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a b s t r a c t

Health education can offer a valuable window onto conceptual and
behavioral change. In Study 1, we mapped out 3rd-grade Chinese
children’s beliefs about causes of colds and flu and ways they can
be prevented. We also explored older adults’ beliefs as a possible
source of the children’s ideas. In Study 2, we gave 3rd- and 4th-
grade Chinese children either a conventional cold/flu education
program or an experimental ‘‘Think Biology” program that focused
on a biological causal mechanism for cold/flu transmission. The
‘‘Think Biology” program led children to reason about cold/flu cau-
sation and prevention more scientifically than the conventional
program, and their reasoning abilities dovetailed with their mas-
tery of the causal mechanism. Study 3, a modified replication of
Study 2, found useful behavioral change as well as conceptual
change among children who received the ‘‘Think Biology” program
and documented coherence among knowledge enrichment, con-
ceptual change, and behavioral change.

! 2008 Elsevier Inc. All rights reserved.

1. Introduction

Health education about common infectious diseases can offer a valuable window onto conceptual
and behavioral change. When children catch infectious diseases, they are likely to wonder why and
how they got sick. But since the culprits (i.e., fungi, bacteria, viruses) are too small to see, children
are likely to come up with explanations based mostly on things they are able to observe as well as
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things they hear other people say. If these intuitive ideas differ from what they later learn in health or
science classes, will that new scientific knowledge actually change their intuitive biology and behav-
ior? To address this question, we will first take a look at three sources of ideas in turn—children’s intu-
itive biology, cultural learning, and science education—and how the ideas may interact to bring about
conceptual change and possibly behavioral change as well.

A foundational theory—be it intuitive or scientific—outlines the ontology in a domain. For example,
animals and plants are fundamental categories in (folk)biology, whereas minerals and artifacts are not.
Children begin to grasp such ontological distinctions quite early on (e.g., Backscheider, Shatz, & Gel-
man, 1993; Hickling & Gelman, 1995; Keil, 1994). While children cannot see germs directly, they often
hear adults talk about killing germs. In principle at least, they could infer from such remarks that
germs can live and die like plants and animals (Harris & Koenig, 2006). Indeed, by age 5, children
do say that ‘‘germs will die someday” and ‘‘germs can grow bigger.” (The second statement, of course,
goes too far. While fungi can grow bigger, bacteria can do so only marginally, and viruses clearly can-
not.) The age at which children begin to draw such inferences can vary substantially across cultural or
socio-economic backgrounds. In one study, Latino children from very low income families lagged be-
hind children in a university lab school by 2 or 3 years (Au & Romo, 1996).

A foundational theory should also specify basic causal devices in its domain (e.g., Wellman & Gel-
man, 1997). Do children use such devices to explain biological phenomena? In one study, about 100
children (age 5–13) were asked to explain why they thought there would be more germs in some
wrapped-up leftover dinner after it sat out on the dining-table overnight (Au & Romo, 1999). None
of them mentioned germ reproduction (e.g., ‘‘Germs breed in food”). Instead, they talked about germs
getting in through cracks in the dish, bugs carrying germs to the food, germs in the air inside the
wrapped dish landing on the food, etc. Their causal mechanism of choice usually involved mechanical
processes (i.e., how germs move or are moved around), rather than biological ones (e.g., reproduction
and death of germs).

Perhaps this should not come as a surprise. From infancy on, children learn more and more about
how objects and substances move and interact physically (e.g., Carey & Spelke, 1994; Wellman & Gel-
man, 1997). Stretching a well-worked-out intuitive theory—in this case, naïve mechanics—to reason
about biological phenomena is quite understandable. Even adults across cultures recruit their naïve
mechanics to explain links among causes, symptoms, and treatments of illnesses such as gastrointes-
tinal problems, breast cancer, and high blood pressure (e.g., Au & Romo, 1999; Garro, 1988).

Cultural learning is another source of ideas for children. For instance, it is widely believed across
cultures that people catch colds and flu by getting wet and/or by getting cold (e.g., Baer et al.,
1999; Helman, 1978; Nichter & Nichter, 1994; Sigelman, Maddock, Epstein, & Carpenter, 1993). Adults
nag children to put on a raincoat, carry an umbrella, dry themselves quickly after swimming, and wear
a jacket when it is windy or when they go into an air-conditioned room. Where do such beliefs come
from? People may indeed be more likely to catch a cold or the flu when the weather is cool and damp
than when it is warm and dry. But the weather probably does not make them sick directly. The weath-
er may simply provide a good environment for the viruses that do make them sick. Many strains of
cold/flu viruses survive longer in cool, moist air than in warm dry air (e.g., Bean et al., 1982; Elazhary
& Derbyshire, 1979; Karim, Ijaz, Sattar, & Johnson-Lussenburg, 1985; Reagan, McGeady, & Crowell,
1981). The longer a virus survives—on a towel, a door knob, etc.—the more chances it has to infect
someone. It is no wonder that, across cultures, people have come to associate catching a cold or the
flu with exposure to cold air.

It is an easy next step to decide that exposure to cold air causes the infection. In everyday life, we
almost always infer causal relations from correlations because: (1) we generally do not have first-hand
information about underlying causal mechanisms, which are typically not readily perceptible; and (2)
we generally do not have experimental data to uncover causal relations and have to make do with ob-
servable correlations. Using correlational data to speculate about causes can actually be quite fruitful.
It has led to major scientific discoveries such as the bacteria that cause stomach ulcers (e.g., Thagard,
2000). Believing that exposure to chilly air causes colds and flu can be useful if the belief translates
into greater vigilance about colds and flu. Such vigilance can join forces with health tips for cold/flu
prevention (e.g., wash hands frequently) to increase health-promoting behaviors. Potential benefits
like this, along with the compelling correlation between chilly season and cold/flu season, may in part
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explain why this belief has been widely shared among adults and passed onto children across time as
well as cultures, persisting despite scientific evidence to the contrary (e.g., Douglas, Lindgren, & Couch,
1968).

Shifting from a robust folk theory (e.g., folkbiology)—likely to be a product of everyday observa-
tions, intuitive ideas, and cultural learning—to a counterintuitive scientific theory (e.g., microbiology)
to explain the same class of phenomena requires fundamental conceptual restructuring (Vosniadou &
Brewer, 1992). For ease of exposition, our account of the survival of cold/flu viruses is actually a hybrid
of microbiology and folkbiology. Strictly speaking, viruses are not full-fledged biological kinds. Most
viruses carry only one kind of nucleic acid (either DNA or RNA), not both as in the case of plants
and animals. They have no metabolism of their own and must use host cells’ metabolic machinery
to replicate their genetic matter. So some microbiologists talk about the stability—not the survival—
of viruses when temperature, acidity, and humidity vary, as one would about biochemical molecules
(e.g., Rabenau et al., 2005). But others do use the term ‘‘survival”—especially those who need to ex-
plain viral contagion to the public in clinical practices or health education (e.g., Lai, Cheng, & Lim,
2005; Parkinson, Muchmore, Scott, & Scott, 1983;World Health Organization, 2003). That is more than
a pragmatic nod to folkbiology. Scientists have a hard time talking proper microbiology to laypeople
because, in many respects, microbiology and folkbiology are too far out of sync. In general, scientific
theories are often incommensurable with folk theories, making substantial formal education often
necessary to supplant a folk theory with a scientific one (e.g., Atran, 1990; Carey, 1985; Kuhn, 1977).

