predicted thatmothers would be explicit about contamination with their children when
presented with scenarios depicting contamination. However, mothersalsomade
references to decontaminating processes during contamination and decontamination
related stories. This indicates mothersare also interested in teaching children about how
to make food orwater safe to consume. Because decontamination referencesoccurred
significantly less than contamination references, this may suggest thatmothers are more
interested in pointing outcontamination than decontaminationto children at these ages.

Mothers referring to contamination more than decontamination during the
interaction may have occurred for two reasons. First, it could be that decontamination is
a practice thatrequires a higher level of understanding that childrenat these ages are still

developing. Based on Vygotsky’s (1978) notion of ZPD, the expert scaffolds the
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information she provides thenovice based on thenovice’s ability. Mothers, therefore,
may be less likely to make a point ofexplaining howa contaminated substance can be
decontaminated, either because the child is unable to understand decontaminationor
mothers thinktheir children are unable to understand the concepts. Understanding
decontaminationrequires the child first understand what is acting as the contaminant and
then knowthatthe contaminant can be eradicated. Decontamination, therefore, requires
understandingmany biological aspects ofa contaminant, suchas its vitality (thatit
moves), that it is alive and can die, and howto interceptits movementor life. It may not
be untilthe child is older than 8 years of age that these concepts canbe fully realized,
thus, mothers may not make specific reference to decontaminating processes or
opportunities as frequently as contamination. Mothers’ levels ofbiological concepts may
support this idea. Mothers provided higher levelbiological concepts for contamination
stories than decontamination stories, possibly because they saw their children as being
able to understand the biological concepts related to contamination. For decontamination
stories, thelowerlevel ofbiological concepts could havereflected themother’s doubt
that herchild would be able to comprehendthebiological elements necessary toexplain
decontamination. In oppositionto this explanation, mothers made similar number of
referencesto childrenwhether the child expressed biological level concepts or not.

A second possible reason for mothers referring less to decontaminating processes
could be culturally driven. Mothers inasuburbanarea ofthe United States may have less
incentive to discuss decontaminating issues with their children. In the United States

youngchildrenare exposed to situations that may require decontamination, suchas
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washing hands after using the bathroom. However, American childrendo not typically
have many responsibilities thatrequire using decontaminating processes. Forexample, in
some communities in developing countries children are responsible for activities
requiring decontaminationon a daily basis, suchas preparing food for meals or boiling
water for consumption. A child whose responsibility it is to ensure the family receives
meals that are safely cooked, orwater that is safely purified may receive more instruction
ata youngage regarding decontamination processes. American mothers may feelit is
less necessary topoint-outexamples of decontamination thanexamples of contamination
for 5- and 8-year-olds.

This explanation seems possible giventhe lack of age patterns for contamination
and decontamination references. It also supports sociocultural theory’s assertion that
caregivers provide information they see as necessary for making their child a competent
member of the community (Gauvain, 1995; Rogoff, 2003). Mothers’ rare references to
an explicit lack of contamination may alsoreflect cultural values. American mothers
may expect a lack of contaminationto be thenorm, and therefore do not feelaneed to
point it out to theirchildren. Forthesereasons, childrenin acommunity where they have
more responsibilities for the welfare of the family, such as helpingto prepare food, may
exhibit stronger contamination sensitivity suchas exhibiting more knowledge about
decontaminating processes.

Mothersalsomade very few references to immanent justice. This supports
Hypothesis 1.3, which predicted thatmothers would provide more contaminated related

references thanimmanent justice references. Previous research has suggested that
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children accept immanent justice asan explanation for contamination related concepts
like illness (Kister & Patterson, 1980). More recent research suggests that adults are
more likely to use immanent justice as an explanation forillnessthanchildrenare
(Raman & Winer, 2004). Such findings pointto the possibility that mothers may use
immanent justice as explanation for iliness when talking to their childrenabout
contamination orillness. The findings in this study, however, indicatethatmothers rarely
use immanent justice toexplain consequences of contaminationto their children duringa
story where a character was portraying bad behavior (stealing money). Differences
between the studies are notable. Raman and Winer provideda number of scenariosto
participants and offered possible explanations, oneof which was an immanent justice
option. Inthe current study, no options were provided as explanations for the outcomes
in the interactive stories. It is possible thatif given the option, mothers may have chosen
immanent justice as one explanation. Despitethesedifferences, it is notable thatmothers
rarely spontaneously chose immanent justiceas an explanationfor the character in the
story’sillness.

Keil (1999) explains results in some previous research regarding immanent justice
by pointing outthatparticipants are often questioned using vignettes where the prominent
character is associated with some formof bad behavior. He goes on to suggest that
children will use the salient aspects of the story (character misbehaving) to explain the
illness. Raman and Winer (2004) suggestthatadults may possess an increased likelihood
to rely on immanent justice becausethey have more knowledge abouttheir culture

throughexperiencein that culture thanchildrenand are able to apply multiple reasons for
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illness. Immanent justice is considereda culturally created explanation for illness that
appearsin many cultures asaway ofexplaining events that seemotherwise
unexplainable andto tooteach appropriate moral behavior (Medin & Atran, 2004).
Thus, immanent justice is learned through interactions with others. Ifassumptions of
sociocultural theory are to be met, that mothers provide informationto their children they
see as importantto the child’s development, then mothers would likely provide immanent
justice as an explanation duringa story where a thief steals money thenbecomesill after
drinking aglass of milk. In the currentstudy very few mothers provided such an
explanation to their children, which suggests mothers may see this typeofexplanationas
unimportantornotuseful. This claimis speculative in thatprocedures in the current
study were somewhatdifferentthan other research. Primarily, the current study did not
provide options for story outcomes and did notforce responses regarding story outcomes.
Biological concepts. Inaddition toreferences to contamination it was expected
that motherswould provide biological level explanations totheir children regarding
contamination. Below, mothers’ responses to the survey as compared to their discussions
with their children are discussed. Then, mothers’ generaland highest biological scores
and the percentage of mothers expressing concepts at a biological level are discussed.
The purposeofthe survey aboutstomachillness and germs that mothers filled out
following the interaction was to determine whether mothers discussed contamination
using similar biological level concepts with their children as they would whenreporting
about contamination or contamination related concepts onasurvey. Survey scoreswere

correlated with household income and mother’s education levelto determine if these
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variables may be related to the level of biological concepts reported in the survey.
However, mothers’ household income and education levelwas not related to mothers’
biological concepts in the survey. Research hasnot been conducted onadults’ biological
concepts and demographic factors thatmay influence them. The finding thatresponses
on asurvey were notcorrelated with household income and mothers’ education suggests
that (for lay adults) these factors may not playarole in biological concept knowledge.
However, this is preliminary and more research is warranted in order to make further
assumptions about this claim. When mothers’ biological concepts during the interaction
were compared to the parentsurvey about germs and illness, mothers received similar
biological concept scores on thesurvey as they did during conversations with their
children. This suggests that when mothers are asked to answer surveys regarding their
knowledge about germs and illness, these answers may be similar in terms of biological
concepts as conversations with their children aboutcontamination. Future research
investigating the development of children’s contamination sensitivity and naive biology
would benefit fromgather information about mothers’ biological knowledge.
Incorporatingmother’s biological concepts, as reported on a survey, may provide insight
into the level of biological concepts she is using to discuss contamination.

