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Summary

Within the science-education community, much thought has been given to the
question of “what students should know about science”, but not to the question of “what
students are interested in knowing about science”. Indeed, many students find standard
science curricula largely out of touch with their personal interests, a factor which
contributes to the low number of students pursuing advanced science and mathematics
courses in high school, and going on to choose scientific careers. Involving students in
decisions about their life in school is not only a useful and pragmatic pedagogical
strategy; it is also an important moral and educational principle. However, educators lack
the necessary information and tools to guide modifications that could make use of the
power of student-specific interests in improving those students' individualized leamning
and competency in scientific subjects.

A great number of studies have explored students’ scientific interests by inviting
them to respond to questionnaires. However, these questionnaire-based methods have
traditionally relied on adult-centric views of what subjects should be meaningful for
students. To overcome this inherent bias, during the course of this PhD a naturalistic
approach to defining students’ specific concerns by using students’ self-generated
questions, as an indication of their scientific interests, was developed. Over ninety
thousand questions were collected from many different Ask-A-Scientist sites, television
shows, and schools in order to use student’s self-generated questions as an indication of
their interests in science and technology.

Several age- and gender-related trends were identified using this method: an
increase in the cognitive level of the questions with age, while the psychological distance
of the object in question and its order of magnitude decrease; a developmental shift in
interest in biology, accompanied by a decrease in interest in zoology and an increasing
interest in human biology with age; the tendency of high school students to ask questions
imposed by their teachers; the dominance of questions asked by females in web-based
free-choice science learning environment; and the widening stereotypical gap between
girls' and boys' science interests. Finally, six types of science questions were identified
using cluster analysis. Implications for curriculum development, mainstreaming of

science education and biology classroom practice are suggested.



Structure of the Thesis

The thesis consists of four parts:

Part I begins with rational and research goals for this study. They are followed by a
general introduction to the fields of students' questions, the web as a free-choice science
learning environment, students' interests, and the role of gender in students' scientific
interests. This literature review is followed by the research approach, assumptions and
limitations and a list of the research goals and main questions and the relevant papers
answering them.

Part II consists of six papers — four of them published and two of them currently under
review - and a chapter presenting unpublished data. Each of these components describes
different form of analysis and different data sources. Together they form the main body
of this study.

Part IIT is a general discussion followed by suggestions for future development and
research in the field of student-interest focused learning materials, and implications for
addressing students' interests in the science classroom.

An appendix which holds an additional published paper that was written during the

Ph.D. but is not related to the main line of research of this thesis.



Part I: Introduction

Rationale

Teaching students what they want to know can be a very beneficial pedagogical
strategy. Positive relationships have been reported between interest and a wide range of
learning indicators (Pintrich & Schunk, 2002; Schiefele, 1998). When allowed to pursue
their own interests, students participate more, stay involved for longer periods, and
exhibit creative practices in doing science (Seiler, 2006). Interest has also been found to
influence future educational training and career choices (Kahle, Parker, Rennie, & Riley,
1993). Beyond being a useful and pragmatic practice, inveolving students in decisions
about their lives in school is an important moral and educational principle (Davie &
Galloway, 1996). Regardless of the importance of interest, the current situation in science
education was summarized by a Swedish student in the following manner: "The trouble
with school science is that it provides uninteresting answers to questions we have never
asked" (Osborne, 2006).

Students' scientific interests are traditionally identified by questionnaire-based
methods which involve asking students to tick boxes in response to a series of prepared
questions or topics (e.g. Dawson, 2000; Qualter, 1993; Sjoberg, 2000; Sjoberg &
Schreiner, 2002; Stark & Gray, 1999). However, this methodology is inherently biased,
since the listed topics are based on adult-centric views of what subjects should be
meaningful to the students. To overcome this problem, a naturalistic method for using
students' self-generated questions as a source of information about their interests was
developed during this research (Baram-Tsabari, Sethi, Bry, & Yarden, 2006; Baram-
Tsabari & Yarden, 2005; Baram-Tsabari & Yarden, 2007c; Baram-Tsabari & Yarden,
2008). By studying students' questions, we can learn about what students are interested in
and what they want to know about a given topic (Biddulph, Symington, & Osborne,
1986; Chin & Chia, 2004).

Although questions are an important part of the ongoing scientific research
process and have an important educational role (Biddulph et al., 1986; Brill & Yarden,
2003; Scardamalia & Bereiter, 1992), it is hard to use children’s questions in a classroom

setting, since they are so rare. Researchers attribute this situation to a classroom



atmosphere in which revealing a misunderstanding may render the student vulnerable,
open to embarrassment, censure or ridicule (Pedrosa de Jesus, Teixeira-Dias, & Watts,
2003; Rop, 2003).

However, students do pose science questions in free-choice science-leaming
environments. Free-choice science leaming is non-sequential, self-pacing and non-
assessed (Dierking & Martin, 1997) and it occurs outside the traditional, formal school
realm. This is the kind of learning that a person is engaged in throughout his or her life. It
emerges during a whole range of human experiences and real world situations (Dierking,
Falk, Rennie, Anderson, & Ellenbogen, 2003). One of the options which are open to
children who are trying to find complex answers outside school, is to submit their
questions to asynchrony human-mediated question-and-answer services, which are
sometimes referred to as “Ask-A” services, such as “Ask-A-Scientist”. Therefore, in the
course of this study, over ninety thousand questions were collected from Ask-A-Scientist
sites, television shows, and schools in order to use children’s self-generated questions as

an indication of their interests in science and technology.
Research goals

Geal 1. The first and main goal of this research was to characterize students’ interests
in science and technology. In order to attain this goal I addressed the following research
questions:

1. What are the scientific interests of Israeli children?

2. What are their motivations for asking spontaneous questions?

3. What are the scientific interests of adolescents from various countries?
4

. What are the differences between spontaneous and school related science interests?

Goal 2. The second goal of this research was to describe the way in which interest in
biological topics develops with age. In order to attain this goal I addressed the following
research questions:

1. What are children’s interests in different biological topics?

2. How does interest in biology develops with age?



3. How does interest in biological topics differ between females and males?

Goal 3. The third goal of this research was to explore gender-related aspects of

science question-asking in internet-based free-choice science leaming environments. In

order to attain this goal I addressed the following research questions:

1.

Are internet based Ask-A-Scientist applications an attractive science learning
environment for girls?

How does the female participation rate differ between countries?

Do females lose interest in asking scientific questions as they grow older?

Do the gender-related differences in interest in biology and physics exist in a free-
choice science learning environments?

Do the stereotypic interest patterns change with age?

Are there gender-related differences in the type of information requested and in

the motivation for asking science questions?

Goal 4, The forth goal of this research was to pinpoint additional patterns within the

data. In order to attain this goal I addressed the following research question:

1. Can additional interactions between the characteristics of the question, the
asker and the setting be identified using clustering techniques and contingency

tables analysis?



Theoretical framework
Students’ questions

Although question-asking is a basic requirement for the performance of scientific
research and meaningful learning, the way in which science lessons are usually
conducted does not stimulate question-asking by students, and questions are posed
mainly by the teachers (Allison & Shrigley, 1986; Dillon, 1988; Dori & Herscovitz,
1999; Graesser, Person, & Huber, 1992; Marbach-Ad & Sokolove, 2000b). Requests for
meaningful explanations are relatively infrequent in K-12 classrooms, and students at all
grade levels (K-12) generally ask the same number of questions {Good, Slavings, Harel,
& Emerson, 1987)—approximately 1% of the questions asked in class (Graesser et al.,

1992).

Many researchers have recommended strategies to encourage question-asking by
students, such as one-on-one tutoring sessions (Graesser & Person, 1994), discussion
(King, 1994), cognitive conflict (Allison & Shrigley, 1986), real-world problem-solving
activities (Chin, Brown, & Bruce, 2002; Zoller, 1987), case studies (Dori & Herscovitz,
1999), biotechnology-focused meodules (Olsher & Dreyfus, 1999), use of written
questions (Pedrosa de Jesus et al., 2003), and learning using adapted primary literature.
(Brill & Yarden, 2003).

In spite of the efforts to encourage question-asking by students, students are more
often expected to answer questions than to ask them in a typical classroom setting (Chin,
2004), and the common situation in science classes is still the one described by Dilion
(1988): “Children qua [ = as] students do not ask questions. They may be raising
questions in their own mind...but they do not ask questions aloud in the classroom.”
Researchers attribute this situation to a classroom atmosphere in which revealing 2
misunderstanding may render the student vulnerable, open to embarrassment, censure or
ridicule (Pedrosa de Jesus et al., 2003). Students have described their teachers' responses
to their questions as 'put-offish’ or even annoyed, and their classmates’ reaction as

intolerant’ (Rop, 2003).

The overall paucity of student question-asking has resulted in relatively few studies

of pupils' questions, simply because researchers have not been able to find enough of



them to examine (Maskill & Pedrosa de Jesus, 1997; Pedrosa de Jesus et al., 2003; Watts
& Alsop, 1995). Good, Slavings, Harel, and Emerson (1987) specifically note the
absence of comparative studies of student-generated questions across different grade

levels using the same methodology.

Dim as the picture of student-generated questions may be, research, as well as life
experience, tell us that students are capable of asking many questions when given the
opportunity (Costa, Caldeira, Gallastegui, & Otero, 2000). Therefore, a better way to
study children's questions might be to look for them where they are being asked fluently
and voluntarily. Learners ask questions when they feel secure (Watts, Gould, & Alsop,
1997), and one place offering such security is free-choice science-learning settings on the

internet.
The web as a free-choice science-learning environment

Examining free-choice science-leaming environments can provide knowledge about
the natural setting in which people learn in a self-directed, self-motivated, voluntary way,
guided by individual needs and interests (Falk & Dierking, 2002). An example of such a
free-choice setting is the World Wide Web, which is the primary source for news and
information about science for 20% of Americans, second only to television (41%).
Moreover, if people need information on a specific scientific topic, the internet is the
primary source to which they turn (Horrigan, 2006). Two-thirds of internet users say they
have come upon news and information about science when going online for other
purposes, and half of all internet users have been to a web site which specializes in

scientific content (Horrigan, 2006).

While access to the internet grows exponentially, American students are already
wired: in fall 2005, nearly 100% of public schools in the US had access to the internet,
and 94% of the instructional rooms in those schools had internet access (National Center
for Education Statistics, 2006). In 2005, 87% of all youth between the ages of 12 and 17
had used the internet, and 68% of all teenagers had used the internet at school (Rainie &
Hitlin, 2005). In general, youth hold positive attitudes and exhibit self-confidence with
respect to internet use (Fidel et al., 1999; Watson, 2004). Their use of the web ranges

from researching for school assignments to communicating with others and exploring
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their personal interests (Baram-Tsabari et al., 2006; Bilal, 2004; Hirsh, 1999; Levin,
Arafeh, Lenhart, & Rainie, 2002; MaKinster, Beghetto, & Plucker, 2002; Weigold &
Treise, 2004). Science web sites may influence young people's life-long interest in
science and their appreciation of its beauty and importance (Weigold & Treise, 2004).
However, a listing of the 15 sites most visited by teenagers did not include any sites
related to science, technology or even education in general. Weigold & Treise concluded
that teenagers usually go to the web to have fun and interact with others, but only
occasionally use the web to learn.

There are mixed findings regarding the role of gender in using the web as a free-
choice environment for science learning. Although boys have more formal and out-of-
school experience using computers and the worldwide web (Kafai & Sutton, 1999;
Shashaani, 1994), more girls prefer this type of lesson over traditional classroom-based
science learning (Leong & Al-Hawamdeh, 1999). Ching, Kafai, and Marshall (2000)
found that configuration of social, physical and cognitive gender-equitable spaces
contributes to a positive change in girls' level of access to programming activities. The
American Association of University Women (2004) describes girls and women as being
attracted to the communicative aspects of online interactions, and therefore recommend
online projects as a means of promoting gender-equitable participation.

At the interactive web site Whyville, which was designed to engage students in
socially interactive, entertaining and educational activities that include inquiry science,
most users were found to be girls (73% of the regular Whyville users who answered a
survey), contrary to what might be expected from a science-oriented program
(Aschbacher, 2003). The question of female usage of the web as a free-choice
environment for science learning should be viewed in the context of females' general
reluctance to use media that foster informal learning about science (National Science
Foundation [NSF], 2004; Nisbet et al.,, 2002), and to take part in extracurricular science
experiences (Greenfield, 1998).

Research on children’s use of the World Wide Web for learning has generally
been conducted in school settings (e.g. Bilal, 2001; e.g. Fidel et al., 1999; Guinee, 2004;
Rogers & Swan, 2004; Slotta, 2004). The web is seen by educators as a site for student

inquiry in science, which allows students to pursue questions of personal interest
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(McCrory Wallace, Kupperman, Krajcik, & Seloway, 2000), since an effective search is
also an exercise in inquiry and critical thinking (Brem & Boyes, 2000). However, most
students have difficulty formulating and modifying search queries (Bilal, 2004; Hirsh,
1999; MaKinster et al., 2002; Wallace, Kupperman, Krajcik, & Soloway, 2000; Watson,
2004), and many of them fail to construct an accurate and broad understanding following
an online inquiry (Hoffman & Krajcik, 1999).

Furthermore, children do not tend to question the accuracy of the infiormation they
find on the web (Hirsh, 1999; Russell, Weems, Brem, & Leonard, 2001; Schacter, Chung,
& Dorr, 1998; Wallace et al.,, 2000). Such skepticism is sorely needed, as Keating,
MaKinster, Mills, and Nowak (1999) found that as few as 30% of the search results for
science concepts actually contain at least a short operational definition or graphic display
of the concept, and many of the sites contain misconceptions. Another major problem is
that students believe that they should be able to find answers to complex questions on
specific web pages, instead of researching to form an answer (Soloway & Wallace,
1997). To sum up, although the internet has the potential to greatly facilitate positive
changes in education, its use in school is sporadic, peripheral to the core curriculum, and
simple and obvious in nature (Schofield, 2005).

Consequently, students report that there is a substantial disconnectedness between
how they use the internet for school and how they use it during the school day and under
the teacher's direction. For the most part, students’ educational use of the internet occurs
outside of the school day, outside of the school building, away from teacher direction
(Levin et al., 2002). Steinkuehler (in press) suggests that in order to understand the
current and potential capacities of technology for cognition, learning, literacy, and
education, we must look at contexts outside the current formal educational system rather
than those within. The reason for this is that what students do with online technologies
outside the classroom is not only markedly different from what they do with them in
schools but it is also more goal-driven, complex, sophisticated, and engaged. Hence, i
might prove more fruitful to study children’s use of the World Wide Web for learning in
free-choice settings, rather than in school settings.

When children are using the internet to research their interests, some of their

complex questions are better answered by experts than by a list of directories or sites.



England (Murphy & Whitelegg, 2006; Osborne & Collins, 2001; Spall, Barrett,
Stanisstrest, Dickson, & Boyes, 2003), Israel (Friedler & Tamir, 1990; Trumper, 2006)
and Germany (Hoffmann, 2002), and in international studies such as “Science and
Scientists" [SAS] (Sjoberg, 2000) and ROSE (Sjoberg & Schreiner, 2002).

The ROSE studies conducted in Denmark (Busch, 2005), England (Jenkins &
Nelson, 2005), Norway (Schreiner, 2006) and Finland (Lavonen, Juuti, Uitto, Meisalo, &
Byman, 2005) found that girls' interests were focused on health, medicine, the body, the
mind and well-being, whereas boys wished to learn more about the dramatic aspects of
physics and chemistry, and how technology works. This gender gap in interest is also
apparent among female students who are interested in science, as can be inferred from the
polarized enrollment in elective biology and physics courses (Murphy & Whitelegg,
2006; Zohar, 2003) within the science-attentive student body. It is also evident in
science-interest studies that use senior high-school science students as a sample. For
example, Osborne and Collins (2001) surveyed students' views on school science using
focus groups of 11™ graders who intended to continue with their science studies, and
those who did not. Girls in both groups made many more negative comments about
physics than did boys. Thus, it seems that the increasing access of female students to the
traditionally masculine science subjects is being accompanied by the emergence of
biology as a feminine niche in science (Ayalon, 1995).

Some researchers have suggested that the basis of these stereotypically gendered
interests is an inborn trait which hard-wires the average girl for empathy, while the
average boy is predominantly hard-wired for understanding and building systems (Baron-
Cohen, 2003). Other studies, however, did not find any such difference (Hyde & Linn,
2006). A landmark MRI study of normal brain development (Waber et al., 2007) found
that mental performance differs very little with gender. In her review, Spelke (2005)
states that "Thousands of studies of human infants, conducted over three decades, provide
no evidence for a male advantage in perceiving, learning, or reasoning about objects,
their motions, and their mechanical interactions. Instead, male and female infants
perceive and Jearn about objects in highly convergent ways."

Additional explanations, which do not assume an inborn gender difference, were

subsequently suggested to explain girls’ lack of interest and under-representation in
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science; these are traditionally divided into the three, somewhat overlapping categories
suggested by Kelly (1978):

(1) Cultural explanations, which may be referred to as 'socialization explanations’,
include the masculine image of science, which is seen years prior to the actual encounter
with disciplinary school science (Farenga & Joyce, 1999), lack of female role models and
their image in the media (Handelsman et al., 2005; Schibeci & Lee, 2003; Steinke, 1997),
lack of out-of-school experiences (Kahle & lLakes, 1983; Shakeshaft, 1995), parental
gendered-beliefs regarding science (Tenenbaum & Leaper, 2003), peers’ views during
puberty (Brownlow, Smith, & Ellis, 2002; Pettitt, 2004), gils’ low self-efficacy
(Labudde, Herzog, Neuenschwander, Violi, & Gerber, 2000), and issues concerning
values and identity (Schreiner & Sjoberg, 2007).

(2) Attitudinal explanations refer to girls' negative attitudes towards science and.
pursuing a science-related career (Crettaz von Roten, 2004; Kahle & Lakes, 1983; Kelly,
1978; Miller et al., 2006; Simpson & Oliver, 1985; Weinburgh, 1995). Some factors,
such as misuse, difficulty and masculine image, which were brought up to explain girls’
less favorable attitudes toward science, apply more strongly to the physical sciences
(Kelly, 1978).

(3) Educational explanations include school-related parameters, such as
enrollment and achievement in mathematics classes, class atmosphere, teaching and
assessment methods traditionally used in physics classes (Zohar & Bronshtein, 2005),
gender-related differences in the notion of what it means to understand physics (Stadler,
Duit, & Benke, 2000; Zohar, 2003), and science curricula which are heavily biased
towards the interests, knowledge and abilities of boys (Hoffmann, 2002; Nair &
Majetich, 1995). Haussler et al. (1998), for example, identified five domains of interest in
physics; only one of them—physics as a scientific enterprise for its own sake—is
overwhelmingly dominant in physics classrooms. Other domains, such as how science
can serve humankind and explanations of natural phenomena, which are of more interest
to girls, are almost nonexistent (Haussler, Hoffman, Langeheine, Rost, & Sievers, 1998).
Despite international reports of educational success for girls, very little has in fact
changed over the past few decades with respect to their science and mathematics subject

choice (van Langen, Rekers-Mombarg, & Dekkers, 2006). For a comprehensive review
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of recent research on girls' participation in school physics see Murphy and Whitelegg
(2006).

The gender effect on science-related attitudes and beliefs is not homogeneous
across measures, science-content areas, racial or socioeconomic groups (Kahle et al.,
1993), or cultural or situational contexts (Linn & Hyde, 1989). However, stereotypical
male and female interests seem to cross borders and cultures. The 'Science and Scientists'
[SAS] project, for example, found strong similarities between the lists of Norwegian and
Japanese science topics favored by boys and girls, despite the strong cultural differences
between these two countries (Sjoberg, 2000).

This similarity is also valid for enrollment rates of women in science- and
technology-related occupations. In Egypt, for example, a survey by the Supreme Council
of Universities for 1995-96 reports that in disciplines such as pharmacy and dentistry,
more than 40% of the faculty are women; in the sciences, 25% of the faculty are women,
but this decreases to less than 10% in the engineering and technology departments. These
statistics are very similar to those for US universities, where women constitute 50% of
the health sciences faculty, 23.8% of the biological sciences faculty, and 6.1% of the
engineering faculty (Hassan, 2000). In most OECD countries, the proportion of women
choosing advanced science and technology studies remains below 40%, and the choice of
discipline is highly gender-dependent (Organisation for Economic Co-operation and
Development [OECD], 2006).

Contrary to expectation, gender differences are not smaller in technologically
advanced countries, which foster mass education and equity legislation, or in advantaged
socioeconomic groups {Steinkamp & Maehr, 1984). To list a few recent examples, in
Latin America and the Caribbean, women account for 46% of the reported number of
researchers, while their share falls to 15% in Asia and about 30% in Africa. In Europe,
32% of the researchers are women, with only five countries reaching gender parity
(UNESCO Institute for Statistics, 2006). Among school students, gender differences in
science achievements are higher for 4™ and 8" grade students from the Netherlands,
compared to students from Cyprus and Latvia (Martin, Mullis, Gonzalez, & Chrostowski,
2004; UNESCOQ Institute of Statistics, 2005).

17



Females, more than their male peers, tend to lose interest in science as they grow
older, mainly during the middle-school and high-school years (George, 2006; Greenfield,
1998). American girls' attitude to science was found to become increasingly negative
with age (Kahle & Lakes, 1983), a finding that was repeated among Israeli students
(Friedler & Tamir, 1990; Shemesh, 1990). A study conducted in Germany also found a
difference in the way interest in physics develops with age: girls, but not boys, find
physics as a school subject less and less interesting as they grow older (Hoffmann, 2002;
Hoffmann & Haussler, 1998).

Research approach, assumptions and limitations

Interest in science have been traditionally identified using written questionnaires
that rely on adult-centric views of what subjects should be meaningful to students. I
believe that relying on children's spontaneous ideas and questions is a better measure of
their interests, and will enable progress towards incorporation of their views into the
school curriculum, more than using their responses to an adult-written questionnaire.
Responses to a questionnaire are externally regulated, while asking a question is a self-
regulated action (Deci, Vallerand, Pelletier, & Ryan, 1991), and therefore should be a
stronger measure of interest. Therefore, we recently suggested using children's self-
generated science-related questions, submitted to Ask-A-Scientist sites as a tool to probe
students' scientific interests (Baram-Tsabari et al., 2006; Baram-Tsabari & Yarden, 2005;
Baram-Tsabari & Yarden, 2007c; Baram-Tsabari & Yarden, 2008).

This novel method relies on the assumption that the number of questions
submitted to Ask-A-Scientist sites regarding a certain science topic reflects to some
degree the interests of children from a similar age group and from the same gender in that
topic. This assumption rests on two feet: one is the understanding that in natural setting
people usually ask a question when they seek information that they lack, rather than raise
rhetorical questions, suggestive questions, or questions asked to please someone
(Flammer, 1981), which are usually the questions that students ask in class (Dillon,
1988). Therefore self-generated questions, asked in a free-choice science learning
environment, can help reveal the asker’s interests and needs. The second foot on which

our assumption rests is the compatibility of our previous results that were obtained using
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this method with findings from independent studies, which used controlled samples in a
school setting. Using an informal data source and a new methodology our results confirm
and reinforce some of what was revealed using the traditional questionnaire methodology
in formal settings. This agreement with findings described in the literature that were
gathered using control samples, serves to bolster confidence also in our new findings,
which were not described before. Therefore, we assume that the frends described using
this method represent, to a certain degree, the interests of many children, and that posing
questions represents a measure of student orientation of science interest.

The biggest threat to inferences from Web research is currently coverage error, at
least to groups beyond those defined by access to or use of the web (Couper, 2000).
Coverage error is a function of the mismatch between the target population (the set of
people one wishes to study) and the frame population (the proportion of the target
population that potentially can be reached via the web) (Couper, 2000). However, most
western youth do have access to the web. The most recent Pew Intemnet Project survey
found that 87% of all American youth between the ages of 12 and 17 use the intemnet
(Rainie & Hitlin, 2005), and in the fall of 2003, nearly 100% of public schools in the US
already had access to the internet (National Center for Education Statistics, 2005). This
coverage theoretically allows all American students to send their questions via mail and
be part of our sample. In Israel, above 60% of households and above 80% of businesses
have an internet access (Ministry of Communication, 2006). However, access rate varies
with socioeconomic status: 81% of the households in the highest tenth, versus 15.4% in
the lowest tenth (Central Bureau of Statistics [CBS], 2006). We believe that with the
exponential growth of access to the intemet, using free-choice web-based science
learning settings to study students’ interest should become even a more representing and
powerful tool in the near future than it is today.

The self-selecting sample used in this research does not represent all children in.
the US or in Israel. It represents a group of children who are probably more interested in
science and have easier access to resources than the child population as a whole. Students
who are not motivated to learn science are probably not represented in this self-selecting
sample, regardless of their access to the internet. Other children that may be very

interested in science but do not send questions are also not represented. Therefore, the
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opportunistic nature of the sample places some constrictions on the validity of the results.
The validity of the study can be supported by the notion of using data that onginate from
the researched population itself, not as a response 1o a stimulus from a researcher, thus
ensuring high ecological validity.

In these free-choice self-reported science learning environments some users do
not bother to fill in all the required information, such as name and age. Therefore, another
assumption of this research is that the data we were able to mine, is representative of the
missing values as well, and that the number of repeated questions by the same person is
similar in different grade levels.

Using the web as a data source results in other potential biases. For example,
people on the net might be more interested in technology than the population as a whole,
being more computer-savvy than their peers. If this is true, they might be more interested
in technology than offline situations would measure, thus causing a selection bias. That
said, it is important to reiterate that huge proportion of western youth is going online, and
this activity is no more restricted to computer-geeks.

We can think of two scenarios for asking a question on an Ask-A-Scientist site.
On the first, a child has a burning question, and is looking for a place he or she can find
an answer. The other scenario of a "casual” participant who just happen to surf'to the site
with no formulated question in mind, and decided to ask something on the spot. We are
unable to differentiate between the two scenarios using our current set of data. However,
it is important to note that both types of questions are of value to us.

One should judge the advantages and shortcomings of our uncontrolled web-
based approach relatively to the traditional methods, which are currently used to assess
interest. The two scenarios for asking a question, for example, can not be distinguished in
the traditional questionnaire based method, either. The researcher can not tell if a topic
was marked as “interesting” since it is the long lasting hobby of the kid, or just a casual
flick of the pen. Furthermore, people differ in the readiness with which they exhibit
enthusiasm. "Very interested" for one student may signify no more enthusiasm than
"interested" for another student (Thorndike & Hagen, 1969). It is also true that a surfer
can fake his identity online, or ask a question he or she are not really interested in, but a

respondent can fake his responses on an interest inventory as well. A key issue, then, is



whether the subject would have a good reason to want to fake (Anderson, Ball, &
Murphy, 1975).

A disadvantage of the questionnaire based method are measurement errors — the
deviation of the answers of responders from their true values on the measure (Couper,
2000), a problem which does not exist using our data source. It is also important to note
that in formal settings, as in free-choice settings, certain students are more likely to ask
questions than others, with low-achieving students becoming less active participants with
age (Good et al, 1987), and intelligent and creative students ask more and better
questions than other groups (Lehman, 1972). Furthermore, many students who identify
themselves as "uninterested in science” in formal setting are actually very interested in
some areas of science in certain out-of-school contexts (Yang, 2007). Therefore
observations in formal settings would not necessarily yield more representative findings
than the ones presented herein.

Although web-based experiments of the kind used here are more difficult to
control in some respects than are experiments conducted in a classroom setting, they
present an important methodological advantage for studying students’ self-guided science
learning, taking into consideration that this kind and amount of data does not exist
anywhere outside the web. Our study falls into the second and third categories of Skitka
& Sargis (2006) classification of studies that use the web for data collection: It is a
phenomenological research, in the sense that it compares interest in science in online and
offline situations, and it is a novel methodological use of the internet, in the sense that it
makes use of information freely available on the net. For these reasons, this methodology
is better suited to studying the dynamic educational reality of the last decade, and may

increase the affordances of interest research.



Methodology
Data Source
Science and technology questions were collected from different web-based, TV-based,
magazine-based and school-based sources.
Classifying the questions
The questions were classified with reference to several coding schemes, such as subject
and topic, thinking level, motivation for raising the question, the object of interest and its
magnitude, and psychological distance of the object in question from the asker.
Characteristics of the person who raised the question, such as gender, grade level, and
country of origin were also considered.
Gender identification
Hebrew is a gender-identifying language. As a result, some of those submitting questions
automatically revealed their sex through the use of verb gender indicators. Children’s
names provided a further indication of the sex of the questioner, although some names
(e.g. ‘Liron’) could be associated with either a boy or a girl.
For questions in English gender identification was based on the asker's first name. In
some cases initial classification was done semi-automatically using an English name
gender finder', followed by manual classification using a baby name guesser,” which
operates by analyzing popular usage on the Internet. In other cases only manual
identification was carried out.
Statistical analysis
Unless otherwise indicated, a two-tailed Pearson chi-square test was used to calculate
probabilities. Post-hoc multiple comparisons in sample proportions and Goodman'’s
simultaneous confidence-interval procedure were used to find significant differences
within proportions after the chi-square test. Clustering techniques and contingency tables
analysis were used to pinpoint additional patterns within the data.
Reliability

Over 10% of the questions from each database were classified independently by

two researchers, with a satisfactory level of agreement.

'Japan Online Directory: hitp://epublishing.nademoya.biz/japan/names_in_english.php?nid=A
2 http://www epeters.com/names/baby-names.php
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Part 11: Papers
An overview
This section consists of six papers — four of them were already published and another two

are currently under review - and a chapter presenting unpublished data.

= Characterizing children's spontaneous interests in science and technology
This published paper (Baram-Tsabari & Yarden, 2005) introduce the methodology of
identifying children’s science interests using their spontaneous questions. It reports the
results of an analysis of 1676 science and technology questions submitted by Israeli
children to a series of television programmes. The results point to the popularity of
biology, technology, and astrophysics over other sciences, indicate a shift in interests and
motivation with age, and reflect a variety of gender-related differences within the sample.
The implications of the findings for some current trends in curriculum development and
for informal science education are discussed with reference to the wider context of the

pupils’ voice in education.

»  Using questions sent to an Ask-A-Scientist site to identify children’s interests
in science

This published paper (Baram-Tsabari et al., 2006) extends the same methodology to a
different setting, age group and nationality. Adolescence’s interests were measured by
analyzing 1555 science-related questions submitted to an international Ask-A-Scientist
Internet site. The analysis indicated that the popularity of certain topics varies with age
and gender. Significant differences were found between children’s spontaneous
(intrinsically motivated) and school-related (extrinsically motivated) interests.
Surprisingly, girls contributed most of the questions to the sample; however, the number
of American girls dropped upon entering senior high school. We also found significant
differences between girls’ and boys’ interests, with girls generally preferring biological
topics. The two genders kept to their stereotypic fields of interest, in both their school-
related and spontaneous questions.
This work was also presented at a talk at the European Science Education Research

Association conference at Barcelona (2005).



s Interest in biology: A developmental shift characterized using self-generated
questions

This published paper (Baram-Tsabari & Yarden, 2007c) suggests that identifying
students’ interests in biology can play an important role in improving existing curricula to
meet their needs. An analysis of 1751 self-generated biological questions raised by
children, adolescents, and adults yielded data regarding the different age groups’ interests
in biology. Applications for teaching biology are discussed in detail.

This work was also presented at the a talk at the Sixth Conference of European
Researchers in Didactics of Biology in London (2006) and in a talk at the National

Association for Research in Science Teaching conference at New Orleans (2007b).

s Identifying students' interests in biology using a decade of self-generated
questions
This paper was submitted to the Journal of Biolegical Education, and is currently under
review. It describes the findings from an analysis according to topic, age and gender of
over 28,000 self-generated biological questions raised by students from kindergarten
through graduate school. Topics popular among different age groups of males and
females were identified, and ways in which students’ interests can be incorporated into a
standard-based curriculum are discussed, mainly as a trigger for the learning of less

popular subjects which are required by the curricula.

s Asking scientists: a decade of questions analyzed by age, gender and country
This paper was submitted to the journal Science Education, it was revised to the request
of the editor, and currently awaits his decision. This paper describes findings from the
analysis of nearly 79,000 questions sent to an internet-based Ask-A-Scientist site during
the last decade. The analysis was done according to the surfer’s age, gender, country of
origin and the year the question was sent. The sample demonstrated a surprising
dominance of female contributions among K-12 students (although this dominance did
not carry over to the full sample), where offline situations are commonly characterized by

males’ greater interest in science. This female enthusiasm was observed in different



countries, and had no correlation to the level of gender equity in those countries. This
suggests that the internet as a free-choice science-learning environment plays a
potentially empowering and democratic role which is especially relevant to populations
which are traditionally deprived of equal opportunities in learning formal science.
However, worldwide, girls’ interest in submitting questions to scientists dropped as they
grew older relative to the boys' interest, and the stereotypically gendered science interests
persisted in this environment as well. The strengths and limitations of using free-choice

web-based data sources for studying youth interest in science are also discussed in this

paper.

a  Girls' biology, boys' physics: evidence from free-choice science learning
settings

This published paper (Baram-Tsabari & Yarden, 2008) use evidence from free-choice
science learning settings to study if female students’ lack of interest in physics is also
expressed in mon-school settings. Three sets of self-generated questions raised by
children, adolescents, and adults in the fields of biology and physics were used. The
outcomes of this analysis show that the polar pattern previously described in school
science settings, in which physics proves significantly less interesting to girls than to
boys, while biology is of greater interest to girls than to boys, also appears in free-choice
science learning settings. While boys develop an interest in physics with age, girls do not
develop such an interest to the same degree. Thus, the initial gap in interest is probably
not based on school-related caunses, but its widening in later years probably is. A
difference was also found between the genders in the type of information requested and
in the motivation for raising the questions. We suggest that using topics that appeal to
girls' interest as the context of science learning could prove beneficial in the process of
mainstreaming science education, and that these topics can be identified using girls’
spontaneous questions.