What happens when scientific ideas are introduced in modest doses? An entrenched belief system
may resist new concepts and belief systems that it cannot readily assimilate. A case in point: When a
member of our research team tried to talk to her grandmother about the survival of cold/flu germs in
hot versus cold air, the grandmother magnanimously said that young people could believe in germs as
they please, but she would stick to her old way of dressing warmly and avoiding cold draughts. Alter-
natively, old and new beliefs may co-exist but be compartmentalized. This sometimes happens when
students acquire new concepts in science classes but do not give up their intuitive theories about the
world (e.g., Clement, 1982; McCloskey, 1983).

Conceptual gaps in old belief systems could also prompt people to look for new ideas. For example,
folkbiology may offer a vague causal explanation for colds and flu—e.g., exposure to cold air weakens
our vital force, thereby making us vulnerable (Hatano & Inagaki, 1994). But those who are interested in
why things happen and how things work may find such a vague explanation unsatisfying, and they
may be inspired to look for a better one (Keil, 2003). Finally, small doses of science could lead to mod-
est but useful conceptual restructuring—discounting some old beliefs, conferring greater importance
on others, taking in some new ideas, and building more coherent causal explanatory devices from pre-
viously disparate beliefs (Boyer, 1998).

Folkbiology has been linked to behavior in various areas, including farming and fishing practices
(e.g., Atran, Medin, & Ross, 2005) as well as illness treatments (e.g., Helman, 1978). If scientific ideas
lead people to revise their folkbiology, can we expect concomitant behavioral change? Not always, it
seems. Consider the current approach to AIDS education. Most young adolescents in the United States
are taught the best-documented ways of getting AIDS, namely, through (1) sharing an intravenous
needle, (2) having unprotected sexual intercourse, and (3) getting contaminated blood in a transfusion
(e.g., Osborne, Kistner, & Helgemo, 1993). Still, the adolescents’ knowledge does not seem to predict
their sex-related risk of becoming infected (e.g., Brown, DiClemente, & Reynolds, 1991; Keller,
1993). But notice that the adolescents are simply taught a set of apparently disjoint facts. Might some
other kind of knowledge have more influence on their behavior?

From age 2 or 3 on, children often ask adults why things happen and how things work, and adults
typically respond with causal explanations (e.g., Callanan & Oakes, 1992). This kind of interaction has
been adopted in the ‘‘Think Biology” approach to health education (Au & Romo, 1996; Au, Romo, &
DeWitt, 1999; Zamora, Romo, & Au, 2006). Instead of merely teaching facts, this approach teaches chil-
dren biological causal mechanisms that can be used to explain many varied phenomena and predict
future outcomes (e.g., Gelman, 1990).

For example, Au and Romo (1996) taught children (age 9–14) a few basics about the AIDS virus:
that it is harmful only when it is alive and that, like plants and animals, it does better in some envi-
ronments than others. In other words, it can thrive in some environments (e.g., our bodily fluids such
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as blood and breast milk), survive but not reproduce well in others (e.g., human saliva), and die virtu-
ally instantly in some others (e.g., air, water). Knowing just this much biology helped children judge
the risk of a wide range of behaviors not explicitly mentioned in the AIDS education program (e.g., tat-
tooing, sharing a toothbrush, wiping a friend’s bloody nose). No less importantly, the children loved
this approach, especially when they were asked to reason out the answers to their own questions
(e.g., ‘‘Can a person really get AIDS by doing a slam dunk with Magic Johnson?”) using the biological
causal mechanism they had just learned.

Thus far, the Think Biology approach has engaged American children and young adolescents and
enabled them to reason coherently and sensibly about transmission and prevention of AIDS and other
infectious diseases (Au & Romo, 1996; Au et al., 1999; Zamora et al., 2006). Will these findings hold
cross-nationally? Will cognitive gain also lead to health-promoting behavioral change? We will ad-
dress these issues in three studies. Study 1 will document Hong Kong Chinese children’s beliefs about
colds and flu and examine a possible source of their beliefs, namely, traditional beliefs held by their
elders. Studies 2 and 3 will use the Think Biology approach to introduce children to a more biomedical
view of cold/flu transmission and then chart any conceptual change. Study 3 will also examine possi-
ble behavioral change with respect to preventive measures children take. In these studies, we focus on
common colds and flu because they are prevalent and because preventive measures for them, unlike
those for HIV/AIDS, are readily observable.

2. Study 1

This study set out to characterize pre-existing beliefs about cold/flu causation and prevention in
school-age children—the target population of Studies 2 and 3. We also explored older adults’ beliefs
as a possible source of the children’s ideas.

2.1. Method

2.1.1. Participants
Participants in this study were 40 3rd-grade children (20 boys and 20 girls, aged 8 years 0 months

to 9 years 2 months) and 64 older adults (15 men and 49 women, aged 60–92 years), all native speak-
ers of Cantonese Chinese in Hong Kong. The children were recruited from a public school, with signed
parental consent. The older adults were recruited from two community centers in lower-middle class
neighborhoods. Most of them could not read or write, so their verbal consent was audiotaped along
with the interviews for the study.

2.1.2. Materials and procedure
Participants were interviewed individually for about 20 min in Cantonese Chinese about causes

and prevention of colds and flu. The audiotaped interviews were conducted in a quiet room in a com-
munity center or a school.

2.1.2.1. Risk-behavior detection. Participants were first invited to detect risk behaviors for colds and
flu in eight video-clips of everyday events (e.g., rubbing eyes, sharing a drink or finger food, chewing
fingernails, handing someone an eraser after having sneezed into one’s hands). The video-clips were
presented on a laptop computer and lasted on average about 28 s (ranging from 14 to 45 s). For each
clip, the interviewer asked participants to watch for any behavior that might put someone at risk for
catching a cold or the flu. When participants said they spotted any such behavior, the interviewer
asked them to explain. (More complete descriptions of the materials for all three studies—the vi-
deo-clips, the Chinese interview protocol, and its English translation—are available upon request.)

2.1.2.2. Open-ended interview. Participants were then asked how people catch colds and the flu and
how they can try to protect themselves and others. If a participant suggested a risk behavior, the inter-
viewer asked why it was dangerous. If a participant suggested a prevention strategy, the interviewer
asked why it would work.
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2.1.3. Coding
A team of native speakers transcribed the interviews verbatim in Cantonese Chinese and then

checked the transcripts. We adopted a coding system that has worked well in previous studies (Au
& Romo, 1996, 1999; Au et al., 1999) and added some codes specific to colds/flu. The transcribed re-
sponses were categorized into six types of beliefs by two independent coders, and disagreements were
resolved by a third coder. The inter-coder agreement was excellent for each type of belief in each age
group, with Kappa > .9 for all but one. The exception was ‘‘explicit germ movement” for older adults
(Kappa = .63), and the disagreements concerned only 4 of the 64 participants. The six types of beliefs
were:

(1) Germ survival and reproduction: Germs can live and die; there are various ways to kill germs
(e.g., with heat, disinfectant, medicine).

(2) Explicit germ movement: Germs can come from various sources (e.g., air, ground, nasal secre-
tion, saliva).

(3) Implicit germ movement: Some actions can transfer contaminants (not explicitly called germs;
e.g., touching food with dirty hands, touching objects already touched by others in public).

(4) Folk beliefs about colds and flu: People get sick from exposure to cold air, being drenched in rain
or sweat, or eating too much deep-fried food.

(5) Points of entry: Cold/flu germs can enter the body through the nose, eyes, and mouth.
(6) Non-specific health-tips: E.g., ‘‘Drink more water;” ‘‘Don’t smoke;” ‘‘Eat more fruit.”

In the coding, ‘‘Germ survival and reproduction” superseded ‘‘explicit germ movement,” which in
turn superseded ‘‘implicit germ movement” because each code presupposes the ideas specified in the
following code.