Survey findings for mothers in the currentstudy differed fromotherresearch
using a similar survey with South African Sesotho-speaking populations, which found
that adults exhibited biological levels for their explanations of causes, treatments, and
preventions of AIDS and the flu (Legare & Gelman, 2009). Mothers’ scores on the

current study’s survey also differed fromotherresearchusinga similar survey and coding
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scheme thatincluded healthy American 16-year-olds who scored higher thana basic
biological levelforillness concepts (Perrin, Sayer, & Willet, 1991). It may be that
concepts like contaminationelicit less biological level explanationthan illness concepts
like the flu. However, this does not account forthe parentsurvey in the currentstudy
which directly probed for mothers’ knowledge about stomach illness including causes,
treatments, and preventions. Itis also possible thatthe mothersin the current study may
not have takenthetime to thoroughly completethe survey. The surveywas given at the
end of the study and mothers may have felt rushed or that full explanation was not
necessary, resulting in lessthorough answers. This explanationdoes notseemlikely
given that mothers were provided unlimited time to finish the survey. One additional
reason forthe differences in the currentstudy’s survey with others could be due to the
manner in which other surveys collected their data (Legare & Gelman, 2009; Perrin et al.,
1991). Inboth studies, interviews were conducted orally. It may be that the presence of
a researcher elicited higher biological concepts fromparticipants in those studies.

In regards to mothers’ biological concepts discussed with the child, despite
mothers’ lowaverage general biological conceptscores, many mothers did exhibit
biological level concepts with their children, which supported Hypothesis 1.1. Nearly
half of mothers expressed concepts at a biological level (i.e., biological concept scores at
or above4, using externalagents toexplain contamination) with their 8-year-olds and
about athird of mothers exhibited biological level concepts with 5-year-olds. The age
differences provide supportfor Hypothesis 3.1, that mothers will alter their information

based onthe child’s age. The percentage of mothers who usebiological level
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explanations demonstrates that mothers utilize biological level concepts to discuss
contamination related scenarios and do so more with 8-year-olds than 5-year-olds.
Expectedly, the use of biological level concepts occurred more during contamination
related stories than decontamination related stories, but this was only true for interactions
with 8-year-olds. This wasalso trueforthe sociomoral story, thoughthisis not
surprisinggiventheinclusionof contaminationin that story. The percentage of mothers
who demonstrated biological level concepts during the decontamination related stories
was the same for 8-year-olds and 5-year-olds. These findings provide some support for
sociocultural theory that mothers will adjust information for childrenbased onthe child’s
needs orwhat the mother sees as important for the child (Gauvain, 1995). When
contamination is presentin a story, more mothers expressed biological level concepts
with 8-year-olds than5-year-olds. When considering children’s biological level
concepts, however, mothers’ did not alter the level of theirbiological concepts. ZPD
research suggests that more expert social partners willadjust their information based on
the ability ofthe novice (Wood et al., 1976). However, the percentageof mothersin this
studywho displayed biological level concepts did notchange based on thechild’s
expression ofbiological level concepts, Inaddition, mothersdid not adjust their highest
biological concepts based on thechild’s biological level concept, butrather, adjusted
theirbiological concepts based on thechild’s age.

These age-related patterns suggest that, while discussing contamination related
stories, mothers may see 8-year-olds as more able to understand biological level concepts

than 5-year-olds and soemploy thesetypes of concepts more with 8-year-olds during
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these stories. Pretest scores for 5-and 8-year-olds support this assumption. Eight-year-
olds exhibited higher generaland highest biological concepts than 5-year-oldsand a
higher percent of 8-year-olds provided biological level explanations. Yet, results for
mothers’ biological concepts based on child’s biological level concepts do not support
this. Sociocultural factors may explain this contradictory finding. Ratherthanchild
ability, it may be that mothers use more biological level concepts with 8-year-olds based
on the child’s education level. Children are generally expected to performwell in school
and parents in the United States typically socialize their children towards thisend
(Rogoff,2003). Children atthe age of5 years havenotorare just enteringschoolin the
United States. Due to thelack of experience with formal schooling, mothers may not
expect their child to know biological information in regards to contamination. An 8-year-
old, on the otherhand, has already completed aboutthreeyears of schooling. Mothers
may have higher expectations in terms of what their child should understand about
biology and contamination. The same taskadministered in communities where formal
education is unavailable or unaffordable for children, would likely reveal different
results. Incultureswhere there is less cultural expectation regarding formal education,
mothers may adjust their biological information differently than in a culture where formal
schooling expectations are prominent.

The same explanation may be applicable for the sociomoral story results. More
mothers exhibited biological level concepts with 8-year-olds than 5-year-olds during the
sociomoralstory. Alongwith the sociomoral aspect ofthe story, potential contamination

was present duringthis story. Recallthat thestoryincluded a potentially soured glass of
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milk that had been sittingon a counter in the night. This provided the opportunity for
mothers to discuss the potential contaminationand/or the sociomoral aspects of the story.
More mothers used biological level concepts to discuss thesociomoral story with 8-year-
olds than 5-year-olds, despitethe factthatmothers provideda similar number of
contamination references during this story to bothage groups. In addition, mothersdid
not have different biological concepts in the sociomoral story based on thechild’s
biological concept levels. This further supports the assertionthatmothers may see 8-
year-olds as able to understand the biological concepts presented in the story more than
5-year-olds andthus, provided higher concepts.

An alternativeexplanation tothe age-related differences may be related to the
dynamic natureofthe interaction. Itis possible that8-year-olds were interacting with
mothers in suchaway that elicited higher level biological concepts fromtheir mothers.
Sociocultural theory suggests that cognitive developmentis a dynamic process that
requires the input of boththe developing person andsocial partners (Gauvain, 2001).
Using questions is one way childrencanextract specific information fromsocial partners.
By the age of 5years, children use questions effectively to gather newinformationand
solve problems (Mills, Legare, Bills, & Mejias, 2010). In the current study, 8-year-olds
may have asked more questions regarding events in the stories that required higher level
biological responses than 5-year-olds. Therefore, it is difficult to know in this study if
children’s questions had an effect on the biological concepts mothers expressed. This
explanation would alsocompliment the cultural expectations of formal schooling

discussedabove. Children’s questions were not specifically measured and tested in this
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study because thefocus of the study was information mothers provide their children.
Follow-up researchin contamination sensitivity development will expand the current
studyto include contributions of both motherand child in a dynamic interaction. The use
of questions may also account for the agedifferences during specific stories. Eight-year-
olds may have more questions regarding contamination versus decontaminationand draw
mothers’ explanations out during thesestories. Regardless, findings forthese age-related
differences support Hypothesis 3.1, that mothers would provide differenttypes of
information to their children based onthe child’s age.