This work was also presented at a talk at the European Science Education Research

Association conference at Malmo (2007a).



= Unpublished results: additional pattern whithin the data
In this chapter nearly 6,000 science questions collected from five different web-based,
TV-based and school-based sources, were rigorously analyzed using cluster analysis and
contingency tables analysis in order to identify K-12 students’ interest in science. The
questions were analyzed according to their subject, thinking level, motivation for raising
the question, the object of interest and its magnitude, and psychological distance of the
object in question from the asker. Characteristics of the asker, such as gender, grade
level, and country of origin were also considered, alongside characteristics of the data
source, such as language, setting (internet, school, TV), and the potential science-

attentiveness of the users.



Baram-Tsabari, A., & Yarden, A. (2005). Characterizing children's
spontaneous interests in science and technology. International
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This article reports the resules of an analysis of 1676 sclence and technology questions submitted
by Israeli children to a series of television programmes. It categorizes the children’s questions with
reference to five different coding schemes: field of interest, motivation for asking the question, type
of information requested, country-specific aspects, and source of information. The resulrs point to
the popularicy of biology, technology, and astrophysics over other sciences, indicate 2 shift in interests
and motivation with age, and reflect 4 variery of gender-related differences within the sample. The
implications of the findings for some current trends in curriculum development and for informal
scienice educarion are discussed with reference to the wider context of the pupils’ voice in education.

Introduction

The work presented here belongs in the context of the recently expanding research
on the pupils’ voice in education (Burke & Grosvenor, 2003, Economic and Social
Research Council, 2004). Lloyd-Smith and Tarr (2000) called for the systems of
education, as front-line providers for children, to model for other professionals a real
pracess of acknowledging and valuing young people’s views and opinions. Likewise,
Rudduck and Flutter (2000) regard it as strange that, in a climate that privileges the
consumer, pupils in school have not been considered as consumers worth consulting.

Within the science education literature, the principal reason for accommodating
pupils’ experiences and views seems to be far more immediate and direct; namely,
the need to counter the declining interest that young people have in pursuing scien-
tific careers. Osborne et al. (2003), for example, encourage researchers to identify
those aspects of science teaching likely to make school science more attractive o
pupils. Research into students’ interests is also being conducted in the light of the
relationship between students’ interests and attitudes and the effective learning of
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new scientific knowledge (Dawson, 2000). Such research is guided by the notion
that an interested student will be prepared to expend the effort required to learn and
understand new concepts (Osborne et al., 2002). Some limitations of this notien are
discussed in the following.

A number of studies have previously explored students’ scientific interests in the
context of school curricula, Among high-school students in Northern Ireland, science
subjects and mathematics were perceived as offering the least interest (Watson et al.,
1994). Among the sciences, biology was well received in England (Murray & Reiss,
2003; Osborne & Collins, 2000; Qualter, 1993) and Australia (Dawson, 2000), even
more so among girls. Spall et al. (2004) suggest that students enter secondary school-
ing with an equal liking to biology and physics, but over the course of their studies
they feel less positive about physics than biology. Stark and Gray (1999) draw a
different picture—in their study of Scottish students, boys’ preferences for science
topics shifted from biologically oriented topics to physics as the age of the pupils in
the sample increased, while girls’ preference for biological topics remained high
through all age groups. In a muld-natonal study asking children what they wish to
‘learn more about’, the ‘possibility of life outside earth’ was the most popular topic
among 13-year-old students from 21 countries (Sjoberg, 2000a, 2000b).

These attempts to identify pupils’ preferences for topics in science have been
conducted using rick boxes or Likert-type scales. This approach has been used with
large numbers of students in Scotland (Stark & Gray, 1999), Australia (Dawson,
2000), Britain {Qualter, 1993; Taber, 1991) and in international studies such as
ROSE (Sjeberg & Schreiner, 2002} and the Scientists and Society (SAS) project
(Sjoberg, 2000b). Osborne and Collins (2001) have used focus groups to determine
those aspects of science that pupils and parents value and use in their everyday life,
whereas yet another methodology, involving an online response to questions,
underpinned a student-led survey of the science curriculum in England (Murray &
Raiss, 2003).

In contrast, the present study does not involve iaviting students to respond to 2
series of prepared questions or topics. Instead, the approach is naturalistic, The data
consist of science and technology-related questions subimitted by Israeli children to a
series of television programmes. Arguably, self-generated questions not only indicate
the questioners’ depth of thinking (Chin et al., 2002) and their reasoning, but also
their misconceptions/alternative views and interests (Biddulph et al.,, 1986). Also,
Dillon (1988) indicated that it is difficult for investigators to identify many student
questions in the classroom or laboratory, even though the students might be raising
them in their own minds or asking their friends.

Methodology
The sample

‘Lechu hapsi® (roughly translated as ‘Go and find out’) is an Istaeli television
programme for children, broadcast 11 tmes weekly on ‘Logi’, a cable channel
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available upon subscription. Four of the 11 programmes are broadcast live, Each
rmight be described as a hybrid of two formats; ‘ask the experts’ and a competition
to find information. The introduction to the Internet site that accompanies the
programme (www.logi.tv/ulpan_logi/logi-mika.asp) rells children that *This is the
place to ask any question in the world’ and that “We will help you find the answer,
as well as the way to get it’. It also advises that the answers will be broadcast.
Twenty-one categories of potential questions are identified, ranging from Relation-
ships, Sport and Animals to Languages, Science and Nature, and Money. Accord-
ing to the programme editor, approximately 90% of the children send their
questions via the specified Intemnet site, the remainder doing so via the telephone.
Only the questions submitted via email are used in this study.

The programme was first broadcast in August 2003 and by early January 2004
over 3100 questions had been accumulated in an email database. Of these, 1535
questions fell in the following science and technology-related categories: Animals,
Health & Medicine, How stuff works, Nature & Science, Earth & Space, Comput-
ers & Internet, and Inventors & Inventions. A total 17.6% of the questions in
these categories were non-scientific; for exarnple, historical questions like “Who
invented the ICQ? (an instant messaging system) or legal guestions such as ‘Is
the software Kazaa legal?’ Questions of this kind were commeonly associated with
scientific and technological issues, and for this reason they were included in the
analysis.

A total of 123 of these 1535 queries asked more than one questicn. The subgues-
tions in each multiple query were separated and dealt with as discrete items, This
resulted in a final sample size of 1676 science and technology-related questions, all
of which were submitted in Hebrew.

Gender splir. Hebrew is a gender-identifying language. As a resuit, some of those
submitting questions automnatically revealed their sex through the use of verb gender
indicators; for example, ‘I'm checking’ translates as ‘ant bodeker (feminine} or ‘ani
bodek’ (masculine). Children’s names provided a further indication of the sex of the
questioner, although some names {e.g. ‘Liron’) could be associated with either a boy
or a girl. Thirty-two per cent of the 1676 questions could not be identified by either
of these methods and the sex of these children therefore remains unknown. Among
the 1140 gender-identifiable questions, 496 were asked by girls (43.5%) and 644 by
boys {(56.5%).

"This gender split mirrors that found in an analysis of questions submitted to a scien-
tific Internet site based in Rome (Falchetti et al., 2003), and a UK-based science line
(I, Mathieson, personal communicartion, 2 April 2004), as well as results from the
1999 US Science and Engineering Indicators, which showed that women are less likely
than men to use media that foster informal learning about science (Natiopal Science
Foundarion, 2000; Nisbet et al., 2002). It also resonates with the evidence that boys
in general have more positive artitudes towards science than girls (Creteaz von Roten,
2004; Kelly, 1978; Weinburgh, 1995) and greater interest in it (Gardner, 1975).
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Socio-economic split. The socio-economic status of the respondents was determined
by their place of residence and characterization and ranking of local authorities of
the Central Bureau of Statistics (2004). The latter uses a series of variables such as
demography, education, standard of living, characteristics of the work force, and the
level of financial allowances and support, in order to allocare local authorities to one
of 10 groups on z scale of 1 (lowest socio-economic level) to 10 (highest). The
number of people in each cluster is different, with most of the population falling in
the mid-clusters.

The 1523 guestions were analysed with reference to socio-economic status. Clus-
ters 1, 2, and 3 were almost absent from the database (with zero, two, and seven
questions, respectively). This is not surprising since most of the local authorities in
those clusters are inhabited by Orthodox Jews or Israeli Arabs, two groups that tend
not to watch Hebrew-speaking television. Clusters 4, 5, and 6 were well represented,
with 208, 254, and 208 questions, respectively, whereas the dominant clusters were
the more prosperous clusters 7 and 8, with 399 and 390 questions, respectively. The
most prosperous (but much smaller), clusters 9 and 10, contributed 51 and four
questions, respecrively, to the database. These figures suggest that the popuiation
thar submirted questions to the programme was more prospercus than the average
population. This is not surprising since the sample was drawn from people who have
an access to the cable service (60% of Israeli households; Isrzeli Ministry of
Communication, 2003} as well as to the Interner (50% of Israelis according to the
Computer Industry Almanac’s estimation; ClickZ 2004), and who choose to
subscribe to the children’s enrichment channel.

Since the zllocation of local authorities to a financial cluster depends upon a
composite average figure, the bias towards the more prosperous socio-economic
groups may be somewhat more marked than the figures in the previous paragraph
indicare. Children from cluster 4 or cluster 3, for example, might belong to the most
prosperous families in that town or city, and might be more appropriately associated
with the average socio-economic state of chuster 8 or cluster 9.

Given these uncertainties, no attempt was made to establish a correlation between
the types of question asked and the socio-economic status of the questioner. However,
the data can be used to characterize the socio-economic level of the children in the
research sample and to extrapolate the findings to comparable populations.

Age split. A total of 1461 of the questioners stated their age when asking their ques-
tions. The distribution obtained from these data is almost statistically normal, with a
mean age of 10.6 years and a standard deviation of 2.3. All of the ages used in this
analysis are expressed as whole numbers rounded to the nearest year. In broad
terms, most questions in this research came from children in the later years of
elementary school and in the early years of the Junior High School (ages 9-12).

Reliabiliry. In order to test for internal consistency of the data, a split-half test was
performed in the following manner: a chi-square test was performed between the
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odd and the even questions assembling the database. The splic-half test showed no
significant differences bgrween the groups with regard 0 gender (X1 = 0.1, p = 0.75),
socio-economic split (X5 = 2.79, p = 0.73), and age (Xie = 6.13, p = 0.80). Ir did not
show significant differences for questions’ characteristics as Field of interest (X5 =
1.45, p = 0.92), Motivation (X8 = 3.55, p = 0.89), Type of information requested (X5
= 5.9, p = 0.32), Country-specific aspects (Xi = 0.08, p = 0.77), and Source (x% =
4.35,p = 0.11).

Classifying the questions

One hundred of the questions were first translated into English and their classifica-
tion and categorization carried out independently by two additional researchers in
order to establish an acceptable level of reliability. For the first preliminary trial, 50
of the questions were coded independently. Problemaric issues were discussed and
refined. For the second trial, the remaining 50 questions were also coded. The
agreement berween the trials was: Field of interest, 89%; Motivation, 90%; Type of
information requested, 85%; Country-specific aspects, 08%; Source, 98%. The
remaining disagreements were then resolved by discussion between the researchers,
with the coding system adjusted as necessary. The following five sets of coding
schemes were eventually produced in order to provide a variety of perspectives
regarding the children’s interests in science and technology, as indicared by the
questions they submitted to the programme. Each coding scheme was subdivided as
necessary.

Field of tnierest

Questions in this coding scheme were placed in one of the following categories:
‘Biology’, ‘Physics’, ‘Chemistry’, ‘Earth sciences’, ‘Astrophysics’, “Narture of science
(NOS) inquiry’, and ‘“Technology’.

‘Earth Science’ and ‘Astrophysics’ were kept as distinct categories since each
accommodated a significant number of questions. ‘NOS inquiries’ were general
questions about how scientists develop and use scientific knowledge (Ryder et al.,
1999) without reference to a specific scientific context. ‘Technology’ questions
were categorized by defining technology as the development, production, and
maintenance of artefacts in a social context, as well as the artefacts themselves
(Gardner et al., 1996). This enabled accommodating most of the questions from
the original groups used by the television programme, namely the ‘Computer &
the Internet’, ‘How stuff works’, and ‘Inventors & inventions’. Each of the
categories (except for the NOS inquiry) was further divided into subcategories,
resulting in a total of 65 subcategories. Seven guestions that did not fit any of
these were classified as ‘Undistinguished’ (e.g. ‘does god exist?’). For examples of
the application of the caregories and subcategories in this coding scheme, see
Table 1.
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Table 1. Some examples of classification according to field of interest

Category Subcategory Example (gender, age}*

Biclogy Human How come we don’t feel growing up? (nine years)
physiology
Human If you go on a diet, where does the fat go? Dees it melr?
nutrition (female)
Zoology: When a cow goes ‘Moo’ is it speaking to its friends or
Behaviour keeping its territory? (male, eighr years}
Zoology: Wil the dinasaurs come back in 20 million years? (male, 18
Extinct animals years)

Physics Light, heat, Why is it thar when you purt the reverse of a CD in the light
sound it becomes colourful? (male)
Elecericiyy & Warter does not conduct elecricity, so why when I come out
magnetism of the shower am I told not to pur the lghts on with wert

feer? (male)

Chemistry What things are Whart are the capsules of medication made of? Is it plastic?
made of Is’t dangerous to the digestive system? (male, 10 years)
Elemenrs What does mercury look like in narure? (11 years)

Earth sciences Mereorology Why it doesry’s snow at the seaside like in Jerusalem, and it

Astrophysics

Narure of
science inquiry
Technology

Environment

Space missions

The solar
system

Computers &
the internet

Electrenics

Optics

History of
technology

doesn’t rain all year like in England? (male, 15 years)

What will happen in 50 years if we won’t watch over the
amount of toxic materials that are cmitied into the
armosphere? (male, 12 years)

When Ilan Ramon and ali the other astronaurs on the
Columbia had to pass through the atmosphere and didn’s
have enough power, why wasn't another spaceship sent to
save them? ... And why didn’t they pay attention to that
lictle brick that was falling from the wing? (female, 13 years)

When we are looking from Earth to the sky we see the sun
in the blue sky. So how can it be thart the sun is in space,
which is black? {male, nine years)

If I want to conduct research and publish ir, whar should I
do? {male, 13 years)

I want to know how to build an internet site and if it is
difficuls. (female, 10 years)

Why is it forbidden to put iron in a microwave? (male, 12
years)

How does the barcode in the supermarket work? (male)

Who invenied the computer and how? (male, 10 years)

MWhere data are availabie.
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Motivarion

An attemnpt was also made to identify and classify the questioners’ motivation for
asking their questions. Since it was not possible to ask the children why they sent
their questions, it was necessary to interpret their possible motivation from the way
in which their questions were worded and phrased. The two main categories chosen
were ‘Non-applicative’ and ‘Applicative’. The former was subdivided into ‘Spectac-
ular aspects’, ‘Philosophical and aesthetic aspects’, ‘General curiosity’, ‘Seeking an
explanation for a direct observation’ and ‘Linguistics aspects’. For examples of the
categories used in this coding scheme, see Table 2.

The subcategory of ‘Spectacular aspects’ emerged from the large number of chil-
dren’s enquiries about the ‘biggest’, ‘fastest’, ‘oldest’ or ‘strongest thing ever’. There
were very few ‘Philosophical & aesthetic questions’ but they were easy to identify.
‘Linguistic’ issues interested those children who wanted to know why things were
named the way they were. ‘Seeking an explanation for a direct observation’ was a
subcategory established to accommodate those science and technology-related ques-
tions that stemmed from children’s personal observations. These direct observation
questions were distinguished from ‘General curiosity’ items either by a specific refer-
ence in the question to the personal context of the observation or by the likelihood of
the question being triggered by a personal observation.

The other main category of motivation was the ‘Applicative’ question, which was
subdivided into ‘Personal use’ and ‘Human health & lifestyle’.

Some questions classified as ‘General curiosity’ could have been alternatively clas-
sified as ‘Personal use’. Examples include ‘How are animals domesticated to make
sure that they won’t hurt you?’ and ‘How can you tell if dogs feel bad or sad or
scared?’ However, since these questions did not specify a personal use for the knowl-
edge being sought, they were categorized under ‘General curiosity’.

Table 2, Some examples of classification according to motivation

Category/subcategory Example {gender, age)®
Non-applicative
Spectacular aspects What is the bigzest lizard in the world? {male, 11 years}
Philosophical & aesthetic aspects Why do people eat animals? (10 years)
General curiosity Does a whale have a bellybutton? (female, 12 years)
Explanation for an observation When I'm being hurt, what's in the plaster that helps
the wound? (female, 10 vears)
Linguistics Why the dinosaurs’ names are so long? In what
language is the word ‘dinosaur’? (male, 10 years)
Applicative
Personal use I want to add a chat application to my Internet site,
whar should I do? {male, 13 years)
Health & lifestyle How can 1 lose weight in few days? (female, 12 years)

“Where darta are available.
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Type of requested information

Bybee has emphasized the importance of the ability to “ask the right questions’ for the
development of higher levels of biclogical lireracy (Biological Sciences Curriculum
Study, 1993) and his question typology includes four types: description, investiga-
tion, prediction, and evidence. This typology mimics the scientific way of investigar-
ing phenomena as it is presented in school, thus proving 1o be unsuitable for the
informal database used in the present research. In addition, the typology proved
sensitive to age: a given question could be regarded as simple or complex, depending
upon the age of the questioner,

As a result, a typology was developed that describes the nature of the question and
the knowledge it generates. A category of requests for ‘Facmal’ informartion included
terminological (What is www?), historical (When was ...?), descriprive {Whar does a
male mosquiro eat?), and confirmatory (Is it wue that ...?) items. Reguests for
‘Explanatory’ information are basically “Why’ and ‘How’ questions. Requests for
informarion regarding scientific research are divided into ‘Methodelogical’ and
‘Evidential’. ‘Methodological’ information has to do with scientific ways of finding
things out and with scienrific and technological procedures. Requests for ‘Bvideniial’
information are concerned with how we know what we know. The ‘Open-ended’
type of information deals with opinions, controversial themes, and futuristic ques-
tions thar science cannot answer for the time being. Requests for applicative infor-
mation are concerned with the settings in which scientific and technological
knowledge is being used to resolve problems and challenges. For examples of the
allocation of questions to this coding scheme and its categories, see Table 3.

As with any typology, a few questions were difficult to classify; for example, ‘How
do vou know that a dog has rabies?’, which was asked by an 11-year-old boy. This

Tuble 3. Some examples of classification according to type of requested information

Category Example (gender, age) ©

Facrual Does a fly bave a heart? (10 years); How many astronauts were sent into space?
(female, eight years)

Explanatory How come that from the electric wire that connects to our television we see a

picture? (male); Why does the Earth turn around? (male)

Methodological  Why do the measurements always starg at sea level? (femnale, 11 years); I read in
the newspaper that scientists can multiply the average life span of certain
creatures. How is it being done? (male, 13 years)

Evidential What is evolurion, and is there any evidence that it exists? (female); How do
they know that there is a hole in the ozone layer? (11 years)

Open-ended Why is it important to protect the environment? {eight years); Will there be
flying cars in the future? (male)

Applicadion I'm 11 years old and 1 eat a lot and don’t gain weighe. I weigh 24 kilos and 5

half. My question is — is that bad? (female, 11 years); My dog is big and strong
although it is not one year old yet, how should I tame it? (female, 11 ycars)

MWhere data are available.
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could be regarded simply as a request for ‘Factual’ information, asking what the
symptoms of rabies are. It could also be categorized as a request for ‘Methodological’
information or as ‘Evidential’ information. In this case, the item was ultimately
classified as ‘Evidential’.

Another problem was posed by some of the questions submitted in the present tense
when translation from Hebrew into English allowed two possible readings; for exam-
ple, ‘Ech bonim arar Internet?’ can be translated either as ‘“How is an Intemet site built?’
or as ‘How do you build an Internet site?’ ‘How is an Internet site built?’ is clearly a
request for ‘Explanatory’ information—a ‘how stuff works’ type of question. However,
a question of the form ‘How do you build?’ belongs in the category of ‘Application’.
In this case, the question was categorized as ‘“Applicative’ and the motivation as
‘General curiosity’. Fortanately, ambiguities of this type were few in number.

Country-specific aspects

Particular attention was given to questions with a local or national rather than inter-
national emphasis {e.g. “Two years ago there was an attempt to hide a bomb in the
Glilot gas distribution centre and they said the centre would be shut down, but until
now nothing has been done. Why? It is very dangerous’.). The number and nature of
such questions serves as an indicarion of the culrural dependence of the science and
technology-related questions asked by the Israeli children responding to the televi-
sion programme.

Source

Some questions indicated the sources of scientific and technological information
that the children used and drew upon. The three sources mentioned in the questions
were ‘Hearsay’ (e.g. ‘T heard that’ and ‘People say that’), the broadcast and print
‘Media’ and ‘Schoo! science’. These were therefore used as the categories for this
class of question.

Results and discussion

In order to characterize children’s spontaneous interests in science and technology,
questions were collected from an Internet site that accompanies a children’s televi-
sion programme. The questions were analysed with reference to five different coding
schemes: Field of interest, Motivation for asking the question, Type of informarion
requested, Country-specific aspects, and Source of information, also considering the
available background knowledge about the children who sent the gquestions.

Field of interest

A breakdown of the questions analysed by Field of interest is presented in Table 4.
The popuiarity of biological questions among Israeli children reflects findings from
studies undertaken eisewhere (for example, Murray & Reiss, 2003; Qualter, 1993},
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Table 4. Breakdown of the questions by field of interest

Field of interest Frequency Percent
Biclogy 831 49.6
Technology 419 25.0
Astrophysics 204 12.2
Earth sciences 102 6.1
Physics 71 4.2
Chemistry 40 2.4
Undistinguished 7 0.4
Narure of science inquiry 2 0.1
Toral 1676 100.0

Of the 831 biological questions in the present study, 72% were essentially zoclog-
ical and one-quarter addressed issues in ‘Human biology’. Botanical questions
accounted for only 2.3% and the number of irems concerned with the ‘History of
biology” was negligible. Table 5 provides details about the classification of the “Zool-
ogy’ and ‘Human biclogy’ questions by subcategory.

Among the 600 ‘“Zoology’ questions, there was a marked emphasis on the Physi-
ology and anatomy’ of a variety of animals. Such questions were mostly curiosity
driven (e.g. ‘How do dolphins sleep if they have to breathe?’). The second largest
group of questions concerned relationships between animals and human beings (e.g.
the taming of dogs and restoring sick pets to health). Animal behaviour and “T'axon-
omy and biodiversity’ (e.g. “How many reptile species are there in the world?”) were
also popular themes. Under ‘Other’ were classified questions that did not fit any of

Table 5. Classification of ‘Zoology’ and ‘Hurmnan biology’ questiens®
Subcategory Human biology Zoology
Sickness & medicine 33.3% (69) 3% (18)

Physiology & anatomy
Nurtririon

Genetics & reproduction
Behaviour & neurobiology
Orther

Evohation & creadon
Biotechnology

Man & animals
Taxonomy & blodiversity
Extincr animals

Tortal

32.9% (68)
12.6% (26)
9.2% (19}
7.2% (15}
1.9% (4}
1.9% (4}

1% (2}

33.7% (202)
5.7% (34)
5.2% (31)

13% (78)
3.5% (21)
1.2% (7)
0.3% (2)

17.7% (106)

12.3% (74)
4.5% (27}
600

*Acrual numbers in parentheses.



Characterizing Childrens’ Sponrtaneous Interests 813

these subcategories (e.g. ‘How many people are needed o pick up an elephant?’,
“What is the most dangerous animal in the world?”).

The 207 ‘Human biology’ questions mainiy focused on four subjects, with ‘Sick-
ness and medicine’ and ‘Physioclogy and anaromy’ accounting for almost two-thirds
of the items (see Table 3). ‘Genetics and reproduction’, ‘Nurrition’, and ‘Behaviour
and neurobiology’ accounted for most of the remainder.

Whereas ‘Physiology and anatomy’, ‘Evolution and creation’, and ‘Biotechnol-
ogy’ account for similar proportions of zoological and human biological guestions,
interest in ‘Sickness and medicine’ is much more marked among the latter (3% in
‘Zoology’, 33.3% in ‘“Human bioclogy’). The most frequently mentioned diseases
and illnesses are cancer, AIDS, influenza, rabies, and asthma, although rubelia,
smallpox, malariz, heart attacks and anorexia also prompted questions. Most of
the items concerning ‘Sickness and medicine’ and “Nutrition® are motivated by
application, but most of the other biological questions seem to be ‘Non-applica-
tive’. Interestingly, although ‘Human biology’ is assumed to be the subject most
directly relevant to children’s lives, questions classified as ‘Applicative’ feature
more prominently within ‘Zoology’ (21.7%) than in ‘Human biology’ (15.9%).
However, the relative frequency of questions categorized as ‘Zoology’ decreases
with age, whereas the interest in ‘Human biclogy’ increases (x?‘ =8.35,p< 0.05)!
(see Figure 1).

0.9

& Human Biology 8 Zoology

Relative number of questions

8 or less (n=109) 9-11 (n=413) 12-14 {n=166) Over 14 (n=20)

Figure 1. Relative frequency of *Zoology’ and *Human biclogy’ guestions among four
age groups
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The interest of oider pupils in human biclogy is well-attested by a number of
studies. A focus-group study of 16-year-old students in England showed that
aspects of human biclogy generated the largest number of comments and the
lowest level of disagreement among girls and boys who were not planning ro take
post-compulsory science studies (Osborne & Collins, 2001). Likewise, Tamir and
Gardner (1989) found that among 900 Israeli 10th-grade biology studenis, the
highest levels of interest related to topics in human biclogy. Given the age distribu-
tion of the sample in the present study, it seems reasonable to assume that the
change in focus of the questions revealed in Figure 1 is related to issues surround-
ing the onset of puberty.

The second largest group of questions (419), classified by field of interest,
concerned technology and accounted for 25% of the database (see Table 4). Most of
the questions concerned ‘Computers and the Internet’ (45%) and the ‘History of
technology’ (31.5%). As might be anticipated, the motivation for asking questions
here was dominated by application {especially ‘Personal use’) with a few items classi-
fiable as ‘Non-applicative’. Mareover, all the ‘Applicative’ questions related to the
‘Compurter and the Internet’ and ‘Invendons and patenting’. These are apparently
the rwo fields in which the children were eager to do things by themselves and
needed some information to help them with the task. Curiosity-driven technology
questions are ‘How stuff works’ kind of questions, with many of the explanatory
questions motivated by a direct observation (e.g. ‘How does the barcode in the
supermarket work?”).

The third largest field of interest revealed by the questions is ‘Astrophysics’, the
204 questions accounting for 12.2% of the database. The main interest of the
children here can be described as a type of ‘space geography’; that is, how big and far
away the planets are in the solar system (34.3%) and how far away are the stars and
planets (26.5%). The ‘Big Bang and star formation’ comprise almost 10% of the
database (e.g. “Why did the Big Bang happen and what was exploded there?").
‘Space missions’ make up 17.6% of the questions asking about the way spacecraift
work, how they are named, their equipment, the number of astronauts sent into
space, and the reasons for going to the moon. The possibility of “Extraterrestrial life’
and of any ill intention towards Earth account for another 9.3% of the “Astrophysics’
items. Again, this interest in space science among Israeli students mirrors that found
among students elsewhere (for example, Osborne & Collins, 2001; Sjoberg, 2000b),
as well as among Spanish scientific television programme viewers, where the biggest
audience share was recorded for episodes concerning cosmology and physics
(Estupinya et al., 2004).

The 102 ‘Earth sciences’ questions made up 6.1% of the database. In decreasing
order of popularity, questions dealt with ‘Meteorology’, ‘Eanvironment’, ‘Geography’,
‘Earth atmosphere’, ‘Geology’, ‘Oceanography’, together with a small but deter-
mined group of “The end of the world’ items (2.9%). The ‘Earth sciences’ category
is characterized by an above-average percentage of ‘Explanatory’, ‘Methodology’ and
‘Open-ended’ type of requests for information and by a relatively few “Facrual’ and
‘Applicative’ requests.
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Most of the 71 (4.2% of the database) ‘Physics’ questions related 1o classical
physics—Light, heat and sound’ (34%,, ‘Electricity and magnetism’ (22.5%), and
‘Mechanics’ (11%). Another 11% of the ‘Physics’ questions addressed topics in
‘Modern physics’ (e.g. “What happens while moving at the speed of light?”) whereas
a surprisingly large proportion asked about the history of the discipline (21.2%).

There were only 40 ‘Chemistry’ questions (2.4% of the database) and many asked
about the composition of everyday objects such as erasers, toilet paper, and glasses.
Others addressed the more visually appealing dimensions of the subject such as the
making of fireworks, blue gas flames, and diamonds. A few questions related to such
chemical topics as the states of matter (e.g. ‘Is there a substance that is not in any of
the three states of matter?) or sublimation (e.g. “What do you call it when a
substance goes directly from solid to gas?’).

"The felds of interest in science and technology show a number of changes with
age, as can be seen in Figure 2. The significant differences berween the age groups
(x> = 33.03, p < 0.05) is mainly owing to a decrease in the inrerest in ‘Biology’ and
an increase in interest in “Technology’ among the two older age groups. The
decrease in inrerest in ‘Biology’ is accompanied by the shift in interest within the
discipline from ‘Zoology® to ‘Human biology” referred to earlier.

Another notable fearure of Figure 2 is the relative popularity of ‘Physics’ among
the youngest age group. This group generated 7% of the ‘Physics’ questions
compared with 3.2-3.8% of those from older children. No age-related shift in
children’s interest in ‘Barth sciences’ (p = 0.77) or ‘Astrophysics’ {p = 0.87) is
indicated by the data.
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Morivation

The children’s motivation for asking their questions was for the most part ‘Non-
applicative’. Only 20% of the guestions explicitly related to an application, and
almost all of these were associated with ‘Biclogy’ (e.g. ‘My cat eats grass, is it
harmful? What can I do about it?”) or “Technology’ (e.g. ‘How can I build my own
Internet site?’}.

There are some shifis with age in the motivation for asking the guestions. The
proportion of questions asked for applicative reasons rises steadily with age between
ages 6 and 16 (x2 = 51,21, p < 0.001), as can be seen in Figure 3,

The fall in the proportion of ‘Applicative’ questions among the 16-year-old
group is not significant—-there is no statistical difference berween the 15 year olds
and the 16 year olds (3% = 0.331, p = 0.57). Since the 16 year olds are rather a
small group, it is impossible to determine whether the trend evident in the earlier
years is actually reversed or whether the sample of 16 year olds is not large
enough to reflect an ongoing applicadve trend. If attendon is confined to groups
of n > 50, ‘Applicative’ questions increase from 10.3% at age 7 to almost one-
third of the questions at the age of 14. Such a shift is redolent of the early-twenu-
eth-cenrury developmental ideas of T.P. Nunn, who identified three motives in
the minds of pupils at different stages of their conceptual development: wonder,
utility, and systematization (Jenkins, 1979; Nunn, 1925). If wonder is equated
with ‘Non-applicative’ questions and ‘Applicative’ with utility, then the shift
berween these two stages lends some empirical support to Nunn’s noton of
DrOgression.
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Figure 3. Motivation for asking the questions among four age groups
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Type of requested information

More than one-half of the questions asked by the children were ‘Facrual’, a little
more than one-quarter were ‘Explanatory’, and 13.5% were ‘Applicative’. Together,
those three types account for 96% of all the questions, ‘Methodology’, ‘Evidential’,
and ‘Open-ended’ questions make up the remaining 4%. This picture of children’s
questions is far more encouraging than that portrayed by studies conducted within
science classes. Monitoring the type of questions asked by six eighth-grade students
during hands-on activities in chemistry, for example, showed that a majority (86%)
of the questions sought basic factual or procedural information, with only 14% of
them reflecting curiosity, puzzlement, scepticism or speculation (Chin et al., 2002),
a finding consistent with Dillon’s study of non-science high-school classrooms
(Dillon, 1988).

While most of the questions in the present sample are unique, and appear only
once, there are a few questions that seem to interest a significant proportion of the
children. Examples of these are presented in Table 6. Although non-scientific gues-
tions and ‘Open-ended’ questions constituted only a small proportion of the overail
sample, such questions were among the most frequently asked.

Country-specific aspects

Only 50 questions (3%) in the entire sample were ‘Country-specific’ (e.g. ‘Can you
see Venus from Israel?’), and over one-third of those were non-scientific (e.g. “When
is the F-161 (Fighting Falcon) scheduled to be brought to Israel?’). Twenty-two per
cent of the questions that refer to an Israeli context related to ‘Earth sciences’ (e.g.
‘How come the minerals in the Dead Sea don’t run out?’),

Sources of information

Only 44 out of the 1676 questions included 2 specific reference to a source of infor-
mation. The main sources were ‘Hearsay’ and the ‘Media’, with only five children in
the sample indicating that they were asking something related to their school science
education. Questions about the height and composition of the atmosphere were very

Table 6. Frequently asked questions

Question n

Which is the biggest/fastest/strongest/smallest animal? 46

Who invented the computer? 26
Untill what age does a dog/cat/hamster/tustle live? 22
Is there life in space/on other stars? 15
How do I build an Internet site? 13
Who invented television? 11

How to convince mom to let me have a pee? 11




818 A. Baram-Tsabari and A. Yarden

common, perhaps because of the publicity associated with the first Israeli astropaur
travelling aboard the spaceship Columbia early in 2003.