2.2. Results and discussion

2.2.1. Mechanical causality for cold/flu transmission
These Chinese 8- to 9-year-olds and older adults focused on the path traveled by the cold/flu germs

from one person to another, rather than on whether the germs might be dead or alive upon arrival
(Table 1). Specifically, 95% of the children and 98% of the older adults talked about mechanical transfer
of cold/flu germs, whereas only 8% of the children and 6% of the older adults talked about the survival
and reproduction of germs. This cross-national replication of Au and Romo’s (1999) findings suggests
that children and older adults readily stretch their intuitive understanding of mechanical causality—
how objects and substances move in space—to make sense of biological phenomena. Such ideas are

Table 1
The percentage of children and older adults mentioning these ideas when reasoning about cold/flu causation and prevention in
Study 1

Older adults (N = 64) (%) Children (N = 40) (%) v2

Germ survival and reproduction 6 8 0.1
Explicit germ movement 98 95 1.0
Implicit germ movement 85 95 2.7
Points of entry 75 78 0.1
General health tips 25 18 0.8
Folk beliefs about cold/flu causation 100 85 10.2**

Getting cold 97 70 15.3***

Feel chilly 86 50 15.8***

Not dressed warmly 78 60 3.9*

Exposed to cold wind/air 67 28 15.5***

Getting wet 44 10 13.2***

Ill-mix of foods 52 15 14.1***

Deep-fried food 34 15 4.7*

Note. v2 (1, N = 104) test p-levels: *p < .05; **p < .01; ***p < .001.
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less sophisticated than those also considering survival and reproduction of germs, but they do provide
a basic causal device for explaining infection transmission and prevention.

Moreover, these children and older adults had some scientific knowledge about cold/flu transmis-
sion, perhaps acquired from public health education campaigns and their more educated friends and
relatives. As seen in Table 1, a majority of the children and older adults mentioned that cold/flu germs
could enter our body through our eyes and nose. Most of them knew that nasal secretions, saliva, dirty
hands, and objects that have been touched by many people (e.g., elevator call buttons) could carry
cold/flu germs. Such knowledge about possible paths for mechanical transfer of cold/flu viruses can
lead to useful cold/flu prevention strategies. The key is to imagine possible paths for tiny, impercep-
tible germs to enter our bodies and try to block them at the points of entry.

2.2.2. Folk beliefs about cold/flu transmission
The responses were further categorized into different kinds of folk beliefs (Table 1). The inter-coder

agreement was quite high (Kappas > .79 for specific folk beliefs in each age group), and disagreements
were resolved by a third coder.

2.2.2.1. Cold and wet. Chinese older adults and to some extent children, like many in other cultures,
seem to think that getting cold and/or wet can cause colds and flu. For instance, 78% of the older adults
and 60% of the children in this study named ‘‘not dressed warmly” as a cold/flu risk behavior; 97% of
older adults and 70% of the children mentioned one or more of these as cold/flu risks: ‘‘not dressed
warmly,” ‘‘exposure to cold air (e.g., natural wind or cold air from electric fans or air conditioners),”
‘‘feeling cold” (Table 1).

People may attribute cold/flu risks to cold air simply because they notice that more people catch a
cold or the flu in cooler weather. Or they may actually consider some sort of causal mechanism. Sup-
pose, for instance, that people tense up and feel a little stressed when exposed to cold air. If they have
heard that stress weakens the immune system, they could then infer that the cold air is weakening
their immune system and making them more vulnerable to catching colds or the flu. Interestingly,
a substantial drop in body temperature does seem to compromise the immune system. For instance,
during major surgery, mild hypothermia (about 2 "C below normal core body temperature) can mean
a higher chance of surgical-wound infection and a longer hospital stay (Kurz, Sessler, & Lenhardt,
1996). By contrast, simply lowering air temperature 4–10 "C for adults in a normal state does not seem
to make them more vulnerable to common cold viruses (Douglas et al., 1968). Nonetheless, a causal
chain from cold air to stress to weakened immunity to catching colds and flu could seem plausible
to the general public.

To explore this possibility, we looked for any mention of ‘‘immune system” or ‘‘body resistance” in
our data and checked whether it was connected to ‘‘getting cold/wet” as a cold/flu risk. None of the 40
children mentioned anything about the immune system or body resistance. Out of the 64 older adults,
10 mentioned ‘‘body resistance,” but only one did so in connection to ‘‘getting cold.”

We wondered whether such a conceptual link might be more common among young adults
with some science education. Using the procedure of this study, we interviewed 46 college stu-
dents who were native speakers of Chinese and enrolled in an introductory psychology course
at the University of Hong Kong (age 17–36, with an equal number of men and women). Thirty-
nine (or 85%) of them mentioned the immune system, immunity, or body resistance, and 10 (or
22%) explicitly connected cold air with weakened immunity. These young adults, then, seemed
to be more than just passive recipients of traditional beliefs. Quite the contrary, they recruited
new ideas—including scientific ones—to make sense of robust traditional beliefs, creating hybrid
explanations and causal devices (Hirschfeld, 2002). It remains to be seen whether young children
and older adults would create such hybrid causal explanations if exposed to relevant ideas about
stress and immunity.

Because we lose body heat when water evaporates from our skin, getting wet (e.g., from rain or
sweat or taking long showers/baths) may become associated with exposure to cold air, which in turn
is associated with a perceived cold/flu risk. Still, while 97% of the older adults mentioned ‘‘getting
cold” as a cold/flu risk, only 44% mentioned ‘‘getting wet.” Importantly, the children’s likelihood of
naming these factors as cold/flu risks (70% vs. 10%, respectively) parallels that of the older adults.
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How strongly the elders hold specific beliefs does seem to matter in transmitting the beliefs to
children.

2.2.2.2. Food and drinks. Over half (52%) of the older adults mentioned an ill-assorted mix of food and
drinks as a cold/flu risk, at times invoking the distinction between ‘‘hot” and ‘‘cold” food and drinks in
Chinese folk medicine in their justifications (Holroyd, Twinn, & Yim, 2004). They may believe that ill-
assorted food and drinks can upset the harmony of the body, making a person more vulnerable to ill-
ness. About a third (34%) of the older adults said ‘‘deep-fried food” is a cold/flu risk. Such food can
abrade the mucous membrane and thus cause a sore throat. Older adults who associate sore throats
with colds and flu may then attribute cold/flu risk to eating deep-fried food. Like the belief about ‘‘get-
ting wet,” these beliefs about food and drinks were expressed by a sizable percentage (34–52%), but
not an overwhelming majority (cf. 97% mentioning ‘‘getting cold”), of the older adults. These beliefs
about food and drinks were mentioned by only 15% of the children (Table 1).

This study documented some commonly held beliefs about colds and flu for Hong Kong Chinese
children. Some of these beliefs, such as mechanical transfer of germs from a carrier to a potential vic-
tim being crucial to contagion, seemed widely shared by children and older adults alike and may well
be part of their intuitive biology. Indeed, chi-square tests revealed no reliable differences between the
children and their elders on ‘‘explicit germ movement,” ‘‘implicit germ movement,” and ‘‘points of en-
try” (v2 s (1, N = 104) < 2.8, ps > .05; Table 1). Others beliefs may have come from cultural learning
(e.g., getting cold/wet, ill mix of foods, and deep-fried food as cold/flu risks). Note that children were
reliably less likely than older adults to hold these folk beliefs (v2 s (1, N = 104) > 3.9, ps < .05; Table 1).
It remains to be seen whether such differences reflected cultural learning that takes place slowly (e.g.,
Johnson, Mervis, & Boster, 1992), or children’s greater exposure to science education. Importantly,
what will happen to these pre-existing beliefs when children are confronted with more scientific
ideas? Studies 2 and 3 will explore what happens when folkbiology meets microbiology in 3rd- and
4th-grade classrooms in Hong Kong.