Disgustexpressions. Hypothesis 1.2 predicted that mothers would use disgust
facial expressions during contamination related scenarios. Mothersdid express disgust
and more so during contamination related stories. However, only a third of the mothers
expresseddisgust during these storiesand mothers expressed disgust toboth age groups
equally, which did not support Hypothesis 3.3, which predicted that mothers would
express more disgust facial expressions with younger children. Otherresearchhasfound
that contamination will elicit disgust frommothers and thatdisgust expressions are more
frequent with younger versus older children (Stevenson et al., 2010). Stevensonand
colleagues found that 93% of parents displayed at least one disgust expression, though it
is not known what percent of mothers specifically expressed disgustduringa set of items,
but only one itemwas considered a contaminant. Therefore, it is difficult to know if all
mothers exhibited disgust during their one contaminationitemornot. Regardlessofthe
number of mothers who displayed disgust, it is possible that the disgust elicitors in

Stevenson’s study evoked more disgustdueto the nature ofthe item(offering food to be
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eaten fromthe bottomofa potty). Inaddition, Stevensonand colleagues usedone
contamination elicitor, while in this study therewere four contaminationelicitors, water
in a toilet,an apple on the ground, soupwith abug in it,and two girls playing a hand
game in which one girl coughed on herhands duringthe game. Stevenson and colleagues
found thatchildrenand mothers express disgust in responseto animals, specifically bugs,
and body excrement, thus the elicitors in each study are similar. Itis possible that the
procedures of the present study influenced thedifferencein disgust betweenthe current
studyand Stevenson’s study. In Stevenson’s study participants were in direct contact
with elicitors, whereas in the current study participants looked at pictures of
contamination. Researchers suggest that the action of coming intodirect contactwith a
contaminant will elicit stronger responses thannot coming intodirect contact (Rozin &
Fallon, 1987). Becauseparticipants in the current study did not come into directcontact
with the disgustelicitors, it may have resulted in fewer mothers displaying disgust.

The innate nature of disgust may provideanother explanation for mothers’ disgust
expressions being lowand few in number in this study. Although Stevenson and
colleagues (2010) suggested that disgust could be used as a teaching mechanism between
parentandchild, it could be thatexpressing disgust may notalways be usedas an overt
teaching mechanism (Rozin & Fallon, 1987). For example, sociocultural research has
found thatchildren learn important behaviors and knowledge through observing more
experienced social partners (Paradise & Rogoff, 2009; Rogoff, 2003). Parents may not
consciously be using disgust (specifically with children in the age groups of this study) as

a teachingtool, yet children may be acquiring knowledge through the observation of
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disgust expressionsas theyoccur in everyday interactions (Rozin & Fallon, 1987). The
disgust scores may support the idea thatmothers in this study were notovertly using
disgust toteach children, butperhaps the expressions happened naturally and
automatically, thus the low to mediumlevel of disgust expression. General disgust
expressions did not exceeda mean of 2 (disgust expressedat a low level) on a 5-point
scale,and highest disgustscores did not exceeda mean of 3 (disgust moderately
expressed). Though the highestdisgust scores were significantly higher than themean
disgust, the highestdisgust scores reacheda level that indicates the highest levels of
disgust were expressedat a moderate level. Highestdisgust scores may reflect the
assumption that mothers were not usingdisgustexplicitly as a teaching mechanism.
However, if disgust, as an innate mechanism (Rozin & Fallon, 1987), is learned from
througheveryday interactions (Rozin et al, 2008), learning from disgustmay be more
additive, in that many repeated exposures tothe display of disgust and the body behaviors
associated with it are needed to havean impact in learning about contaminants. The
above assertions on disgust, based on thefindings of this study, are speculative. Further
research is needed to examine the types of circumstances mothers may use disgustasan
overt teachingmechanism. Observations of mothersand children in natural settings may
informsuch astudy. Regardless, further researchis neededto understandthe
contributions of disgustas a social and innate mechanismthatinforms the development
of contamination sensitivity.

In regards to the hypotheses of the study, the hypothesis thatmothers will express

disgust while discussing contamination was somewhatsupported. Some mothers did
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demonstrate disgust, specifically during contamination related stories, however most
mothers did not express disgust and did not do so ata very highlevel. This may indicate
that mothers were not attempting to use disgustas an explicit teaching mechanism.
Perhaps the general and highestdisgust scores may reflect a naturalandinnate expression
of disgust on the part ofthe mother that childrenare learning from(Rozin & Fallon,
1987).

Mother-child behaviors during the interactive storyactivity. Motherand
child behaviors were alsoexamined during theinteraction. Thoughthese behaviorsdo
not provideinsight into contamination related information mothers may discuss with their
children, they do paint a picture of how mothers interactwith their children during stories
with contamination related scenarios. Ofall the behaviors measured, fouremergedas
prominent. These were encouraging child’s independent contribution, keeping the child
on task, child’s involvement in the task, and child’s cooperation with mother. Allother
behaviorsdid not orrarely occurred. Thus, mothers exhibited two behaviors thatwere
assessed in this study. First, mothers offered some encouragement for children’s
independentcontributionto the interactivestory task, and did somore for 5-year-olds
than 8-year-olds. Second, mothers kept their child somewhat involved, more so for 5-
year-olds than 8-year-olds. ThoughHypothesis 3.1did not specifically predictage-
related behavioral differences, theseresults indicate that, when instructed to work
togetheron a task, mothers will behave differently with their childrenbased on the
child’s age. Specific behaviors may promote learningabout concepts like contamination

(discussed more below in regards to predictors). Mothers were more encouraging with
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younger childrenandwere more inclined to keep theminvolved in the interactivetask.
These agedifferences may be due to varying abilities to maintain attention during a story
bookactivity. Five-year-olds’ attentionis less developed than 8-year-olds and mothers
may be more active in keeping younger childrenengaged in the story books for this
reason (Zelazo, Carter, Reznick, & Frye, 199). In addition, 8-year-oldsare likely to have
more experience with bookactivities through school orat home and are likely to be
reading books oftheirown. Thus, 8-year-olds may need less encouragement and need to
be kept involvedlessin orderto contributeto thetask.

Children also exhibited two specific behaviors. Children displayedsome
involvement in the task and were very cooperative with their mothers. Thesebehaviors
showedno agedifferences. Child’s involvement is notsurprising giventhat mothers
were keeping their children involved. Likewise, child’s cooperationis expected due to
mothers’ encouragement to contribute and keep the child involved. The lackofage
differences in the children’s behaviors may reflect developmental differences in attention
and experiences with books. Children in both age groups were equally involved and
cooperative, though mothers of 5-year-olds encouraged their children to contribute and
kept theminvolved more than mothers of 8-year-olds. The combinationofthe mother
and child behaviors may be supported with the above explanationregarding children’s
attention. Thoughmothersencouraged andkept 5-year-olds involved more than 8-year-
olds, children in bothage groups were similarly involved in the task. Itis possible that
mothers expectedsimilarinvolvementfromtheir children, but hadto put more effort in

obtaininginvolvement from5-year-olds. In regards to task responsibility, the finding that
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both mothers and childrenwere responsible for the task, with children offering a little
more responsibility than mothers, support the collaborative efforts between motherand
child discussedabove . Inaddition, there was noage difference in task responsibility,
which helps to support the finding that bothages were similarly involved.

Together, the collaborative nature of the behaviors displayed by motherand child
support researchthatcaregivers and children, wheninstructed todo so, will work
together collaboratively on tasks involving cognitive processes (Gauvain, 2001). In
accordancewith sociocultural theory, social interactions are adjustedto suit the abilities
and knowledge of the child. Inregards to the behaviors assessed in this study, mothers
adjusted theirencouragementof children and keeping the child involved anddid soin an
appropriate manner for the child’s ability in orderto complete thetask of discussing the
stories.