Gender and social background

Reference has already been made to the different numbers of boys and girls who
submitted questions to the television programme. As far as the social background of
the questioners is concerned, the percentages of boys to girls from the lower (3-4)
and average (5-6) communities were very similar (48.5-51.5% and 48.4-51.6%,
respectively). It is the more prosperous communities (7-8) that principally
accounted for the masculine bias in the overall database (59.5% boys, 40.5% girls)
(x> = 14.6, £ < 0.05). The gender differential was more marked in the most prosper-
ous clusters (9—10), (75.9% boys, 24.1% girls), although it should be noted that this
group is relatively small {n = 55, 29 of those with gender known).

An analysis of the questions reveals a significant difference in the field of interest
of questions asked by the two genders. Questions from girls are predominantly
biological (75.0% of the total), with boys dominating in ali the remaining categories
(3% = 23.08, p < 0.001). Girls’ preference for biology (x* = 9.5, p < 0.01) was
matched only by their lack of enthusiasm to submit physics questions > =7.2,p<
0.01), a finding consistent with that of the recent ROSE study involving nineth-
grade Israeli students (Trumper, 2004) and with the number of Israeli female
students choosing to take post-16 biology and physics courses in high school {(only
33% of the post-16 physics students are female versus 65% of the biology students;
Coordinating Supervisor of Physics, personal communication, 29 July 2004; Coor-
dinating Supervisor of Biology, personal communication, 8 September 2003). No
gender-related differences in interest were found in the case of ‘Astrophysics’ (p =
0.39) and ‘Earth sciences’ {p = 0.43). The numbers in the ‘Chemistry’ and ‘NOS’
categories were too small to permit a meaningful quantitative analysis. “Technology’
might be described as a borderline case.

Statisticaily, it cannot be argued from the present study that interest in
“Technology’ is gender dependent (xz = 3.1, p = 0.078). However, there is a
significant difference berween girls and boys within the “Technology’ subcategories
(x> = 14.3, p < 0.05). Boys focused their questions on ‘Computers and the Inter-
net’ and on the ‘History of technology’, whereas the girls were more diverse in
their interests.

These findings are consistent with work performed elsewhere, including Scotand
(Stark & Gray, 1999), Australia (Dawson, 2000), USA (Jones et al., 2000), England
(Osborne & Collins, 2001) and the international study SAS (Sjeberg, 2000b}. The
SAS study is noteworthy for the inclusion of a free response item that invited the 13-
year-old respondents to write about ‘Me as a scientist’. Biological themes were by far
the most popular in responses to this question, by both boys and girls, but with the
latter being more marked. The present study does not, however, refiect the gender
differences found in ‘Technology’ and ‘Earth sciences’ recorded in the SAS study
among students from countries in the developed world.
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Although the emphasis on ‘Biology’ is very different between girls and boys, there
was no gender difference in the guestions relating to ‘Human biology’, ‘Zoology’,
and ‘Botany’. It seems that within biology boys and girls share the same fields of
interest. Within ‘Astrophysics’ the boys were more interested in the physical aspects
of the discipline, whereas the girls asked more about space missions, Both genders
were equally interested in the possibility of ‘Extraterrestrial life’, another finding
consistent with that of the SAS study (Sjeberg, 2000b).

Boys and girls also tended o ask for different rypes of information (¥ = 17.8,p =
0.01), with the boys favouring ‘Factual’ and ‘Methodological’ types of information
whereas girls asked for more ‘Explanatory’ and ‘Applicative’ types of information.
The same pattern is mirrored with respect to motivation (x* = 31.3, p < 0.001). Boys
tended to pose ‘Spectacular’ and *General curiosity’ questions, whereas girls sought
straightforward explanations for their own direct observations. Girls also asked more
‘Applicative’ questions, with reference to ‘Personal use’ and ‘Health and lifestyle’.

History of science

The children’s questions indicate an interest in the history of some scientific disci-
plines. While 31.5% of the “Technology’ questions were historical, only five ques-
tions in ‘Biology’ (0.6% of the ‘Biology’ questions) revealed z similar historical
concern. In ‘Physics’ 21.1% of the questions were due to interest in the history of
the discipline, whereas ‘Chemistry’, *Astrophysics’, and the ‘Earth sciences’ did not
have enough historical questions to be accounted for separately.

Within the ‘History of technology’, children seemed very interested to know who
invented the technologies they used. For example, they asked about the inventors of
computers and the internet, television, various computer gammes, air conditoning,
escalators, plastic, the compass, cars, airplanes, and other useful objects and devel-
opments. Notably, many of the historical questions seemned to imply that a techno-
logical innovation, such as a computer, could be attributed to a single inventer or
circumstance. There was also no indication that children understood that a given
technology evolved over tme. For the most part, questions simply asked “Who
invented X?°, with ‘Who was the first to invent X2’ a relatively comumon variant.
Some children were interested to know where and when a particular technology was
invented. There were similarities with the 15 guestions regarding the ‘History of
physics’. Eight of them asked who invented or discovered electricity, where, when,
and how. Other topics of interest were the inventors of the LASER and the magnet.
Occasionally, the children’s interest in the human aspect was so great that it eclipsed
the science itself, as demonstrated by the question asked by a 13-year-old boy: “Who
discovered aerodynamics, and what is it anyway?’

Among the five questions concerned with the ‘History of biology’, the emphasis
was once again on the date and/or priority of the discovery or the identty of the
discoverer. Examples include “Who was the first to discover the dinosaurs?’ (nine
year old), ‘Who were the scientists who discovered bacteria?’ (13-year-old boy), and
“Who discovered the vitamins?’
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The reasons for these apparent differences in interest among the children regard-
ing the historical aspects of the different scientific disciplines are not clear. They may
reflect different historical emphases in the teaching of the sciences in school and/or
suggest that the historical bases of the disciplines are more evident in some cases
than others.

Implications

Although the study described sheds some light on what interests Israeli students,
caution is needed in identifying any implications the pupils’ voice may have for
school science education, as discussed in the following. The self-selecting sample
used in this research does not represent all Israeli children, let alone children in
general. It is a group of children that might be more interested in science and have
more access to resources than the entire children population, Therefore, the oppor-
tunistic nature of the sample places some limitations on the validity of our results.

Although our study does not use a controlled sample, the criterion validity of the
results is agreeable-~there is sufficient similaricy with key findings from other
research based upon selected and controlied samples to suggest that the outcomes of
the present study can command a degree of confidence.

There are three aspects of the findings that are relevant to current debates about
school science curriculum reform. These relate to the incorporation of the history
and philosophy of science and technology within school science courses, the teach-
ing of contemporary socio-scientific issues, and the accommodation of science and
technology as an integrated programme. Each of these will now be considered in
murn.

First, the results reported suggest that many children are interested in at least
sorme of the human dimensions of science and technology, a finding that might be
seen as offering some support to advocates of the history and philosophy of science
and technology in the school curriculum (Galili, 2001; Jenkins, 1989; Martthews,
1994; Solomon, 1989). However, it is clear that any such interest is differentiated by
discipline (as discussed earlier). Whatever the reasons for this apparent difference
may be, it seems that the case for including the history of science in the school
curriculum may need to take more account of the differences berween the scientific
disciplines than is presently the case. It perhaps also needs to rake account of the
finding in England that 16-year~-old pupils regarded the school science curriculum as
more concerned with the past than with contemporary science (Osborne & Collins,
2000). In addition, it may be appropriate to distinguish different aspects and periods
of the history of science and technology. To cite an obvious example, the deveiop-
ment of the modern computer as & historical event seems likely to interest more
children than, say, Mendeleef’s periodic table.

Second, at a time when curriculum developers are promoting school science
courses that address contemporary issues in science and society, the relative lack of
interest among the Israeli students responding to the television programme with
questions addressing such issues is of some interest. The preponderance of younger
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children in the sample may be significant here since contemporary science and
technology-related issues seern more likely to interest those who are somewhat older.
However, while the age distribution of the sample may be significant, a similar anal-
ysis of questicns sent by audience from all ages to an Italian “Expert on line’ appiica-
tion vielded very few requests for opinions on controversial issues (Falchetw et al,
2003). It may of course be the case that the *Ask the expert’ format does not encour-
age questions thar are likely to require discursive and/or contentious answers.

Using local issues in the science classroom is also considered to be a mean of
making school science more relevant to the student. The assumption is that teaching
should be built on the interests and experiences of the student. Sjsberg (2000b)
argues that the content of school science needs to be adapted to culture and context,
since national culture and current conditions affect students’ attitudes about science
(Hofstein et al,, 1986). However, for the most part, the children’s questions to
‘Lechu Hapso® reflected no local emphasis. The overwhelming majority made no
reference to Israel, its distinctive geography or unique fauna. Rather, they refiected
what might be termed a global or international view.

Third, the findings of this study underscore the need for caution in discussing
science and technology as a homogeneous field. Findings relating to, for example,
gender differences that apply to school science may not necessarily apply to school
technology and vice versa. Similarly, it is sometimes important to differenriate
betrween the sciences and different types of technology when commenting upon such
issues as students’ interests and motivation.

Whereas some countries have developed separate school courses in science and
technology (e.g. England, New Zealand), others have preferred a more integrated or
coordinated approach. The STS approach was officially adopted in Israel as a lead-
ing model for elementary (Israeli Ministry of Educaton, 1989} and junior high-
schools (Israeli Ministry of Education, 1996) in the form of science and technology
studies (Barak & Arely, 2003). Each subject in the syllabus contains three strands:
scientific, technological, and social. The children in the sample studied here have all
been taught in accordance with this new syllabus.

The pupils’ voice

What role may the ‘pupils’ voice” assume in constructing or reforming school science
courses? It is evident that most of the children’s questions in their present form are
unlikely to be answered by the Israeli science and technology curriculum. It is unrea-
sonable to expect a curriculum to answer directly a question such as ‘Did the cave
men have cars?’, asked by an eight year old, even if the relevant section of the curric-
ulum includes a unit about living creatures.

A further difficulty stems from the problems associated with relating abstract and
general scientific knowledge to highly specific, and often practical and everyday,
contexts (Jenkins, 2000). Studying food chains in class is unlikely to satisfy the curi-
osity of a boy who wonders why he cannot raise a lion at home and turn it into a
vegetarian, However, Gallas (1995) has shown that it is possible to respond
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creatively to the issues surrounding knowledge transfer by developing a curriculum
designed to promote children’s sense of wonder. MHer strategy enabled children to
ask guestions and offer theories about the human body that went well beyond the
developmental expectations for their chronological age. She claims that a curriculum
that emerges from children’s questions becomes part of the process of building a
community of learners whose interests, questions, and theories emerge from the
inside-out, rather than the outside-in (Gallas, 1995). But even this luxurious solu-
tion answered just few of the children’s questions, and then in a very specific area. It
is by no means obvious that it can be generalized to other areas of science education
or indeed used to construct a national science curriculum.

The results also raise an interesting issue about the broad fields of interest of the
children and the time devoted to them in rhe school curriculum. For example, the
interest of younger children in zoological topics sits somewhat uncomfortably with
the amount of time spent studying other biological topics in Israeli elementary and
junior high schools. Another contrast is the emphasis put on human biology at an
age when pupils’ questions suggest that they are more likely to be interested, for
example, in the pregnancy of their guinea pig than in their own blood system. If the
outcome is that school science delays gratification of pupils’ genuine curiosity and
interest, then this is likely to have a negative effect on pupils’ interest in science
(Osborne & Collins, 2000). Engendering positive enquiring attitudes to science and
scientific issues during prirnary school might well pay off in the longer term (Stark &
Gray, 1999), since the elementary grades are pivotal years for the development of an
interest in science (Shapiro, 1994). Cognitive gains may also depend on ensuring
that the affective aspects are considered.

It is not, of course, being argued that topics such as photosynthesis, the cell,
energy conservation and the particle model should not be taught just because they
do not appear in the children’s self-generated guestions. Ner is it being assumed
that interest in a topic is the same as being willing to make the intellectual commit-
ment required 1o understand it scientifically, although it is obvious that children’s
questions can be used by a skilful teacher to promote a wider scientific understand-
ing than that required simply 1o answer the question. However, a fundamental
issue remains. In what sense or senses is a curriculum ‘relevant’ if there is a marked
difference between what school science offers and the topics that seem 1o interest
children? According to Rudduck and Flutter (2000), the concept of ‘relevance’ has
traditionally been defined in reference to an adult’s, rather than a pupil’s, view. If
relevance is refocused in response to this pupil-centred view, then it becomes possi-
ble to inject a hitherto ignored element into debates about the form and content of
school science education, to respond more explicitly to gender or other significant
differences (Osborne & Collins, 2001} and to identify contexts in which scientific
concepts are more, rather than less, likely to be presented successfully. For exam-
ple, the current data present a gloomy, if not unfamiliar, picture of children’s spon-
taneous interest in chemistry and physics as expressed by their self-generated
questions, especially among girls. The same data suggest that it may be worth
exploring the teaching of a number of topics drawn from physics and chemistry in
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the context of space science or with reference to their technological applications.
Likewise, while questions about the nature of science and epistemological questions
(classified as evidence and methodology type of requested information) were fairly
rare, the relevant issues may be more successfully addressed in the context of
inventions and patents, a field of interest that drew mainly applicative questions
from the children.

Informal science educarion

Finally, it is impertant to acknowledge that school science does not hold a monopoly
on the dissemination of scientific knowledge. When non-scientists are looking for
scientific information, they usually turn to the mass media (Friedman, 1986). Seven
out of 10 French students stated that they gained most of their scientific knowledge
from watching television (Delacote, 1987). Also, on the other side of the Atlantic,
most American adults learn about the latest developments in science and technology
primarily from watching television (National Science Foundation, 2002). When
forrnal education in science ends, the media are the most readily available and some-
rimes the only source of information about science (Nisbert et al., 2002). Too often,
however, programmes reflect a lack of interest in the audience and its needs. “What
questions would most people really like to have answered about science? asks
LaFollette, adding that “We know litde about which facts the audience is interested
in> (LaFollette, 1992). Crane (1992} similarly points to the need to examine the
public’s understanding of science from the perspective of the audience. The results
of the present study might be used, therefore, to inform the producers and editors of
popular science and educational programmes.
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Note

1. Unless otherwise indicated, a two-tailed Pearson chi-square [est was used to calculate prob-
abilities. Very small groups with expected counts of less than 5 were removed from the
analysis. Because of the high number of subcategories, the results represent many times an
aggregation of small and similar subcategories. When several serles containing a different
rumber of questions are presented on the same scale, the relative number of questions is
used in the interest of clarity and comparison. Not all the inquirers provided their full

[ 3}

details; therefore, sample sizes differ from graph to graph and are indicated by the 'n
values.
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ABSTRACT: Interest is a powerful motivator; nonetheless, science educators often lack
the necessary informaiion to make use of the power of student-specific interests in the re-
form process of scieace curricula. This study suggests a novel methodology, which might
be helpful in identifying such interests—using children’s self-generated questions as an
indication of their scientific interests. In this research, children's interests were measured
by analyzing 1553 science-related questions submitted to an international Ask-A-Scientist
Internet site. The analysis indicated that the popularity of certain topics varies with age
and gender. Significant differences were found between children’s spontaneous (intrinsi-
cally motivated) and school-related {extrinsically motivated} interests. Surprisingly, girls
contributed most of the questions to the sample; however, the number of American girls
dropped upon entering senior high school, We also found significant differences between
girls' and boys’ interests, with girls generally preferring biological topics. The two gen-
ders kept to their stereatypic fields of interest, in both their school-related and spontaneous
questions. Children's science interests, as inferred from questions to Web sites, could ulti-
mately inform classroom science teaching. This methodology extends the context in which
children’s interests can be investigated.  © 2006 Wiley Periodicals, Inc. Sci Ed 80:1050- 1072,
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THEORETICAL FRAMEWORK

The Glenn report Before It's Too Lare (The National Commission on Mathematics and
Science Teaching for the 21st Century, 2000) states that “we are failing to capture the interest
of youth for scientific and mathematical ideas.” Indeed, many students find standard science
curricula largely out of touch with their personal interests, a factor which contributes to
the low number of students pursuing advanced science and mathematics courses in high
school, and going on to choose scientific careers (Millar & Osbome, 1998), Adolescents’
decisions about the contents and directions of their educational training have been found to
be influenced io a high degree by the topic-related interests they developed in the preceding
years (Krapp, 2000).

QOrganizations, including the National Research Council (1996) and the American Asso-
ciation for the Advancement of Science (1593}, have proposed that science curricula taught
at a secondary-school level should provide a common basis of knowledge while addressing
the particular needs and interests of students. However, educators lack the necessary infor-
mation and tools to gnide modifications that could make use of the power of student-specific
interests in improving those students’ individualized learning and competency in scientific
subjects. :

The issue of students’ interests may also be viewed in the context of the pupil’s voice in
the education movement (Burke & Grosvenor, 2003; Economic and Social Research Coun-
cil, 2004; Mirta, 2004; Whitehead & Clough, 2004). Until recently, the pupil’s voice had
been marginalized or neglected by educational researchers. The student was regarded as an
object of study but not as someone whe could make an informed judgment on what should
be taught in school science courses (Jenkins & Nelson, 2005). Lloyd-Smith and Tarr (2000)
have called for the educational system, as frontline providers for children, to model, for other
professionals, a real process of acknowledging and valuing young people’s views and opin-
ions, Similarly, Rudduck and Flutter (2000) regard it as strange that, in a climate that privi-
leges the consumer, pupils in school have not been considered consumers worth consulting.

Interest is a powerful motivator (Deci, 1992), which differs from most other motivational
concepts by its content specificity (Krapp, 2002). Interest refers to a differential likelihood of
investing energy in one set of stimuli rather than another (Csikszentmihalyi & Hermanson, -
1995). Research indicates positive relationships between individual interest and a wide range
of indicators of learning (Pintrich & Schunk, 2002; Schiefele, 1998), However, the potential
benefits of interest have been largely ignored in school reform: students rarely leam out of
interest, and they usuoally lose interest during learning (Prenzel, 1998), with the consequence
that bored and unengaged students are also less likely to learn (Blumenfeld et al., 1991).

A number of studies have explored students’ scientific interests by inviting them to re-
spond to questionnatres (Dawson, 2000; Qualter, 1993; Sjeberg, 2000; Sjgberg & Schreiner,
2002; Stark & Gray, 1999), participate in focus groups (Osborne & Collins, 2000, 2001}, or
respond to a student-led review of the science curriculum (Murray & Reiss, 2005). These
techniques have identified age-, gender-, and subject-specific issues impacting students’
general interests in specific subjects, including a significant decline in interest in physics,
chemistry, and mathematics that occurs as the students’ progress in grade level. This decline
is particularly evident as students enter high school, and is especially pronounced for girls
{Krapp, 2002). )

The gender-related aspects of the interest theory for science education are that boys in
general have greater interest in science than girls {Gardner, 1975 1998), and while physics
proves significantly less interesting to girls than to boys, biology is of greater interest to
girls (Dawson, 2000, Friedler & Tamir, 1990; Jones, Howe, & Rua, 2000; Sjpberg, 2000,
Stark & Gray, 1999, Zohar, 2003). Within the field of biology, high school girls were
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shown to display greater interest in human biology than boys, in both Israel (Tamir &
Gardner, 1989) and England (Taber, 1991). The relevance of science education (ROSE)
studies conducted in England and Denmark found that girls’ interest was focused on health,
medicine, and the body, whereas boys wished to learn more about the dramatic aspects of
physics and chemistry, and how technology works (Busch, 2005; Jenkins & Nelson, 2005).
Moreover, subject-matter related interests have a greater influence on boys’ grades than
girls’ (Schiefele, Krapp, & Winteler, 1992).

The questionnaire-based methods usually used to explore students’ scientific interests
have traditionaily relied on adult-centric views of what subjects should be meaningful for
students. To overcome this inherent bias, we developed a naturalistic approach to defining
students’ specific concerns by using children’s self-generated guestions as an indication of
their scientific interests.

Posing questions is an important part of scientific inguiry (National Research Council,
1996). Self-generated questions can help reveal the asker’s reasoning, alternative views,
and interests (Biddulph, Symington, & Osborne, 1986). Studying students’ questions can
give teachers an awareness of what students are interested in and what they want to know
about a given topic (Chin & Chia, 2004).

The best known and most often used way of classifying students’ guestions according
to their cognitive level is the hierarchical Bloom’s taxonomy (Bloom, Engelhart, Furst,
Hiil, & Krathwohl, 1956), which suggests classifying questions into low-order (knowledge,
comprehension, application) and high-order (analysis, synthesis, evaluation) questions. A
simpler evaluation involves distinguishing among input questions—those which require re-
calling knowledge, processing questions—which require linking pieces of information, and
output questions—which require hypothesizing, generalizing, and criticizing (Shepardson
& Pizzini, 1991). Graesser, Person, and Huber (1992) proposed analyzing a question accord-
ing to the hierarchical content of the information requested, with deep-reasoning questions
being highly correlated with the deeper levels of cognition in Bloom's taxonomy. Marbach-
Ad and Sokolove (2000) classified students’ questions into eight categories, the highest one
being a research hypothesis. Another taxonomy of questions distinguishes between “con-
firmation questions,” and the higher quality “transformation questions,” which signal the
restructuring or reorganization of students’ understanding (Pedrosa de Jesus, Teixeira-Dias,
& Watts, 2003).

Students rarely ask questions in the classroom, and when they do, only a very small subset
of their questions evidence genuine intellectual curiosity (Dillon, 1988; Graesser & Person,
1994; Marbach-Ad & Sokolove, 2000; Pedrosa de Jesus et al., 2003; Rop, 2003; White &
Gunstone, 1992). The overall paucity of student questioning is attributed to the classroom
atmosphere, where revealing a misunderstanding renders the student vulnerable, open to
embarrassment, censure or ridicule (Pedrosa de Tesus et al,, 2003). Students described their
teachers’ response to their questions as “put-offish” or even annoyed, and their classmates’
reactions as intolerant (Rop, 2003).

Learners usually ask questions where they feel secure (Watts, Gould, & Alsop, 1997). We
therefore looked for self-generated questions in free-choice science-learning environments,
Examining free-choice science-learning environments can provide knowledge about the
natural setting in which people learn in a self-directed, self-motivated, voluntary way,
guided by individual needs and interests (Falk & Dierking, 2002), and has much to offer to
formal education (Waiter & Westbrook, 2001). An example of such a free-choice setting is
the Web, which can be seen as a site for student inquiry in science, which allows students
to pursue questions of personal interest (Wallace, Kupperman, Krajcik, & Soloway, 2000).

Research on children’s use of the World Wide Web for learning has generally been
conducted in school settings. In the fall of 2003, nearly all of the public schools in the
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United States had access to the Intemnet (National Center for Education Statistics, 2003).
Students reported regularly accessing science sites to get help with school assignments
(Weigold & Treise, 2004). Nevertheless, although they exhibit positive attitudes and self-
confidence (Fidel et al., 1999; Lumpe & Bulter, 2002; Watson, 2004), children have difficulty
formulating and modifying search queries (Bilal, 2004; Hirsh, 1999; MaKinster, Beghetio, &
Plucker, 2002; Wallace et al., 2000). Furthermore, children do not tend to question the
accuracy of the information they find on the Web (Hirsh, 1999; Schacter, Chung, & Do,
1998; Wallace et al., 2000).

Students using the Web are ofien overwhelmed by the amount of information available
(MaKinster et al., 2002). An effective search is also an exercise in inquiry and critical
thinking (Brem & Boyes, 2000). Most students fail to construct an accurate and broad un-
derstanding following an online inquiry (Hoffman & Krajcik, 1999). However, a deficiency
in students’ skills is not always to blame: Keating, MaKinster, Mills, and Nowak {1999}
found that only 30% of the search results they received actually contained at least a short
operational definition or graphic display of the science concept they were searching for, and
many of the sites contained misconceptions.

Sometimes, when children are trying to find complex answers on the Web, they need
people who have the answers, rather than a list of directories or sites. These human-mediated
question-and-answer services are sometimes referred to as “Ask-A” services, such as “Ask
a Scientist” (Lankes, 1999) or “Expert Services” (Janes, Hill, & Rolfe, 2001). These digital
reference services allow one to send questions that interrogate a coliective cranium of
experts versed in a variety of disciplines (Parslow & Wood, 1898). They are oriented to
matching the asker with people having the expertise to answer his/her questions, not just to
matching an information need to a textval source with the information (White, 1999). The
mode of communication is asynchronous electronic communication. Usually, such sites
maintain searchable public archives in which previously answered questions are returned
as search results, thus making this archive a resource for their users (Pomerantz, Nicholson,
Belanger, & Lankes, 2004). s

In this research, we used children’s questions asked under free-choice conditions to
identify their scientific interests. Using a similar methodology, we were previously able to
characterize Israeli students’ interests in science and technology (Baram-Tsabari & Yarden,
2005). The ability to identify students’ interests in science may play an important role in
improving existing curricula to meet their needs. This study aims to assist science educators,
teachers, and curriculum develepers in identifying such student interests using a novel
‘methodology.

METHODOLOGY
Data Source

MadSci Network is an independent, award-winning, nonprofit organization operating
from a server in Boston (hup://www.madsci.org). Unlike most Ask-A-Scientist services
(see further on), MadSci Network covers all branches of science, and does not focus on
a specific subject area. It collects as much, and potentially more information than most
Ask-A-Scientist services, and stores key demographic information as meta-data, making it
easier to mine the information from the archives, The MadSci Network receives 90--150
questions daily, which are answered by nearly 800 scientists.

Many other English-language Ask-A-Scientist services are available on the Net, but
none were found suitable for our research, The services run by Scientific American' and

! hetps/Awww.sciam.com/page.cfmZsection=expertform
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the Internet Public Library,? for instance, do not ask for the age of the questioner. The
paid service Google Answer does not have any information about the askers. The Argonne
National Labs* Ask-A-Scientist service records geographical information only about Amer-
icans, while Ask Dr. Universe? is aimed mostly at elementary-school children. Many other
services only answer questions on a specific topic. The service run by Howard Hughes
Medical Institute,® for example, receives only biology questions, while Ask Dr. Math,’
obviously, deals with math questions.

The Sample

Questions submitted to the MadSci Network by 4th- through 12th-grade students from
August to October 2004 were collected, resnlting in a sample number of 1355. For each
entry, information was recorded about the question, age group, first name, and country of
origin of the asker. Questions automatically answered by the archives search engine were
not included, since the system did not record them. Questions asked by populations other
than 4th- through 12th-grade students were also excluded.

More than 94% of the contributors originated from English-speaking countries, most of
them from the United States (71.7%), Australia and New Zealand (7.2%), Canada (6.1%),
and the United Kingdom (4.6%). We assume that this bias reflects the number of people with.
Internet access and fluency in English, as well as the English-based nature of the MadSci
Network, rather than a more pronounced interest in science. Half of the contributors were
high school students, 39% were in junior high school, and the remaining 11% were 4th-
to 6th-graders. The first name was used to determine the asker’s gender, using an English
name gender finder (Na-Demo-Ya, 2002). In this manner, we were able to identify 1167 of
the contributors, who were divided into 56.4% female and 43.6% male. The age and gender
split differed between countries, with the United States being characterized by more young
and more female contributors relative to other countries.

Classifying the Questions

The questions were classified with reference to several coding schemes.

Field of Interest, The most straightforward classification was field of interest, In thiscod-

T k4

ing scheme, questions were placed in one of the following categories: “biology.” “physics,”
“chemistry,” “earth sciences,” “astrophysics,” “technology,” “nature of science inguiry
(NOS),” and “mathematics.” “Technology” questions were categorized by defining
technology as the development, production, and maintenance of objects in a social con-
text, as well as the objects themselves (Gardner, Penna, & Brass, 1996). NOS questions
asked about how scientists develop and use scientific knowledge (Ryder, Leach, & Driver,
1999) without reference to a specific scientific context.

The categories were further divided into 58 subcategories (for the full list, see Appendix).
Using this scheme, only 22 questions failed to fit any category, and were designated “undis-
tinguished” (e.g., “What is astrology and how do horoscopes influence people’s lives?").

2 hup:/twww.ipl.org/diviaskus/

3 hitp:fiwww.answer.google.com/answers/

* nupt/fwww.newton.dep.ani.govfarchive. htm

5 hupu/iwww.wsu.edu/Driniverse/

5 htep:/fwww.hhmi.org/askascientist/

7 http://mathforum.org/dr. math/ask/submit.humi
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For examples of the application of the categories and subcategories in this coding scheme,
see Table 1.

Many of the questions in the field of biology were embedded in the context of human
biology or the zcology of nonhumans, e.g., “Is our inability to synthesize vitamin C an
inborn error of metabolism?” (10th—12th grade, female, UK), “Do dogs have a dominant
paw that they prefer to use?” (7th~-9th grade, female, US). These questions were classified
as portraying a “human” and “zoology” interest, respectively.

Spontaneous Versus School-Related Motivation for Raising the Question. Gross
{2001) makes a distinction between questions that are self-generated (internally motivated
by personal context) and those that are imposed {thought up by one person, such as a teacher,
and then given to someone else, such as a student, to resolve). Intrinsic motivation refers
to doing something because it is inherently interesting or enjoyable. Extrinsic motivation
refers to doing something because it leads to a separable outcome (Ryan & Deci, 2000)
as a means fo an end (such as praise or avoiding punishment} (Vallerand et al,, 1992). In
school, intrinsic motivation becomes weaker with each advancing grade {Ryan & Deci,
2000). Most learning in school is extrinsically motivated, and the acquisition of knowledge
is rarely enjoyed for its own sake (Csikszentiihalyi & Hermanson, 1995).

Although all of the questions in our sample were generated by students, not ail of them
were the outcome of an intrinsic motivation to know. Many of the questions were required
for school assignments and were originally raised by teachers or textbooks. To differentiate
between the two types of motivation for raising the question, we classified the questions as
either “spontaneous,” which can serve as an indication of intrinsic motivation to know, or
“school related,” which can serve as an indication of an extrinsic motivation for seeking an
&NSWEF.

Questions were classified as school related only if it was explicitly stated in the question
that the information is required for a school assignment, such as a science fair project,
report, and homework. All other questions were classified as spontaneous. For examples of
the application of the categories in this coding scheme, see Table 1.

Cognitive Level of the Question. 'Two classification methods to hierarchically describe
the cognitive level of the questions were used here: order of information requested and type
of information requested (see further on}.
~ Many schemes were suggested for classifying the cognitive level of students’ ques-
tions, but they did not fit the nontraditional sample used in this research, because they
are only suitable for questions asked in the context of a textbook (Shepardson & Pizzini,
1991), a discourse (Graesser et al.,, 1992), or a classroom setting where guestions are
categorized with respect to the task at hand (Marbach-Ad & Sokolove, 2000; Pedrosa
de Jesus et al., 2003). This was also the reason that we could not use Bloom's taxon-
omy (Bloom et al., 1956)—if a student has previously encouniered a question similar to
the one he or she is asking, then a higher order question may fun into a lower order
question (Dori & Herscovitz, 1999). Our sample includes specific, stand-alone questions
generated by knowledge-deficient mechanisms. This was also the reason we could not
use the Scardamalia and Bereiter (1992} classification of basic information or wonder-
ment questions. In our case, all of the spontaneous questions were wonderment
questions.

Crder of the Reguested Information. A modified typology, based on one defined by
Dillon {1984), was used fo classify questions according to a gradual increase in the cog-
nitive level required to answer them (Brill & Yarden, 2003): (1) “Properties”—answers to
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questions in this category describe the properties of the subject in question; (2) “compar-
isons"—answering questions in this category requires a comparison between the subjects
outlined in the question; and (3) “causal relationships”—answering questions in this cat-
egory requires finding the relation, correlation, conditionality, or causality of the subjects
in question. Usually, questions from the properties category refer to one variable, whereas
questions from the comparisons and causal relationships categories refer to at least two
variables. For examples of the application of the categories in this coding scheme, see
Table 2.

Type of Information Requested. A typology influenced by Bloom’s taxonomy (Bloom
et al., 1956) and Bybee's classification for research gnestions (Biological Sciences Curri-
culam Stady, 1993) was developed. The typology describes the nature of the question,
and the knowledge it generates, along a gradually increasing cognitive-level continuum.
The lowest category, “general request for information,” includes questions that did not
ask for specific answers but for information in general. The second category consists of
reguests for “factual” information. The third category consists of requests for “explana-
tory” information, with basically “why” and “how” questions. The fourth category, consist-
ing of questions asking for “methodological” information, has to do with scientific ways
of finding things out and with scientific and technological procedures. The highest cate-
gories were “predictions”—cases in which the asker described an experiment and asked
what the results would be, and requests for “open-ended” type of information dealt with
opinions, controversial themes, and futuristic questions that science cannot answer for the
time being. For examples of the application of the categories in this coding scheme, see
Table 2.

Reliability

Classification and categorization of 150 of the questions used in this study were performed
independently by two researchers. The concordance of classification between researchers
ranged from 84% to 98% for the different coding schemes. To test for internal consistency of
the data, a modified split-half test was performed: random halves of the data (odd and even
observations) were compared. A consistency was found in the distribution of all variables
between the two halves.

Statistical Analysis

Unless otherwise indicated, a two-tailed Pearson chi-square test was used o calculate
probabilities. Not all the inquirers provided their full details; therefore, sample sizes differ
from graph to graph and are indicated by n values. Post-hoc multiple comparisons in sample
proportions and Goodman’s simultaneous confidence-interval procedure (Marascuilo &
McSweeney, 1977) were used to find significant differences within proportions after the
chi-square test,

RESULTS

To characterize children’s interests in science, their self-generated questions were col-
Jected from a Web-based Ask-A-Scientist service.® The questions were analyzed with ref-
erence to four different coding schemes: field of interest, spontaneous versus school-related
motivation for raising the question, and type and order of information requested. We also

3 hupffwww.madsei.org
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Figure 1. Percentage of zoolagy and human biology questions among three age groups. Overall differences were

found to be significant at p < 0.0003. Significant differences of p < 0.03 between the refative number of zoology
and human biology questions are marked with an asterisk.

considered the relationship between the four different schemes and the available background
knowiedge about the children who sent the questions.