3. Study 2

In Study 1, 70% of the 3rd-grade Hong Kong Chinese children believed that getting cold was a cold/
flu risk. Behaviors often named as risks included: not dressing warmly; not being tucked in well at
night; being exposed to cold wind and/or cold air blasted from air-conditioners or electric fans. Such
beliefs could cause people to focus overwhelmingly on keeping warm, instead of using evidence-based
means of cold/flu prevention (e.g., killing cold/flu viruses with heat or disinfectants, keeping ‘‘live”
cold/flu viruses from entering the body through eyes, nose, or mouth). What can be done about this?
In earlier trials of the ‘‘Think Biology” program, American children learned a biological causal mech-
anism for transmitting infection and used it to reason about infection prevention more sensibly and
coherently than they could before (Au & Romo, 1996; Au et al., 1999; Zamora et al., 2006). Study 2 will
explore whether this approach to health education helps Chinese children as well.

This study will also explore what happens to children’s pre-existing beliefs about infectious dis-
eases when they encounter new ideas. If Chinese children, like their American counterparts, readily
make use of more scientific ideas to reason about infectious diseases such as colds and flu, what will
happen to their pre-existing beliefs, such as ‘‘getting cold increases the chance of catching a cold”?

3.1. Method

3.1.1. Participants
Thirty-nine boys and 45 girls from two 3rd-grade classrooms (aged 8 years 4 months to 10 years 8

months) and two 4th-grade classrooms (aged 8 years 11 months to 12 years 0 month) in a public
school in Hong Kong participated in this study. At each grade, one classroom was randomly assigned
to the Think Biology condition, and the other to the Control condition. The age and gender composition
of these two conditions were comparable. In the Think Biology condition, the mean age was 9 years
2 months, and 44% of the 50 children were boys. In the Control condition, the mean age was 9 years
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0 month, and 50% of the 34 children were boys. All were native Cantonese Chinese speakers with
signed parental consent to participate.

3.1.2. Cold/flu education programs
The Think Biology program was implemented by a member of our research team. The Control con-

dition adopted a cold/flu prevention program designed and implemented by the children’s teachers.
The lessons were audiotaped and analyzed. As a pragmatic nod to children’s folkbiology, in the Think
Biology condition, we talked about viruses as if they were living things like plants and animals because
we could not hope to get children to shift from their folkbiology to a truly scientific microbiology in a
brief health education program.

3.1.2.1. Think biology program. Content analysis documented that this program focused on these basic
facts:

(1) Viruses, bacteria and fungi are tiny living things too small to see individually with the naked
eye; they can live longer in some environments than others.

(2) Cold/flu viruses thrive in the human body; outside, they can survive for several hours in cool,
humid air (e.g., air-conditioned places, cool weather), but die more quickly on very hot, dry
days; they can be killed quickly by heat (e.g., boiling/cooking) and disinfectants (e.g., alcohol,
bleach solution).

(3) Only live cold/flu viruses can cause colds and the flu.
(4) Cold/flu viruses can enter our body through our eyes, nose, and mouth.

It also related these facts to everyday behaviors relevant to cold/flu prevention. For instance, chil-
dren were asked to judge whether it would be better for cold/flu prevention to use an electric dish-
washer that dried the dishes by heating or to wash dishes with a strong water jet in a kitchen sink.
Children voted on the options, and supporters of each view were asked to explain their choice. Typi-
cally in such vote-and-justify discussions, some child would mention the survival of cold/flu viruses
(e.g., the dishwasher is better because the heat kills the germs). If no child did, the ‘‘guest teacher”
would prompt the children to think about the survival of cold/flu germs to justify their votes.

3.1.2.2. Teacher-Designed program. We offered the teachers some publicly available resources includ-
ing pamphlets and websites on cold/flu education produced by the Department of Health in Hong
Kong. Content analysis of the lesson audio-recordings revealed that the Teacher-Designed program
(for both 3rd- and 4th-grade) focused on:

(1) Differences in symptoms for colds versus flu.
(2) Different types of flu viruses (e.g., H5N1 for birds, H2N1 for people).
(3) Complications of colds and flu (e.g., ear infection, pneumonia).
(4) Ways of getting sick (because germs carried by saliva and nasal secretion droplets from others—

when they talk, cough, and sneeze—get into our body; because our immune system is weak).
(5) Cold/flu risk behaviors and do’s and don’ts.
(6) Cold/flu treatment.

Eachprogramwas implemented in the classrooms in two lessonsduring school hours. Bothprograms
offeredhealth tips such aswash and clean your handswith soap andwater orwithhand spray/gel before
touching your food or your face, refrain from touching your eyes, nose, and mouth, etc. (Because this
study and Study 3 were conducted after the 2003 SARS epidemic in Hong Kong, most children by then
knewhow to clean their handswith antiseptic hand spray/gel often available at the entrances of restau-
rants, shoppingmalls, and their schools.) Both programs used audio-visual aids (e.g., A Powerpoint pre-
sentation in the Think Biology program; a local public educational television showand photos/drawings
in the Teacher-Designed program). Both used guided discussion to get children to name cold/flu risk
behaviors and do’s and don’ts. In the Think Biology program, children were asked to explain what they
had learned to a grandparent or an elderly neighbor. They were also asked to watch out for their class-
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mates’ cold/flu riskbehaviors and to remindclassmates to refrain fromthe riskbehaviors. In theTeacher-
Designedprogram, the teachers asked the children to think aboutwhat they had learned about colds and
flu after the lessons. (A more detailed description of the lessons is available upon request.)

3.1.3. Pretest and posttest materials and procedure
Children were individually interviewed twice (for pretest and posttest) about cold/flu causation

and prevention in a quiet room at their school. The interview took about 20 min on average and
was audiotaped. Each interview included four parts:

(1) Open-ended interview on cold/flu causation: Children were asked what behaviors would cause
people to catch a cold or the flu and why.

(2) Comparing cold/flu risks: They then saw video-clips of four pairs of scenarios and were asked to
judge, within each pair, which posed less cold/flu risk and why. For instance, a pair of clips
showed a woman eating in a cafeteria. In one clip, she put the knife and fork into a glass of
steaming hot water before using them; in the other clip, she wiped the knife and fork with a
paper napkin. A child who thought about the survival of cold/flu viruses might choose the first
scenario as posing less cold/flu risk because the hot water would kill any live cold/flu virus that
might have been on the knife and fork from the cafeteria shelf. The average length of each pair
of video-clips was 30 s.

(3) Risk-behavior detection: The children then saw four video-clips of everyday events and, as in
Study 1, were asked to identify and then explain any cold/flu risk behaviors detected. The aver-
age length of each clip was 23 s.

(4) Knowledge of target causal mechanism: They were then asked about several key points of the
biological causal mechanism at the core of the Think Biology program: Will dead cold/flu germs
make people sick? If someone sneezes, and some cold/flu germs fall on you, how can you kill the
germs? How can cold/flu germs get into your body?

3.2. Results and discussion

For this and the next study, children’s audiotaped interview responses were transcribed and then
coded independently by two coders. The inter-coder reliability was excellent (intraclass Rs for individ-
ual coding categories >.90 except for the category ‘‘implicit germ movement,” which had a somewhat
lower R of .77). Disagreements were resolved by a third coder. Preliminary analysis revealed no reli-
able correlations between age and the outcome measures (rs ranged from !.16 to .03, ps > .15), so the
data from the 3rd- and 4th-grade classrooms were pooled.