In sum, Hypotheses 1.1, 1.2, and 1.3, that mothers will provide biological
information, display disgust expressions, and provide more biological explanations than
immanent justice explanations, were generally supported when considering all results
during the interaction betweenmotherand child. Mothers provide contaminationrelated
information to their children while looking at stories that involve potentially
contaminated scenarios. Mothers make direct referenceto contamination and
decontamination, and many (though not most) mothers incorporated biological level
concepts when discussing contamination related scenarios with their children. Some
mothers also expressed disgust while discussing contamination, thoughonly aboutathird

of mothers did so. Hypotheses 3.1, 3.2, and 3.3, that mothers would adjust contamination
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information based onchild’s age, that youngest children would receive lower level
biological explanations, and thatdisgust expressions would be more with younger
children, were supported only in regards to biological concepts. Mothers made reference
to contaminationand displayed disgustsimilarly with 5-year-olds and 8-year-olds.
However, more mothers used biological level concepts with 8-year-olds, specifically
during the sociomoraland contamination related stories. The behavioral data
demonstrated the collaborative effort put forth, and compliant nature, by both the mother
and child, while the stories were being discussed, and that 5-year-olds received more
encouragementand were kept involved more by mothers. Next, children’s improvements
fromthe pre-to the posttest and potential predictors for these improvements will be
discussed.
Children’s Improvements from Pretestto Posttest

Next, Hypotheses 2.1and 2.2, that mothers’ contamination and biological
information will supportchildren’s learning aboutcontamination and that children will
not use more immanent justice after interactions with mothers, will be addressed in
regards to children’s pre-and posttest performance and contributing factors to those
improvements. First, pre-to posttestchanges will be discussed for acceptance of itens as
safe to consume, children’s biological concepts, and use of immanent justice. Then,
predictors of those changes are discussed.

Accepting items as safe to consume. Inthe pretest childrenaccepted items as
safe to consume similar to previous research (Hejmadiet al., 2004; Siegal & Share,

1990). There were no age differences in acceptance rates, which did notsupport Hejmadi
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and colleagues’ research that 8-year-olds would have higheracceptance rates of
contaminated items. One reason for the difference betweenthecurrent studyand
Hejmadi’s research may be due tothe number of items used to testfor contamination
acceptance in the current study. Hejmadiand colleagues reported percentages for
individual items. In the current study acceptance of contaminated and uncontaminated
items was aggregated across nine and four items respectively. The greater number of
items provides greater possibility of accepting contaminated items or rejecting
uncontaminated items. The inclusion of multiple items in the current study may result in
children overextending contaminationattributions leading to incorrectacceptance rates
(Keil, 1999). Incorporating more test items, however, may also provide a broader picture
of children’s acceptance of contamination. Forexample, for contaminated items, some
items that were included were considered to be more “difficult” in terms of
contamination sensitivity because these items could be decontaminated. When
acceptances for theseitems were compared with less difficult contaminated items (those
items that could not be decontaminated), 8-year-olds accepted the difficult items more
often thanthe less difficult items. Therefore theacceptance rates in this study are not
completely analogous to other studies oncontaminationsensitivity. Using only oneitem,
as otherstudies did, may limit generalizability of children’s contamination sensitivity to
otheritems.

There was no change frompre-to posttest foraccepting items as safe to consume
for eitherage. Thus, predictors for pre-to posttestchanges were notexamined. The lack

of change frompre-to posttest may representa ceiling in acceptance rates for these age
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groups dueto aceiling for understanding contamination concepts specifically. If Carey
(1985) is correct that children 8 years and younger do notpossess biological concepts that
are separate frompsychological concepts, then Carey’s assertion may explain the lack of
age differencesandthe lack of change frompre-to posttest. Itis also possible that
children in these age groups lack the necessary experience with contaminated items to
show age differences or changes frompre-to posttest. Recallthat mothers’ references to
contamination were less than one reference perstory. Thus, though mothers made
reference to contamination, they did not do so in each story, or in each contamination
related story. The same was true for references to nocontamination, decontamination,
and immanent justice. This may alsoaccountforthe lackof changefrompre-to posttest.
Mothers may notsee some of the instances of contamination in the stories as importantor
beneficialto point outto their children.

Biological concepts. Unlike accepting items as safe, children’s biological
concepts changed frompre-to posttest, however, this was only true for contaminated
items. In the pretest, 8-year-olds displayed higher level biological concepts than 5-year-
olds, whether the items were contaminated or not. This supports previous research that
children’s biologicalunderstanding is developinguntilaroundtheage of 8 years old.
Notably, 8-year-olds did not exhibit, on average, a level of biological concepts that
indicated biological knowledge was explicitly expressed. The percent of childrenwho
displayedbiological level concepts being less than half supported the general biological
concept meansthat did not reacha biological level. More 8-year-olds exhibited

biological level concepts butonly about a quarter ofthese childrendid sooverall stories.

170



During contamination related stories, almosthalf of 8-year-olds displayed biological
levelconcepts. No 5-year-olds exhibited biological level concepts in the pretest. These
data support Carey’s (1985) assertionthatchildrenyounger than 8 years old do not hold
an autonomous framework for biological concepts, that children this age will not use only
biological explanations for biological phenomenon. In otherwords, accordingto Carey,
children youngerthan 8 years donotunderstand biological concepts as different from
other concepts, such as psychological concepts. Thedata in the current study somewhat
support Carey’s assertion that autonomous biological concepts emerge around the age of
8 years. Many, thoughnotmost, 8-year-olds displayed biological level concepts.
Changes fromthe pre-to posttestindicate that bothage groups exhibited higher
biological concepts in the posttest, however, these changes only occurred for

contaminated items.

When the codes were considered categorically, the main difference betweenthe
ages was theuse of phenomenismand external agents. Not many childrenreported not
knowing and even fewer used internalization and interaction as explanations for why
items could orcould not beconsumed. However, children not knowing and using
externalagents as explanation were the only codes that exhibited change. This suggests
that children who did not know a reasonwhy an itemcould or could notbe consumed
may be using more phenomenismexplanations in the posttest, and thosewho use
phenomenism, use more external agentexplanations in the posttest. Thus, the number of
children usingphenomenismdoes not change frompre-to posttest. Only the useof

internalization explanations revealed an interaction with time and age which indicates
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that 5-year-olds used internalization more in the posttest, but 8-year-olds did not. This
suggests that, though 8-year-olds had higher biological concept scoresand bothage
groups increasedthesescores in the posttest, only 5-year-olds increased their use ofa
higherbiological code, internalization. Theseresultsimply that thoughbothage groups
improved, 5-year-olds may havea higher ceiling forimprovement because they started
using more lower levelbiological explanations. Thus, it may be that childrenat this age
can learn to use biological level concepts after interactions with their mothers. This
supports researchers who propose naivebiology is available to childrenat ayoungage
(Keil, 1992b; Medin & Atran, 2004). Itshould be clarified, however, that very few 5-
year-olds used internalization (that contaminants, when internalized, can havean effect
physically). These results hintthat young childrenare capable of improving their
biological understanding but further research is needed to investigate individual factors,
such as experience with animals or plants, that may contribute to thischange. It should
be noted that the biological codes allowed for coding immanent justice responses during
the regular pre-and posttest items. However, no children spontaneously used immanent
justice to explain why these items should or should not be consumed.

In general, these changes support Hypothesis 2.1, that childrenwill show signs of
learning about contamination (in this casebiological concepts about contamination) after
discussions with their mothers regarding contamination.