Field of Interest

In a basic breakdown of the questions (r = 1555) analyzed by field of interest, biology
proved more popular than the other sciences, and was the focus of 44% of the questions. This
popularity reflects findings from previous studies (Murray & Reiss, 2005; Qualter, 1993},
Biology was followed by chemistry (21.9%), physics (12.9%), technology (7.5%), earth
sciences (5.9%), astrophysics (5%), NOS (1.1%), and mathematics® (0.5%), while 1.4% of
the questions could not be classified into a scientific field of interest. The subeategories of
each field of interest are detailed in the Appendix, in their order of popularity.

Many of the questions in the field of biology were embedded in the context of either
human biology or zoology. Qur analysis indicated that the relative frequency of zoology
questions decreased with age, as the proportion of questions relating to human biology
increased (x° = 15.4, p < 0.0005) (Figure 1). The interest of high school students in human
biology is well aitested to by a number of studies, including research done in England
{Osbomne & Collins, 2001) and Israel (Tamir & Gardner, 1989). The increased interest in
human biclogy with age might be explained by the approach of puberty in this age group.
A similar increase in interest with age has been noted among the spontaneous guestions of
Isracli elementary and junior high schoeol students (Baram-Tsabari & Yarden, 2003).

® MadSci Network is an educational science site, and does not encourage math questions.
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Spontaneous Versus School-Related Motivation
for Raising the Question

Children asked more school-related questions as they got older: 10%, 33%, and 57%
of the questions were school related for elementary, junior high and senior high schools,
respectively. The same trend was found in school libraries, where students placed less
spontaneous queries with age {Gross, 2001).

The spontaneous scientific interests of children were found to be different from their
school-related questions (Figures 2 and 3). In all age groups, astrophysics was more preva-
lent among children’s spontaneous questions (p < 0.01) (Figure 2). This interest in space
science mirrors existing literature about students’ interests (Osborme & Collins, 2001;
Sjgberg, 2000). Chemistry, on the other hand, was far more prevalent among children’s
school-related questions than spontaneous ones {p < 0.01) (Figure 2). Biology was the
most popular subject, armong both spontaneous and school-related questions.

The major fields of interest do not reveal the whole picture. When studying interest, the
devil is in the little details. Therefore, we compared students’ spontaneous versus school-
related interest in the different subcategories (Figure 3). Biology, which dominated the same
percentage of questions in both groups, revealed much more diversity when broken down
into topics. When analyzing biological questions in topics that appeared more frequently
(as detailed above), we realized that “anatomy and physiology,” “sickness and medicine,”
and “genetics and reproduction” were ail characterized by relatively more spontansous
than school-related questions. At the other end of the spectrum, “botany and mycology,”
“microbiology and virology,” and “cell biology” yielded many more teacher- and textbook-
generated questions than spontaneous Ones. “Ecology” and “neurology and the mind” were
almost equally distributed among both types of questions and generated a relatively high
number of them.

A similar analysis conducted on the chemistry questions revealed that the most popular
subcategories (e.g., “bonding and structure”) were all school related. All of the astrophysics
topics, on the other hand, were mostly spontancous. Among earth science and technology
topics, there were no major gaps between the number of school-related and spontanecus
questions. Physics subcategories, however, appeared at both ends of the scale. “Mechan-
ics” provoked more school-related questions than spontaneous ones, whereas “electricity
and magnetism,” “modern physics,” and “light—heat—sound” were the source of authentic
childish interest, yielding spontaneous questions.

v
o

A0

Percantage of questions
]

Biclogy Physics Chemistry Earth stiences  Astrophysics Technotogy

Figure 2. Swudenis’ sponlaneous vs. school-related scientific interests: an overview. Students’ questions were
classified according to their field of interest, Percentage is calculated out of the total spontaneous (n = 920}
or school-related (n =#633) questions. Undistinguished {n =122), nature of science (n = 17}, and math {(n =T}
questions are not shown due to their relitively small number. A significance of p< 0.0l is marked with an
asterisk.
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Figure 3. Swudents’ spontaneous vs. schooi-related scientific interests in specific topics. Students’ guestions were
classified tnto one of 58 subcategories, according {0 their field of interest {see Appendix). Percentage is calculated
out of the total spontanecus (n = 920) or school-related {n =635} questions. Undistinguished {n = 22) questions
are not included. The subcategories are listed according to the gap behween the number of spontaneous and
school-related questions. B: biology: C: chemistry; P: physics; E: earth sciences; A: astrophysics; T technology.
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Cognitive Level of the Questions

We subsequently analyzed the cognitive level of the questions submitted to the MadSci
Network. The questions studied here were found to present higher order of requests for
information than reported in the literature, using two separate classification schemes. Among
the 920 spontaneous questions, 77% asked properties type of questions that mentioned only
a single variable, whereas the remainder asked for comparisons or causal relationships
between two variables, i.e., inquiries of a higher cognitive level. The order of information
requested increased with age, as students in secondary school raised more comparison
and causal relationship questions (25.3% among 7th—9th graders, 23.6% among 10th-
12th graders) compared to elementary school students (13.8%). In contrast, studies in high
school biology classes have found that fewer than 6% of the students’ questions deal with
more than one variable (Brill & Yarden, 2003).

Moreover, among the 920 spontaneous questions, only 54% were general requests for
information and questions of the factnal type, 35.6% were explanatory, and 3.3% were
methodological. Predictions and open-ended questions made up the remaining 5.1%. This
picture of children’s questions is far more encouraging than the one portrayed by stud-
ies conducted within science classes, which report that only 14% of the questions reflect
curiosity, puzzlement, skepticism, or speculation, while all the rest are simple factual or
procedural questions (Chin, Brown, & Bruce, 2002). These desirable traits characterized
ail of the spontaneous questions studied here.

Gender-Related Findings

Gender Spiit. Surprisingly, girls asked most of the questions in this study (56.4% overall}.
“T'his female dominance was apparent in questions sent from the United States, Canada,
and the United Kingdom, but not in those from other countries surveyed in this reseasch,
This female majority contradicts previous female-to-male ratios obtained from a scientific
Internet site based in Ttaly (Falchetti, Caravita, & Sperduti, 2003), a UK-based science
line (K. Mathieson, personal communication, April 2, 2004), and science and technology
questions at an Israeli Web site (Baram-Tsabari & Yarden, 2005). Furthermore, females were
previously shown to be less likely than males to use media that foster informal learning
about science (National Science Foundation, 2000; Nisbet et al., 2002), and to take part
in extracurricular science experiences (Greenfield, 1998). It was found that although boys
have more formal and out-of-school experience using computers and the World Wide Web
(Kafai & Sutton, 1999; Shashaani, 1994), more girls preferred this type of learning over
traditional classroom-based science learning (Leong & Al-Hawamdeh, 1999).

Nevertheless, a significant decrease (p < 0.05) in the number of American girls sub-
mitting science questions occurred during the transition from junior to senior high school
(Figure 4). This finding mirrors previous research in which American girls’ attitade to sci-
ence was found to become increasingly negative with age {Kahle & Lakes, 1983), as well
as studies carried out in Israel (Friedier & Tamir, 1990; Shemesh, 1990).

Fields of Interest. Consistent with previous studies (Dawson, 2000; Friedler & Tamir,
1990; Jones et al., 2000; Sjgberg, 2000; Stark & Gray, 1999; Zohar, 2003), the girls in
our sample found physics to be significantly less interesting than the boys (p < 0.05),
whereas biology was of greater interest to girls than boys {p < 0.025). This polarized trend
was apparent in both school-related and spontaneous questions, suggesting that girls and
boys foliow certain content-related stereotypic interests in both school and seif-guided
activities with respect to science education.
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Figure 4. Percentage of American boys’ and girls’ questions among three age groups. The overall differences
between the proportions of boys and girls in the different age groups are significant at p < 0.05. The different
trends of girls” and boys’ questicning behavior among the 7-9: and 10— 12th grade groups are the reason for
this significance according to a post-hoc test. The relative drop in the girls’ number from the 7-9th to 10-12th
grade groups was found 1o be significant at p < 0.05 and is marked with an asterisk.

To refine our analysis, we compared girls’ and boys’ interests in the various subcate-
gories of the fields of interest (Figure 5). The girls’ preference for a biological context was
apparent: among their top ten topics, eight belonged to the biological field of interest, one
to chemistry, and one to astrophysics. Boys, on the other hand, had more diverse interests,
with their top ten made up of four physics, two technology, two biology, one chemistry, and
one astrophysics opic. This list of gender-related leamning interests fits well with known
stereotypic preferences for specific topics (Busch, 2005; Jenkins & Nelson, 2003; Jones
et al.,, 2000; Sjoberg, 2000; Stark & Gray, 1999; Taber, 1591).

Spontaneous Versus School-Related Motivation for Raising a Question. Girls asked
many more school-related guestions than boys: 45.7% of the girls’ questions were school
related, compared with 36.5% of the boys. This trend might be explained by Simpson and
Oliver's {1985) findings that American 6th- to 10th-grade females are significantly more
motivated than boys to attain high achievements in science, although exhibiting less positive
‘attitudes toward it.

We found no gender-related difference in the type or order of information requested.

DISCUSSION

The purpose of this study was to investigate stndenis’ interests in science using their self-
generated questions. We argue that there is considerable promise in using students’ self-
generated and primarily spontaneous questions to enhance the attractiveness and relevance
of science curricula. The methodology used here may provide a rapid and consistently up-
to-date way of assessing children’s interests while avoiding aduli-generated views. Some
linitations of this methodology are discussed further on.

Some of our results confirmed and reinforced what is already known about children’s
interests, using a different data source and methodology. However, this study provides new
insights into topic-specific differences between spontaneous and school-related interests
in science; the higher cognitive level of children’s questions in this sample compared to
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Figure 5. Boys' and girls' interest in various scientific topics. Students” questions were classified into one of 58
subcategories, according to their field of interest (see Appendix). Percentage is calculated out of the toral girls’
(1 =635) arboys’ {n = 509} questiens. Undistinguished (n = 22 questions are not included. The subcategories are
listed according to the gap berween the number of girls’ and boys’ generated guestions, B: biology; C: chemistry;
P: physics; £: earth sciences; A: astrophysics; T: technology.
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classroom settings; the dominance of female participants in a free-choice science-fearning
setting, and the females’ tendency to ask more school-related guestions than boys; and
finally, the persistence of girls’ and boys’ stereotypic interests among both the spontaneous
and school-related questions. The significance of these new insights is discussed further on.

An important observation of this study is the recurring inconsistency between students’
spontaneous (intrinsically motivated) and school-related (extrinsically motivated) interests.
There is evidence that intrinsic motivation can promote learning and achievement better than
exirinsic motivation (Pintrich & Schunk, 2002). Therefore, it might prove pedagogically
beneficial to respond to children’s interests by incorporating into school science, topics
which are of spontaneous interest to children, such as “the solar system,” “modern physics,”
“avolution,” and “the universe,” which are currently underrepresented in many science
curricula.

Our findings suggest that students can raise questions reflecting a high cognitive level on
their own, but may feel less comfortable or encouraged to do so during science class. Another
interpretation is that students may have more time to reflect and compose their questions
in an online setting than during science class. It should be borne in mind, however, that the
student population submitting guestions to the MadSci Network may have a higher level
of motivation to seek sources outside the classroom for science learning, thus providing a
potential bias in our analyses.

The female dominance found among the MadSci responders suggests that online science
education Web sites provide an attractive science-learning environment for girls. It is pos-
sible that the varying data between different countries highlight a dynamically changing
landscape as girls gradually gain more access to the Internet and acquire the skills needed
to use it {o satisfy their scientific curiosity and obtain assistance with their science school-
work. We anticipate that further investigation in this area will elucidate the benefits of
online forums for science education in bringing equality to previously gender-biased areas
of scientific interest. We cannot ignore, however, the sad fact that even in this seemingly
attractive setting, the number of questions posed by American girls dropped upon their
entering senior high school.

When basing new material on children’s interests, it is important to pay attention to gender
differences in preferences (Daiute, 1997). We found significant differences between girls’
and boys’ interests, with girls generally preferring biclogical topics. The two genders kept
to their stereotypic fields of interest in both their school-related and spontaneous guestions,
hinting that the differences in interest described in the literature relating to school-science
settings may also be relevant to free-choice seftings.

" However, there are also topics which appeal to both sexes, and arouse spontaneous interest

as well. Therefore, it seems possible to teach scientific concepts and ideas in the context of
topics which are not profoundly preferred by boys, but rather preferred by girls or equally
attractive to both genders (Hoffmann & Haussler, 1998; Krapp, 2000; Sjgberg, 2000). Our
study identified a few equally attractive topics, such as health issues, atom structure, and
chemical bonding and structure, and a few science subjects which are very popular among
girls, such as ecology, anatomy, botany, nutrition, and neurology. Using these topics as the
context for science learning could prove beneficial in the process of mainstreaming science
education.

Research Limitations

Although the study described here sheds some light on what interest children, caution is
needed in identifying implications for school science education. The self-selecting sample
used in this research does not represent all children. It represents a group of children that
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might be more interested in science and have more access to resources than the child
population as a whole. Students who are not motivated to learn science are not represented
in this self-selecting sample at all. Other children that may be very interested in science but
do not send questions are also not represented. Therefore, the opportunistic nature of the
sample places some limitations on the validity of our results.

Another setback of this research lies within the criteria for coding school-related ques-
tions. Since only questions that explicitly stated a school-related motivation for seeking an
answer were coded as “school related,” it is very likely that some school-related questions
were mistakenly coded as spontaneous ones. As a consequence, the difference between
school-related and spontaneous interests might be somewhat different than what is reported
here. Furthermore, all of our findings are based on observations and their interpretation.
For ethical reasons, we could not ask our subjects to explain their true intention in raising
the question, their aim or their motivation. All of these were inferred from the wording of
the written text generated by the child. We might have misunderstood the askers’ meaning
in some cases, a problem that might be partiaily addressed in the future by interviewing
children who send science questions to Ask-A-Scientist sites.

Other problems are independent of our specific research design, but are intrinsic to the
agenda of the pupil's voice movement. What role should the pupil’s voice play in determining
curriculum content? Should we teach children what they wish to know now, or what they
ought to know in order to become scientifically oriented citizens in the future? And even if
we pay attention to children’s interests, how can one be interested in something one does
not know exists? It is evident from examining Figure 3 that most popular school-related
topics yielded a relatively high number of spontaneous questions as well. Some of these
questions were probably school-related questions in disguise, but surely not all of them.
These children’s intrinsic motivation to know might have been evoked by their formal or
informal science education.

Finally, we are faced with the big question of trying toimplement results gathered in a free-
choice science-learning setting into formal schooling. Once those topics become compui-
sory in the classroom, will not they lose their free-choice appeal? All of these setbacks need
to be addressed in the process of using students’ individual interests in science education.

Implications for Teachers

Although individual interests have a significant effect on learning, their use in educa-
tional settings may be problematic. Catering to the personal interests of individuals in the
classroom might be an extremely time- and effort-consuming task, especially if the classes
are large (Hidi & Anderson, 1992). However, a few steps have already been taken down the
path of incorporating students’ interests into the science classroom. Gallas (1995) used her
students’ questions to construct a curriculum which emerged from children’s questions. But
even this luxurious solution answered just a few of the children's guestions, and in a very
specific area. It is by no means obvious that it can be generalized to other areas of science
education or indeed used to construct a national science curriculum.

Students’ interests can provide a positive instruction tool within the standard science
curriculum as well, since topics that fascinate children can be related to subject matter
to provide a base for new knowledge. Daiute {1997, p. 329) instructs teachers on how to
recognize and use those topics in the classroom:

Children tend to explore such [fascinating] issues through the details of specific events rather
than to state explicitly that they are interested in “Justice,” “life and death,” or “identity,” so
we need to be astute listeners to the underlying themes of children’s talk. When such topics
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emerge as recurrent themes underlying children’s conversations, it is the optimal time to
explore such issues in refation to subject matter in your curriculum.

An expeyt teacher can use students’ individual interests as opening points oOr triggers
for the study of less popular subjects which are required by the curricula. There are also
existing pedagogical tools that take into account student’s interests, such as science fairs and
project-based learning, which allow students to create their own research questions within
a given topic (Ching, Kafai, & Marshall, 2000; Fallik, Eylon, & Rosenfeld, submitted).

Many of the Ask-A-Scientist sites have an archive, which usually presents a frequently
asked questions (FAQs) section. Teachers may consider these repeated questions to be of
general interest to children, and they can search the archive for children’s questions on the
subject they wish to teach, at the appropriate age level.

Another implication of this research would be to prompt science teachers to make more
room for students' questions. Questions are an important part of the ongoing scientific re-
search process and have an important educational role (Biddulph et al., 1986; Scardamalia &
Bereiter, 1992). Our results indicate that students are able to pose science questions in in-
formal settings, and it would be educationally beneficial if they would use this ability in
classrooms as well.

Implications for Curriculum Developers

Adults construet the curriculum based en their notions of what appeals and is important to
children, but Seiler (2001) argues that standards-based curricula will continue to fail in urban
settings of poverty because they have not included the voice of the students. We believe that
not only students from low social classes can benefit from a more student-centered type of
curriculum. If curriculum relevance is to have any meaning, it cannot exclude the views
of the students themselves (Jenkins & Nelson, 2005). Therefore, more emphasis should be
placed on what students wish-and ask to know while constructing the curriculum which
serves them.

This might be achieved by choosing preferable contexts for teaching scientific concepts
and ideas. School level “cell biology,” for example, can be taught using examples of organ-
isms from all kingdoms. Our results indicate that using a human context may prove to be
less of a turn off.

Implications for Interest Researchers

The methodology presented here may extend the context in which children’s interests can
be investigated. Children’s science interests, as inferred from their questions to Web sites,
could ultimately inform classroom science teaching. However, it seems that classifying the
questions into 58 topics is not sufficient if we wish to use the power of students’ interests in
curriculum development. Subcategories such as “sickness and medicine” or “anatomy and
physiology” might be too broad. We need to focus at 2 higher resolution, learning about
students’ interests in specific issues, species, illnesses, and technological breakthroughs in
order to use them as “hooks” within the curriculum. This goal can only be achieved by
using samples of tens of thousands, rather than thousands of questions. These data exist
in the archives of many Ask-A-Scientist sites and can be used for such analyses, with the
cooperation of the sites’ operators. Such future cooperation between researchers and Ask-
A-Scientist site operators could make the data gathered in them more valuable for interest
research. For example, upon question submission, some questions might be added regarding
the scientific basis for the question, its relation to school, and the motivation for raising it.
These types of questions might also help the scientists who answer the questions.
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This methodology can also be used to track the development and shift in interest in a
specific field or topic, by using a few sites which cater 1o different age levels. Another
option is to compare the science interests of children from different cultures, by using non-
English language Ask-A-Scientist sites or by comparing questions from different countries
in English-based sites, when this kind of data is available. Once a very large corpus of
data is gathered from various databases, we believe that the power of clustering analysis
can be used to unearth unexpected patterns of age, gender, and country-of-origin effects
on the scientific interests, motivations, and cognitive levels of the questions. Finally, 1t is
important to emphasize that ali of the information regarding children’s science interests can
be used by informal science educators to make free-choice science-learning opportunities
more engaging and attractive to children.

APPENDIX

Biology Earth Sciences
o Botany and mycology o Meteorology
o Anatomy and physiology o Geology
e Ecology o Geography
o Sickness and medicine o Environment
o Cell biology o Oceanography
e Neurobiology and the mind o Other
o Nutrition o The end of the world

o Genetics and reproduaction
o Microbiology and virology
o Behavior
o Evolution
o Other
o Man and animal relationship
o Biotechnology
¢ History of biology
o Extinct animals
Physics
¢ Mechanics
o Electricity and magnetisms
o Light-heat—sound
o Moderm physics
e Units
e History of physics

Chemistry
o Bonding and structure
e Chemical reaction
o Thermodynamics
o Atom structure
o Phases of matter
o Stoichiometry
o Acids and bases
o Chemical language
o Chermical energy
e Other

e Atmosphere

Astrophysics

o The solar system

o The universe

e Big bang and star formation
o Other

o Space missions

e Extra-terrestrial life

Nature of science inquiry

Technology

o Other technologies (Jow-tech)
o Transportation

o Optics

o Electronics

» History of technology

o Computers and Internet

o Agronautics

o Inventions and patenting

o Media and communication

Math

Undistinguished
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hy Are We Interested in
Interest?

Within the science-education community, much thought
has been given to the question of "what people should lmow
about scignce.” Ir contrast, the question of "what people are
inwrested m knowing about science” is rarely considered.
Inierest refers o a differendal likelihood of investing energy
in one set of stinuli rather than another {Csikszenmihalyl
& Hermanson, 1995}, It is a form of inmrinsic motivation,
which refers to doing something because it is inherently
interesting or enjoyable (Ryan & Deci, 20000, in conmast
to extrinsic motivation, which refers o deing something
because it leads o 2 scparable outcome such as praise
or avoiding punishment (Vallerand et al, 1992). Interest
is a powerful motivator (Dec, 1992}, which differs from
most other motivational concepts by its content specilicity
{Krapp, 2002). Although positive reladonships have been
reported between individual interest and a wide range
of indicators of learning {Schiefele, 1998}, the potential
benelits of motivation for schaol reform have been largely
ignored (Anderman, 1997},

The issuc of students’ interests may also be viewed in
the context of the “pupil's voice in education” movement.
tavolving students in decisions about their Hfe in school
is viewed as a useful and pragmadc practice, as well as
an important moral and educational principle (Davie &
Galloway, 1996). However, until recently, the pupil's voice
was marginalized or neglected by cducational researchers.
The student was regarded as an object of study but not as
someone who could make an informed judgment on what
should be taught in school science courses (Jenkins &
Nelson, 2005). This is not only tree for formal K-12 science
education. Too often television science programs reflect a
lack of intergst in the audience and its needs. "What ques-
tions would most people really like to have answered about
selence?” asks LaFollene (1992), adding that “We know
linde about which facts the audience is imerested in”

Jenking (1999) examined the tmplications of “citizen
science,” L.e., science which relates in reflexive ways 1o the
concerns, interesis ang activitdes of citizens as they go sbout
their everyday fives, for the form and content of school sci-
ence education. He suggested constructing science curricula
that enable young people to engage in science-related issues
that are likely to be of interest and concern to them (Jenkins,
19993, This idea has also been present in the recomumen-
dations of several organizations. including the National

Aveisr Barast-Tsasam (avclet boram@weizmannac il i a PhD.
Student, and ANat Yarney fanatvyden@weizngin.ag ity is Head
of the Bielogy Group, both in the Department of Science Teaching,
Wetzmanm Tnstitute of Scicnce, Isracl. Anat Yarden is the corvespond-
ing author.

Research Ceuncil {1996) and the American Association for
the Advancement of Science (1993), which proposed that
seience curricula provide a common basis of knowledge
while addressing the particular needs and interests of sw-
dents. Therefore, the ability to idenufy students’ interests in
science plays an impartant role in improving existing cur-
ricula to meet their needs.

Compared to ather science subjects, biology enjoys the
most popularity amonyg students (Qualter, 1993; Dawson,
2000; Osborne & Collins, 2000, Baram-Tsabari & Yarden,
2003; Murray & Reiss, 2003; Baram-Tsabari et al, 2006)
and adhults (Falchett eval,, 2003), especially among females.
According to resulis from the ROSE project in Denmark
{Busch, 2003) and England {Jenldns & Nelsen. 2003), girls
are most interested in biological wopics regarding health,
mind and well-being. Resulis from the ROSE project in
Finland indicated that boys are more interested than girls in
basic processes in bielogy (such as ecology and cell biology),
whilst girls find human biclogy and health education more
interesting than boys (Uitie et al,, 2005).

Interest in biclogy is not a constant wait—i changes
with age. Stawinski {1984) found that among 13- 10 16-year-
oid students, human bialogy becomes important while inter-
est in plznis and animals decreases. Older pupils’ interest in
humasn biclogy is wellatiested o by a number of studies,
inciuding one conducted in England (Osborne & Collins,
2000}, and another in lstagl (Tamir & Gardner, 1989
Among lstaeli high-school students, 86% preferred studying
about the human body. 14% preferred animals and none
preferred studying about plants (Tamir, 1984).

More detailed knowledge of students’ interesis in bio-
logical tapics at various ages may be used o contextualize
and personalize some of the formal curricula. Adults’ inter-
ests in biotogy can be used to learn about the possible future
interests and concerns of today's students. In addition, this
type of data regarding students and aclules may be used w
inform the praducers and editors of popular science and
educational programs in the process of improving the qual-
ity of scientficinformation dissenzinadon.

How Can We Measure Interest?

Most of the attempts to idendfy pupils’ preferences for
Lopics in science have been conducted using tck boxes or
Likerttype scales. These questionnaive-based methods have
racitionally telied on adult-cenwic views of what subjects
should be meaningful to stdents. To overcome this inhesr-
ent hias, we developed & nawralistic approach w defining
specific interests by using self-generated questions. Using
this methodelogy, we were previously sble to characterize
children’s interests in science (Baram-Tsabari & Yarden,
2003; Baramn-Tsabari et al,, 2006).
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Self-generated questions can help reveal the askers’ reasoning,
alternative views and interests (Biddulph et al,, 1988). However,
in a classtoorn setting, it is hard 1o use children's questions, since
they are so rare. As Dillon (1988) plainly states “Children qua
(=as) students do not ask guestions. They may be raising ques-
tions in their own mind ... but they do not ask questions aloud
in the classroom.” However, research, as well as life experience,
tells us that students are capable of asking many questions when
given the opportunity (Costa et al, 20003, for example, during
one-on-one tutoring sessions (Graesser & Person, 1994). It seems
that they just do not feel comloriable doing so i the classroom.
Therefore, to identify interests in the field of biology among differ-
ent age groups and berween genders, we collected questions for
this analysts from informal science-learning sources.

The Sample

Three sets of selfgenerated questions were used in this
research. Those were raised by children, adolescents, and adubts.

Children

Cne thousand six hundred and seventy six science gues-
tons submitted by Israeli children w an Internet site (sovw,
logi.iv} which accompanies a series of television programs were
collected. The program might be described as a hybrid of two
formats: “Ask the Experis” and a competition tw [lind inlorma-
tion. The inwoduction 1w the Internet site that accompanies the
program told children that "This is the place o ask any question
in the world.” The program did not enceurage the children to
ask about content that was already broadeasted, but to submit
their own spontaneous guestions. In this sample, 49.6% of the
questions {n = B31) were biological in nawre (Baram-Tsabari &
Yarden, 2003). Among the 1,140 genderidentiliable questions,’
43.3% were asked by girls and 56.5% by boys. Most questions
were submitted by children in the later vears of elementary
school and in the early years of jumior high scheol (ages nine w
welve years). This sample is described in detall in BaramTsabari
arel Yarden {2005

Adolescents

One thousand five hundred and fifty five science ques-
tiens submitted by fourth through twelfth grade students
to an “Ask a Scienist” service on an international Internet
site (wwwmadsciorg) were collected. In this sample, 4% of
the questions {n = 684} were about biology (Baram-Tsabari
et al, 2006). Over 94% of the contributors ariginated from
English-speaking countries. Ameng the 1,167 genderidentfi-
able questions,” 36.4% were asked by females and 43.6% by
males. Most of the questions were asked by junior and senior
high-school students. This sample is described in detail in
Baram-Tsabari et al. (2006).

Adults

Six hundred and twensy two science questions submitted
by Israeli television viewers o a popular-science television series
(newsshmone.codl) were collected. In this sample, 37.9% of the

questions (n = 238) were about biology. Ameng the 338 gen-
der-identifiable questions,' only 30.3% were asked by females
and 62.3% by males. Most of the guestions {63%) were sent by
young adults under the age of 30.

Since there is a partial overlap betwzen the age of the audi-
ence responding w the three databases {(eg. fourth through
sixth graders are represented both in the children and adoles-
cents sources of questions), all the biological questions from
the three different sources were pooled, resulting in a sample of
1,751 biology questions. They were then re-divided into four age
groups: clementary school (up to 12 years of age), junior high
schoal (13-15 years of age). senior high school (16-18 years of
age), and adults (over 18).

Classifying the Questions

Classificatien was performed on the basis of coding schemes
that had been developed and used in previous research (Baram-
Tsabari & Yarcden. 2005; Barom-Tsabari et al,, 2006). The coding
schemes used here were as follows:

+ Interest in biological topics. All the questons were clas-
sified inte one of 16 wpics. For examples of this coding
scheme, see Table 1.

* Human interest. Many questions were embedded in the
context of human biclogy or the zoology of nonhumans
(e.g. "Is our inability 2o synthesize Vitamin C an inbormn
error of mewabolism?” "Do dogs have a dominani paw
that they prefer to use?™). These questions were classi-
fied as portraying either 2 "human” or "zoology” interest,
respectively.

« Motivation for raising the queston. The two main
categeries choesen were nonapplicative and applica-
tive. The former was subdivided into general curiosity,
spectacular aspects of the field, and seeking an explana-
ton for a direct ebservation. Applicative questions were
subdivided into personal use, health and lifesyyle, and
school and job-related questions. For examples of this
coding scheme, see Table 2.

+ Type of requested information. A typology was devel-
oped that describes the nature of the question and the
knowledge it generates. A categoty of requesis for "Faciual”
information included terminclogical, historical. descrip-
tive, and confirmatory Hems. it also included requests for
further informatien on 2 topic. Requests for *Explanatory”
informatien were basically “How™ and "Why" questions.
"Methedological” inlermation had w0 de with scientific
ways of finding things out and with sciendfic and techno-
logical procedures. The "Open-Ended” type of information
deals with opinions, controversial themes, and fwristic
questions that suience cannot answer for the tme being.
For examples of this coding scheme, see Table 3,

Classification and categorization of questions in each data-
hase were performed independendy by two researchers, with a
satisfactory level of agreement between the coders.” A two-tailed
Pearson's chi-square test was used o calculate probabilities. Not
all the inquirers provided their full details: therelore, sample
sizes differ between rests.

! Hehrew is 2 genderidentifying Ianguage. 4s 2 result, some of those submitting questions automatically revealed their sex through the use of verb
gender indisaiors, e.g. "F'm checking” wanslaies as ani bodeket {feminine) or ani bedek (masculine).

" The [lirst name was used w delermine the asker's gender. using an English name gender linder.

¥ Reliability between coders: 100 children's questions = 83%-90% agreement for the various schemes; 150 adelescents’ guestions = 8-4%-98% agree-
ment for the various schemes; 30 adults” questions = 82%-90% agreement for the various schemaes.
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Table 1. Seme examples of questians in biclogical topics and their frequency within various age groups.

Agegroup | %of questions® | Example’(gender, age, country of origin)
Elementary school 3.a2 How come we don't feel growing up? {3,1)
. Why is it that when you put salt on your hand then put ice on top of it and press down for
Junior high school 0.1 a while, it leaves a mark on your hand? What is really happening? {m, Canada)
Apatamy and — -
Physiology Senter high schoal 20.06 Why do men have nipples? (m, U3)
A shorg while ago me and my wife drove to Eifat. All the way south the sum was shining
Adults 18.5 on us.We could nat agree: do the sun rays pass through the car glass and can make us tan
and burn? (m, 30, 1)
My grandfather underwent heart aperation and he was given artificial heart during the
Elementary schoot 10.52 operation. How does an artificial heart work? Can it replace a real heart that a person can
live with fike with a real heart? {m, 10,11)
ina?
Junior high school 58 ii:;fl\'a g;eh;?r?;]n hearts stop from beating? When you have a heart attack what causes that
Si d - - - _ -
I‘}iﬁ;zﬁ:n How likely is it that if body fluids which contain high concentrations of HiV (Semen, vagi-
Senior high schaol 1296 nal fluids, blaod) contact a 5 to 6 day old finger cut, infects the persen? ... What if the cut
9 " wias 5 to 6 days old never bieed after it was initially cut, but had seme pinkish or reddish
tissue?...{m)
Adlts 489 In your show there wes a professor who talked about curing autoimmane diseases using
’ camel milk.Can | have his contact details? {f, 31,11
Elementary school 418 How long is a dog’s pregnancy? (£ 8, 11)
. L Me, Ty sister and brother are simélar in everything (looks and character) te my father, and
g:ngﬁ;?udn Junicr igh school 6.91 no one is similar to my mether in nothing! How can it be? (13,11)
P Senior high schoot 6.41 What age is sex appropriate? {f.U5)
Adults 5.73 s their  difference between the pheramaones secreted by 2 gay person and a siraight? (m, 1)
Elementary school 16.37 When a cow goes Moo’ is it speaking to its friends or keeping its territory? (m, 8, IL)
Behavior Junior high schoot 497 Does a qoldfish react to changes occurring out of the tank the same as in? (f, US)
Senior high school 3.62 Are human beings wild or domesticated? (m, US)
Adults 2.64 Why do dogs raise their leg when they urinate? (£, 1)
Elementary school 2.02 What is the percentage of the brain that we use? Why can't we use 100% of it? {£12,11)
Neuscbiology | Junior high schaol 7.18 Which gender has a better memory? (f, US)
and the Mind | Senior high schoal 6.41 flaes a deaf persory's audio part of the brain work for the visual part?...{m, US)
Adults T 105 How does the brain interpret smell? (1L}
Elementary school 12.82 Did the cavemen have tats? {8, 1L)
Ma.ﬁ and Junior high schoa! &7 Is the female anopheles mosquito the anima that kills the mast people (with malaria)
Animal annually?
Relationships { Senier high school 1.39 Can baby field mice survive in my care? (U5)
Adults 0 NA
Elemantary school 0.29 Is there any possibility of hringing a Poke'mon to actyal life? (m, US)
- { read in the paper that scientists can make creatures live sany times over their average
Junior high schoal 11 fife span. How is it possible to do it? (m, 13, 1)
) P—— - — - » —
Biotechnology | Senior high schoo! 167 What's up with claning, why are we daing it, and what kave we cloned?? For a scientific
N pager.{m, Us)
My question is about DNA tests. Many times | see on TV doctors drip a dark substance into
Adults 1.76 a tank containing transparent Hiquid, and the result of alf this is some kind of sequence of
dark and light segments. .. What is the meaning of tais"map" with segments? (m, 23, 1L}

2 The topics are lisied in order of popularity within the whole sample.

b The percentage is cafculated out of the questiens of each age group. The percentages do not add up to 100 since quastions classified as"Other” are not prasentad,
¢ These are verbatim quotes, or translations of verbatim quotes. In some cases only a part of the question is shewn.

d Where data is available.m = male: f = female; It = lssael; US = United States; NA = not available.
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Table 2. Some examples of motivations for asking biolegital questions and their fraguencies at various age groups.