3.2.1. Learning key elements of the target biological causal mechanism
We first looked at Part 4 of the pretest and posttest (i.e., ‘‘knowledge of target causal mechanism”)

to see howmuch children knew about the key elements of the biological causal mechanism presented
in the Think Biology program. Of the 50 children in the Think Biology condition, 74% responded ‘‘No”
when asked, ‘‘If germs are dead, can they still make you sick?” at pretest. After the two-lesson Think
Biology program, 94% did so. This improvement was reliable statistically (p < .01, by two-tailed McNe-
mar test). Of the 34 children in the Control condition, the percentage of children giving the correct re-
sponse was 76% at both pretest and posttest.

Regarding the points of entry into the human body for cold/flu germs, the percentage of children
naming ‘‘eyes” went up from 22% at pretest to 56% at posttest in the Think Biology condition
(p < .001, McNemar test), and the percentage for ‘‘nose” went up from 18% to 41% in the Control con-
dition (p < .05). Although eyes, nose, and mouth were mentioned in both programs as possible points
of entry, no other significant changes were observed. Children were also asked, ‘‘If the cold/flu germs
are not dead, how can you kill them?” The percentage of children who suggested ‘‘exposure to the sun”
went up from 6% at pretest to 18% at posttest (p < .05) in the Think Biology condition; the percentage
for ‘‘hot water” went up from 4% to 16% (p = .07). By contrast, the analogous percentages went down
slightly from 6% to 3% (‘‘sun”) and 9% to 6% (‘‘hot water”) in the Control group.
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Taken together, these results suggest that 3rd- and 4th-grade Chinese children can acquire key
elements of the biological causal mechanism presented in the Think Biology program. It remains to
be seen whether Chinese children, like American children (Au & Romo, 1996; Au et al., 1999), can
make use of the causal mechanism to reason sensibly and coherently about infection transmission
and prevention.

3.2.2. Detecting behaviors relevant to cold/flu prevention in everyday events
In both the ‘‘comparing cold/flu risks” task and the ‘‘risk-behavior detection” task, children

watched video-clips of everyday events and were asked to identify any behaviors seen in them
that were relevant to cold/flu transmission and prevention. We counted the number of relevant
behaviors correctly detected (e.g., cold/flu risk behaviors such as eating French fries with dirty
hands and touching their face mask before touching a sandwich; cold/flu preventive measures such
as using boiling water to kill germs) for both tasks combined. Fifteen target behaviors were por-
trayed in the video-clips.

In the Think Biology condition, the mean number of correct detections increased from 3.5 at pretest
to 6.1 at posttest, with an average increase of 2.6 per child. In the Control condition, it increased from
3.3 to 4.5, with an average increase of 1.2. The improvement in correct detection of behaviors relevant
to cold/flu prevention was reliably greater in the Think Biology condition than in the Control condition
(t(82) = 2.62, p < .05, two-tailed; Table 2).

3.2.3. Explanations for relevance of named behaviors to cold/flu prevention
Children were asked to name behaviors relevant to cold/flu prevention and justify their opinions in

three tasks: an open-ended interview on cold/flu causation, a comparison of cold/flu risks, and risk-
behavior detection. As in Study 1, children’s explanations were categorized as: (1) Germ survival
and reproduction (e.g., ‘‘The hot water can kill the germs; the paper towel can only wipe off some
of the germs”). (2) Explicit germ movement (e.g., ‘‘She touched the elevator call button, getting lots
of germs, and then rubbed her nose”). (3) Implicit germ movement (e.g., ‘‘She touched the elevator
button and got her hand dirty; then she rubbed her nose”). (4) Getting cold/wet: (e.g., mentioning
exposure to wind, air-conditioning, electric fan; getting soaked in shower/bath water, sweat,
rainwater).

Table 2
Mean frequencies of explanations offered, and risk/preventive behaviors detected, by children in Study 2

Program Pretest Posttest Change Program difference in change

Explanations
Germ survival and reproduction
Think Bio. .4 (.08) 1.9 (.20) 1.6 (.19)*** 1.2 (.25)***

Teacher’s .4 (.10) .8 (.14) .4 (.11)***

Explicit germ movement
Think Bio. 3.4 (.35) 4.5 (.34) 1.1 (.35)** .3 (.5)
Teacher’s 3.0 (.39) 3.8 (.39) .8 (.32)*

Implicit germ movement
Think Bio. 1.4 (.22) .6 (.14) !.8 (.21)** !.2 (.3)
Teacher’s 1.4 (.19) .8 (.16) !.6 (.20)*

Getting cold/wet
Think Bio. 2.4 (.31) .8 (.15) !1.6 (.30)*** !.9 (.39)*

Teacher’s 2.3 (.29) 1.6 (.22) !.7 (.19)**

Detection of risk/preventive behaviors
Think Bio. 3.5 (.34) 6.1 (.40) 2.6 (.36)*** 1.4 (.53)**

Teacher’s 3.3 (.51) 4.5 (.48) 1.2 (.33)**

Note. The numbers in parentheses are standard errors of the mean frequencies. Matched-sample t-tests assessed changes from
pretest to posttest; Independent-sample t-tests assessed program differences. Two-tailed p-levels: *p < .05; **p < .01;***p < .001.
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3.2.3.1. Effects of cold/flu education. From pretest to posttest, children in both programs gave reliably
more ‘‘germ survival and reproduction” and ‘‘explicit germ movement” explanations (ts > 2.36,
ps < .05, two-tailed); they gave reliably fewer ‘‘implicit germ movement” and ‘‘getting cold/wet”
explanations (ts < -2.96, ps < .05, two-tailed, Table 2). That is, children came to focus more on tracing
the physical path of germs from carrier to potential victims and on how to kill the germs and prevent
live germs from entering the human body. They came to rely less on vaguer explanations about touch-
ing dirty objects or getting cold/wet.

3.2.3.2. Comparing the two cold/flu education programs. The Think Biology program was more effective
in getting children to think about the survival and reproduction of cold/flu germs. The mean frequency
of such explanations (almost exclusively elicited by the ‘‘comparing cold/flu risks” task) increased by
1.6 per child from pretest to posttest in the Think Biology program, whereas the per-child increase in
the Teacher-Designed program—although also statistically reliable—was only .4. The difference be-
tween the two programs was statistically very reliable (t(82) = 4.33, p < .001, two-tailed; Table 2).

The Think Biology program also got children to focus less on ‘‘getting cold/wet” as a cold/flu risk.
The mean frequency of invoking such beliefs decreased by 1.6 per child from pretest to posttest for the
Think Biology program, whereas the decrease for the Teacher-Designed program—although also sta-
tistically reliable—was only .7. The difference between the two programs was reliable (t(82) = 2.36,
p < .05, two-tailed; Table 2). The differences between the two programs for ‘‘explicit germ movement”
and ‘‘implicit germ movement” favored the Think Biology program but were not reliable statistically
(ts < .6, ps > .4; Table 2).

3.2.4. Coherence of conceptual change
After both cold/flu education programs, children focused more on the survival and movement of

germs and less on the movement of contaminants and getting cold/wet (Table 2). This pattern of find-
ings suggests coherence of conceptual change. However, thus far we have reported results at the group
level (e.g., group means). Will we see coherence at the level of individual children?

We computed pretest and posttest scores for individual children as follows:

(1) Knowledge of target causal mechanism: Based on the last task of the pretest and posttest, a
composite score was created for key elements of the biological causal mechanism presented
in the Think Biology program including ‘‘cold/flu germs are harmless when they are dead” (1
point); ‘‘mouth, eyes, nose as points of entry” (1 point each; up to 3 points); ‘‘cold/flu germs
can be killed when exposed to hot water, disinfectants, or hot sun for some time (one point
each; up to 3 points).

(2) Germ survival and reproduction: Number of mentions in the first three tasks.
(3) Explicit germ movement: Number of mentions in the first three tasks.
(4) Cold/wet folk beliefs: Number of mentions in the first three tasks.
(5) Correct detection of risk/preventive behaviors: The number of relevant behaviors in the video-

clips correctly detected in the ‘‘comparing cold/flu risks” task and the ‘‘risk-behavior detection”
task.