Immanent justice. Children’s application of immanent justice was tested using
three vignettes. During these vignettes childrenwere asked whetherafood ortoy item

was OK to eat or play with after one dollhits and steals it fromanotherdoll. There was a
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contaminated fooditem, an uncontaminated food item,and atoy. The purpose of these
vignettes was to create scenarios that may determine if the participants would use
immanent justice. Accordingto Keil (2007), when questions regardingillness or
contamination are framed arounda specific scenario (sociomoral in this case) children
may provide more or less biological responses based on how the questions are framed.
Keil’s assertionprovides a basis for why the vignettes were included. The vignettes in
this study were based on asociomoraleventthatinvolved food (andatoy) to uncover
potential immanent justice responses. The contaminated food itemelicited varyingage-
related responses. For the contaminated item, 5-year-olds were worse than 8-year-olds at
acceptingit as safe to consume, and 5-year-olds did not choose the contaminated item
betterthanchance. This may have been due in part to thenature ofthe question (Is it OK
for him/herto eat this food?). Many ofthese 5-year-olds provided socially motived
responses such as “It’s OK becauseshe took it and now it’s hers” or “He can share it and
it will be OK.” Despite the fact that the food was visibly rotten, many ofthese children
overlookedthe contaminationand focused on thesocial aspects ofthe vignette. When
performance on thesociomoral vignettes was compared with performance onthe regular
test item, only 5-year-olds chose the contaminated itemin the vignette different fromthe
regular pretest contaminateditems. This supports Kiel’s (1992a) assertion that children
will responddifferently to biologically based questions depending onthe framework in
which the questionis presented. Children’s acceptance ofitems as acceptable to eat or
play with did not differ in the posttest. Direct application ofimmanent justice as an

explanation aboutwhat will happenifthe dolleats or plays with thestolenitemwas
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nearly absentin the pretest and posttest. Only one child provided such aresponse in both
the pre-and posttest. These findings support Hypothesis 2.2, that children’s application
of immanent justice as an explanation for consequences would notchange betweenthe
pre-and posttest.

Results for children’s performance in the sociomoral pre-and posttests indicate
that 5-year-olds are less likely to focus onthe contaminated aspectofa rotten foodwhen
the food is presented in a scenario with sociomoral themes. Children in both agegroups
are also not likely to use immanent justice as an explanation as to why a food itemor toy
shouldnot beconsumedor playedwith. This result supports immanent justiceresearch
that suggests childrenare less likely to use immanent justice than biological reasoning as
an explanation forillness over folklore or biological responses (Raman & Winer, 2002).
Children in this studyalso seemed to focus on the social aspects of vignettes. Along with
providing biological reasoningas to why the contaminated food could be consumed,
many children respondedthatthe food was notacceptable to consume because it was
taken fromthe otherdolland should be shared. Many childrenfocused on the lack of
sharing in the vignettes. The procedure forthe vignettes was deliberatein not asking
about immanent justice possibilities. In notdoingso, it allowed the child to generate
spontaneous reasons for their responses. That5-year-olds focused more on the social
aspectofthe contaminated food rather than the contamination may explain why other
research has found that children use psychological or social explanations for biological

phenomenon (Carey, 1985).
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Predictors for children’s improvements from pretestto posttest. Next,
predictors for children’s improvements regarding biological concepts frompre-to
posttestare discussed. Ofthe predictorsexplored, three groups of predictors emerged.
The first predictor group was associated with contamination related references. The
second predictor group was mothers’ highest biological concept in the decontamination
related stories. The third group of predictors was the mother-child behaviors.

Contamination reference predictors. Two contaminationrelated references were
found to predict biological concepts in the posttest. First, mother’s references to
immanent justice were foundto predictbiological concepts for 8-year-olds and
specifically, children with biological level concepts. Mothers made few references to
immanent justice, yet these references across all stories predicted biological concept
scores for 8-year-olds in the posttest contaminated and uncontaminated items, and for
contaminated items of children with biological level concepts. Biological concepts for 8-
year-olds (andspecifically for children who have reached biological level concepts) may
be at a stage where they are making clearer distinctions than 5-year-olds betweensocial
consequences andbiological consequences. However, childrenas youngas 5years have
been foundto differentiate between psychological domains and biological domains
(Ericsonetal., 2010). By 8 years old childrenhave a well-developed sense of the
influence of invisible mechanisms that influence contamination (Au et al., 1993). It is
possible that awell-developed ability to understand thatbiological mechanisms are
involved in contaminationis necessary for references toimmanent justiceto affect

biological concepts. Forexample, immanent justice explains biological consequences
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(getting sick) using social behaviors (he became sick because he misbehaved), thus it is
possible that when mothers make reference to immanent justice it provides an
inconsistency with what the child understands about biological mechanisms. This
inconsistency in turn may act as stimulation for further thoughton thechild’s part about
what she might know regarding biological concepts. Ratherthan adoptingthe immanent
justice explanation, the child further justifies her own biological e xplanation.

This finding may support Raman and Winer’s (2004) research with college
studentsandchildrendemonstrating that college students use more immanent justice
beliefs than third graders. According to them, adults possess a greater ability for multi-
focusedthinking than children, and adults are more knowledgeable aboutone’s cultural
values andnorms. Because, accordingto Raman and Winer, adults can multi-focus
(consider more than onereason for outcomes involving iliness), culturalnorms providing
explanations forillness canbe adopted and integrated with the biological knowledge
adults have about iliness. They assert that younger children, on theotherhand, are only
able to adopt one explanation. Thus, when an adult uses anexplanation that does not fit
with the child’s working explanation it may provoke the child to justify herown
explanation. Thus, thefindingthatchildrendid not use more immanent justice
explanations after interactions with their mother, but that interactions that included
mothers’ useofimmanent justice predicted biological conceptposttest scores may
support Raman and Winer’s assertions above.

The other contaminationrelated predictor was that mothers’ references toa lack

of contamination predicted 5-year-olds biological concepts for contaminated items on the
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posttest. There were very few references made by mothers to a lack of contamination,
but these references predicted higher biological concept scores on the posttest and
accounted for nearly 60% ofthe explained variance. In otherresearchyoungchildren
have beenshownto over-extend their use of contamination type concepts suchas
contagion (Kalish, 1999). When mothers make explicit references of when food ordrink
Is not contaminated this may demonstrate an overt counter-example for when
contamination is present. Such an explicit counter-example may aid children in building
on their current contamination concepts. Forexample, if children over-extendtheir
application of contamination thenthey may be more likely to choose anitemas
contaminated when theyare unsure. Ifmothers point out specific instances where
contamination does not exist (e.g., “Look the apple is OK to eat becausethereis no dirt
on it”) then children can usethese examples and apply themto their current biological
and contamination concepts. Essentially, mothers have expanded, or made salient,
criteria that informthe child’s biological concepts, thus, improving the child’s score after
such interactions. This assertion warrants further research, however, because 5-year-olds
did not alter theiracceptance of contaminated (difficult or non-difficult) or
uncontaminated items in the posttest, which would have provided stronger support for
this assertion.

Highest biological concept predictor. Mothers’ highest expressed biological
concept during both decontamination related stories was foundto negatively predict 5-
year-olds’ posttest scores foruncontaminated items. In other words, the higher the

mother’s biological concept during decontamination stories, the lower the child’s
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biological concepts in the posttestfor uncontaminated items. Recall that decontamination
may be considered a more difficult process dueto the child needingto know various
aspects of contamination, suchas knowing that the contaminant is alive, can be killed or
removed, and that doing so leaves no traces of the contaminant. Also, the
decontaminationstories include images of food items thatappear edible. Itis possible
that the higherthe level biological concepts were during the decontamination stories
mothers discussed with 5-year-olds, the more confused children became abouthowto
understand biological concepts in regards to food or water items that are not
contaminated.

This finding may support researchers who suggestchildrenundertheage of8
years ofage do nothave an autonomous theory of biology, orare not able to understand
biological concepts separate fromother concepts like psychological concepts (Carey,
1985). However, ifit true that 5-year-olds had no ability to separate biological concepts
from other concepts, then mothers’ highest biological concept may have alsonegatively
predicted biological concepts for contaminated items aswell. Rather, it seems thatthis
predictor may be suggesting developmental changes in how children learn about
contamination and the biological concepts relatedto it.