Motivat %% of questions! | Example (gender, age, country:
NON-APPLICATIVE
Elementary school 10.66 What is the higgest lizard in the world? {m, 17,11}
Spectacular Junior high schael 1.66 What is the lengest snake in the world? {14, 11)
Aspects Senior high school 0.28 What's the largest ¢ell in men, and what is the smallest cell in women? (Malaysia)
Adults 0 NA
Elementary school 56.77 Does a whale have 3 beliybutten? (£ 12,1L)
- - 7
Junior high school nn t%rﬁvq zolr;e horse and donkey can reproduce, if twa species {dog and cat) can not reproduce?
General —r P
o _— Why does & mosquita bite itch? | have always been wondering why? Are they putting poi-
Curiosity Senior high schoo! 873 son is our body? If yes, still why weuld that make us want fo itch it? {m}
Adult 36.56 Why do the Chinese, Japanese, Mongolizns, and Asians in general have slanted eyes? {or
s - why we don't have them) {m, 24,11)
Elementary schoo! 9.51 When |'m being hurt, what's in the plaster that helps the wound? {f, 10, 1L)
_ Why do our fingers and toes shrivel when in water for a leng peried of time, but the rest of
berior high school 6.63 our hedy doesn't seem to change? {f US)
Direct Why if | go to sleep at 9 pm, | feel the same tiredaess as if | go to steep at 10pm? ... |
; Seniar high schoo 4,46 experimented with this on myself many times, but the same rasults have always occurred.
Observation (. US)
When the nails in the fingers of the hands grow, do they grow on the upper part or from
Adults 11.89 the root? Is the nait that | see is a new nail that grew, or an old nail that climbed from
beneath? {m, 22,11)
APPLICATIVE
Elementary school 16,57 What kind of food should  give a turtle? (m, 7, IL)
Junier high school 8.84 ] want to add a chat application to my internet site, what should 1 do? {m, 15,11}
Can you identify animat type by reflected colour from: tapetum? When | go out at night and
P | N~ shine a flashlight across a field, the light is reflected back by the tapetum of the animals’
ersonal Use Senior high school 501 eyes. Dags seem to have urange "eyes” Where can ! find a list of animals o reflected eye
colous? {m, US;
Adul 357 | have patina on my glasses, at the points that hold the glasses on my nose.What can t de
5 ) to prevent §t? (m, 36, 1L)
Elementary schos! 331 How can | lose weight in few days? (f, 12,11}
Junior high schoot 3.87 What can | eat to get a better memary? Do you sugqest eqgs?
Lo What is the ideal weight from what to what for 2 five foot 3 and a half person? How do you
{i;:;?;énd Senior high school 12.26 figurs it out; s there any chart you have?
| wanted 19 ask whether it’s true that people who wear glasses are more likely ta suffer
Aduits 4493 fram radiation from celtular, since their glasses transfers the radiatien. | read about it in
some newspapers, but | don't know whether to take that tpo seripusly, (I1)
- - 7 -
Elementary schaol 307 | know cancer starss by smoking. But how does it farm? My teacher in health told us to get
an answer. {f US)
3 — -
Juslor high schoct 373 ?e[:) g:{ts(ﬂrsf;fer sugar or chaese better? | hope you answer my guestion - it’s for a science
sthool and Job Senior high school 4.1 (an | became a heart surgeon in less than 7 vears? {m)
A few days ago you broadcast a program about trauma and malfunction in the production
Adults 3.08 of RNA. .. | wish to read the research. .. since it is connected to my job, which deals many
times with emotional and physical trauma {f, 53, 1L)

a The percentage is calcuiated out of the questiens of each age group.
b Where data is available. m = male; f = female; IL. = lsrae}; US = United states; NA = not available

Findings Interest in Biological Topics

The analysis of 1750 selfgencrated biological quesions All the biology questions were classified into one of 16
vielded data concerning typical questions in each of the four gge  topics. The topics in decteasing order of popularily were:
groups with regard to interest in bislogy, specifically human biok- Anatomy and Physiolegy, Sickness and Medicine. Ecology. Botany
ogy. motivauen, and ype of information requested. and Myeology, Numrition, Genetics and  Reproduction, Behavior,
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Newrobtology and the Mind, Mar and Animal Relationships, Cell
Biology, Micobiology and Virology, Evelution, Extingt Animals,
Biotechnology, and History of Biology. Questions that did not fit
any of these lopics were classified as Other.

Significant dilferences (p < 0.0001} were found hetween the
binlogy interests of the different age groups. Seme examples of the
breakdown of the questions analyzed by topic and age group are
given in Table L. The youngest age group was significantly more
interested than the others in Anatomy and Physiology, Behavior,
and Man and Animal Relationships. The oldest age group, on the
other hand, was significantly more interested than the others
in Sickness and Medicine. Neurology and the Mind was a constant
focus of inlerest among people over 12 years of age, while elemen-
tary-schaol children did not find this topic very attractive.

Signilicant differences (p = 0.0001) were also found between
the biclogy interests of males and females. The following wp-
ics were of greater interest 1o boys than girls: Anatomy and
Physiclogy, Extinet Animals, Cell Biology, Ecolagy, and Genetics and
Reproduction, while the following topics were of greater inter-
est 1¢ girls than boys: Man and Animal Relationships, Behavier,
Nuerition, Botany and Mycology, and Newwbiology and the Mind.
The difference was significant only for Anatmy and Physiolegy.
interestingly, results from the ROSE projest in Denmark indi-

cased that the greatest mean dilferences bevween boys and girls
were found in topics concerning the mind and nutrition (Busch,
2003), Despite the differences, both genders were most interest-
ed in Anatemy and Physiology (38.8% of boys™ questions. 20.4%
of girls' questions}, and Sichuess and Medicine (13.7% for boys,
15.4% for girls). Both genders were least interested in History of
Biology and Biotechinology.

Human Interest

According e our analysis, the relative [requency of zoology
questions decreased with age, as the proportion of questions
relating to human biolegy increased (p < 0.0001} (Figure 1},
W had previously seen this wend among yoeung {<i-year-old)
Isvael children {Baram-Tsabari & Yarden, 2005) and adolescenis
from varipus countries {Baram-Tsabari et al., 2006), and here we
saw the trend continue among adults as well. This combination
ol questions from different sowrces indicates that the shift in
interest from zoolegy to human biclogy with age might be cross-
cultural. We assume that the increased interest in human biology
among zdolescents is due to the approach of puberiy and the
related increasing interest in one’s body. Adults seem to be more
taterested than the rest in human biology because they are more
concerned with health issues.

Table 3. Some examples of typas of information requested and their frequencies at various age groups.

\gegroup | %ofquestions® | Example (gender, age, country of origin]
Elementary scheol 58.51 Doss a fly have a heart? (10, L)
Junior high schol 56.63 éifc?egl?ﬂ stralghtens hey hair every day what will happen to her haie? vill it affect hair fol
Factual Senior high schoot 57.38 Do our eyelids naturally block UVA & UVB rays? (£ 0s)
Adults 70.48 {an somecne wheo suffers from complete loss of memory secognize words but not remen-
: ber their meaning? (s, 1)
Elementary school 36.74 Why does the Earth turn around? (m, IL}
[t is said that sugar isn't very healthy and you shauldn't eat a lot of it. On the other hand
Explanator Juniar high schoof 30.94 they say that fruits are healthy. But {ruits have sugar in them, so why ist't it preferable to
P y gat chocolate, and It's better to eat a fruit instead? (33, 1L}
Seniar high schoo! 2841 Why do people yawn? {m, 15,11}
Aduits 26.43 Why de people with an exira chromoseme suffer from dowa's syndrome? {f, IU)
Elementary schaol 3.02 Why de the measurements always start at sea level? (7, 11,11}
: | am doing & science fair project on who has a deaner mouth (human vs. dogs}. What|
Junior high schos H.S need 1o know s would mouid grow from saliva? Aad if it does would | grow in gelating ar
: i ] ? (m, US)
Methodological is there some other aiternative substance? (m,
einodoibgi 1 think there are relations between blood types to personalities of people. | would ke to
Senior high school 10.58 know more about this subject, but since most of the people do not know their blood types,
how could | tell the relation? {m, US)
Adults 2.2 Please explain how findings age (ifke bones and stones) is being determined (m, L)
Elementary schogl 0.72 What is mind? Does every fiving being have mind? (Oman)
Jugior high school 1.93 Do you think it is alright to ¢lene?
I wouldt like to krow how the growth and evolution of trees would be effected by them
{pen-ended Senior high school 362 growing in 1/6 the earths gravity and how they might look ance they had become well
atlapted to the low gravity? {m, US)
Adults 0.88 Will it be possibie in the future te implement any organ, or are their organs that we can be
' sure that will never be implemanted artificially? (. 1L) .

a The percentage is calculated out of the questions of each age group.

b Where data is available. m = male: f = female; |L. == Israel; US = United states; NA = not available

536 THE AMERICAN BIOLOGY TEACHER, VOLUME 69, NO. 9, NOVEMBER/DECEMBER 2007




Motivation for Raising
Questions in Biology

Significant differences (p <

Figure 1. Developmental shift in interest in human biclogy
and zoology of nen-humans across four age groups.

uncontrolled sample, altheugh
results frem contrelied swudies
already exist, for several reasons:

. We believe that relying

0.0001) were found bepween the 100%
motivations of differentage groups.

Elementary-school students asked

on children's self-gencrated ideas
and questions is more valuable

s ' Beat £0%
less applicative questions (23.1%)

than ab} the other age groups (50-

for idemifying their interests than
using their responses to an adult-
written questionnaire, which

34.6%). They asked significantly E0%
more questions about spectacle

dimensions of biology and more

is the traditional way 10 collect
information regarding students'
interest today.

> 4%+
general curiosity and personal-use

guestions than older participants.

Fereentaqo of guestions

. Using an informal data
source and a new methodology,

Junior and senior high-school
students asked significantly more
school- and job-related questions,

0% +

our results confirm and reinforce
what was revealed using the ua-

such as requests for help in school

. Tlemantary
assignments (e.g., "Do ams prefer

Junicr tigh
echoed (n = B47) school = 137} schodt [n = 188)

ditional questionnaire methodol-

Seniorhigh agy. This agreement, with find-

Aduita (n = 210}

sugar or cheese beuer? 1 hope

fo Hemun bictogy (n = 555) 1 Zodlagy {0 = 670}

ings described in the lterature
gathered using control samples.

you answer my question—it’s for a

seience report”y. We do not atri-

bute this o the age of the responders but to the nature of the
Web applicadon, because the elementary-school children were
sending thelr questions to a site that accompanies a wlevision
show, which was not helping with school work. Adults asked sig-
nificandy more questions having to do with health and lifestyle,
compared to the other age groups.

Significam differences (p < 0.0001) were also found between
the motivations of males and females in asking biological ques-
tions. Fermales had more practical motivations than males in rais-
ing their questions: 47.4% of the females’ questions were appli-
cative. compared to 33.2% of the males’ questions. Within the
nen-applicative questions, males asked more questions about
spectacle aspects of biology and out of general curiosity, while
females were more concerned with direct observations.

Type of Information Requested

Most of the questions in our sample were factual (60%), fol-
lowed by explanatory (32%), methodological (6%) and the very
rare open-ended ones (2%). Signilicant dilferences (p < 0.0001)
were found between the types of information requested by the
different age groups. Elementary-school swudents asked more
explanatory questions, while adults asked more factual ones.
Junior and senior high-school students asked more methodolog:
ical questions. We attribute this rend to the commen guestions
dealing with school-retated science fairs.

Research Limitations

The use of selfgenerated questions as a method of idenufy-
ing interest in biology is a relatively new approach. For that rea-
son. here we discuss same issues conceraing this specific meth-
odology and the role of pupils’ voice in education in general.

Can These Results Be Generalized?

Thiz research made use of a self-selected, non-contrel sam-
ple. There is a positive correlation between knowing about sci-
ence and being interested in it (Ziman, 1991}, Therelere, people
who watch science news on television or surf science Web sites
are probably more interested in and mere knowledgeable abowt
science than the general populatdon. We chose o work with an

serves o bolster confidence alse
in our new [indings, which were
nol described belore. Therefore, we assume that the
developmenial wends described here represent, w a cer-
tain degree, the interests of many studeruts in biology.

Can Data About Students’ Interest
Collected in One Country Be Relevant to
the Practice in Another?

The data we used originated from tsrach and international
sites, hence iriggers the question—whether students from vary-
ous countries show similar interests in biology. The prolile of
the experiences and interests of students vary sirongly between
couniries (Sjeberg, 2000} However, students in different edu-
cational and natienal contexts were not only experiencing
very similar high school science classes, but idendfying simi-
lar problems and responding in similar ways {Lyons, 2006).
Furthermore, the wealth of research on students’ interest from
many different countries and the conuibution of internatenal
studies such as ROSE (Sjeberg & Schreiner, 2002) and SAS
(Sjeberg, 2000) indicate similarities in the scientific inerests of
western students from different countries.

What Should Be the Role of Students’
Interest in Determining Biology Curricula?

It 15 clear that the biology curriculam cannot rely solely on
students' interests. Principles in biology should be taught, even
il they do net spontaneousty elicik questions [rom the studens.
Tt appears, for example, that students’ questions will not be the
vehicle for bringing contemporary biclogy into the classroom
because the children, adolescents and adulis in our sample rare-
Iy asked abourt current topics such as biotechnology, and seldom
raised open-ended questions. A similar tendency was observed
by Falcheti et al. (2003), who reported very few requesis for
opinions on consraversial issues on a scientific lalian Web site.
Katz and Chard (1998) argue that

» children's interests may actuslly represent passing

thoughts, {leeting concerns, phabias, obsessions, or fas-
cination with media-related characters

« just because children express imerest in a given topic
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does not mean that their interest deserves Lo be strength-
ened by the serious attentdon of the wacher

+ one of the responsibilities of adults is 10 help children
develop new intellectual interests.

Another prablem is that asking a question does not zlways
guarantee willingness to invest time and efiort in learning the
answer. It is not clear what weuld happen if students’ interests
were implemented into the school science curriculum, Wouid
{ree-choice learning lose all of #ts appeal once it became compul-
sory? On the other hand, how can a curriculum be “relevant”™ 1o
the students i it does not ke into account their curvent and
fuwre interests? Some ideas for using students’ interests are
listed herein.

Implications for Teaching

in the following section we will discuss seme ways in which
stugdents generated interest in biology can be integrated into a
standard-based curriculum. Hofstein & Kempa {1983) distin-
guished berween interest arousal which can be brought about
by an appropriate sclection and structuring of subject matter
included in a curriculum; and motivational enhancement which
is brought about by the cheice of pedagogical strategies. Using
students’ interestin the classtoom, therefore, can be done in vari-
ous ways, since it has 10 de with the content of the lesson and
not with the teaching strategies vsed by the teacher. It should
prove nearly impossible o adhere to the individual interests of
each of the students in a large class. However, there are ways o
incorporate students’ interests into the science classroom.

+ Triggering learning of new content. Having swdents
answer their own questiens seems to make it difficult
to follow the intended curriculum, but it is common for
puzzling questions to embuace topics that the teacher

LEARN, EXPLORE, CONTRIBUTE
WWW.HOLBROOKTRAVEL.COM

-

intended to reach sooner or latter (White & Gunsione.
1992). Students’ interests can provide a positive instruc-
tien tool within the standard science curriculum, since
tepics that fascinate children can be relaed to subject
matter to provide a base for new knowledge. An expert
teacher can use students’ individual interesis as opening
points or wiggers lor the study of less popular subjects
that are required by the curticula. IT the teacher is having
rouble idenuifying the interest of his/her own students,
it is possible 1o use the “frequenty asked questions”
{FAQs) section that some of the AsleA-Scientist sites
present. Teachers may consider these repeaied questions
to be of geveral intevest to children, and they can search
the archive lor children's questions on the subject they
wish to teach, at the appropriate age level.

Question-based curriculum. Gallas (1993} used her
elementary-school sudenis’ questions to construct 2
curriculum s human biology. This enabled her to build
a community of learners who strive 1o answer their own
specific questions.

Question-bascd lesson, Kwan (2000}, again an elemen-
saty-school teacher, followed a question asked by a
student to develop a lesson on consiructions, that was
based on the child's question and her national science
curriculum. Also Yerrick (2000) used fower rack st
denis’ questions o guide and temper instruction in class
investigalions.

Recurring themes. Where does the fat go when a person
loses weight? Why do males have nipples? Can lions
become vegeiarians? Are dogs color-blind? Some ques-
tions are repeated at different ages and in different cul-
tures, and can serve as triggers lor standard science-cur-
riculurn issues, such as nutrition, evolution, ecology and
the senses (respectively). Daiute (1997, p, 328) instructs
teachers on how to recognize and use those topics in the
classroom: When “topics emnerge as recurrent themes
underlying children’s conversations, & is the optimal
time Lo explore such issues in telation w subjece mater
in your curriculum.”

Organization and design of teaching. Smdents’ ques-
tions may be used 1o recommend a design for teaching
a certain sclence lopic (Maskill & Pedrosa de Jesus.
1997).

Choice of context. Many principles in hiclogy can be
taught using different contexis, such as human biok
ogy, zoology, botany, and microbiolagy. It is possible 1o
choose & more engaging context for the target audience,
rather than an alienating one. [n general, it seems that
zoology would appeal more 1w children, while human
biology would appeal more to young adults.

Science [airs and project-based learning, Some popular
teaching strategies rake inio account students’ interests
to some degree. Science fairs and project-based learning,
for example, allow swdents to create their own research
questions within a given topic. In a eaching strategy
such as KW-L (know-wantlearn), for example, teachers
activate students’ prior knowledge by asking them what
they already know. Then students set goals specifying
what they want o learn, and after reading, swdems
discuss what they have learned (North Central Regional
Educational Laboratory, 2006), this way incorporating to
some degree students’ views and interests in the topic.
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+ Inquiry-based learning, Swidents' sellgenerated ques-
tions can sometmes be used as a starting point for
inguiry-based learning. Using student-generated ques-
tions has potental in directing studenis’ inquiry and
guiding their construction of knowledge (Chin, 2001).
Question-driven problem-based learning (Q-PBL), which
involves students cralting their own problems, generat-
ing questions, and investigating related learning issues,
is an inquiry-based approach, in which learing is based
on what the students are interested in and driven by stu-
dents' need 1o answer their own questions (Chin & Chis,
2004, Chin and Kayalvizhi (2002} study the suitability
of students’ questions for classtoom investigation. They
found that among the questons that were posed indi-
vidually, only 11.7% could be answered by performing
hands-on investigations. When questions were generated
in groups alter examples were shown, 71% of {hc ques-
tions that were raised amenable 1 science investigadons
but they related 1o fewer opics. Thus, slthough there is
general agreement in letting pupils investigate their own
questions, pupils' "raw” questions do not seem o Imme-
diately lend themselves to pracrical investigations, and
pupils need the teacher’s help to wanslate such questions
ino testable hypotheses (Chin & Kayalvizhi, 2002).

* Make room for students’ questions. Questions are an
important part of the ongeing sciendfic research process
anet have an important educational role (Biddulph et
al., 1986; Scardamalia & Bereiter, 1992; Brill & Yarden,
2003). Our results indicate that students are able o
pose science questions in informal settings, and it would
be educationally beneficial if they would use this abifity
in classrooms as well, Many researchers recommended

Moieculur Biology and Biotechnology
A Guide for Teachers and A Guide for Students, 3rd Edition

urhors: Helan Kravzer, Pusilic Horthurest Hovionol Labsratory; Adiizane Hossey, A. Massey & Astodiotes
The third edition of this widely pralsed, best-selling taxtboek (formerly Recombinant DNA
and Biotechnology) pravides cleat, indispensable informationin § 3
cell and melecyiar biotagy that explains the exciling advancesin
bictagy and biotachnology. This text provides the vital informa-
tior, talest knowledge, ond clear-headed approaches that provide &
2 basis lor rationally discussing the interrelationship of science,
technology, and sedely, i
The teacher volume includes ali of the information contained
withinthe student volume, and it also incorpomles aumer-
ous pedagogicat resources, For instance. the instructor's
volume includes a tomprehensive C0-ROM tontaining
chagler figures, templates and worksheets, laboratesy
rasources. and feaching resources, Additianally, tha au-
thors explain the nuts and bolts of running a molecular 2
bintogy laboratory. such as aseptic technique, using
mitropipeties, keeping microbial cuttures veeli fed and
happy, and cructal safety steps.
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environments that encouraged guestion-asling by stu-
dents, such as discussion (King, 199+4), cognitive conflict
{Allison & Shrigley, 1986), real-world problem-solving
activities (Zoller, 1987; Chin et al,, 2002). case swud-
ies (Dort & Herscovitz, 1999}, biotechnology-fecused
modules (Olsher & Dreyvius, 1969}, use of wriuen
questions (Pedrosa de JESUD et al.. 2003} and learning
using adapted primary Heerature {Bnll & Yarden, 2003).
Studying students’ questions enables teachers to be
aware of what students are interested in and what they
want te know about a given topic {Chin & Chia, 2004).
This way teachers can be mote responsive to stdents’
needs and interests, and tailor their instruction o cater
to these individual differences (Chin & Chia, 2004).
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Abstract

An identification of students’ interests in biology can help teachers better
engage ﬂwir pupils and meet their needs. To this end, over 28,000 self-generated
biological questions raised by students from kindergarten through graduate school
were analyzed according to age and gender. The sample demonstrated a dominance of
female contributions among K-12 students, suggesting that the internet is an attractive
free-choice science-leamning environment for school gitls. However, girls’ mterest in
submitting questions dropped as they grew older. Topics popular among different age
groups of males and females were identified, and ways in which students’ interests
can be incorporated into a standard-based curriculum are discussed, mainly as a

trigger for the learning of less popular subjects which are required by the curricula.



Introduction

A few years ago, one of the authors was a novice biology teacher standing in
front of a class of clearly uninterested 10™ graders. The topic of the lesson was the
basic classification of living organisms into prokaryotes and eukaryotes. The day was
hot, the students' eyes were glazed over, and the only sound was the chalk strokes on
the board. Suddenly, a hand went up. “Yes?” asked the teacher, surprised and
hopeful, “you wanted to ask something?” “T have a question”, said a brunette girl “is
it true that if you leave an egg outside the fiidge a chick will hatch from 1t?” “No”,
replied the teacher, disappointed by the unrelated question, “the eggs we buy in the
supermarket are not fertilized, and therefore no chick will hatch from them. The eggs
will simply rot more quickly if you leave them out of the fridge for a long time”. The
class was now fully awake, “I think you are mistaken”, said another girl, “my mother
also told me that a chick would hatch from the egg”. “Mine too”, added her neighbor,
looking skeptically at the teacher. The prokaryotes and eukaryotes were abandoned
for the sake of a topic that engaged and interested the students.

Teaching students what they want to know can be a very beneficial
pedagogical strategy. Positive relationships have been reported between interest and a
wide range of learning indicators (Pintrich and Schunk, 2002). When allowed to
pursue their own interests, students participate more, stay imvolved for longer periods,
and exhibit creative practices in doing science (Seiler, 2006). Interest has also been
found to influence future educational training and career choices (Kahle et al, 1993).
Beyond being a useful and pragmatic practice, involving students in decisions about
their lives in school is an important moral and educational principle. Jenkins (1999)
examined the implications of “citizen science”, i.e. science which relates in reflexive
ways to the concemns, interests and activities of citizens as they go about their
everyday lives, for the form and content of school science education. He suggested
constructing science curricula that enable young people to engage in science-related
1ssues that are likely to be of interest and concern to them (Jenkins, 1999). This idea
also appears in the recommendations of several organizations, including the National
Research Council (1996) and the American Association for the Advancement of
Science (1993), which have proposed that science cuiricula provide a common basis

of knowledge while addressing the particular needs and interests of students.

87



However, this attention to students' interests remains mainly theoretical. Even
teaching strategies which draw upon driving questions to sustain students’ interest use
questions developed by the teachers (Krajcik and Mamlok-Naaman, 2006), and a
context designed to legitimize learning from the student's perspective by making their
learning intrinsically meaningful was chosen by the curriculum developers (Bulte et
al, 2006). However, for science {o be relevant to its practitioners, the origin of the
questions which are being investigated are of great importance. Therefore, the ability
to identify students’ own interests in biology may be used to contextualize and
personalize some of the formal biology curriculum.

Research has provided some insight into students’ interest in biology. It is the
most popular science subject among students (Osborme and Collins, 2000; Author,
2005; Author, 2006) and adults, especially among females. Ayalon (1995) describes
biology as an emerging "feminine niche" in science, being the only science subject
that has escaped a masculine image.

Differences exist between the topics that males and females find interesting
within biology. According to results from the ROSE project in England (Jenkins and
Nelson, 2005), girls are most interested in biological topics dealing with health, mind-
and well-being. Moreover, interest in biology is not a constant frait: interest in
zoology, for example, decreases with age, while interest in human biology increases.
This trend has been identified among young (<1 4-year-old) Israeli children (Author,
2005) as well as adolescents from various countries (Author, 2006), and it continues
among adults (Author, In press). The increased interest in human biology among
adolescents is probably due to the approach of puberty and the related increasing
interest in one’s body. Adults seem to be more interested in human biology because
they are more concerned with health issues.

Students' scientific interests are traditionally identified by questionnaire-based
methods which involve asking students to tick boxes in response to a series of
prepared questions or topics (e.g. Sjeberg, 2000; Sjeberg and Schreiner, 2002).
However, there is an inherit bias in this methodology, since the listed topics are based
on adult-centric views of what subjects shouid be meaningful to the students, To
overcome this problem, we developed a naturalistic method for using students’ self-
generated questions as a source of information about their interests (Author, 2005,
2006, in press). By studying students’ questions, we can learn about what students are

interested in and what they want to know about a given topic (Biddulph et al, 1986).
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Although questions are an important part of the ongoing scientific research
process and have an important educational role (Biddulph e al, 1986; Author, 2603),
it is hard to use children’s questions in a classroom setting, since they are so rare. As
Dillon (1988) plainly states “Children qua students do not ask questions. They may be
raising questions in their own mind...but they do not ask questions aloud in the
classroom.” Researchers attribute this situation to a classroom atmosphere in which
revealing a misunderstanding may render the student vulnerable, open to
embarrassment, censure or ridicule (Rop, 2003).

However, students are able to pose science questions in a free-choice science-
learning environment, such as the world-wide web. One of the option which are open
to children who are trying to find complex answers on the Web, is to submit their
questions to asynchronic human-mediated question-and-answer services, which are
sometimes referred to as “Ask-A” services, such as “Ask a Scientist”. In this study,
we collected questions from an Ask-A-Scientist site, in order to use children’s self-

generated questions as an indication of their interest in different biological topics.

Methodology

Data source

MadSei Network is an award-winning independent non-profit organization
operating from a server in Scottsdale, Arizona, USA (http://www madsci.org). It was
founded in September 1995 as part of Washington University's Young Scientist
Program, a student-run organization in St. Louis dedicated to improving science
literacy among K-12 students. Today, the MadSci Network receives 90 to 150
questions daily, most of which are answered automatically by the site's search engine.
Fewer than 20% of the questions are answered by nearly 800 globally distributed
volunteer scientists, usually within two weeks.

MuadSci Network covers all branches of science. It collects information and
stores key demographic information, making it rather straightforward to mine the
information from the archives. Many other English-language Ask-A-Scientist services
are available on the net, but none were found suitable for this study. The reasons for
this were varied, among them: because they do not ask for the age of the asker (e.g.

services run by the Scientific American www.sciam.com, the Intemet Public Library

www.ipl.org/div/askus/, Yahoo! Answers answers.vahoo.com and the paid service

89



Google Answer www.answer.google.com/answers), they do not record all the

information in their archives (e.g. Argonne National Labs www.newton.dep.anl.gov),

they serve a limited age group (e.g. Ask Dr. Universe www.wsu.edw/DrlUniverse/
serves mostly elementary school children), or they have a rather small database (e.g.
the service rn by Comell Center for  Materials  Research

www.cemr.cornell.edw/education/ask/ has collected just over 1,000 questions in the

eight years of its existence).

Sample characteristics

Over 146,000 questions were sent to Madsci Network between its
establishment at the end of 1995 and the first half of 2006. Almost 79,000 of the
surfers disclosed their grade level, country of origin, and filled in the name and
subject fields. An analysis of all of the questions in this sample is reported in another
paper (Author, submitted). This study reports a more comprehensive analysis of the
questions that were allocated to the biological topics.

The questions were allocated by the surfers into one of 25 topics. Of these, the
following 18 were biology topics: Biochemistry, General Biology, Zoology, Botany,
Anatomy, Cell Biology, Environment and Ecology, Medicine, Genetics,
Microbiology, Neuroscience, Agricultural Sciences, Evolution, Molecular Biology,
Development, Virology, Immunology, and Biophysics (for examples of questions see
Table 1). The topics 'Environment and Ecology' and 'Biophysics' include some
questions which are not biological in nature (e.g. "Can the millions of miles of black

roads be increasing global warming?").

[Table 1 about here]

Questions on these topics made up 37.65% of the overall sample, making
biology the most popular field of interest. Of these 1,205 questions that were asked by
teachers were not included. The resulting sample was made up of 28,484 biology
questions asked by students from kindergarten through graduate school. A few
questions were missing some of the data, and therefore the n values differ between
variables.

Age split: 28,480 of the inquirers provided their grade level; 68.3% of the
surfers were school students: 2.8% were K-3 students, 9.5% 4-6" graders, 26.2%

junior-high-school students and 29.8% senior-high-school students. Undergraduates
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contributed 20% of the questions, science graduates 7.7% and non-science graduates
4%.

Gender split: Gender identification was based on the asker's first name. Initial
classification was done semi-automatically using an English name gender finder

(epublishing. nademovya.biz/japan/names_in_enelish.php?nid=A). In the next step, the

names that were not automatically classified and appeared twice or more in the data

were analyzed individually using baby name guesser (www.gpeters.com/names/baby-

names.php), which operates by analyzing popular usage on the intemnet. In this way,
we were able to identify the gender of the asker for 17,840 of the questions. The rest
were either names that could equally belong to boys or girls, meaningless scrambles,
or names that appeared only once in the database. Of the gender-identifiable
questions, 55.7% were asked by gitls (n = 9,943} and 44.3% were asked by boys (n =
7,897).

Split by country of origin: 28,402 of the inquirers indicated their country of
origin. The surfers originated from 126 countries. The great majority of the questions
(81.%) originated from the USA, UK, and Canada. An additional 10% originated from
another five English-speaking countries {not necessarily as mother tongue): Australia,
India, Singapore, Philippines, and New Zealand.

Statistical analysis: Unless otherwise indicated, a two-tailed Pearson chi-
square test was used to calculate probabilities. Not all the inquirers provided their full
details; therefore, sample sizes differ from graph to graph and are indicated by »
values. Significant differences within proportions were determined according to a cell

chi-square test.

Results and Discussion

A decade of biology questions sent to an Ask-A-Scientist internet site were
analyzed by age and gender in order to leamn about the interests of students in
biological topics.

Age distribution of female participants

Overall, females used the site more than males to ask biology questions
(55.7% vs. 44.3%, respectively). This surprising majority of females should be
viewed in the context of females' general reluctance to use media that foster informal

learning about science or to take part in extracurricular science experiences
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(Greenfield, 1998), and their relative lack of formal and out-of-school experience in
ﬁsing computers and the worldwide web (Kafai and Sutton, 1999). Two factors
worked together to explain this female majority of contributors, who are traditionally
found to be less interested in science than males: the general mterest of female
students in the field of bioclogy, and the attractive and secure science-learning
environment provided by the internet.

This female dominance was not constant among all age groups. Girls
participated in the sample more than boys while in school (K-12), especially during
the middle-school and high-school years, but their number dropped dramatically upon
moving to college and even more so at the graduate level, making the males the more
dominant group in this latter sample (Figure 1). Although it is known that students,
especially females, tend to lose interest in science as they grow older (Greenfield,
1998), this decrease usually takes place during the middle-school and high-school

years. In this free-choice online setting, the decrease seems to have been postponed

(Figure 1).
[Figure 1 about here]

Identifying interest in biological topics

Not all topics enjoyed the same level of popularity. The most popular topics
for questions were biochemistry, general biology, botany and zoology, each receiving
approximately 10% of the questions. Anatomy, cell biology, environment and
ecology, medicine, genetics, and microbiology were all quite popular, each receiving
6 to 7.5% of the questions. Questions in neuroscience, agricultural sciences,
evolution, and molecular biology were scarcer, providing 2 to 4.5% of the questions.
The least interesting topics to the surfers at this site were development, virology,
immunology, and biophysics, with around 1% of the questions each (the full list of
frequency and percentage of questions for each topic can be seen in Table 1).