Table 3 presents the Pearson r correlations among the change scores (from pretest to posttest) on
these five measures of conceptual change for all 84 children in this study. Six of the 10 correlations
were statistically reliable (ps < .05), and all 10 correlations were in the direction suggesting coherence
in conceptual change.

Children who had gained more in knowledge about the target biological causal mechanism also
showed a larger increase in using ‘‘germ survival and reproduction” to explain cold/flu causation
and prevention, r(82) = .29, p < .01, which was in turn associated with a larger reduction in mentioning
‘‘getting cold/wet” as a cold/flu risk (r(82) = !.33, p < .01). Relevant knowledge enrichment, then,
seems to help children shift their attention from the body getting cold/wet to the survival of cold/
flu viruses in cold air. Note that both ideas are consistent with, and indeed could explain, the time-
honored observation that more people catch colds and flu when it is cold. The principle of parsimony
may have led children to replace the old explanation with the new one, even though the two expla-
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nations are not necessarily incompatible. In addition, a larger increase in using ‘‘germ survival and
reproduction” explanations was also associated with a larger improvement in detecting behaviors rel-
evant to cold/flu prevention in the everyday situations depicted in the video-clips (r(82) = .5, p < .001),
which was in turn associated with a larger reduction in mentioning ‘‘getting cold/wet” as a cold/flu
risk (r(82) = !.37, p < .01).

Reasoning about the possible paths of cold/flu viruses entering our body and how to block their en-
try is a core component of both cold/flu education programs. Indeed, in both programs, children who
showed a larger increase invoking ‘‘explicit germ movement” to explain cold/flu causation and pre-
vention also showed a larger improvement in detecting behaviors relevant to cold/flu prevention in
the video-clips (r(82) = .46, p < .001) and a larger reduction in their focus on ‘‘getting cold/wet”
(r(82) = !.35, p < .01).

This pattern of correlations suggests that when children develop a better understanding of a causal
mechanism that they can recruit to make sense of the world, pervasive and coherent conceptual
change can take place (see also Slaughter & Lyons, 2003). Old beliefs (e.g., getting cold/wet causes
cold/flu) may yield the spotlight to new ideas (e.g., germ survival spreads colds and flu). Old beliefs
that are consistent with the new ideas may get a boost (e.g., explicit germ movement). Importantly,
these conceptual changes can be beneficial—they come along with better detection of behaviors rele-
vant to cold/flu prevention in everyday situations.

3.2.5. Implications for behavioral change
The Think Biology program, by encouraging children to focus on a richer biological causal mecha-

nism, may have led them to think more about preventing live cold/flu germs from getting into their
body (by killing germs and by refraining from touching their eyes, nose, and mouth, especially in envi-
ronments friendly to cold/flu viruses, e.g., air-conditioned or naturally cool rooms). Such thoughts
could translate into effective prevention behaviors.

The Think Biology program also led children to focus less on feeling cold per se as a cold/flu risk.
While apprehension about chilly air could productively lead to more vigilance in environments that
favor cold/flu viruses’ stability, focusing overwhelmingly on keeping warm may lure people into a
false sense of security. Adults may be obsessed about reminding children to put on a jacket and button
up during the cold/flu season or in air-conditioned rooms, thinking that these precautions will suffice.
Not enough attention, as a result, may focus on killing cold/flu germs and blocking live germs from
entering the body. By shifting children’s attention away from getting cold/wet, the Think Biology pro-
grammay help re-direct their attention to cold/flu viruses’ greater stability in cold air, thereby encour-
aging more effective cold/flu preventive measures (e.g., killing germs with heat or disinfectants)—
especially in cold places. Study 3 will explore whether the Think Biology program can lead to more
productive behavioral change as well as coherent conceptual change, compared with the more con-
ventional do’s and don’ts approach.

4. Study 3

During the SARS epidemic in Hong Kong in 2003, there was a massive public health campaign
reminding people to wash hands frequently and to wear surgical masks in public places. When we

Table 3
Pearson r correlations among change scores (posttest minus pretest) in Study 2

Germ survival and reproduction Explicit germ Cold/wet beliefs Behavior detection

Knowledge
Target causal mechanism .29** .03 !.12 .13

Explanations
Germ survival and reproduction .02 !.33** .50***

Explicit germ movement !.35** .46***

Cold/wet folk beliefs !.37**

Note. Two-tailed p-levels: *p < .05; **p < .01; ***p < .001.
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visited several schools to gauge the success of the campaign, we saw children dutifully wash their
hands during their lunch break, only to contaminate them again before they ate by, say, holding onto
handrails or touching the outside of their face masks. (Note that as mask-wearers breathe in, whatever
saliva droplets or aerosol may be floating in the air can ride the ‘‘jet stream” and land on the outside of
their masks, which therefore end up extra contaminated.) We also saw children take their face masks
off (touching the outside in the process) and then eat their snacks without washing their hands at all.

Just bombarding children with slogans such as ‘‘Wash hands frequently,” then, did not seem to suf-
fice. We wondered whether our Think Biology program might help them follow such health advice
more intelligently and more effectively. Study 3 explored whether this program could lead to
health-promoting behavioral change as well as conceptual change.

4.1. Method

4.1.1. Participants
Fifty-five children (33 boys and 22 girls, aged 8 years 10 months to 9 years 11 months) from two

4th-grade classrooms in a public school in Hong Kong—different from those in Studies 1 and 2—par-
ticipated with signed parental consent. One classroom was randomly assigned to the Think Biology
program taught by a member of our research team; the other, to a Teacher-Designed program imple-
mented by the children’s regular teacher. The gender composition of these two conditions was com-
parable (59% of the 27 children in the Think Biology condition and 60% of the 28 children in the
Control condition were boys). All were native Cantonese Chinese speakers.

4.1.2. Cold/flu education programs
As in Study 2, the lessons were audiotaped and analyzed. The content analysis documented that the

conceptual points covered in the respective programs were similar to those in Study 2. One additional
topic was included in the Teacher-Designed program in this study, namely, the timing of the peak flu
season in Hong Kong.

4.1.3. Pretest and posttest materials and procedure
4.1.3.1. Behavioral change assessment. Children often forget to wash their hands before eating, or else
they wash their hands but fail to keep them clean before handling food. Our behavioral measure there-
fore focused on whether children would spontaneously clean their hands immediately before handling
food or food-related items.

In the pretest, when a child arrived at the testing room accompanied by a research helper, the inter-
viewer was sitting at a table busy with the laptop computer used for showing video-clips. The helper
then pretended to notice some stickers scattered on the floor, picked them up, and said, ‘‘Now I got my
hands all dirty.” She then walked to the interview table, picked up a bottle of Purell disinfectant hand-
gel, and said, ‘‘This is so convenient. I can clean my hands without water.” She then set the hand-gel
bottle on the table so that it would be just within reach of the child when the child subsequently took
a seat at the table.

The helper then looked at the interviewer—who was still busy on the laptop computer—and apol-
ogized to the child, ‘‘We are still not quite ready. You knowwhat?We will be visiting some young chil-
dren later today, and we would like to give each of them a bag of crackers. Can you help us pack five
crackers into each bag while you wait? Thank you so much!” The helper then sat down in a corner and
acted busy with some paperwork. Both the helper and the interviewer then observed the child (out of
the corners of their eyes) to see if the child spontaneously reached for the hand-gel and used it before
touching the crackers. After the child had filled two or three bags, the interviewer said thank you and
began the interview to assess conceptual change.