Raman and Winer’s (2002) suggestion that young children are not able to multi-
focus (consider more thanoneaspect) in regards tothe causes of iliness may shed light
on the above assertion. They suggested this idea as anexplanation for why adults use
more immanent justice to explain illness thanyoung children. However, it may be that 5-

year-olds are not able to focus on the many aspects of the decontamination process in a

178



similar manneras not beingable to focus onthe many reasons onemay become ill.
Thus, whenmothers express higher-level biological concepts during situations where
decontamination is taking place, this may provide an overload of informationand confuse
the child, leading to a decreased ability to explain items that are not contaminated using
biological concepts. Aschildrendevelopandtheirability to multi-focus improves, they
are then able to better understand how biological concepts can be applied to an itemthat
IS not contaminated.

Behavior predictors. One mother-child behavior predictor was found, that
mother’s encouragement of independent contribution had a negative impact on 8-year-
olds’ biological conceptscores for contaminated items. In otherwords, as mothers
provided less encouragement of independent contribution to their 8-year-olds, the child’s
biological concept scores increased in the posttest. This findingwas surprising but may
be explained when consideringthe child’s age and the nature ofthe activity. By 8 years
of age children are typically accustomedto looking at and readingbooks. Ifthe activity
is not carried out at home, it is likely conducted in school. Five-year-olds, on the other
hand, havelessexperiencewith this typeofactivity (Purcell-Gates, 2000). Children at 8
years ofage are familiar with the process of looking at the book page by pageand
reading, orin the case ofthis study talking about, each pageand following the sequence
of the story. Though, giventhat5-year-olds in many homes havesufficient experience
with books to understand the process of looking at books, this explanation may notfully

explain the finding above.
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It is possible thatmothers expect8-year-olds to contribute to the story more than
5-year-olds. Efforts on the mother’s part to encourage more independent contributions
may reflect a less attentiveor less interested 8-year-old. The mediumand strongnegative
correlations help supportthisassertion. The more cooperative the 8-year-old was, the
less the motherencouragedthe 8-year-old to contribute or attempted to keep thechild
involved. These negative correlationsalsomean that the less cooperative the 8-year-old
was, the more the motherencouraged contribution and kepttheminvolved. However, the
same correlation was not found for 5-year-olds, despitethe lack of age differences in
cooperationscores. Thus,5-and 8-year-olds were cooperating similarly, yet mothers
responded differently to these children based ontheirage. Inturn, the interactions
between the motherand child, for the 8-year-olds, had a negative impact on their posttest
scores. This findingalso supports sociocultural theory thatchildrencontributeto their
own learning (Gauvain, 2001). Here, 8-year-olds may be impacting their learning of
biological concepts, specifically by notcooperating at a level mothers may be expecting.

In addition, it is possible thatchildren 8 year of age were bored with the protocol.
An already inattentive or less interested child is less likely to performwell on a posttest
as they may be less willing to provide extensive answers to the test questions that allow
biological conceptsto be coded. While collectingthedata, therewere cases of children
who seemed bored or struggledto focus by the end of the procedure, though these were
few. Some had difficulty focusing enoughto provide extensive answers as to why an
item might be unsafe to consume, and others showed difficulty in remaining seated for

the final posttest. There were also rare cases of childrenwho, by theend, were less
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enthusiastic and provided rushed and abbreviated responses. Itis possible theresults for
this predictor may be capturingthese types of children.

Results involvingsocial interactions and learning about contamination and
biological concepts provide important findings for children’s developmentof
contamination sensitivity andacquisition ofatheory ofbiology. The results suggestthat
contamination sensitivity development, like other conceptdevelopment, is impacted by
social interactions with more experienced social members. Given that the contentofthe
stories was focused on contamination related topics, it is possible thatthe nature of the
task createda situationthathad an impact on thechildren’s conceptscores. However,
this task was created to simulatea common activity thatchildrenand mothers may carry
outtogetherin an everyday setting. Itis true that notallbooks mothersand childrenlook
at together will discuss contamination, however, this task (and findings associated with it)
points out that mothers highlightimportant information in books andthat interactions
between thosetaking part in discussing the book may improve cognitive functioning, in
this case, contamination sensitivity.

In sum, Hypotheses 2.1and 2.2, that interactions with mothers would support
children’s learning about contamination and that the use of immanent justice would
increase after interactions with mother, were somewhat supported. Children’s biological
concepts increased after interacting with their mothers while looking at stories containing
contamination related scenarios. Specifically, children’s biological concepts for
contaminated items improved. However, children’s acceptance foritems as safeto

consume did not improveafter interacting with their mothers. Inaddition, children did
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not use more immanent justiceduring the vignettes after interactions with their mothers.
Direct references and behaviors predicted children’s scores onthe posttest. Mothers’
references to immanent justice predicted 8-year-olds’ biological concepts and references
to a lack of contamination predicted 5-year-olds’ biological concepts. Mothers’
referencesto contamination and biological concepts expressed during discussions did not
predict children’s posttestscores as expected. One behavioralso predicted children’s
posttestscores. Theless mothersencouraged independent contribution from8-year-olds
the highertheirbiological conceptscores. Behaviors predicting children’s concept s cores
supports sociocultural theory, which emphasizes the influence of social interactionon
children’s cognitive development.

Limitations

Five limitations are discussed in regards to thecurrent study. The first limitation
addresses the coding of contamination and biological concepts and thesecond limitation
addresses how contaminationand biological concepts may be measured. The third
limitation addresses the protocol used for the mother-child interaction, and the fourth
limitation addresses the age groups used in the currentstudy. The final limitation
addresses the generalizability of the findings.

The first limitation pertains to themethod in which biological concepts were
coded. The codesusedin this study forthe parent survey did not reveal biological level
concepts in mothers. This may be a limitation in that, the currentstudy’s codes for the
survey were basedon codingschemes thathad revealed biological level concepts in

adults in other research (Legare & Gelman, 2009; Perrin etal., 1991). The originalcodes
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that the current study’s codes were based on were created to measure biological concepts
as related to iliness specifically. Concepts were considered to beat biological levels
when a participantwas able to explain thatspecific and factual external agents were
involved in contracting theillness. Higherbiological levels were coded if participants
could expand on internalization, interactions, and mechanisms involved in contracting the
iliness. Inthe current study, thecodes describedabove were alteredand used to measure
biological concepts as related to contaminationrather than illness. It is possible that
biological codes meantforillness do not translate as well for contamination concepts.
However, this explanation does not seemlikely given that the parent survey directly
asked questions about stomach illness and yetdid notelicit biological level concepts
from mothers as previous studies did (Legare & Gelman, 2009). In regards to
contamination, specific aspects of the biological concept codes may reflect aspects of
contamination. Forexample, external factualagents, such asdirt orgerms, must be
presentforcontaminationto occur. Thus, it is proposedthat these codes are likely to
measure biological concepts regarding contamination, butcould be a limitation to the
study. This codingscheme should be incorporated into future researchandrefined for
such purposes.