Male and female students differed significantly in their interest In some of the
topics (p < 0.0001). Females were more interested than males in asking questions
about botany, cell biology, and genetics, while males were more interested than
females in asking questions about medicine, neuroscience, evolution, virology,

immunology and biophysics.



Although all of the questions in this sample were self-generated by the askers,
it is important to note that some of them were raised by the students as a consequence
of a school assignment. In a previous study, we learned that topics such as anatomy
and physiology, sickness and medicine, and genetics and reproduction are all
characterized by relatively more 'spontaneous' than school-related questions (Author,
2006). Botany and mycology, microbiology, virology, and cell biology yielded many
more teacher- and textbook-generated questions than spontaneous ones. Topics such
as ecology and neurology were almost equally distributed among the two question
types (Author, 2006). From the current analysis, we learned that both males and
females used the site to get help with their school-work as well as to satisfy their own
curiosity, since both spontaneous and school-related topics appear to be more
'masculine’ or 'feminine’.

Student interest in the various topics differed significantly among the various
age groups {(p < 0.0001). For example, interest in medicine increased with age (Figure
2A), while interest in zoology decreased as students matured (Figure 2B). This trend
is in agreement with the known pattern of increased interest in human biology and
decreased interest in zoology with age, which had been previously identified in

several Ask-A-Scientist sites (Author, 2005, 2006, in press).
[Figure 2 about here]

Other topics which were characterized by a decrease in interest with age were
environment and ecology (Figure 3A), botany (Figure 3B), and agricultural sciences
(data not shown). Botany was a relatively popular topic among K-9 students. It was
previously found to be a topic that elicits many questions regarding school
assignments (Author, 2006). Thus, it can be assumed that this is the reason for the
relatively high percentage of questions on this topic elicited by school children.

An additional four topics showed an increase in the percentage of questions
with age: genetics (Figure 3C), evolution (Figure 3D), neuroscience, and biochemistry
(data not shown). The first three were previously found to elicit a large number of
children's spontaneous gquestions (Author, 2006), therefore the increase is probably
not due to school assignments. The increase was not identical for males and females.
‘While females developed an interest in genetics (Figure 3C), males asked more about

evolution (Figure 3D) and neuroscience (data not shown). Biochemistry, on the other



hand, appealed equally to both genders. It became popular among high-school
students and retained its popularity among the older age groups (data not shown). The
reason for this increase may be related to the formal study of biochemistry.

Overall, it seems that the topics which were most popular among young age
groups have to do with macroscopic levels of organization and concrete entities, such
as plants and animals, while topics popular among older students have to do with
microscopic levels of organization and molecular entities, such as DNA,
neurotransmitters and proteins, and with abstract concepts such as genes and
phylogeny.

Cell biology (Figure 3E) and microbiology (data not shown) garmered an
increase in interest during middle school and high school, followed by a decrease in
the older age groups. This finding is in agreement with the results of previous
research which found them to be topics that elicit many questions regarding school

assignments and less spontaneous questions (Author, 2006).
[Figure 3 about here]

Research limitations

Non-representative sample: This research made use of a self-selected, non-
control sample. Students who send questions to science web sites are probably more
interested in and more knowledgeable about science than the general student
population. Furthermore, there is also a marked difference in ease of access for
children from different socioeconomic statuses to the internet, which was our source
for the questions.

Allocation to topics: The classification of the questions to the various topics
was performed by the surfers. In some cases questions were misplaced, either because
the surfer did not recognize the right topic or did not pay attention to the process. We
assume that most of these misplacements were distributed evenly among the topics,
and therefore did not cause a major bias.

Formalizing free-choice learning: Asking a question in a free-choice
environment does not guarantee willingness to invest time and effort in learning the
answer in a school setting, It is not clear what would happen if students’ interests
were implemented into the school science curriculum. Would free-choice learning

lose all of its appeal once it became compulsory?
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The role of students’ interests in determining the curriculum: Even if we had a
clear-cut understanding of what students really wish to know, the biology curriculum
would not rely solely on students’ interests. Principles in biology should be taught,
even if they do not spontaneously elicit questions from the students. On the other
hand, how can a curriculum claim to be ‘relevant’ to the students if it does not

incorporate any of their interests?

Implications for teaching

There are several ways in which students’ interests can be incorporated into a
standard-based curriculum. To list a few: a teacher can present a new principle or
concept using a context which is relatively engaging rather than alienating for the
target audience (e.g. in biology: zoology vs. human health, in physics, see: Haussler
and Hoffmann, 2002); allow students to create their own research questions within a
given topic in project-based learning or use their questions as a starting point for
inquiry-based learning (Yerrick, 2000); construct a lesson based on students’
guestions, or even teach a whole topic using a tailor-made question-based curriculum
(Gallas, 1995). In the following, we discuss another way of using students’ individual
interests in class, as a trigger for the leaming of less popular subjects which are
required by the curricula.

Let us rejoin the frustrated novice teacher from the introduction. Her goal for
the lesson was to teach the fundamental classification of cells into prokaryotes and
eukaryotes, but she was asked about a daily-life aspect of reproduction in birds (“Is 1t
true that if you leave an egg outside the fridge a chick will hatch from 1t7”). This
question could have been used as a trigger for discussing some of the differences
between prokaryotes and eukaryotes—the former are simply uni-cellular creatures
that usually reproduce by division, while the latter are the building blocks of all
multi-cellular creatures, many of which use sexual reproduction, and ultimately, this
is why unfertilized eggs do not hatch. Thus, a spontaneous question about
reproduction in the context of zoology could have been converted into a formal
discussion on cell biology. Seiler (2006) notes that many students' connections with
science take the form of questions that a teacher might consider offhanded or even
off-task, but they represent significant intellectual efforts by the students to connect
science with their lives and experiences. These questions may be used as student

nput for the development of a student-interest-focused curriculum (Seiler, 2006).
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The teacher could also have planned in advance. Since she knows that
students at this age are increasingly interested in medicine, she could have started by
asking the students why they think antibiotics kill bacteria, but not the person who
takes it. The students would probably not be able to answer the question at that point
in their education, but the question may engage and interest them.

Teachers who are attentive listeners are able to recognize and extract their
students' questions and interests (Seiler, 2006), but ideas for triggering questions can
be found using the "frequently asked questions" (FAQs) section presented by some of
the Ask-A-Scientist sites, or just by browsing their archives. Questions such as:
Where does the fat go when a person loses weight? Why do males have nipples? Can
lions become vegetarians? Are dogs color-blind?, all asked by students at Ask-A-
Scientist sites, may serve as triggers for standard biology-curriculum issues, such as
nutrition, evolution, ecology and the senses (respectively). When choosing questions,
the age of the target audience should be taken into consideration, since topic
popularity varies with age. Ask-A-Scientist sites seem to be an attractive environment
for girls, allowing the teacher to choose from a variety of girls’ questions, which are
usually rare in a school-science setting.

At Ask-A-Scientist sites the questions are asked by the learners, but the locus of
control over the learning process is external, since the answers are given by
asynchronic human experts (Nachmias and Tuvi, 2001). When used in class, the locus
of control over the learning process is transferred to the teacher. If the questions
which are used originate from the students themselves, then they receive some control
over their learning, along with the engagement and interest that characterize the

process of learning something that one really wants to know.
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Abstract

Nearly 79,000 questions sent to an mtemnet-based Ask-A-Scientist site during the last
decade were analyzed according to the surfer’s age, gender, country of origin and the
year the question was sent. The sample demonstrated a surprising dominance of
female contributions among K-12 students (but not in the full sample), where offline
situations are commonly characterized by males’ greater interest in science. This
female enthusiasm was observed in different countries, and had no correlation to the
level of gender equity in those countries. This suggests that the internet as a free-
choice science-learning environment plays a potentially empowering and democratic
role which is especially relevant to populations which are traditionally deprived of
equal opportunities in learning formal science. However, girls’ interest in submitting
questions to scientists dropped, worldwide, as they grew older, relatively to the boys'
interest, and the stereotypically gendered science interests persisted in this
environment as well. The strengths and limitations of using free-choice web-based

data sources for studying youth interest in science are discussed.
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Introduction

| An earlier paper in this Journal (Baram-Tsabari, Sethi, Bry, & Yarden, 2006)
drew upon the questions sent to an Ask-A-Scientist site during a three-month period at
the end of 2004 in order to identify the scientific interests of children. The present
paper draws upon the same source to analyze nearly 79,000 questions gathered since
the establishment of the Internet site in the mid-90s (www.madsci.org), in order to
learn about the interactions between age, gender, country of origin and interest in
scientific topics. More specifically, we attempted to learn how the participation of
female contributors changed between countries, with age and with time; and how the
scientific interests, reflected by the subject of the questions, changed with age and

time, between genders and between countries.

Theoretical Framework

Students' questions

Although question-asking is a basic requirement for the performance of
scientific research and meaningful learning, the way in which science lessons are
usually conducted does not stimulate question-asking by students, and questions are
posed mainly by the teachers (Allison & Shrigley, 1986; Dillon, 1988; Don &
Herscovitz, 1999; Graesser, Person, & Huber, 1992; Marbach-Ad & Sokolove, 2000).
Requests for meaningful explanations are relatively infrequent in X-12 classrooms,
and students at all grades (K-12) generally ask the same number of questions (Good,
Slavings, Harel, & Emerson, 1987) - approximately 1% of the questions asked in class
(Graesser et al., 1992).

Many researchers recommended strategies which encourage question-asking
by students, such as one-on-one tutoring sessions (Graesser & Person, 1994},
discussion (King, 1994), cognitive conflict (Allison & Shrigley, 1986), real-world
problem-solving activities (Chin, Brown, & Bruce, 2002; Zoller, 1987), case studies
(Dori & Herscovitz, 1999), biotechnology-focused modules (Olsher & Dreyfus,
1999), use of written questions (Pedrosa de Jesus, Teixeira-Dias, & Watts, 2003) and
learning using adapted primary literature (Brill & Yarden, 2003).

In spite of the effort to encourage question-asking by students, students are
more often expected to answer questions than to ask them in the typical classroom

setting (Chin, 2004), and the common situation in science classes is still the one
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described by Dillon (1988): “Children qua students do not ask questions. They may be
raising questions in their own mind...but they do not ask questions aloud in the
classroom.” Researchers attribute this situation to a classroom atmosphere in which
revealing a misunderstanding may render the student vulnerable, open to
embarrassment, censure or ridicule (Pedrosa de Jesus et al, 2003). Students have
described their teachers' responses to their questions as 'put-offish' or even annoyed,
and their classmates' reaction as 'intolerant’ (Rop, 2003).

The overall paucity of student questioning has resulted in relatively few
studies of pupils' questions, simply because researchers have not been able to find
enough of them to examine (Maskill & Pedrosa de Jesus, 1997; Pedrosa de Jesus et
al., 2003; Watts & Alsop, 1995). Good, Slavings, Harel, and Emerson (1987)
specifically note the absence of comparative studies of student-generated questions
across different grade levels using the same methodology.

Dim as the picture of students'-generated questions may be, research, as well
as life experience, tell us that students are capable of asking many questions when
given the opportunity (Costa, Caldeira, Gallastegui, & Otero, 2000). Therefore, a .
better way to study children's questions might be to look for them where they are .
being asked fluently and voluntarily. Learners ask questions when they feel secure
(Watts, Gould, & Alsop, 1997), and one place offering such security is free-choice
science-learning settings on the internet.

The web as a free-choice science learning environment

Examining free-choice science learning environments can provide knowledge
about the natural setting in which people learn in a self-directed, self-motivated
voluntary way, guided by individual needs and interests (Falk & Dierking, 2002). An
example of such a free-choice setting is the World Wide Web, which is the primary
source for news and information about science for 20% of Americans, second only to
Television (41%). Moreover, if people need information on a specific scientific topic
the internet is the primary source to which people would turn (Horrigan, 2006). Two
thirds of internet users say they have come upon news and information about science
when they went online for other proposes, and half of all intemet users have beento a
web site which specialized in scientific content (Horrigan, 2006).

While access to the internet grows exponentially, American students are
already wired: in fall 2005, nearly 100% of public schools in the United States had

access to the internet, and 94% of instructional rooms in those schools had internet
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access (National Center for Education Statistics, 2006). In 2005 87% of all youth
between the ages of 12 and 17 used the internet, and 68% of all teenagers have used
the internet at school (Rainie & Hitlin, 2005). In general, youth hold positive attitudes
and exhibit self confidence regarding internet use (Fidel et al., 1999; Watson, 2004).
Their use of the web ranges from researching for school assignments to
communicating with others and exploring their personal interests (Baram-Tsabari et
al., 2006; Bilal, 2004; Hirsh, 1999; Levin, Arafeh, Lenhart, & Rainie, 2002;
MaKinster, Beghetto, & Plucker, 2002; Weigold & Treise, 2004). Science web sites
may influence young people's life-long interest in science and their appreciation of its
beauty and importance (Weigold & Treise, 2004). However, a listing of the 15 sites
most visited by teenagers did not include any sites related to science, technology or
even education in general. Weigold & Treise concluded that teenagers usually go to
the web to have fun and interact with others, but only occasionally use the web to
learn.

There are mixed findings regarding the role of gender in using the web as a
free-choice environment for science learning. Although boys have more formal and
out-of-school experience using computers and the worldwide web (Kafai & Sutton,
1999; Shashaani, 1994), more girls prefer this type of lesson over traditional
classroom-based science learning (Leong & Al-Hawamdeh, 1999). Ching, Kafai, and
Marshall (2000) found that configuration of social, physical and cognitive gender-
equitable spaces contributed to a positive change in girls' level of access to
programming activities. The American Association of University Women (2004)
describes girls and women as being attracted to the communicative aspects of online
interactions, and therefore recommend online projects as a means of promoting
gender-equitable participation.

A former study which used questions from an Ask-A-Scientist source found
that among 4-12" graders, girls asked most of the questions in contributions amriving
from the USA, Canada, and the UK, but not from the other countries surveyed
(Baram-Tsabari et al., 2006). This female majority contradicts previous female-to-
male ratios obtained from a scientific internet site based in Italy (Falchetti, Caravita,
& Sperduti, 2003), a UK-based science line (K. Mathieson, personal communication,
April 2, 2004), and science and technology questions at an Israeli children's website
(Baram-Tsabari & Yarden, 2005). In the interactive web site Whyville that was

designed to engage students in socially interactive, entertaining and educational
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activities that include inquiry science, most users were found to be girls (73% of the
régular Whyville users who answered a survey), contrary to what might be expected
from a science-oriented program (Aschbacher, 2003). The question of female usage
of the web as a free-choice environment for science learning should be viewed in the
context of females’ general reluctance to use media that foster informal learning about
science (National Science Foundation [INSF], 2004; Nisbet et al., 2002), and to take
part in extracurricular science experiences (Greenfield, 1998).

Research on children’s use of the World Wide Web for learning has generally
been conducted in school settings {e.g. Bilal, 2001; e.g. Fidel et al,, 1999; Guinee,
2004; Rogers & Swan, 2004; Slotta, 2004). The Web is seen by educators as a site for
student inquiry in science, which allow students to pursue questions of personal
interest (McCrory Wallace, Kupperman, Krajcik, & Soloway, 2000), since an
effective search is also an exercise in inquiry and critical thinking (Brem & Boyes,
2000). However, most students have difficulty formulating and medifying search
queries (Bilal, 2004; Hirsh, 1999; MaKinster et al., 2002; Wallace, Kupperman,
Krajcik, & Soloway, 2000; Watson, 2004), and many of them fail to construct an
accurate and broad understanding following an online inquiry (Hoffman & Krajcik,
1999).

Furthermore, children do not tend to question the accuracy of the information
they find on the Web (Hirsh, 1999; Russell, Weems, Brem, & Leonard, 2001,
Schacter, Chung, & Dorr, 1998; Wallace et al, 2000). This skepticism 1s badly
needed, as Keating, MaKinster, Mills, and Nowak (1999) found that as little as 30%
of the search results for science concepts actually contain at least a short operational
definition or graphic display of the concept, and many of the sites contam
misconceptions. Another major problem is that students believe that they should be
able to find answers to complex questions on specific web pages, instead of
researching to form an answer (Soloway & Wallace, 1997). To sum up, although the
Internet has the potential to greatly facilitate positive changes in education, its use in
school is sporadic, peripheral to the core curriculum, and simple and obvious in nature
(Schofield, 2005).

Consequently, students report that there is a substantial disconnect between
how they use the Internet for school and how they use the Internet during the school
day and under teacher direction. For the most part, students’ educational use of the

Internet occurs outside of the school day, outside of the school building, outside the
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direction of their teachers (Levin et al., 2002). Steinkuehler (in press) suggests that in
order to understand the current and potential capacities of technology for cognition,
learning, literacy, and education, we must look at contexts outside the current formal
educational system rather than those within. The reason would be that what students
do with online technologies outside the classroom is not only markedly different from
what they do with them in schools but it is also more goal-driven, complex,
sophisticated, and engaged. Hence, it might prove more fruitful to study children’s use
of the World Wide Web for learning in free-choice settings, rather in school settings.

When children are using the Internet to research their interests, some of their
complex questions are better answered by experts, rather than by a list of directories
or sites. This type of service is being offered on the Web by Human-mediated
question-and-answer services and are sometimes referred to as "expert services"
(Janes, Hill, & Rolfe, 2001) or “Ask-A” services, such as “Ask a Scientist” (Lankes,
1999). Usually, such sites maintain searchable public archives in which previously
answered questions are returned as search results, thus making this archive a resource
for their users (Pomerantz, Nicholson, Belanger, & Lankes, 2004). This study uses the
archives of such a web site as a data source for identifying people's interests in
science.

Interest in science

Adolescents' decisions about the contents and directions of their educational
training are influenced to a high degree by the topic-related interests they developed
in the preceding years (Krapp, 2000). Interest was the primary reason for choosing to
enroll in an advanced science class among Israeli (Levy, 2003), Swedish (Lindahl,
2007), American and Australian students (Kahle, Parker, Rennie, & Riley, 1993).
Interest does not only affect the choice of courses and career, but also the ability to
learn. Research indicates positive relationships between interest and a wide range of
Jearning indicators (Pintrich & Schunk, 2002; Schiefele, 1998).

Regardless of the importance of interest, the current situation in science
education was summarized by a Swedish student in the following manner: "The
trouble with school science is that it provides uninteresting answers to questions we
have never asked" (Osborne, 2006). The untested assumption is that the more we
know about students’ interests, enthusiasms, dislikes, beliefs and attitudes, the more
feasible it will be to develop school science curricula that will engage their attention

and help reduce long-standing gender and other differentials (J enkins, 2006).
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Within free-choice science education some attention has been given to
audience's interests. Front-end studies are regularly used by museums to initiate a
dialogue with visitors, enable the exhibition developers to learn about the audience
assumptions, understandings, attitudes, beliefs and interests (Dierking & Pollock,
1998). Another free-choice institutes, which may benefit from tuning to its audience,
are public libraries. Cooper (2004) studied children's choices for inclusion in a
hypothetical library, based on the understanding that information interests and needs
of children are different from those of adults, even those with the best intentions to
understand and predict children’s interests.

When high-school students are asked to indicate their interest in learning about
various topics in their science classes, they choose topics such as disease (cancer and
HIV/AIDS), drugs (therapeutic and recreational), biological and chemical weapons,
the ozone layer, and greenhouse gases. Yet, the usual high-school science curriculum
does not address these topics (Kwiek, Halpin, Reiter, Hoeffler, & Schwartz-Bloom,
2007). Overall, biology is the most popular science subject among students (Baram-
Tsabari et al., 2006; Baram-Tsabart & Yarden, 2005; Dawson, 2000; Murray & Reiss,
2005; Osbome & Collins, 2000; Qualter, 1993), especially among females (see next
section for gender aspects of interest in science). Within the field of biology, students
display significant changes in the structure of their interests with age: human biology
becomes important while interest in plants and animals decreases (Baram-Tsabari et
al., 2006; Baram-Tsabari & Yarden, 2005, , in press; Osbome & Collins, 2000;
Stawinski, 1984; Tamir & Gardner, 1989).

The profiles of students' experiences and interests vary strongly between
countries (Sjoberg, 2000). Results from the ongoing intermnational "Relevance of
Science Education" [ROSE] project indicate that similanties among countries in
students’ responses, regarding what science topics they would hike to learn, are first
determined by geographical proximity, and next by the level of development,
indicated by the UN’s Human Development Index (Sjoberg & Schreiner, 2005).
However, these differences might be much smaller within Western countries. Lyons
(2006), for example, found a remarkable similarity in the experiences of school
science reported by high-school students in Sweden, England, and Australia. This
analysis revealed that students in different educational and national contexts were not
only experiencing very similar high-school science classes, but also identifying

similar problems and responding in similar ways.
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Gender and interest in science

To successfully address the needs and interests of under-represented groups,
we need to know not only what works, but what works for whom (American
Association of University Women, 2004). Research has provided insight into these
issues, especially on the role of gender in predicting scientific interest. Most of these
insights are based on data collected in school science settings.

The wealth of data regarding boys' and girls' interest in science can be
summarized in the following manner: boys in general are more interested in science
than are girls (Gardner, 1975, , 1998; Miller, Slawinski Blessing, & Schwartz, 2006),
especially in the fields of physics and technology. Girls, on the other hand, are more
interested in biology than boys. Chemistry is equally interesting to both genders.
These findings (or parts of them) were repeated in many countries, including Scotland
(Stark & Gray, 1999), Australia (Dawson, 2000; Kahle et al, 1993; Woodward &
Woodward, 1998), the USA (Farenga & Joyce, 1999: Jones, Howe, & Rua, 2000),
England (Murphy & Whitelegg, 2006; Osbome & Collins, 2001; Spall, Barrett,
Stanisstreet, Dickson, & Boyes, 2003), Israel (Friedler & Tamir, 1990; Trumper,
2006), Germany (Hoffmann, 2002), and in international studies such as "Science and
Scientists" [SAS] (Sjoberg, 2000) and ROSE (Sjoberg & Schreiner, 2002).

The ROSE studies conducted in Denmark (Busch, 2005), England (Jenkins &
Nelson, 2005), Norway (Schreiner, 20006) and Finland (Lavonen, Juuti, Uitto,
Meisalo, & Byman, 2005) found that girls' interests were focused on health, medicine,
the body, the mind and well-being, whereas boys wished to learn more about the
dramatic aspects of physics and chemistry, and how technology works. This gender-
gap in interest is also apparent among female students who are interested in science,
as can be inferred from the polarized enrollment in elective biology and physics
courses (Murphy & Whitelegg, 2006; Zohar, 2003), within the science-attentive
students' body. It is also evident in science-interest studies, which use senior high-
school science students as a sample. For example, Osbome and Collins (2001}
surveyed students' views on school science using focus groups of 11" graders who
intended to continue with their science studies, and those who didn't. Girls' in both
groups made many more negative comments about physics than boys did. Thus, it
seems that the increasing access of female students to the traditionally masculine
science subjects is being accompanied by the emergence of biology as a feminine

niche in science (Ayalon, 1995).

116



Some researchers have suggested that the basis of these stereotypically
gendered interests is an inborn trait which hard-wires the average girl for empathy,
while the average boy is predominantly hard-wired for understanding and building
systems (Baron-Cohen, 2003). Other studies, however, did not find any such
difference (Hyde & Linn, 2006). A landmark MRI Study of Normal Brain
Development (Waber et al., 2007) found that mental performance differs very little by
gender. In her review, Spelke (2005) states that "Thousands of studies of human
infants, conducted over three decades, provide no evidence for a male advantage in
perceiving, learning, or reasoning about objects, their motions, and their mechanical
interactions. Instead, male and female infants perceive and learn about objects in
highly convergent ways.”

Additional explanations, which do not assume an inborn gender difference,
were subsequently suggested to explain girls’ lack of interest and under-representation
in science; they are traditionally divided into the three, somewhat overlapping
categories suggested by Kelly (1978):

(1) Cultural explanations, which may be referred to as 'socialization
explanations', include the masculine image of science, which is seen years prior to the
actual encounter with disciplinary school science (Farenga & Joyce, 1999), lack of
female role models and their image in the media (Handelsman et al., 2005; Schibeci &
Lee, 2003; Steinke, 1997), lack of out-of-school experiences (Kahle & Lakes, 1983;
Shakeshaft, 1995), parental gendered-beliefs regarding science (Tenembaum &
Leaper, 2003), peers views duning puberty (Brownlow, Smith, & Ellis, 2002; Pettitt,
2004), girls' low self-efficacy (Labudde, Herzog, Neuenschwander, Violi, & Gerber,
2000), and issues concerning values and 1dentity (Schreiner & Sjoberg, 2007).

(2) Attitudinal explanations refer to girls' negative atfitudes towards science
and pursuing a science-related career (Crettaz von Roten, 2004; Kahle & Lakes, 1983;
Kelly, 1978; Miller et al., 2006; Simpson & Oliver, 1985; Weinburgh, 1995). Some
factors, such as misuse, difficulty and masculine image, which were brought up to
explain girls’ less favorable attitudes toward science, apply more strongly to the
physical sciences (Kelly, 1978).

(3) Educational explanations include school-related parameters, such as
enrollment and achievement in mathematics classes, class atmosphere, teaching and
assessment methods traditionally used in physics classes (Zohar & Bronshtein, 2005),

gender-related differences in the notion of what it means to understand physics
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(Stadler, Duit, & Benke, 2000; Zohar, 2003), and science curricula which are heavily
biased towards the interests, knowledge and abilities of boys (Hoffmann, 2002; Nair
& Majetich, 1995). Haussler et al. (1998), for example, identified five domains of
interest in physics; only one of them—physics as a scientific enterprise for its own
sake—is overwhelmingly dominant in physics classrooms. Other domains, such as
how science can serve humankind and explanations of natural phenomena, which are
of more interest to girls, are almost nonexistent (Haussler, Hoffman, Langeheine,
Rost, & Sievers, 1998). Despite international reports of educational success for girls,
very little has in fact changed over the past few decades with respect to their science
and mathematics subject choice (van Langen, Rekers-Mombarg, & Dekkers, 2006).
For a comprehensive review of recent research on girls' participation in school physics
see (Murphy & Whitelegg, 2006).

Evidence from free-choice science-learning settings indicates that the polar
pattern of girls' relatively high interest in biology and boys' relatively high interest in
physics is similar to the situation described within formal science education. The
gender gap is already evident among young elementary-school children, before
biology and physics have been identified as such, and it persists all the way into
adulthood (Baram-Tsabari & Yarden, 2008}.

The gender effect on science-related attitudes and beliefs is not homogeneous
across measures, science-content areas, racial or socioeconomic groups (Kahle et al.,,
1993), or cultural or situational contexts (Linn & Hyde, 1989). However, stereotypical
male and female interests seem to cross borders and cultures. The SAS project, for
example, found strong similarities between the lists of Norwegian and Japanese
science -topics favored by boys and girls, despite the sirong cultural differences
between these two countries (Sjoberg, 2000). Similar findings were obtained from a
comparison between Israeli and international children’s spontancous mterests (Baram-
Tsabari et al., 2006; Baram-Tsabari & Yarden, 2005).

This similarity is also valid for enrollment rates of women in science- and
technology-related occupations. In Egypt, for example, a survey by the Supreme
Council of Universities for 1995-96 reports that in disciplines such as pharmacy and
dentistry, more than 40% of the faculty are women; in the sciences, 25% of the faculty
is women, but this decreases to less than 10% in the engineering and technology
departments. These statistics are very similar to those for US universities, where

women constitute 50% of the health sciences faculty, 23.8% of the biological sciences
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faculty, and 6.1% of the engineering faculty (Hassan, 2000). In most OECD countries,
the proportion of women choosing advanced science and technology studies remains
below 40%, and the choice of discipline is highly gender-dependent (Organisation for
Economic Co-operation and Development [OECD], 2006).

Contrary to expectation, gender differences are not smaller in technologically
advanced countries, which foster mass education and equity legislation, or in
advantaged socioeconomic groups (Steinkamp & Maehr, 1984). To list a few recent
examples, in Latin America and the Caribbean, women account for 46% of the
reported number of researchers, while their share falls to 15% in Asia and about 30%
in Africa. In Europe, 32% of the researchers are women, with only five countries
reaching gender panty (UNESCO Institute for Statistics, 2006). Among school
student, gender differences in science achievements are higher for fourth and eight
grade students from the Netherlands, compared to students from Cyprus and Latvia
(Martin, Mullis, Gonzalez, & Chrostowski, 2004, UNESCO Institute of Statistics,
2005).

Females, more than their male peers, tend to lose interest in science as they
grow older, mainly during the middle-school and high-school years (George, 2006;
Greenfield, 1998). American girls' attitude to science was found to become
increasingly negative with age (Kahle & Lakes, 1983}, a finding that was repeated
among Israeli students (Friedler & Tamir, 1990; Shemesh, 1990). Furthermore, a
significant decrease in the number of American girls submitting science questions to
an Ask-A-Scientist site occurred during the transition from junior to senior high
school (Baram-Tsabari et al., 2006). A study conducted in Germany also found a
difference in the way interest in physics develops with age: girls, but not boys, find
physics as a school subject less and less interesting as they grow older (Hoffmann,
2002; Hoffmann & Haussler, 1998).

Research approach

Despite recent efforts to harmonize statistical information on education at the
international level, current data sets do not allow for a full comparative analysis, and
may lead to conflicting interpretations (OECD, 2006). It is rather difficult to use the
existing data to examine interactions between gender, age, country of origin and
interest in science, as they were not specifically and deliberately addressed in advance

by the researchers. The international studies SAS and ROSE describe interactions
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between country and gender, but they do so for a single age group (15-year-old
students) in a formal science setting using questionnaires.

Tnterest in science have been traditionally identified using written
questionnaires that rely on adult-centric views of what subjects should be meaningful
to students. Cook-Sather (2002) advocates the notion that there is something
fundamentally amiss about building and rebuilding the educational system without
consulting those it is ostensibly designed to serve. We believe that relying on
children's spontaneous ideas and questions will enable progress towards incorporation
of their views, more than using their responses o an adult-written questionnaire.
Therefore, we recently suggested using children's self-generated science-related
questions as a tool to probe students' scientific interests (Baram-Tsabari et al., 20006;
Baram-Tsabari & Yarden, 2005, , 2008, , in press). Self-generated questions can help
reveal the asker’s reasoning, alternative views, and interests (Biddulph, Symington, &
Osborne, 1986), and studying students’ questions can make teachers aware of what
students are interested in and what they want to know about a given topic (Chin &
Chia, 2004).

Web-based research

The potential for online experimental laboratories for the social and behavioral
sciences was already described a decade ago, in 1997 the NetLab report (National
Science Foundation, 1997), which suggested that the web could enable experiments to
(i) be scaled up to include hundreds or even thousands of subjects; (ii) cross many
boundaries, bringing new population samples into the laboratory; (ii1) mimic lengthy
time periods in which subjects interact with one another over long intervals; and (iv)
make laboratory experimentation a part of the routine education of undergraduates.
Ten years latter, in a Science paper, entitled "The scientific research poteniial of
virtual worlds", Bainbrifge (2007) introduce a number of possible research
methodologies for web-based research, including formal experimentation,
observational ethnography, and quantitative analysis.

The actualization of the potential of web-based research was rather modest so
far: the overall incidence of articles using web-based research in APA journals during
2003-2004 was relatively low (1.6%) (Skitka & Sargis, 2006). Skitka & Sargis (2006)
classified studies that do use the web for data collection into three types of web-based

psychological research:



(1) Translational research, which involves adapting materials and methods
originally developed for offline use for use on the internet.

(2) Phenomenological research, which focuses on the specific nature of how
internet use and internet-based interaction (e.g. anonymous mteraction}
influence people's thoughts, feelings, and behavior.

(3) Novel methodological use of the internet, such as use of information freely
available on the net.

Among the translational research one can name Web surveys, which are having a
profound effect on the survey research industry (Couper, 2000). The BBC, for
example, commissioned a large-scale web-based survey to investigate sex differences
(Reimers, 2007). During three month of data collection over quarter of a million
participants concluded the long survey which took about 40 minutes to complete.

An expanding theme for phenomenological research, are studies of massively
multi-user online role-playing games. Yee, who used online survey data that were
collected from 30,000 users over a three year period to explore gamers' demographics,
motivations, and derived experiences (Yee, 2006), suggest that these online
environments could potentially be unique research platforms for the social sciences
and clinical therapy, but it is crucial to first establish that social behavior and norms in
virtual environments are comparable to those in the physical world. In an
observational study of the virtual community Second Life, Yee, Bailenson, Urbanek,
Chang, and Merget (2007) found that social norms of gender, interpersonal distance,
and eye gaze transfer into virtual environments even though the modality of
movement is entirely different (i.e., via keyboard and mouse as opposed to eyes and
legs).

Massively multiplayer online games are also a platform for novel methodological
use of the internet, such as the study of cognition, learning and literacy in online
digital contexts (Steinkuehler, in press). An online forum discussion of the online
game World of Warcraft, for example, was used to evaluate the scientific habits of
mind used by the participants (Steinkuehler & Chmiel, 2006). In another research,
Kafai, Feldon, Fields, Giang, and Quintero (2007} infected communities in
Whyville.net, a teen online community with over 1.5 million registered players ages
8-16, with a virtual epidemic called Whypox, in order to understand the impact of the
event on different aspects of community life and its potential as a model for

educational interventions.
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As access to and use of the internet becomes more widely and representatively
distributed globally, new opportunities exist for behavioral researchers to collect data
online (Rhodes, Bowie, & Hergenrather, 2003). However, promising as it may be,
web-based research raises many methodological considerations. Six preconceptions
that have been raised as likely limitations of internet questionnaires were put into the
test by Gosling, Vazire, Srivastava, and John (2004), who found that Internet samples
are shown to be relatively diverse with respect to gender, socioeconomic status,
geographic region, and age. They also found that Internet findings generalize across
presentation formats, are not adversely affected by nonserious or repeat responders,
and are consistent with findings from traditional methods (Gosling et al., 2004).
Rhodes et al (Rhodes et al., 2003) conclude that many of the criticisms of online data
collection are commen to other survey research methodologies.