In the posttest, there was no demonstration of hand-gel use for hand cleaning. Instead of asking a
child to pack crackers into small food bags as in the pretest, the helper asked the child to fold some
paper napkins for a tea party. We recognized that children might be more careful about the cleanliness
of food than food-related items such as paper napkins, but given the risk that a posttest too much like
the pretest might arouse children’s suspicions, we opted for a less than perfect match between pretest
and posttest.
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4.1.3.2. Conceptual change assessment. The protocol was similar to that of Study 2.

4.2. Results and discussion

4.2.1. Behaviors relevant to cold/flu prevention
We counted how many children in either condition spontaneously used the disinfectant hand-gel

to clean their hands prior to handling the crackers (at pretest) and paper napkins (at posttest). Of the
27 children in the Think Biology condition, the percentage of children doing so went up significantly
from 15% at pretest to 41% at posttest (p < .05, by two-tailed McNemar test). Of the 28 children in the
Control condition, the percentage stood at 14% for both pretest and posttest (p = 1.0). These results
suggest that the Think Biology program can foster effective health-promoting behaviors among chil-
dren. Importantly, the children showed these behaviors spontaneously, without on-the-spot remind-
ers by adults.

4.2.2. Knowledge enrichment and behavioral change
Did the health-promoting behavioral change observed in the Think Biology condition have any-

thing to do with the children’s conceptual understanding of the biological causal mechanism pre-
sented in the Think Biology program? As in Study 2, a composite score for ‘‘knowledge of target
causal mechanism” was calculated. We then used the change in this ‘‘knowledge” score and the type
of cold/flu education program (Think Biology vs. Teacher-Designed) to predict improvement on the
behavioral measure (i.e., using the disinfectant hand-gel at posttest but not pretest). These three vari-
ables were positively correlated with one another (rs > .23, ps < .05). Multiple regression analysis re-
vealed that, when type of cold/flu education program was entered as the first predictor, it marginally
predicted improvement in use of disinfectant hand-gel (R2 = .06, p = .08). Increase in ‘‘knowledge of
target causal mechanism,” entered as the second predictor, accounted for a significant amount of addi-
tional variance (R2 change = .12, p < .01).

Recall that the Think Biology condition led to reliably more children using the hand-gel at post-
test than pretest (41% vs. 15%), whereas the Control Condition did not (14% at both tests). Impor-
tantly, the Think Biology condition yielded reliably larger gain in the ‘‘knowledge of target causal
mechanism” (mean improvement = 3.6) than did the Control condition (mean = 2.6), t(53) = 3.20,
p < .005. These results suggest that the Think Biology program, more than the Teacher-Designed
program, can help children understand key elements of a biological causal mechanism for cold/
flu transmission, and that such knowledge enrichment predicts health-promoting behavioral
change.

4.2.3. Risk/preventive behavior detection and behavioral change
Multiple regression analysis analogous to the one just reported did not offer evidence for individual

children’s improvement in risk/preventive behavior detection as a reliable predictor of productive
behavioral change. Nonetheless, the improvement in such detection was reliably larger in the Think
Biology condition (mean improvement = 1.6) than in the Control condition (mean = 0.5),
t(53) = 2.30, p < .05 (Table 4). Importantly, such improvement was reliably larger for the 11 children
who showed productive behavioral change (8 in the Think Biology condition and 3 in the Control con-
dition) than for the 44 children who showed no such behavioral change (mean improvement: 2.6 vs.
0.9), t(53) = 2.62, p < .05.

4.2.4. Conceptual change and risk/preventive behavior detection
Children’s explanations for how their named risk behaviors could be relevant to cold/flu prevention

were analyzed using the coding system adopted in Study 2. Table 5 presents correlations among mea-
sures of conceptual change. As in Study 2, children’s improvement in detecting behaviors relevant to
cold/flu prevention presented in video-clips of everyday events in this study turned out to correlate
reliably with the increase in using ‘‘germ survival and reproduction” and ‘‘explicit germ movement”
to explain cold/flu risk/preventive behaviors (rs(53) > .35, ps < .01, two-tailed test). The other correla-
tions observed in Study 2 (see Table 3) seemed less robust; it remains to be seen whether they will
emerge again in further research.
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4.2.5. Effects of cold/flu education on conceptual change
From pretest to posttest, as seen in Table 4, children in both conditions gave reliably more ‘‘explicit

germ movement” explanations (ts > 5.09, ps < .001, two-tailed) and reliably fewer ‘‘getting cold/wet”
explanations (ts > !2.84, ps < .01, two-tailed). Importantly, children in the Think Biology program gave
reliably more ‘‘germ survival and reproduction” explanations at posttest than at pretest (t(26) = 4.48,
ps < .001, two-tailed), whereas children in the Control condition showed no analogous gain
(t(27) = 0.63, p > .5, two-tailed). The advantage of the Think Biology program over the Teacher-De-
signed program was statistically reliable (t(53) = 3.33, ps < .01, two-tailed).

In summary, Study 3 replicated the main findings on conceptual change of Study 2. Importantly,
the Think Biology approach to cold/flu education led to health-promoting behavioral change as well
as conceptual change. Note that the advantage of the Think Biology program over the Teacher-De-
signed program was quite focused: increasing ‘‘germ survival and reproduction” explanations,
decreasing ‘‘getting cold/wet/” explanations, and increasing the use of disinfectant hand-gel to kill
germs on the hands (Tables 2 and 4). This pattern of results is what one would expect to get from
learning about the target biological causal mechanism, and it helps rule out other explanations
(e.g., overall instructional style or method) for the observed benefits of the Think Biology program.

5. General discussion

This series of studies revealed that the mechanical transfer of germs or contaminants (e.g., saliva,
nasal secretion, dirt, dirty food) was the causal mechanism of choice for Hong Kong Chinese children

Table 4
Mean frequencies of explanations offered, and risk/preventive behaviors detected, by children in Study 3

Program Pretest Posttest Change Program difference in change

Explanations
Germ survival and reproduction
Think Bio. .1 (.06) .9 (.17) .8 (.17)*** .7 (.2)**

Teacher’s .5 (.13) .6 (.15) .1 (.11)

Explicit germ movement
Think Bio. 3.3 (.42) 6.2 (.55) 2.9 (.57)*** .4 (.73)
Teacher’s 4.0 (.49) 6.5 (.62) 2.5 (.45)***

Implicit germ movement
Think Bio. 1.3 (.23) 1.2 (.27) !.1 (.31) 0 (.45)
Teacher’s 1.4 (.31) 1.3 (.25) !.1 (.33)

Getting cold/wet
Think Bio. 2.4 (.36) 1.2 (.23) !1.3 (.31)*** !.6 (.4)
Teacher’s 2.8 (.33) 2.1 (.33) !.7 (.25)**

Detection of risk/preventive behaviors
Think Bio. 3.5 (.25) 5.1 (.27) 1.6 (.32)*** 1.1 (.43)*

Teacher’s 3.8 (.27) 4.3 (.28) 0.5 (.33)

Note. The numbers in parentheses are standard errors of the mean frequencies. Two-tailed p-levels: *p < .05; **p < .01; ***p < .001.

Table 5
Pearson r correlations among change scores (posttest minus pretest) in Study 3

Germ survival and reproduction Explicit germ Cold/wet beliefs Behavior detection

Knowledge
Target causal mechanism .20 .20 !.13 .18

Explanations
Germ survival and reproduction !.08 .03 .35**

Explicit germ movement !.22 .42**

Cold/wet folk beliefs !.18

Note. Two-tailed p-levels: *p < .05; **p < .01.
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(age 8–12) when they were asked to explain the cold/flu risk of everyday behaviors. Prior to the cold/
flu education programs, they almost never invoked ‘‘germ survival and reproduction” (e.g., killing
cold/flu germs with hot water or with disinfectant) in their explanations. These findings echo what
has been observed about American children’s intuitive biology. Chinese children also hold folk beliefs
about getting cold/wet as a cause of colds and flu. Previous research has documented such beliefs
among adults in different cultures (e.g., Baer et al., 1999; Helman, 1978; Nichter & Nichter, 1994; Sig-
elman et al. 1993). The present studies may well be the first systematic demonstration of these beliefs
among school-age children.