Second, children’s understanding of biological concepts is debated in the
literature. Some researchers contendthat in order for children to possess a coherent
framework for biological concepts they must beable to reliably distinguish biological
processes as separate frompsychological processes (Carey, 1985). Others argue that

such stringent criteria for labeling a child’s biological theory as coherent does not take
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into account children’s intuitions about biological and living kinds and that children are
able to categorize biological kinds appropriately at the agesof 3and 5years (Hatano &
Inagaki, 1994; Keil etal., 1999; Leddonetal.,2008). The biologicalcodes in this study
adhere to asomewhat stringent measure of biological concepts as they require
participants to state, at minimum, external factual agents that cause contamination. It
does notaccount for implicit knowledge children may have about contamination but are
unable to communicate (Keil, 1992). For example, when asked why a piece of rotten
food is not safe to consume childrensometimes respond with reasons suchas “youcan
justseethatitis not good.” This indicates an understanding of contamination butwould
notelicita biological levelconceptscore. Forthis reasonacceptanceof items as safe to
consume were included an additional measurement of contamination. In addition, using
these codes creates findings in the current study that support both theoretical views, that
biological concepts are notautonomous untilaroundthe ageof 8 years and that young
children at the age of 5 years are able to reliably identify contaminated items. This
means that both theoretical views may be correct, but tapping in to different stages of
biological concept development. Thus, because contamination sensitivity may be using
implicit knowledge drivenby innateaspects of naive biology, examining contamination
sensitivity provides a unique perspective into thedevelopment of biological concepts.
The third limitation pertains toexplaining thatthere were only a few predictors
for children’s improved posttest scores. This could be due to mothers notbeing
instructed to point out specifically or explain contamination to their children. It may be

that if mothers had been given specific instructionto discuss and explain the
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contamination in the stories then more predictors may haveemerged for children’s
posttestscores and children’s acceptance of items as safe to consume. However, mothers
were intentionally not instructed in this way because the study was interested in whether
or not mothers would pointoutcontamination spontaneously and provide thelevel of
information they sawas important. This protocol should be extended in future research
to include instructions for mothers to identify and explain contamination with their
children. Such a change tothe protocol would allow for examination of direct instruction
and potential improvements for childrenas aresult (Gauvain, 1992). Mothersbeing
instructedto directly discuss contamination would also help identify whether direct
instruction between mothers and children regarding contaminationand biological
concepts canimprove children’s understanding in these areas. Such findings would be
beneficial for health interventions and education, as Auand colleagues (2008) have
demonstrated with older children. Regardless, thecurrent study helpsto describe the
type of information mothers may provide their children in asomewhat naturalistic setting
during acommon mother-child activity.

The fourth limitation pertains tothe child’s age. The agesofchildren includedin
this studyreflect pivotal points in the development of children’s contaminationand
biological development, because children canidentify when food orwater is
contaminated at 5years old and 8 year olds are expected to have auto nomous theories of
biology (Carey, 1985; Hejmadi et a., 2004; Siegal & Share, 1990). Studies have shown
that by Syears ofage childrenare able to identify when contamination of food or water

has occurred (Siegal & Share, 1990) though contamination identification continues to
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develop past theage of 5years (Hejmadietal., 2004). Thus the development of
identifying contamination may be taking place during preschoolyears. However, this
studywas alsointerested in howthe useofbiological conceptsto explain contamination
may contributeto the developmentof contamination sensitivity beyond the age of 5years
of age, hence8-year-olds were included in the current study. Future research should
extend the age groups considered fora similar study to include preschool childrenas a
way of capturing contamination sensitivity developmentduring years when children may
be unreliable in accepting food or water as safe to consume. Though preschoolers were
notincluded, the currentstudy contributes new information to the literature regarding
social contributions during pivotal ages for contamination sensitivity and biological
concepts.

Finally, generalizing the findings of this study should be done so with caution. To
date, no study has investigated the types of information mothers providetheir children
overthe age of4years in regards to contamination. Thoughthisstudywas conductedin
a laboratory, it attempted to createan unprompted, naturalistic activity familiar to many
mothers and children. During the activity, mothers may pointoutinformationthey feelis
important for their children to know regarding contamination. However, findings should
be extended beyondthescope ofthe study carefully. Itis possible that within a more
naturalistic situation, such as helpingmother prepare a meal at home, mothers may
provide more biological information about contamination or refer more frequently to
contamination. Research regarding contaminationsensitivity would benefit from

naturalistic observations of children’s behaviors during contaminated situations and their
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interactions with other social partners during these situations. In addition, the task
involved in this study is specific to mothersand childrenin industrialized cultures. The
activity of looking at and talking about pictures in abook is common for families in the
United States (Purcell-Gates, 2000), however, in developing countries where
contamination may be especially important due to rampant disease or unsafe water,
mothers and children may be less likely orable to interact with picture books. Thus,
these results should only be considered to be extendedto children living in cultures where
formal schooling, and reading books with parents are regularand expected activities.
Summary

Research on children’s development of contamination sensitivity has primarily
focusedon age-related patterns (e.g., Hatano & Inagaki, 1994; Hejmadi et al., 2004;
Siegal & Share, 1990). Socioculturaltheory contends that interactions with social
partners, such as parents, aid the development of cognitive processes (Gauvain, 2001;
Wgotsky, 1978), yet very little research has investigated factors influencing the
development of contamination sensitivity, especially through social factors (Inagaki,
1990; Toyama, 2000). The primary purpose ofthe current researchwas to investigate
how interactions with mothers influence children’s development o f contamination
sensitivity.

Hypotheses for the first research question, that mothers would provide
information about contamination, were generally supported. Mothers made specific
references to contamination and decontamination while looking at picture books

depicting contaminationand decontamination. In addition, many mothers incorporated
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biological level concepts during their discussions with their children. Some mothers also
exhibited disgustexpressions, especially during contamination relateds tories.
Expressing disgustindicates that mothers not only make direct references about
contamination, but use nonverbal cuesto communicate that contamination is present.

Hypotheses for the second research question, thatdiscussions with mothers about
contamination willimprove children’s understanding of contamination and biological
concepts, were somewhatsupported. Children did notimprove ontheirability to accept
items as safe to consume, thoughtheir biological concepts explaining why items were
(un)safe did improve. Mothers’ references to immanent justice anda lack of
contamination predicted improvements on children’s biological concepts. Mothers’
highestbiological conceptdiscussed during the decontamination related stories
negatively predicted 5-year-olds’ biological concept scores in the posttest. Motherand
child behaviorsalso predicted improvements in biological concepts. Specifically,
mothers who encouraged independent contributions predicted lower biological concepts.
Also, the more children cooperated with their mothers the more their biological concepts
improved.