Here we use data gathered in a web-based free-choice science-leamning
environment to learn more about these multidimensional interactions, using questions
sent to an international Ask-A-Scientist site by people from various age groups and
countries. Our study falls into the second and third categories of Skitka & Sargis
(2006) classification of studies that use the web for data collection: It 15 a
phenomenological research, in the sense that it compares girls interest in science in
online and offline situations, and it is a novel methodological use of the mternet, in
the sense that it makes use of information freely available on the net. Our research
questions are:

1. How did the percentage of questions asked by females change between

countries, with age and with time?

9 How did the scientific interests, as they were reflected by the subject of

the questions, change with age and time, between genders and between

countries?

Methodology
Data source

MadSci Network is an independent, award-winning nonprofit organization
operating from a server in Scottsdale, AZ (http://www.madsci.org). It was founded In
September 1995 as part of Washington University's Young Scientist Program, a

student-run organization in St. Louis dedicated to improving science literacy among



K-12 students. Today, the MadSci Network receives 90 to 150 questions daily, most
of which are answered automatically by the site's search engine. Fewer than 20% of
the questions are answered by nearly 800 globally distributed volunteering scientists,
usually within two weeks.

Unlike most Ask-A-Scientist services (see further on), MadSci Network covers
all branches of science, and does not focus on a specific subject area. It collects as
much, and possibly more, information than most Ask-A-Scientist services, and stores
key demographic information as metadata, making 1t easier to mine the information
from the archives. Many other English-language Ask-A-Scientist services are
available on the net, but none of them was found suitable for this study. The reasons
for this were varied, among them: because they do not ask for the age of the asker
(e.g. services run by Scientific American,' the Internet Public Library,” Yahoo!
answers® and the paid service Google answer4), do not record all the mformation in
their archives (e.g. Argonne National Labs®), serve a limited age group (e.g. Ask Dr.

8 serves mostly elementary-school children), have a rather small database

Universe
(e.g. the service run by Comell Center for Materials Research’ has collected just over
1,000 questions in the eight years of its existence), or answer questions only on a
specific topic (e.g. Howard Hughes Medical Institute® receives only biology
questions, Stanford University operates an Ask-a-Geneticist’ service which receives
only genetics questions, and Ask Dr. Math,'® obviousty, deals with math questions).
Sample characteristics

Over 146,000 questions were sent to Madsci Network between 1996 and the
first half of 2006. Almost 79,000 of the surfers disclosed their grade level, country of
origin, and filled in the name and subject fields. These questions were used in our

analysis. Even after this preliminary filtering, a few questions were missing some of

the data, and therefore the # values differ between the variables.

! http://www.sciam.com/page.cfm7section=expertform
* http://www.ipl.ore/div/askus/

? htip://answers.vahoo.comy/

'f http//www.answer.google.com/answers/

* http://www.newton.dep.anl.eov/archive.htm

¢ hitpy/fwww.wsinedw/DrUniverse/

7 http://www.ccmr.comell.edw/education/ask/

8 htip:/Awww. hhimi.org/askascientist/

? http://mv.thetech.org/askScientist/askquestion.php
“http.//mathforum org/dr. math/ask/submit.htm}




The number of questions was not evenly distnibuted between years. In two
cases, changes that were made in the site explain the decline in the number of
questions relative to the previous year. For a full list of the number of questions for
each year see appendix 1.

Age split: 78,517 of the inquirers provided their grade level, and 66% of the
surfers were school students: 2.4% were K-3 students, 10.5% 4-6" graders, 26%
jumior high-school students and 27.9% senior high-school students. Higher-education
undergraduates contributed 17.6% of the questions, science graduates 7.5% and non-
science graduates 4.2%. Teachers sent in 4% of the questions.

Gender split: Gender identification was based on the asker's first name. Initial
classification was done semi-automatically using an English name gender finder."!
Next, the names that were not automatically classified and appeared twice or more in
the data (~3,500 names) were analyzed individually using a baby name guesser,]2
which operates by analyzing popular usage on the internet. In this way, we were able
to identify the gender of the asker in 48,360 of the questions. The rest were either
names that could equally belong to boys or girls, meaningless scrambles, or names
that appeared only once in the database. Of the gender-identifiable questions, 51.63%
were asked by boys (1 = 24,968) and 48.37% were asked by girls (n = 23,392).

Split by country of origin: 78,657 of the inquirers indicated their country of
origin. The surfers originated from 143 countries that were grouped into 14 socio-
geographic zones (Table 1), with 90% of the questions originating from eight English-
speaking countries (not necessarily as mother tongue): USA, UK, Canada, Australia,
India, Singapore, Philippines, and New Zealand.

The number of questions arriving from the different countries was found to be
weakly, but significantly, correlated to the country's Gross Domestic Product (GDP)
per capita (n = 120 countries,’® p = 0.006) and to its number of internet users per
1,000 people (n = 85 countries,” p = 0.04) according to data from the 2005 Human

Development Report (United Nations Development Programme, 2005).

[Table 1 about here]

1 Japan Online Directory: hitp://epublishing.nademoya biz/fapan/names in english.php?nid=A
12 hip:f/www. gpeters.com/names/baby-names.ohp

3 Number of countries that appeared in the sample and had the relevant data in the report
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Subject of questions: The questions were allocated by the surfers into one of 25 topics.
For clarity, we pooled them into seven main fields of interest, appearing here in their
order of popularity: Biology (e.g. How long does it take for the calories in your body
to transform into fat?), Chemistry (e.g. Will a coke fizz if it is opened in equal
pressure?), Physics (e.g. If I want to find out the volume of myself using a bath tub,
how do I do it?), Technology (e.g. can you give me any links to research of language
translation by inserting a chip into a persons brain?), Earth Sciences (e.g. why can't
Hawaii get rid of its trash by putting it in a volcano?), Astronomy {(e.g. why do
Meteorites in the same orbit enter atmosphere at different angles?), and Science
History (e.g. when did scientists realize that the brain, not the heart, was used for
thought?).

Biology includes the following Madsci topics (in order of popularity):
Biochemistry, General Biology, Zoology, Botany, Anatomy, Cell Biology,
Environment and Ecology, Medicine, Genetics, Microbiology, Neuroscience,
Agricultural Sciences, Evolution, Molecular Biology, Development, Virology,
Immunology, and Biophysics. Technology includes the Madsci topics Engineering
and Computer Science. The other topics were not further subdivided by the web site's
operators.

Although all of the questions in this sample were self-generated by the askers,
it 1s important to note that some of them were school-related. These questions were
not spontaneously raised by the students, but were the consequence of a school
assignment. In the current study we did not identify these school-related questions.
However, in a previous study, that rigorously examined a three-month sample of 4™-
12" graders’ questions sent to the same web site, questions were classified as “school
related” if it was explicitly stated in the question that the information is required for a
school assignment, such as a science fair project, report, and homework (e.g. Who
wrote the origin of species? it is for a bonus question) (Baram-Tsabari et al., 2006). In
that analysis we learmned that chemistry is characterized by a relatively large number of
school-related questions, while this 1s less true for astrophysics. Biological topics such
as anatomy and physiology, sickness and medicine, and genetics and reproduction
were all characterized by relatively more 'spontaneous' than school-related questions.
Botany and mycology, microbiology, virology and cell biology yielded many more

teacher- and textbook-generated questions than spontaneous ones. Topics such as



ecology and neurology were almost equally distributed among the two question types
(Baram-Tsabari et al., 2006).

Statistical analysis: Unless otherwise indicated, a two-tailed Pearson chi-
square test was used to calculate probabilities. Not all of the inquirers provided their
full details; therefore, sample sizes differ from graph to graph and are indicated by n
values. Significant differences within proportions were determined according to a cell

chi-square test.

Findings

A decade of questions sent to an Ask-A-Scientist intemet site, which were
analyzed by age, gender, country of origin and the time they were sent, provided
answers to questions concerning the level of female participation and topics of interest
in science as they were reflected by the subjects of the questions.

Age and geographical distribution of female participants

Overall, among the gender-identifiable questions, 51.63% were asked by boys
(n = 24,968), 48.37% by giﬂs (n = 23,392). However, among K-12 students, we found
a dominance of female contributors (see below). Different countries displayed
different female-participation patterns (p < 0.0001).

Female participation rates in 39 countries that contributed 25 or more gender-
identified questions were analyzed (z = 47,749). ‘The most ‘feminine country’ with a
female participation of 61.1% was Egypt, followed by Hong Kong, Colombia,
Philippines, Switzerland, Iran and Indonesia, which all presented more female
contributions than male ones. US, Ireland, Australia and New Zealand had an almost
equal gender split, while the remaining countries all presented male dominance.
Completing the list was Sweden with only 5.6% of the contributions sent by girls, and

Peru, the Netherlands, Brazil, Romania and Denmark close behind (Figure 1).
[Figure 1 about here]

Female participation was found to be correlated (n = 40 countries, r = -0.36, p
= 0.02) with the difference between males’ and females’ science scores in the 8"
grade among countries who had participated in the TIMSS research (Martin et al.,

2004). A correlation was not found, however, with the gender-related development



index of the UN' (United Nations Development Programme, 2005), indicating that
the female participation in this free-choice science activity was not related to the level
of equity in the different countries.

A significant difference (p < 0.0001) was found in the female participation
among the different age groups (n = 46,578). Overall, females sent the majority of
contributions among K-~12 students, but their percentage dropped upon moving from
junior high to high school, they became the minority among undergraduates and even
more so among graduates (Table 2, last row).

One might conclude that the decrease in female's contributions with age was
due to their loss of interest and not to an increase in male interest, since the decrease’
in the girls’ contributions percentage was accompanied by a decrease in their absolute
number, while the boys’ contributions percentage increase was also accompanied by a
decrease in their absolute number. This decrease in absolute numbers was due to a
general decline in the number of questions sent by the older age groups: 26% were
sent by junior high-school students, 27.9% by senior high-school students, 17.6% by
undergraduates and only 11.7% by gradnates. It should be noted that we are not
suggesting that students tend to lose interest in science as they grow older on the basis
of the drop in the absolute questions’ number in our sample, since a specific internet
site, such as MadSci, has a target audience, and is not equally appealing to every age
group. Moreover, the older people may have found other sources for answering their

questions.
[Table 2 about here]

The decrease of female participation with age was observed all over the world.
This pattern was clearly displayed for questions arriving from the US, UK, Canada,
and Australia & New Zealand (Table 2). Girls from the Far East dropped their
participation rates sooner: from almost 70% among the K-3" graders to 49% among
4.6 graders, 40-43% in high school and 37-35% among undergraduates and

graduates. The same happened in Latin America, where the female majority among 4-

" Human development reports, Technical Note 1: The gender-related development index (GDI) adjusts
the average achievement of a country to reflect the inequalities between men and women using three
hasic dimensions of human development: (1) A Jong and healthy life, as measured by life expectancy at
birth. (2) Knowledge, as measured by the adult literacy rate (with two-thirds weight) and the combined
primary, secondary and tertiary gross enrolment ratio (with one-third weight). (3) A decent standard of
living, as measured by GDP per capita.
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o graders became a minority in high school (40%), and even more so among
undergraduates and graduates (20%).

In Southeast Asia, the female participation rate for 7-12" graders was 47-48%
and 27% for undergraduates and graduates. In Affica, girls' participation gradually fell
from 59% in junior high school to 14% among graduates. The same was found in data
from Turkey, Iran and the Arab world, where girls' participation gradually fell from
74% in junior high school to 44% among graduates. In Western Europe, girls'
participation grew as long as the girls were K-12 students, reaching almost 50%, and
then feli to 32-33% among undergraduates and graduates. In Northern Europe, girls
contributed 56% of the high-school questions, but only 3% of the undergraduate and
15% of the graduate questions. The remaining socio-geographical zones did not
provide enough data to allow this kind of analysis.

The rate of female participation changed between the years 1996 and 2006
(p < 0.0001); however, a constant trend was not found, and females' percentages
fluctuated between years (1996, 36.9%; 1997, 44.7%; 1998, 52.4%; 1999, 42.6%;
2000, 47.6%; 2001, 47.1%; 2002, 50.8%; 2003, 51.9%; 2004, 49.8%; 2005, 49.2%;
2006, 45.4%). A constant trend was not identified in any of the separate socio-
geographical zones either.

Identifying scientific interests

Overall, the questions referred to the following scientific disciplines,
appearing here in their order of popularity: Biology (42.5%), Chemistry (19.1%),
Physics (17.9%), Technology (7.2%), Earth Sciences (6.4%), Astronomy (5.6%), and
History of Science (1.4%).

As expected, a significant difference (p < 0.0001) was found in the distribution
of question topics between boys and girls (n = 42,705). Boys were more interested
than girls in physics (23.5% vs. 11% of the boys' and girls' questions, respectively)
and technology (9.2% vs. 3.2% of the boys' and girls' questions, respectively), while
girls were more interested than boys in biology (51.1% vs. 36.6% of the girls' and
boys' questions, respectively) (Figure 2). Statistical differences between girls and boys
were found in all subjects, but those which contributed the most to the differences

were physics, technology and biology.'

" According to a cell chi-square test

128



[Figure 2 about here]

Question topic differed significantly (p < 0.0001) between age groups (n =
69,529). Interest in physics and technology increased with age (physics: from 13%
among K-3 to 24% among graduates; technology: from 4% among K-3 to 15% among
graduates), while interest in the earth sciences decreased with age (from 9.9-13.3%
among K-6 to 3.7% among graduates). Interest in chemistry peaked to 25% during the
high-school years, probably due to the relative abundance of school-related questions
in this subject among this age group (Baram-Tsabari et al., 2006).

The two genders developed different scientific interests as they grew:
distinctively different trends were identified in the development of interest in biology
and physics (7 = 41,028). Males developed interest in physics with age (from 16.3%
of the questions among K-3 to 30.5% among graduates), while females did not seem
to develop such an interest to the same degree (9.8% of the questions among K-3 and
12.4% among graduates). Males lost some interest in biology with age (from 45.5% of
the questions among K-3 to 31.1% among graduates), while females actually showed
more interest in the subject with age (from 49.5% of the questions among K-3 to
60.3% among graduates) (Figure 3).

The initial gap in the interests of K-3 boys and girls refers only to physics, but
as the children mature, the gap between their stereotypically gendered science

interests widens and refers to biology as well.
[Figure 3 about here]

A significant difference (p < 0.0001) was found in the distribution of the
questions topics with years (n = 69,869). Some of this difference might originate from
a decrease in interest in astronomy (from 10.8% in 1996 to 4.8% in 2006) and an
increase in interest in technology (from 4.1% in 1996 to 8.4% in 2006). The rest may
originate from nondirected fluctuations between the years that were found to be
significant only due fo the massive sample size. Changes in question topics’ across
years could have relationship to science-related current events, such as Hurricanes. In

such cases the site operators provide a hink to frequently asked questions on the



subject in a visible place on the homepage]f’. However, when we specifically looked
for an increase in questions about Tsunami after the deadly Tsunami hit countries in
South Asia in December 2004, we found only a few questions about the topic.

We found a significant difference (p < 0.0001) in the distribution of question
topics between different geographic zones, with the biggest differences between the
US and countries in Southeast Asia. Since the female participation at this site was
very different in these two geographical zones (51% in the USA vs. 32% in Southeast
Asia), the distribution of question topics was compared for each gender separately.
Regardless of the large stereotypical gender-related differences in interests, both male
and female Americans were more interested in chemistry, earth sciences and
astrophysics than male and female students from southeast Asia, but less interested in

physics and technology than their overseas peers.

Discussion

Almost 79,000 questions sent over the course of a decade to an international
Ask-A-Scientist site were used to learn about the scientific interests of boys and girls
of different age groups from various countries in an online free-choice science-
learning environment. The site was found to serve as a web-based bypass for
traditional gender inequities in science education, while maintaining the usual gender
gap in interest in biology and physics.

One finding emerging from the analysis was the absence of correlation
between the gender-related developmental index of the UN and the level of female
participation among the contributions originating from different countries. In other
words, countries that emphasize equity in their education policy and legislation did
not have a higher percentage of girls sending questions to this science site than
countries which do not promote gender equity.

Gender equity has been a dominating political and educational concern in
Scandinavian countries since the mid-1970s (Sjoberg, 2000). For example, for the
past 20 years Sweden has launched general information campaigns ammed at
broadening girls® educational and occupational choices, and stimulating their mterest
in science and technology, promoted intervention projects for teachers and science

centers, reviewed girls’ attitudes and issued relevant policies. In Denmark, among
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other initiatives, the government has placed equal-opportunities consultants in
employment offices, and groups of women science teachers have been linked to
tertiary institutions (Harding & Parker, 1995). At the same time, in many Muslim
countries, gender-based discrimination, coupled with social and cultural barriers,
limits women's access to and participation in higher education, and career
opportunities for female science graduates are more limited than for their male
counterparts (Hassan, 2000).

Nevertheless, Egypt, Iran and Indonesia (ranked 119, 99, and 1190,
respectively, in the UN’s Gender-Related Development Index [GDI]) displayed a
female dominance among contributors, while Sweden, Denmark, and the Netherlands
(ranked 6, 14, and 12, respectively, in the GDI) had among the lowest percentage of
female contributors in our research. The relationship between the GDI and female
participation is neither linear nor inverted-—it simply does not exist. For example, the
Philippines (ranked 84 in the GDI) displayed a female majority, while Pem (ranked
79 in the GDI) displayed only a small minority of girls.

It might prove fruitful to view these findings in light of the results from the
international project "Science and Scientists" (Sjoberg, 2000), which found that
children in rich and technologically developed countries show a low or moderate
interest in learning science topics, with Japan, Norway, and Sweden being the lowest, -
Children from developing countries, on the other hand, appear to be very interested in -
learning science. The gender profile is also intriguing: in most developed countries,
boys are more interested in learning science than girls, while in most developing
countries, the opposite is true (Sjoberg, 2000). Sjeberg tentatively explains this
pattern with the idea that obtaining an education is a luxury in developing countries,
especially for girls, while it is perceived as a burden by many students in developed
countries. This finding was repeated in results from the ongoing international
"Relevance of Science Education” [ROSE] project which found that the higher the
level of development in a country, the lower the level of interest expressed by students
towards learning about science- and technology-related topics and having a career in
those fields (Sjoberg & Schreiner, 2005). Sjoberg & Schreiner suggest that this
pattern might reflect the post-materialistic values of youth in developed societies, in
contrast to the view of science in developing countries as a key for improving the

quality of life. Schreiner (2000) interpreted interest as a sign of late-modern identity,



and explained that the more modernized a country, the more its girls accentuate their
femaleness and boys their maleness.

One can suggest that if a school in developed western country provides a
richer environment for science learning, maybe girls just do mot need the ask-a-
scientist tool. However, this does not explain why boys from the same country do
need the tool. Moreover, research tells us that gender differences are not smaller in
technologically advanced countries or in advantaged socioeconomic groups with
regard to percentage of female researchers (UNESCO Institute for Statistics, 2006)
and gender differences in science achievements are higher among school students
(Martin et al., 2004). We can further hypothesize that females in developed countries
have a wider range of educational and occupational possibilities, and therefore do not
view science as a unique escape route from their traditional gender roles. It 1s also
possible that females’ interest in science is a product of their wish to impact society,
or even a form of rebellion against a limiting society, similar to the way in which
forming a reading group of English literature served the participating women in
“Reading Lolita in Tehran” (Nafisi, 2003).

The case of Iran presents the most fascinating paradox: on the one hand, post-
revolutionary educational policy in Iran is characterized by the banning of
coeducation, compulsory veiling of female students over the age of 6, explicit gender
stereotyping in school textbooks, guiding female students toward feminine
specializations and occupations (such as sewing, nursing and teaching), and creating a
traditional atmosphere in schools in order to educate 'modest girls and courageous
boys' (Mehran, 2003). The republic's education plan assigns different roles and
responsibilities to boys and girls, embedded in principles such as: "The Iranian
educational system should recognize the identity of a woman and her role in the
family and the society on the basis of Islam and plan for the content and method of
her schooling accordingly,” and "...their [girls’] vocational guidance should take into
consideration the kinds of occupations needed by women, best fulfilled by women, or
most fit their role and responsibility in the family.” On the other hand, since the
Islamic revolution there has been a significant increase in female enrollment at every
educational level, including university (Mehran, 2003), Iran presents no gender gap in
science achievements in the last TIMSS research (Martin et al.,, 2004), and it is among
the few countries in our study that displayed a female majority among contributors of

science questions.



This paradox may indicate that the internet as a free-choice science-learning
environment has a potentially empowering and democratic role which is especially
relevant to populations which are deprived of equal opportunities to learn formal
science. Indeed, according to estimations, internet use in Iran is more common than in
any other country in the Middle East except for Israel, and Farsi is the fourth most
prevalent language on the internet (Menshari, 2007). Rahimi (2003) argues that the
internet, as an advancing new means of communication, has played an important role
in the ongoing struggle for democracy in Iran, allowing internet users--especially
women--.to take advantage of the freedom provided by the internet, as an alternative
medium for expression that is denied to them in real public spaces (Rahimi, 2003).

Inequitable social distribution of knowledge and access to knowledge is not
merely a phenomenon of non-Western cultures—such inequities exist within Western
cultures as well (Kyle, 1999). The Intemet seems to provide an aftractive science-
learning environment for female students, who are traditionally found to be less
interested in science than males in offline situations, but constitute the majority of
contributors among K-12 age groups in our sample. A female majority was found in
other web-based free-choice science learning environments, such as Wiyville
(Aschbacher, 2003), KidsConnect (Lankes, 2003), Ask-A-Geneticist (our unpublished
results), and Argonne National Labs (our unpublished resuits), but not in Ask-A-
Scientist TV-shows for kids (Baram-Tsabarni & Yarden, 2005), and adults (Baram-
Tsabari & Yarden, 2008). The difference in female participation between web-based
and TV-based settings might be a product of the level of anonymity and safe
atmosphere they provide. Furthermore, the textual modality of web-based Ask-A-
Scientist answer is better suited to lengthily explanations and essay-like answers
which demands deep understanding, rather than short factual "right answers" which
are known to be less female-friendly (Behling, 2002). Former studies on students'
questions found that on the average, girls are more mterested in asking for
explanations than boys, while the boys are more interested in factual and
methodological information than girls (Baram-Tsabari & Yarden, 2005, , 2008). It 1s
interesting to note that we did not find an increase in female participation over the
decade in which the questions were asked, which may mean that the internet as a
science-learning setting has not become more female-friendly over the years.

Attractive and inclusive as it may be, girls seem to lose their wish to submit

science questions to the web site as they grow older. This finding mirrors previous



research in which American girls' attitude to science was found to become
iﬁcreasingly negative with age (Kahle & Lakes, 1983), as well as studies carried out
in Israel (Friedler & Tamir, 1990; Shemesh, 1990) and the UK (Murphy & Whitelegg,
2006).

It is possible that the core of the decrease in female contributions with age is
gendered philosophies or perspectives, rather than science interest specifically.
Schreiner and Sjoberg, for example, suggest (2007) that young western people,
especially girls, do not want to have an identity that is seen to be connected with being
a physicist or an engineer. Such a tendency might be a reason for loosing interest in
science. In this study, we are unable to identify gender-related and gender-unrelated
reasons for loosing interest in science. It is important to note, however, that the
decrease in female contributions in our sample occurs at the same time that it is
expected from school-based findings, were girls were found to lose interest in science
upon moving from junior to senjor high scheol and into higher education.

We found the polar pattern of girls' higher interest in biology and boys' greater
interest in physics in free-choice science-learning settings to be similar to the situation
described within formal science education. However, this seemingly spontaneous
interest might be to some extent a result of formal schooling, and not a completely
independent measure of out-of-school interest.

However, an interesting disagreement was found regarding the development of
interest in physics. A study conducted in German schools reported that girls find
physics as a school subject less and less interesting as they grow older, while boys do
not lose their interest (Hoffiann, 2002; Hoffmann & Haussler, 1998). Based on our
data it seems that girls do not lose their interest in physics, but simply never develop
such an interest.

Using our current analysis it is impossible to tease apart the apparent
connection between course-taking patterns, historically noted in the literature, and
interests as they are reflected by self-generated questions. However, this finding 18
aligned with results obtained in a former study which used only spontaneously asked
questions (non school-related) from three different databases that provided Ask-A-
Scientist applications for different age groups in different countries and languages
(Baram-Tsabari & Yarden, 2008). It is possible that the seemingly contradictory

findings obtained in German schools result from the different settings and
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methodologies used for gathering the data. We suggest that this inconsistency be

further studied.

Methodological considerations and limitations

After discussing the above findings, it is important to acknowledge some
limitations of the research methodology and the uncontrolled sample that was used in
this study.

Coverage error is presently the biggest threat to inferences from Web surveys,
at least to groups beyond those defined by access to or use of the web (Couper, 2000).
Coverage error is a function of the mismatch between the target population (the set of
people one wishes to study) and the frame population (the proportion of the target
popuiation that potentially can be reached via the web) (Couper, 2000). However, the
most recent Pew Internet Project survey finds that 87% of all American youth
between the ages of 12 and 17 use the internet (Rainie & Hitlin, 2005), and in the fall
of 2003, nearly 100% of public schools i the US already had access to the internet
(National Center for Education Statistics, 2005), theoretically allowing all students to
send their questions and be part of our sample.

However, use of the web has linguistic and socioeconomic aspects as well. To
state one example, a sample of the geographical distribution of visitors to a science
controversies online forum that deals with genetically modified food showed heavy
participation from the US. The study's authors assumed that this was a reflection of
the number of people with intemet access and fluency in English rather than an
interest in debates about food (Triunfol & Hines, 2004). We assume that the heavy
participation of users originating from English-speaking countries, particularly the
US, is in no way representative of the level of interest in science in different countries.

The nature of our data poses some methodological problems too. In our
dataset, the askers are the ones who allocated the question to a certain subject area,
and we can not guarantee that this topic classification would be identical to a
classification done by a science education researcher. We attempted to maximize the
reliability of the data by including in the analysis only questions from participants
who provided background data regarding their name, age and origin. Our intention
was to exclude "causal” participants who just happen to click with no formulated
question in mind, and saboteurs, who just wanted to send meaningless scrambles or

annoy the site operators (and the scientific community in general). However, there



may be a sampling bias in who reports their real name as opposed to meaningless
scrambles.

The self reported nature of the dataset is actually one of the strengths of this
study. A problem of surveys in general are measurement errors — the deviation from
the answers of responders from their true values on the measure (Couper, 2000).
Traditional questionnaire-based interest-studies relay on self-reporting fo measure
interest, this study, however, does not ask students to respond to our requests, but
observe cases in which they initiate action themselves for their own purposes.

The self-selecting sample used in this research does not represent all children
in a particular country. It represents a group of children who might be more interested
in science and have easier access to resources than the child population as a whole.
There is a marked difference in the access of children from different socioeconomic
statuses to the internet, which was our source for the questions. Furthermore, students
who are not motivated to learn science are probably not represented in this self-
selecting sample at all, regardless of their socioeconomic status. Other children that
may be very interested in science but do not send questions are also not represented.
Therefore, the opportunistic nature of the sample places some constrictions on the
validity of our results.

The validity of the study can be supported by the notion of using data that
originates from the researched population itself, not as a response to a stimulus from a
researcher, thus ensuring high ecological validity. However, it is important to note
that although students generated all of the questions in our sample, not all of the
questions were the outcome of an intrinsic motivation to know. Many of the questions
were required for school assignments and were originally raised by teachers or
texthbooks. This setback is even more true to studies, which examine students’
questions in a classroom setting. For a list of school-related versus spontaneous
topics, see (Baram-Tsabari et al., 2006).

Another way to achieve validation is by comparing any conclusions drawn
with other independent observations: Using an informal data source and a new
methodology our results confirm and reinforce what was revealed using the traditional
questionnaire methodology in formal setting. This agreement with findings described
in the literature that were gathered using control samples, serves to bolster confidence
also in our new findings, which were not described before. Therefore, we assume that

the trends described here represent, to a certain degree, the interests of many children,



and that posing questions represents a measure of student orientation of science
interest. It is also important to note that in formal settings as well certain students are
more likely to ask questions than others, with low-achiving students becoming less
active participants with age (Good et al., 1987). Reliability may be assured by the use
of a very large sample (Reid, 2006).

Although web-based experiments of the kind used here are more difficult to
control in some respects than are experniments conducted in a classroom setting, they
present an important methodological advantage for studying students' self-guided
science learning, taking into consideration that this kind and amount of data does not
exist anywhere outside the web. Therfore, this methodology is better suited to

studying the dynamic educational reality of the last decade.
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Appendix

Distribution of questions sent to Madsci Network since its establishment

Year | Questions | Questions used Comments

submitted | for the analysis

1995 21 o The pilot year. Data were not included in the
analysis.

1996 1,165 961

1997 8,002 1,659 Over 5,000 of the surfers did not disclose
their age.

1998 14,327 3,047 Over 10,000 of the surfers did not disclose
their age.

1999 20,088 6,133 Over 10,000 of the surfers did not disclose
their country of origin.

2000 25,165 10,438 Over 10,000 of the surfers did not disclose
their country of origin.

2001 18,372 13,291 In the fall of 2001, an additional page was
placed before the Ask-A-Scientist form and
all questions were run through the local
search engine before writing to the site.

2002 9,659 7,016

2003 14,947 11,205

2004 14,802 10,888

2005 15,667 11,171

2006 4314 3,056 At the beginning of the year, a search engine




form was placed on every page, and question
volume dropped by ~50%. The questions

were collected untii June 15,

Total

146,529

78,865
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@ Boys (n = 22636)
@ Girls (n = 20069)

Percentage of questions

Biology Physics Chemistry Earth Astronomy  Science  Technology
Sciences History

Figure 2. Scientific interests of males and females, as reflected by the subject of their questions (1 = 42,705).
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Figure 3. Development of interest in biology and physics among (A) females (n = 19,501) and (B) males (1 = 21,527). In the K-3 group,
difference significant at p < 0.01; arnong 4h.g graders and the older age groups, difference between the genders significant at p < 0.0001.
Percentage does not add up to 100 because questions in chemistry, earth sciences, astrophysics, and technology are not shown. Questions that

did not fall under a specific topic were not included in this analysis.
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Girls’ biology, boys® physics: evidence from free-choice science learning
seftings .

Ayelet Baram-Tsabari and Anat Yarden®

Weizmann Institute of Science, Rehovor, Israel

Many of the explanations for girls’ diginterest in physics focus on the role of the educational

systems in creating this sitation. Here, we use evidence from {ree-choice science leamning 16
settings to sdy if this tack of interest is also expressed in non-school settings. Three sets of
self-generated questions raised by children, adolescents and adults in the Aelds of biology and

physics were used. The outcomes of this analysis show that the pelar patem previously

described in school science settings, in which physies proves significantly less interesting 1o

girls than 1o bays, while biclogy is of greater interest to girls than to boys. also appears in free-

choice science leaming settings. While boys develop an interest in physics with age, giels do !
not develop such an inierest to the same depree. Thus, the initial gap in interest is probably not

based on school-related causes, but its widening in later years probably is. A difference was

also found between the genders in the type of information requested and in the motivation for

raising the questions, Using topics that appeal 0 girls” interest as the cantext of science

learning could prove bensficial in the precess of mainsireaming science education, These

'y

! topics can be identified using girls” sponlangaus questions. 20
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Science education has a strong gender-refated dimension, since boys in general have a greater  =-
interest in science than girls (Gardner 1973, 1998; Miller et al. 2006), as well as more positive
attitudes towards studying and having a career in science (Kelly 1978; Kahle and Lakes 1983;
Simpson and Oliver 1985; Weinburgh 1993; Crettaz von Roten 2004; Miller et al, 2006} and
higher achievements in school science (Kelly 1978; Tamir 1988: Mullis et al. 2000). There are
studies which describe another picture, in which young girls are actually more interested in 30
science topics than boys are {Craig and Ayres 1988; Matthews 2007). However, the level of
interest among girls drops considerably by the time science courses become elective (Craig and
Ayres 1988). Many studies found that the gender-gap in interest, attitudes and achievements in
science widens with age (Friedler and Tamir 1990; Shemesh 1590, Shakeshaft 1995; Mullis et al.
2000), but the stereotypical perception of science as a male domain is seen years prior to the
actual encounter with disciplinary school science (Farenga and Joyce 1999).

Adolescents’ decisions about the contents and directions of their educational training are
influenced to a strong degree by the topic-related interests they developed in preceding years
(Krapp 2000). In a study conducted among Israeli tenth graders, interest was the primary reason
for choosing to enroll in an advanced science ciass (Levy 2003). Similarly, American and
Australian 9- and 10-year-olds” explanations for having a desire to pursue a career in science
tended to reflect the students’ interest in sclence or 2 belief in their own ability to do science
(Kahle etal. 1993). Interest doesn’t only affect choice; it also affects the ability to learn. Research

s
th

# Corresponding author, Email: annt.yarden@weizmmm.ac.ii

ISSN 0263-5143 print’IS5N 14701138 oaline
& 2008 Tayler & Franeis

DOL: 1L 10802633 140701847354
hup:iwww. informaworld.com




s

A
-\fly
5
0
i3
alt
& s
30
33
40
43
49

£ o5 | P TERST_A_284893./m Page 76 Tuesday, January 29, 2008 6:05 PM

76 A. Baram-Tsabari and A. Yarden

indicates positive relationships between interest and a wide range of indicators of learning
{Schiefele 1998; Pintrich and Schunk 2002). Barmby and Defty (2006), for example, found that
the grade students expected to receive in a particular science subject correlated quite strongly with
their liking of that subject. These expectad grades were found to be lowest in physics, particularly
for female pupils,

Taking into consideration the gender gap in intevest, it is not surprising that the proportion of
people choosing advanced science and technology studies who are women remains below 40%
in most OECD countries, and that the choice of discipline is highly geader-dependent (OECD
2006). In 2003, 42% of the graduate students in the US were female, but only 20-30% of the
students in the felds of engineering, computer science and the physical sciences were women. In
the biological sciences, however, females made up more than half of the graduate students
{National Science Foundation 2004).