5.1. Conceptual change

In both cold/flu education programs, cold/flu viruses were presented as causal agents of colds and
flu, and the mechanical transfer of cold/flu viruses was presented as explaining cold/flu transmission.
Such talk of microbes seemed to reinforce children’s focus on how cold/flu germs could move from a
carrier to potential victims. In both Studies 2 and 3, children in both health education programs used
‘‘explicit germ movement” to explain cold/flu transmission reliably more often at posttest than at pre-
test. So both programs gave a boost to this pre-existing causal mechanism of choice (see Tables 2 and
4).

The beliefs about ‘‘getting cold/wet” were invoked reliably less often at posttest than at pretest
when children explained cold/flu risks and prevention (see Tables 2 and 4). When such beliefs—ac-
quired mostly at home—were not reinforced at school, children seemed to shy away from using them
after they were exposed to more scientific ideas that could explain the same set of phenomena. It re-
mains to be seen to what extent this change in children’s explanations reflects genuine conceptual
change, and to what extent it merely reflects children yielding to the demand characteristics of the
school setting.

As children came to invoke the folk beliefs about ‘‘getting cold/wet” less often, they invoked ‘‘germ
survival and reproduction” explanations more often. This may be a case of conceptual gaps in old be-
lief systems prompting people to look for new ideas. The idea that ‘‘getting cold will increase the
chance of catching a cold” specifies a cause-effect relation between two observable events, but it does
not come with any causal mechanism. While ‘‘cold air weakening the immune system” is a candidate
mechanism that some college-educated young adults would endorse, it does not seem to be a causal
mechanism that children readily consider. The health education programs helped children fill this
conceptual gap, increasing their use of ‘‘germ survival and reproduction” explanations in the Think
Biology condition in both Studies 2 and 3, and in the Control condition in Study 2 as well. As noted
earlier, both the old causal explanation about ‘‘getting cold/wet” and the new one about ‘‘germ sur-
vival in cold air” could explain whymore people catch colds and the flu when it is cold. Although these
two explanations are not necessarily incompatible, children tended to replace the old belief with the
new one rather than simply adding the new explanation to their repertoire. The principle of parsi-
mony may have been at work here.

Our measures of knowledge enrichment (i.e., pretest-posttest difference in knowledge of the target
biological causal mechanism) and conceptual change (i.e., change in invoking different explanations
such as germ survival and reproduction, explicit germ movement, implicit germ movement, beliefs
about getting cold/wet) turned out to correlate in rather sensible ways. But the knowledge enrichment
at work here is probably more than learning a few elements of the target causal mechanism. Recall
that in the pretest of Study 2, about 75% of the children in both cold/flu education programs knew that
dead germs could not make people sick. Nonetheless, a coherent presentation of the target biological
causal mechanism (as in the Think Biology program) yielded reliably more helpful conceptual change
than a more conventional health education program.

The Think Biology program may have introduced new ideas to some children (see its benefits on
‘‘knowledge about key elements of the target causal mechanism,” Tables 2 and 4). For other children,
it may have highlighted a particular piece of existing knowledge as a deep and key element within a
network of causal factors. So the conceptual restructuring observed may have involved conferring
greater or lesser importance to various pre-existing beliefs, taking in some new ideas, and building
more powerful causal explanatory devices. Moreover, children were able to make good use of such
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coherent conceptual change and readily applied their new insights to correctly detect cold/flu risk/
preventive behaviors in everyday situations.

5.2. Behavioral change

When it comes to health, knowledge does not seem to translate readily into productive behaviors.
The HIV/AIDS risk of unprotected sex, the health risks of high fat/sugar/salt diets, the benefits of reg-
ular exercise and fresh fruits and vegetables are well known. Yet many of us have a hard time mod-
ifying our behaviors in response to such health advice. Observations of this nature have led many to
conclude that knowledge does not matter in health education (e.g., Helweg-Larsen & Collins, 1997).

Yet Study 3 revealed health-promoting behavioral change as well as conceptual change in the
Think Biology condition. As in Study 2, the Think Biology program in Study 3 led to a larger gain in
using ‘‘germ survival and reproduction” to explain cold/flu transmission and prevention than did
the more conventional Teacher-Designed program (see Tables 2 and 4). At the same time, substan-
tially more children in the Think Biology condition in Study 3 cleaned their hands unprompted before
handling food or food-related items at posttest than at pretest, whereas the percentage of children
doing so remained unchanged in the Control condition. The Think Biology program, then, seemed
effective in helping children not only undergo coherent conceptual change, but also engage in more
health-promoting behaviors.

Bucking the trend that ‘‘knowledge does not matter” in health education, children in Study 3 who
showed greater gain in grasping key elements of the target biological causal mechanism for cold/flu
transmission also showed greater gain in health-promoting behaviors. Why does conceptual change
manage to go hand-in-hand with behavioral change in this case when it does not in so many others?

One distinction may turn out to be crucial, namely, the superficial knowledge of slogan-like do’s
and don’ts versus deeper and more coherent knowledge built on why’s and how’s. From age 2 or 3
on, children often ask adults why things happen and how things work (Callanan & Oakes, 1992). Such
natural curiosity reflects strong intrinsic motivation to make sense of the world. Our pondering and
searching are likely to lead to deeper and more coherent conceptual change than what we get from
memorizing a list of do’s and don’ts. In addition, by mulling over the why’s and how’s, we stand a bet-
ter chance of figuring out underlying causal mechanisms that explain novel as well as familiar phe-
nomena and help us make reasonable predictions in everyday life.

Consider the health tip ‘‘wash hands frequently.” Such a slogan-like tip may be too vague to guide
our actual behaviors because it does not tell us when to wash our hands and why it is important to
wash our hands immediately before handling food or touching our eyes, nose, and mouth. By contrast,
helping children appreciate a coherent biological causal mechanism for cold/flu transmission may
motivate them to figure out effective ways to block the entry of ‘‘live” cold/flu viruses into their
own and others’ bodies. For example, if they can imagine potent cold/flu viruses on surfaces frequently
touched by people (e.g., door knobs, hand rails), and if they are motivated to figure out ways to block
such viruses’ entry via mouths, noses, and eyes, they may become better at deciding when to wash
their hands and at making sure that their hands stay clean before touching food or food-related items
(e.g., eating utensils), as well as their eyes, nose, and mouth. In other words, deeper and more coherent
understanding of a biological causal mechanism for cold/flu infection could offer more specific and
effective guidance for interpreting general health tips.

Moreover, any do’s and don’ts list can contain only a finite number of tips, yet the number of ways
humans can interact is probably infinite. Which kinds of interactions pose infection risks and which do
not? Compound this problem with emerging new infectious diseases such as HIV/AIDS in the 1980s,
SARS in 2002, and now the threat of the avian flu virus H5N1 mutating to possibly cause the next pan-
demic. We need to meet the challenge with a new approach to health education. While superficial
knowledge gained from memorizing slogan-like do’s and don’ts has not done well, deeper and more
coherent understanding of learner-friendly biological causal mechanisms for infection transmission
may fare better. By capitalizing on our natural curiosity about how and why and offering a tool for
us to reason about the health risk of a potentially infinite variety of everyday behaviors, the Think Biol-
ogy approach to health education stands a decent chance of bringing about health-promoting behav-
ioral as well as conceptual change.
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