Hypotheses for the third research question, thatmothers would provide different
types of information to their child based onthe child’s age, was somewhat supported.
Mothers did not make different amounts or types of contamination related references to
their children based onthe child’s age, nor did mothers display disgustexpressions
differently based on child’s age. However, more mothers used biologicallevel concepts

with 8-year-olds to discuss the stories during the interaction. Predictors for children’s
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improvement in biological concepts also exhibited age differences. Referencesto
immanent justice predicted improvementin 8-year-olds’ biological concepts, and
referencesto a lack of contamination predicted improvementin 5-year-olds’ biological
concepts. Noneofthe mother-child behaviors predicted improvements for 5-year-olds.
Mothers whoencouraged independentcontribution predicted a decrease in 8-year-olds
biological concepts, butcooperationwith their mother predicted improvementin 8-year-
olds’ biological concepts. Togetherthesedatasuggest that mothers only express
biological concepts differently based on thechild’s age.
Conclusion

Future research should consider extending this study in three ways. First,
research has suggested that while contamination sensitivity and biological understanding
are seemingly universal, some information regarding contamination, suchas germtheory,
may be culturally constrained (Keil, 1992a; Medin & Atran, 2004). Thus, research
should include observation of social practices in naturalistic settings with children over
the age of4 years within and outside the United States, specifically in cultural settings
where food and water contaminationis a greater threat thanin the United States (see
Toyama, 2000). Observing interactions betweenchildrenand caregivers inanatural
settingwould provide informationregarding the types of information and behaviors that
caregivers provide about contamination. Such researchwould help address assertions
researchers have about children learningabout biological concepts and contamination
throughinteracting and observing theworld around them (Carey, 1985). Second, given

that mothers’ contamination references and biological concepts did not play an important
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role in children’s improvedbiological concepts, follow-up research should investigate
more closely the dynamic between motherand child during discussions about
contamination. Behaviors onthe child’s partsuchas asking specific questions or
pointing out specific aspects in the story may influence children’s level of biological
concepts ortheirability to acceptfoodandwater as safe to consume. Third, future
research should continueevaluating children’s ability to recognize contamination in
parallel with children’s developing biological concepts. These studies should incorporate
decontamination processes in tandemwith contamination concepts. Decontamination
may represent a deeper biological understanding of contamination concepts. Such
research would help further define a developmental pattern for contamination sensitivity.
To conclude, this study contributes to the literature by providing evidence for how
mothers may be discussing contamination and biological concepts with childrenages 5
and 8 years old while looking at stories containing potential contamination. In addition,
this research shows thatthese interactions improve children’s biological concepts,
specifically in regard to contamination items. This researchalso supports previous
research that 8-year-olds are more likely to have biological level concepts than 5-year-
olds and extends this literature to show that biological concepts may increase when
children discuss contaminated versus uncontaminated items with more experiencedsocial
partners while looking at picturebooks. Becausethis study offers potential predictors for
improving children’s understanding of contamination, theseresults may be beneficial for
thoseinterested in creating educational or intervention efforts to improvechildren’s

biological understanding of contamination.
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Appendix A

Interactive Story Images

Story 1: Joey

Story 3: At Night
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Story 4: Abbeyand Becka




10.

11.
12.

13.

AppendixB

Parent Survey

Howdoes someone getan illness?

How does someone geta stomach illness?

Can someone geta stomach illness fromsomeone else who has a stomachillness?

YES
a. (if yes)How?
b. (if no)Why not?
Can someone getastomach illness frommisbehavingorbeingbad? YES
a. (if yes)Why?
How can you tellif you have a stomach illness?
Are there treatments or cures for stomach illnesses? YES
a. Whatare they?
b. Who cantreatit?
Who do yougoto to get better whenyou have a stomachillness?
What do you dosoyoudon’t getstomach illnesses?
Who taught you abouthow people get stomach ilinesses?
a. Whatdid theyteachyou?
Have you taught your children about stomachillness? YES
a. What have you taught them?
Briefly describewhat germs are.
Are germs are alive? YES
a. (if yes) Briefly explain why germs are alive.

Cangerms die? YES
a. (if yes) How?
b. (if no) Why not?
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NO

NO

NO

NO
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14.

15.
16.

17.
18.
19.
20.

21.

22.

Can germs move from one place to another?

a. (if yes)How?
b. (if no) Why not?

Howdo you know if something has germs on orin it?
Canyou getgerms on orinyou?

a. (if yes)How?
b. (if no) Why not?

What happens if germs geton orinyou?
What would youdo ifgerms geton orinyou?
What can youdo to keep germs fromgetting onorin you?

Can germs hurtyou?

a. (if yes)How?
b. (if no) Why not?

Who taught you aboutgerms?
a. Whatdid theyteachyou?
Do your children knowaboutgerms?

a. (if yes)Howdo they knowaboutgerms?
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AppendixC
Demographic Questions

Child’s name Child’s birthday: Month Day  Year

Was your child in school in this previous school year (2010-2011)?  Yes No

If YES what grade did theyattend?

Will your child attend school in the upcoming school year (2011-2012)? Yes No

If YES what grade will they attend?

Zip code where child lives:

Child’s ethnicity (circle one)

Black/African American Native American Other/Mix__ L
Latino/Hispanic White/Caucasian
Asian Decline to answer

Mother’sage Mother’s occupation

Mother’s employmentstatus (circle one)

Fulltime Notemployed Disabled
Part-time Student Decline to answer
Retired Homemaker Other

Mother’s highesteducation level (circle one)

8" grade Some College Master’s Degree
Some High School Associates Degree Doctoral or Professional
High School Bachelor’s Degree Other

Mother’s ethnicity (circle one)

Black/African American Native American Other/Mix____ -
Latino/Hispanic White/Caucasian
Asian Decline to answer
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Father’'sage __Father’s occupation

Father’s employment status (circle one)

Fulltime Notemployed Disabled
Part-time Student Decline to answer
Retired Homemaker Other

Father’s highesteducationlevel (circle one)

8th grade Some College Master’s Degree
Some High School Assaociates Degree Doctoral or Professional
High School Bachelor’s Degree Other

Father’s ethnicity (circle one)

Black/African American Native American Other/Mix__ L
Latino/Hispanic White/Caucasian
Asian Decline to answer

Household (in which the child lives) yearly income, before taxes (circle one)

Less than $30,000- $60,000- Decline to
$10,000 $39,999 $74,999 answer
$10,000- $40,000- $75,000-

$19,999 $49,999 $99,999

$20,000- $50,000- Over $100,000

$29,999 $59,999

How many brothersand sisters does thechild have?

Where amongst thesiblings does the child fit (youngest, 2" oldest, etc.)?

What is the primary language spokenat home?

Are there other languages spokenathome? Yes  No

If so, what are they?
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AppendixD
Biological Concept Codes

No response; donotknow; inappropriate or off-task response

SOCIOMORAL.: response involves moralistic behaviors
“you can’teat that because you could get in trouble”; “doing that wrong
(behavior) will make you sick”; “hegot sickbecausehe was bad”

PHENOMENISM: circular or phenomenistic response
“wateris good to drink because it is clean”; “you can drink thatbecause it
is good to drink”; “it will make you sick (provides no further

explanation)”; “the wateris goodbecause it is white”; “youcan eat it
because you cansee it is ok”

EXTERNAL AGENTS: concrete, external causes cited; no explanation of
howthe agents interacts biologically to result in, or prevent iliness or
contamination
“dirty things are in the water””; “there is dirt on it”; “it’s ok to eat because
nothingis on it”

INTERNALIZATION: internalization and/or relativity in understanding of
contamination; once agent is internalized iliness follows invariably;
understanding that germs or bacteria have movement

99, ¢

“Germs get in and spreadalloveryourbody”; “whenyou breathe in sick
people’s germs™; “when you eatmoldy food, youcan getsick™; “boiling
waterkills the germs in the water”; “when someone coughs the germs go

fromthemto you”

INTERACTION: interactionofpersonandcontaminantdescribed; some
effect of contaminant on body; process of contamination orillnessis
mentioned but not elaborated

“Germs get in yoursystemand start to eat/kill yourcells”’; “it interferes

with (normal body process)”; “germs may get in you frombad food then
affect your stomach which makes yousick”

MECHANISMS: processes of illness causation or contamination, prevention,
or treatment described; includes notion of biological bodily response
“Germs take away food fromthe bodyandthenthebody hasnothing to
use forpower”; “youmust kill the bacteria thatlive in the water through
boiling orfiltering if you want to keep themfromentering your system

and making you sick”
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