Students do not perceive science as a homegeneous subject {Spall et al. 2003). The most
profound differences between girls’ and boys™ scientific interests and achievements have been
found with regard to biology and physics (Kelly 1978; Tamir 1988; Mullis et al. 2000). In fact,
Reid and Skryabina (2003) condense the whole problem for girls in science into a problem for
girls in physics.

Numerous studies have shown that while physics proves significantly less interesting to girls
than to boys, biclogy is of greater interest to girls than to boys. This result was repeated in
Scotland (Stark and Gray 1999), Australia (Kahle et al. 1993; Woodward and Woodward 1998,
Dawson 2000), the US (Farenga and Joyce 1999; Jones et al. 2000}, England {Osborne and
Collins 2001; Spall et al. 2003; Murphy and Whitelegg 2006), Israel (Friedler and Tamir 1990;
Trumper 2006), Germany (Hoffmann 2002} and in international studies such as *Science and
Scientists' (SAS) (Sjeberg 2000) and ‘The Relevance of Science Education” (ROSE) (Busch
2003; Jenkins and Nelson 2005; Lavonen et al. 2003). The ROSE studies, conducted in Denmark,
Englond and Finland, found that gisls® interest was focused on health, medicine, the body, the
mind and well-being, whereas boys wished to learn more about the dramatic aspects of physics
and chemistry, and how technology works. This gender-gap in interest is also apparent among
female students who are interested in science, as can be inferred from the polarized enroiment in
elective biology and physics courses (Zohar 2003; Murphy and Whitelegg 2006) within the
science-attentive students” body. It is also evident in science-interest studies which use senior
high school science students as a sample. For example, Osbome and Collins (2001) surveyed
students’ views on school science using focus groups of eleventh graders who intended to
continue with their science studies, and those who didn™t. Girls in both groups made many more
negative comments about physics than boys did. Thus, it seems that the increasing access of
female students lo the traditionally masculine science subjects is being accompanied by the
emergence of biology as a femninine niche in science {Ayalon 1995).

Gender-related differences in interest were also found within the field of biology: high school
girls were shown to display greater interest in human biology than boys, both in Istael (Tamir and
Gardner 1989) and England (Taber 1991). Results from the ROSE proiect in Finland indicated
that boys are more interested than girls in basic processes in biology (such as ecology and cell
biology), while girls find human biology and health education more interesting than boys do
{Uitto et al. 2003). Gender-related differences exist within physics as well. Girls are much more
drawn to themes that are perceived to have a high social relevance, while boys tend 1o be more
attracted to those themes that are perceived to have high mechanical or practical relevance (Reid
and Skryabina 2603).

Interest is not a constant trait — it changes with age. Stawinski (1984) found that among 13-
to l6-year-old biology students. human biology becomes important while interest in plants and
animals decreases. Older pupils™ interest in human biclogy s well-attested to by a number of
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studies, including one conducted in England (Osbome and Collins 2000), and another in Israc
(Tamir and Gardner 1989). It was also shown that young children are very interested in animals,
and their interest shifts toward human biology as they approach puberty (Barams-Tsabari and
Yarden 2003, forthcoming; Baram-Tsabari et al. 2006). A study conducted in Germany also
found a difference in the way interest in physics develops with age: girls, but not boys, find phys-
ics as a school subject less and less interesting as they grow older. At the end of the fifth grade,
about 40% of girls and about 60% of boys find physies lessons very interesting or interesting. At
the end of the tenth grade, only about 20% of the girls still find it interesting whereas the boys’
interest remains constant at 60% (Hoffmann and Haussler 1998; Hoffmann 2002).

Girls® disinterest in physics, which results in their under-representation in advanced physics 10
classes. is unsettling from two points of view: from the social justice perspective, it blocks their
Future career opportunities; and from the perspeciive of society’s economic competitiveness, it
fimits the number of potential employees in many fields which require a background in physics
{Rees 2001; Zohar and Bronsisein 2003).

Nany reasons have been suggested to explain girls’ under-representation in science, specif- 1
ically in physics. A Harvard University president, for example, claimed that differences in
innate aptitude more than different socialization were to blame for women's failure to advance
in high-end science carsers (Swmmers 2005). However, the claim that cognitive sex differences
account for the differential representation of men and women in high-tevel careers in mathe-
imatics and science is not supported by research on cognitive development in human infants, 20
pre-school children and students at all levels. Rather, the research suggests that our species’
talent for mathematical and scientific thinking has a considerable genetic basis which is equally
availabie to males and females (Spelke 2003). Barres (2006) believes that the foremost factoe 1
to blame for women's slow advance in science is actually the societal assumption that women
are innately less able than men.

Kelly {(1978) shifted the explanation for women’s under-representation in science from girls’
alleged deficiencies to a focus on deficiencies in educational experience. She proposed that early
differences between boys and girls in science appear to be magnified by cultural influences from
society and schools in the following manner: science is seen as a masculine activity. Girls, who
are striving to attain a feminine identity, reject everything scientific, while boys try to adopt scien- 30
tific ways in their play activities and hobbies. Boys thus gain an initial lead over girls in science
achievement. Feedback loops then operaie in the schools to increase this lead between the ages
of 10 and 14 (Keliy 1978). Complementary explanations were subsequently suggested, and they
are traditionaily divided, as Kelly suggested, into thres, somewhat overlapping categories:
cultural, atticndinal and educational.

Cultural explanations, which may be referred to as socialization explanations, include the
masculine image of science, a lack of female role models, a lack of outside-of-school experiences
and girls’ low setf-efficacy (students’ judgment of their own capabilities for a specific iearning
outcome'). In a study which investigated the family as a context for the gender-typing of science
achievement, for example, there Wereno differences in children’s science-related grades, self-effi- 40
cacy, or interest, However, parents were more likely to believe that science was less interesting
and more difficult for daughters than sons. 1n addition, parents’ beliefs significantly predicted chil-
dren’s interest and self-efficacy in science (Tenenbaum and Leaper 2003). Kahle and Lakes ( 1983)
found that by age nine, females had consistently fewer experiences in science than boys of the
same age, even though they expressed similar or greater desires to participate in such activities. 43
The result is that, early in their lives, both men and women hold 1o a set of implicit hypotheses
about sex differences, which later play a central role in shaping men’s and women's professional
lives, by affecting expectations from and evaluations of their work (Valian 1998). Pettitt (2004)
found that with advances in pubertal status, adolescents increasingly perceived that peers thought 49
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mathematics was of more value for boys than girls and that the social domain was of more valus
for girls than boys. Schreiner and Sjeberg suggest (2007) that young people, especially girls, do
not want {0 have an identity that is seen to be connected with being a physicist or an engineer.
Furthermore. it has been reported that people judge a girl to be less sociable when she is committed
1o being a chemist compared to when she studies humanities, and boys do not want to date her
(Browniow et al. 2002).

Attitudinal explanations refer to the afore-described girls’ negative attitudes towards science
and science careers. To put it simply — girls don’t do or succeed in science because, on average.
they dont like it as much as boys do. Some factors, such as impersonality, misuse, difficulty and
masculine image, which were brought up to explain girls’ less favorable attitudes to science,
apply more strongly to the physical sciences (Kelly 1978). Spall et al. (2003), for example, found
that a quarter of the biology undergraduates they surveyved thought that physics was more suited
for males, while half of the physics undergraduates agreed with this idea, and a quarter of the
physics students also thought that females were better suited to biology (Spall et al. 2003). It
seems that the substantial differences characterizing the cultures of the different disciplines in
science, engineering, mathematics and technology contribute to notions of climate in each field,
which are particularly attractive to one gender (Rosser 200-).

Educational explanations include school-related explanations, such as envoltment and
achievement in mathematics classes, class climate, teaching and assessment methods tradition-
ally used in physics classes (Zohar and Bronghtein 2003), and gender-reiated differences in the
notion of what it means to understand physics (Stadler et al. 2000; Zohar 2003). On the other
hand, Kleinfeld (1998) opposes the idea that gizls receive inferior education in American schools,
a notion that was advocated by the American Association of University Women (1992). She
claims that in some areas, females do better than males, and in other areas, males do better than
females. Females lag behind in two academic areas: mathematics and science achievement, but
males lag behind females in two other academic areas, by far wider margins: reading achievement
and writing skills (Kieinfeld 1998). However, studies did identify unequal science training during
elementary (Kahle and Lakes 1983} and secondary school {Jones and Wheatley 1990). A
longitudinal study that lasted two academic years in middle schoof confirmed that boys and girls
are treated differently in science class interactions (Wilson Morse and Handley 1983).

The American Association of University Women (1999) stresses that equitable education
should address the needs of both girls and boys, rather than questioning whether each recejves the
same things in order to achieve a standard of excellence. Gender equity in the classroom may
mean more than providing the same science classes to males and females. The same classroom
experience may engage the interests of males more than females, which results in a Tack of equity
(Miller et al. 2006). Hoffmann {2002) claims that particularly in the so-cailed ‘hard’ science
subjects, the supposedly equal treatment offered by ceeducation in schools proves to be an
extremely subtle form of unequal treatment. This is due to the fact that the syllabus and the modes
of behaviour of both male and female teachers are mainly influenced by the interests, knowledge
and abilities of the boys. For example, a study that took a close look at the experiences of women
in undergraduate computer science who were once very enthusiastic revealed some ways in
which male behaviour and interest become the standards for “the right fit" and success, resuiting
in many of the women believing that they are losing interest and switching subjects {Margolis et
al. 2000).

As already mentioned, many of the explanations for girls’ disinterest in science in general and
physics in particular focus on the role of the educational system. Therefore it might prove useful
to collect data outside the formal schooling system, in order to eliminate some of these explana-
tions. Here we suggest using evidence from free-choice science learning settings (Falk 2001} to
answer the following research questions:
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(1) Do gender-related differences in interest in biology and physics exist in free-choice
science leaming settings?

{2) Do stereotypic interest patterns change with age?

{3) Are there gender-related differences in the type of information requested and in the
motivation for asking science questions? 3

Methodology
Research approach

Gender-related differences in science interest have been traditionally identified using written L
guestionnaires that rely on adult-centric views of what subjects should be meaningful to students.
Cook-Sather {2002) advocates the notion that there is something fundamentally amiss about
building and rebuilding the educational system without consulting those it is ostensibly designed
1o serve. We believe that relying on chiidren’s spontaneous ideas and guestions will enable
progress towards incorporation of their views, more than using their responses 1o an adult-wristen !
questionnaire. Therefore, we recently suggested using children’s self-generated science-related
questions as a toot to probe students’ scientific interests (Baram-Tsabari and Yarden 2003,
Baram-Tsabari et al. 2006).
Posing questions is an important skill of scieatific inquiry (National Research Council
1996). Self-generated questions can help reveal the asker’s reasoning, aiternative views and 20
interests (Biddulph et al. 1986). Studying students’ questions can give teachers an awarensss
of what students are interested in and what they want to know about a given topic (Chin and
Chia 2004). l
Attitudinal research has traditionally been dominated by positivistic perspectives and quanti-
tative methods (Krogh and Thomsen 2003). Since many features of qualitative methodology
contrast with the conventional research on students” attitudes, there has been very littie subsequent
dialogue or transfer of knowledge between the two inquiry perspectives (Krogh and Thomsen
2005). Our naturalistic method of interpreting questions that have spontaneousty emerged from
the subjects might be a step forward in enabling such a dialogue, since we are using quantitative
methads to analyze qualitative data. 0

N

—6

The sample

Three sets of self-generated questions raised by children, adolescents and adults were used in this
research.

Ly
L

Children

1676 science questions submitted by Israeli children to an Internet site {www.logi.tv} which
accompanies a series of television programs were collected. The program might be described 4
as a hybrid of two formats; ‘ask the experts’ and a competition to find information. The ntro-
duction to the Internet site that accompanies the programme told children thae “This is the place
to ask any question in the world". The program did not encourage the children to ask about
content that was already broadeasted or to ask school-related questions, but to submit their own
spontaneous questions. As a conseguence no school-related questions were found in the 43
sample. In this sample, 49.6% of the questions (n = 831) were biological in nature and 4.2%
were asked in the context of physics (n = 71) (Baram-Tsabari and Yarden 2005). Among the
1140 gender-identifiable questions,2 43.5% were asked by girls and 56.5% by boys. Most ques-
tions were submitted by children in the later years of elementary school and in the early years 449
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of junior high school (ages 9- to 12-years). This sample is described in detail elsewhere
{Baram-Tsabari and Yarden 2003).

Adolescents

1555 science questions submitted during a three-month period in 2004 by fourth- through twelfth-
grade students to an “Ask-A-Scientist’ service on an international Intemet site (www.madsci.org)
were coliected. Tn this sample, 44% of the questions (# = 684) were about biology and 12.9% of
the questions (n = 201) concerned physics (Baram-Tsabari et al. 2006). Over 94% of the contrib-
utors originated from English-speaking countries. Among the 1167 gender-identifiable
questions,” 56.4% were asked by females and 43.6% by males. Most of the questions were asked
by junior and senior high schoo! students. This sample is described in detail elsewhere {Baram-
Tsabari et al. 2006}, Although all of the questions collected from this data source were self-gener-
ated by the students. it is important to note that some of them were school-related. These
questions were not spontaneously raised by the students, but were the consequence of a school
assignment, These questions were not included in this analysis.

Acults

633 science questions submitted by Israeli television viewers to a popular-science television series
(news.shrmone.co.il) were collected. In this sample, 40.3% of the questions (1 = 2535} were about
biology and another 13.4% of the questions (» = §3) were about physics. Among the 338 gender-
identifiable questions,"i only 30.3% were asked by females and 69.5% by males. Most of the
questions (63%) were sent by young adults under the age of 30. Although all of the questions
collected from this data source were seif-generated by the viewers, some of them were not spon-
taneously raised, but were the consequence of an item presented in the show (e.g., *how can [ get
in touch with the doctor that was interviewed?"). These questions were not incladed in this analysis.

All the spontaneous biological and physical questions that were gender-identifiable were
pooled from the three different sources. The resulting sample inciuded 953 biology questions,
from which 462 were asked by males and 493 by females, and 214 physics questions, from which
139 were asked by males and 35 by fernales. Since the target audience age range of the three
databases overlapped somewhat, the questions in the pool were re-divided into four separate age
groups: elementary scheol (up to 12-years-old), junior high school (13- to 15-years-old), senjor
high school {16- to 1 8-years-old), and adults (over 18).” This cross-aged approach allowed us to
see a snapshot of interests held by children and adults at various stages of their lives.

Clas-si_ﬁfing the questions

Classification was performed on the basis of coding schemes that had been developed and used
in our previous research (Baram-Tsabari and Yarden 2005; Baram-Tsabari ¢f al. 2000}, The
coding schemes used here were as follows.

Interest in biological or physical topics

All the questions were classified into one of 16 biological topics or six physical topics: anatomy
and physiology; sickness and medicine; nutrition; biotechnology; genetics and reproduction;
behaviour; neurcohiology; evolution: extinct animals; ecology; man and animal relationship;
botany and mycelogy: history of biology; microbiology and virology: cell biology; other topics
in biclogy; modern physics; sound and optics; electricity and magnetism; mechanics; history of
physies, and units. For examples of this coding scheme, see Table 1.




&

T

Tabile 1.

A3/ CRST_A_284893.fm Page 81 Tuesday, January 29, 2008 6:05 PM

Research in Science & Technological Educarion 81

Examples of questions classified according 1o field of interest.

Tapic

Example® (gender, age, country of origin)®

Anatomy and physiology
Genetics and reproduction

Neurobiology
Behaviour

Ecology
Botany and mycology
Mademn physics

Oplics
Electricity and magnelism

Why is blinking vour eves involuntary? (£, high school, US)

What is the difference between an egg that a litile chick is coming out from
and an egg that we eat? (£ IL}

Are scents tied 1o memory? (high school)

If dogs were abused when they were young, will they be bad when they are
older and living with a good family? ([ 8, IL)

Is there an animal that ne other animal can prey on? {m, 11, IL)

Why do trees give oxygen in the morning. but not during the night? ¢m. 12. IL}
How does antimatter work? I'm asking this question because ['m interested in
science and 1 want 1o know how it works and can u make it {rom a regular
piece of matter. (m, high school, US)

How does gelatin magnily? (m, elementry school, US)

When lightniag strikes the ccean. do many animals die? I was wondering how

far the charge is carried as lightning hits the ocean, and il animals die within
a certain radius? Though the ocean is vast, I would think that there would stili
be no chance for anything surviving close to where the lightning sirikes. (f,
junior high school)

How come a fly inside a moving car moves with it and does not stay in place
and hit the rear window? (m, adult, IT.)

Mechanics

Notes: "These are verbatim quotes, or translations of verbatim quotes. In semce cases, only part of the question is shown.
"Where dats is available. m = male; £ = female; IL = Ismel: US = United Stazes.

Motivation for raising the question

The two main categories chosen were non-applicative and applicative mativation. The former
was subdivided into genesal curiosity, spectacular aspects of the field, and seeking an explanation
for a direct observation. Applicative questions were subdivided into personal use, health and life-
style. and school- and job-related questions. For exampies of this coding scheme, see Table 2.

Type of requested information

A typology was developed that describes the nature of the question and the knowledge it generates.
A category of requests for ‘Factual® information included terminclogical, historical, descriptive
and confirmatory items. It also included requests for further information on a topic. Requests for
‘explanatory” information were basically ‘how’ and ‘why’ questions. ‘Methodological” informa-
tion had to do with scientific ways of finding things out and with scientific and technological
procedures. The ‘open-ended’ type of question dealt with opinions, controversial themes, and
futuristic questions that science cannot answer for the time being. For examples of this coding
scheme, see Table 2.

Reliabiliry

Classification and categorization of questions in each database were performed independently by
two researchers, with a satisfactory level of agreement between the coders: 100 children’s ques-
tions, §5%-90% agrezment for the various schemes; 130 adolescents’ questions, 84%-98%
agreement for the various schemes; 30 aduits’ questions, 82%~90% agreement for the various
schemes. To test for internal consistency of the data, a modified split-haif test was performed on
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Table 2. Examples of questions classified according 10 motivaiion for raising the question and 1o type of
information requesied.

Motivation Type Example® {gender, age, country of origin)b
Non-applicative; General Factual What makes up & Quark? What 15 inside a Quark? Is &
curiosity Quark the smaliest particle? [ am asking this because [ am

extremely interested, and one day {1 am nine right now) to
be a Scientist. (m, 9, Canada)

Non-applicative: Direct Explanatory P've noticed that | can tap on almost any book thicker than

observation about an inch and it makes a sound as though it is hollow.
What's happening to cause this sound? (I, junior high
school, US)

Applicative: Health and Faciual is there a way to help the body get wiler during

lifestyie adolescence? (I, 13, [L)

Applicative; Personal use Methadology [ got a microscope for my birthday, but | don't know how
to use it. My question is how do you use a microscope?
{m, 7, IL)

Non-applicative: Open-ended Whatis the most important experiment in Physics that wag

Spectacular aspects ever perfommed? (m, 10, [L}

Netes: ® These are verbalim guotes, or translations of verbatim quales. In some euses, onty part of the question is shown.
5 Where data is available, m = male: T= femate; IL = lsmel: US = United Stues.

each dataset: random halves of the data {odd and even observations) were compared. Consistency
was found in the distribution of ali variables between the two halves,

Sratistical analysis

Unless otherwise indicated, a two-tailed Pearson Chi-Square test was used to calculate probabil-
ities. Not ali the inquirers provided their full details; therefore, sample sizes differ from graph fo
eraph and are indicated by » values. Post-hoc multiple comparisons in sample proportions and
Goodman’s simultaneous confidence-interval procedure (Marascuilo and McSweeney 1977)
were used to find significant differences within proportions after the Chi-Square test,

Results and discussion

Consistent with previous studies, the girls in our sample found physics significantly less interest-
ing than the bovs did, whereas biology was of greater interest to girls than to boys: biology
questions made up 33.8% of the females’ science questions, but only 38.3% of the males’ science
questions. Physics questions made up 6% of the females’ science questions, versus 13.2% of the
males' science questions. To refine ovr analysis, we then compared girls’ and boys’ interests in
various biological and physical topics (Figure 1). The five topics that were of more interest to gitls
than to boys were all biological, and had to do with human heaith and well-being, animals and
ecology. On the other hand, four out of the five topics which were of more interest to boys than
te sirls were taken from the physical sciences. The one exception — anatomy and physiology —
was the most popular topic among both boys and girls, but more so among boys (Figare ).

This list of gender-related learning interests also fits well with known stereotypic preferences
for specific topics (Jones et al. 2000; Sjoberg 2000). The outcome of this analysis suggests that
girls and boys follow certain content-related stereotypic science interests in their free-choice
science leaming activities that are similar to what was found in schooi-based studies.
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Sound and Optics (P) 5
Anatomy and Physiology {B)
Electricity and Magnetism (P)
Modern Physics (P)
Mechanics (P)
Extinct animals (B)
History of physics {P)
Evolution (B)_
Genetics and Reproduction (B8)
Botany and Mycology {B)

Neurobiology (B) =
Celt biology (B) HEEEEE

Sickness and Medicine (B)
Ecology (B)
Nuirition (B}
Behavior {B)
Humans and animals (B)

Figure 1. Male and female spontaneous interest in biology and physics topics. ordered by the difierence
hetwesn the genders. Topics favoured by males are shown in the upper part of the figure, lopics favoured by
ferales are shown at the bottom. and lopics favoured simitarly by both genders are presented in the middle. 42
Five topics which vielded asmall number ofquestions were not included in the graph, B=biclogy, P=physics.
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The gender gap is already evident among young elementary school children. before biology
and physics are identified as such, and persists ali the way to adulthood (Figure 2). However,
according 1o our analysis, the stereotypic interest patterns change with age. The gap between
girls” and boys™ interests widens with age: it is sigaificant at p < 0.05 among elementary and
junior high school students, and at p < 0.001 among senior high school students and the adult
group. However, the gender gap widens not because girls lose interest in physics with age as
described in the literature {Hoffmann and Haussler 1998), but rather because they do not seem to
develop interest 1o the same degree as boys (Figure 2). We suggest that this inconsistency needs
to be studied further. :

While boys develop an interest in physics with age, girls seem to develop such an interest te
a lesser degree. Thus, the initial gap in interest is probably not based on educational causes, but
its widening in later vears probably is. The idea that the initial gap in interest is not school-related,
but originates from either social or attitndinal causes, is supported by previous research findings.,
Farenga and Joyce (1999) found that both boys and girls perceive physical science and technot-
ogy-related courses as appropriate study subjects for boys and life sciences as appropriate
subjects for giels. In a study in which 9- to 13~year-old children hypothetically chose courses for
themselves and for 2 member of the opposite gender, students’ future science course selections
resembled concurrent enrollment data of masters and doctoral candidates. The authors concluded
that students’ perceptions of science can be observed vears prior to their actual encounter with the
science courses in school.

A cross-cultural analysis by Kahle et al. (1993) found that American and Australian 9- and
10-year-olds report high interest in science, but their interest patterns differ: boys, on average, are
more inferested in science associated with matter and energy, whereas girls are more interested
in science associated with plants and animals. Accordingly, Eccles and Blumenfeld claimed that
students start school with sex-differentiated goals and attitudes, and teachers play a rather passive
role in their maintenance (Eccies and Biumenfeld 1983).

These sex-differentiated goals are also mirrored by the type of mformatlon sought and the
motivation for raising questions. Boys and girls in our sample tended to ask for different types of
information (p < 0.04), with the boys favouring factual and methodological types (54.1% and
3.2% of the boys’ questions vs. 49.3% and 2.9% of the girls’ questions, respectively), and the girls
asking for mare explapatory information (45.8% of the girls’ questions vs. 38.7% of the boys’
questions). Boys and girls also tended to ask questions stemming from different motivations {p <
0.001). Girls tended to ask more applicative questions than boys (23% of the girls” questions vs,
13.3% of the boys’ questions), with reference to persenal use and health issues. Within the non-
applicative questions, boys tended to pese spectacular and general curiosity questions {64.9% and

7.3% of the boys’ questions vs. 56.6% and 2.9% of the girls’ questions, respectively}, whereas
airls sought straightforward explanations for their own direct observations (15.5% of the girls’
questions vs. 12.6% of the boys™ questions).

This female interest in the practical aspects of science was previously described by Margolis
ef al {2000, who found that women are concerned with the usefulness of computers and with
their people-oriented purposes, and by Miller et al. (2000} who suggested that women and men
enter science and medicine via different routes, a reflection of their different motivations: women
choose medicine for its people-oriented soclal usefulness, because of their interest in improving
the human condition. Some rtesearchers have explained that girls in general are more person-
oriented, while boys are object-priented, and this is also the basis for their differentiated intevest
in biology and physics, The psychologist Baron-Cohen plainly states “The female brain is predom-
mantly hard-wired for empathy. The male brain is predominantly hard-wired for understanding
and building systermns” (Baron-Cohen 2003 ). Miller et af. (2006) related this idea to science
education, when they found that female high school students in the US were more people-oriented
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ire their interests than were the males. They preferred courses in the humanities over the physical
sciences or mathematics, which suggests that females’ desire to help others is related to their
selection of a career at least as early as high school.

If this is true, and gendered patierns concerning biology and physics appear because of the
person vs. object orfentation of girls and boys, respectively, then why are we continually shocked
by survey results which show that cur students believe this as well? Stewart {1998) suggests that:
‘The problem of girls and physics is our own making because of the implicit assumption that a
subject perceived to be “masculine™ must inevitably be of high status and thus worthy of study in
preference to “feminine subjects™. .

Other studies, however, did not find such a difference in the hard-wiring of the female and
male brains. In her review, Spelke (2005} states that:

Thousands of studies of human infants, conducted over three decades. provide no cvidence for 2 male
advantage in perceiving, leaming, or reasening about objects, their motions, and their mechanicat
interactions. Tnstead, male and fomale infants perceive and learn about objects in highly converzent
ways.

A landmark MRI Study of Normal Brain Development conducted by the National Institutes
of Health (Waber et al. 2087) in which structural and metabolic brain development and behaviour
were followed longitudinally from birth to young adulthood in a population-based sample of
healthy children found that mental performance differs very little by gender: Girls performed
betier on measures of processing speed and motor dexterity and showed a slight advantage on
verbal learning, while boys were better at perceptual analysis, but not at perceptual reasoning, A
difference was not found with regard to performance in calculation, indicating that at least at the
procedural level of mathematics, boys and girls do not differ.

If gendered patterns with respect to biology and physics appear for secialization and not
inborn reasons, then it seems that the search for those reasons and their remedy should start at
earlier ages, rather than focusing on those who are already studying physics and biology at
school.

Research limitations

Although the study described here sheds some light on girls’ and boys’ interest in biology and
physics, respectively, and its development with age, caution is needed in identifying implications
for science education in schools. Here we will discuss a few issues conceming the methodology
that was used and the interpretation of the findings.

Uncontrolled sample

The self-selecting sampie used in this research does not represent atl children. It represents a
group of children that might be more interested in science and have more access to resources
than the child population as a whole. There is a rarked difference in the access of children from
different sociosconomic groups to the Intemet, which was our source for the guestions. For
example, during the year 2003, 49% of the households in Israel were connected to the Internet.
Among the upper decile of the population, 81% subscribed to the Internet, as compared to 66%
of the Tth decile, 40% of the 4th decile and 13.4% of the lowest decile of the population {Central
Bureau of Siatistics 2006). Furthermore, students who are not motivated to learn science are not
represenied in this self-selecting sample at all. regardless of their socioeconomic status. Gther
children that may be very interested in science but do not send gquestions are also not repre-
sented. Therefore, the opportunistic nature of the sample places some limitations on the validity
of our results.
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However, the validity of the study can be supported by the notion of using data that originates
from the researched population itself, not as a response (0 2 stimulus from a researcher, thus
ensuring high ecological validity. Another way to achieve validation is by comparing any conclu-
sions drawn with other independent observations: using an informal data source and a new
methodology, our results confirm and reinforce what was revealed using the traditional question-
naire methodology. This agreement with findings described in the literature that were gathered
using control samples. serves to bolster confidence also in our new findings, which were not
described before, Therefore, we assume that the trends described here represent, o a certain
degree, the interests of many children. Reliability may be assured by the use of a very large
sample (Reid 2006). as was done in this study.

Although web-based experiments of the kind used here are more difficult to control in some
respects than are experiments conducted in a classroom setting, they present an important
methodological advantage for stadying students’ self-guided science learning, taking into consid-
eration thar this kind and amount of data does not exist anywhere outside the web. Therefore, this
methodology is better suited to studying the dynamic educational reality of the last decade.

Differences benveen the databases

Differences exist between the three databases used in this research, The Madsci Nenwork s an
interactive science teaching and community outreach tool. while the fwo Israeli databases are
accompaniments to television shows, and as such might draw different types of questions. The
gender split is also very different between the databases. The gender spiit found in the two Israeli
databases. and much more strongly in the adult one, has a male majority. It mirrors that found in
an analysis of questions submitted to a scientific Internet site based in Rome (Falchetti et al.
2003), and a UK-based science line (K. Mathieson, personal communication, 2 April 2004), as
well as results from the 1999 US Science and Engineering Indicators, which showed that women
are less likely than men to use media that foster informal learning about science (Nisbet et al.
2002: National Science Foundation 2004) and to take part in extracurricular science experiences
{Greenfield 1998). At the same time, the international database shows the opposite picture, with
female K-12 students asking most of the questions. This female dominance was apparent in
questions sent from the US, Canada and the UK. but not in those fom other countries surveyed
in this research. These differences trigger the question as to whether students from various
countries show similar interests in science. It seems indeed that the profile of the experiences and
interests of students vary strongly between countries (Sjoberg 2000). However, students in differ-
ent educational and national contexts were not only experiencing very similar high school science
classes, but identifving similar problems and responding in similar ways (Lyons 2006). Further-
more, the wealth of research on students’ interest from many different countries and the
contribution of international studies such as ROSE (Sjeberg and Schreiner 2002} and SAS
(Sioberg 2000) indicate similarities in the scientific interests and 2 common pattern of responses
among students in western industrialized countries. Matthews {2007) generalize that there is far
more agreement than disagreement across countries about what students would like and would
not like to learn about.

School-related effect on interest in free-choice science {earning settings

We have found that the polar pattem of girls’ higher interest in biology and boys’ greater interest
in physics in free-choice science leaming settings is similar to the situation described in formal
science education. However, this seemingly spontaneous interest is to some extent a result of
formal schooling, and not a completely independent measure of outside-of-school interest.
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Implications

Here we describe ways in which the research findings may be put to use by curriculum developers.
Regardless of the initial reason for the interest gap between the genders, in the current abundant
physics curriculum, exampies are drawn from pradominantly male contexts. Sports and weapon
deployment dominate mechanics courses and ignore the background of female students as they
attempt to understand or visualize situations (Nair and Majetich 1993). Rosser (1990) has
proposed the following six stages for transforming the science and mathematics curriculum: ()
ignoring the absence of women; {if) recognizing that most scientists are male and that science may
reflect 2 masculine perspective on the natural world; (iit) identifying barriers that prevent women
from entering science; (iv) searching for women scientists and their unique contributions; {v)
science being done by women: (vi) redefining and reconstructing sciecce to include us all.
However, science, mathematics and engineering faculties appear much more willing to change
their pedagogical approaches than their syliabi and curricular content, even when curricular
reform is the main focus of the reform projects {Rosser 1997}, The reasons for this might be the
dearth of information available, and the idea that science is objective and therefore gender-free —
meaning that the faculty has not progressed beyond the first phase of the ransformation process
{Rosser 1997),

Current curriculum topics may promote unfair competition between genders (Farenga and
Jovee 19993, since girls have less extracurricular science experiences and use of their informal
science knowledge and tools is not recognized as such (Shakeshaft 1993). Therefore, activities
which are based on past experiences may widen the gender gap (Farenga and Joyce 1999). One
solution to this problem might be to use the informal experiences that females do have as a bridge
to school science (Shakeshaft 1995). A way to leamn about these informal experiences and
interests might be through the girls’ spontaneous science questions,

It 1s vitally important to balance a physics sylizbus so that topics that have a natural appeal
for girls, as well as those preferred by boys, are both included (Reid and Skryabina 2003). Qur
analysis identified some scientific topics that appeal to both sexes or predominantly to girls.
Therefore, it seems possible to teach scientific concepts and ideas in the context of topics which
are not profoundly preferred by boys, but rather preferred by girls or equally atiractive to both
genders (Steinkamp and Maehr 1984; Hoffmann and Haussler 1998; Krapp 2000; Labudde et al,
2000; Sjeberg 2000). Haussler er af. {1998) identified five domains of interest in physics, only
one of which — physics as a scientific enterprise for its own sake — is overwhelmingly dominant
in the physics classroom. Other domains, such as how science can serve humankind and
explanations of natural phenomena which are of more interest to girls, are almost non-existens
(Haussler er al. 1998). Girls in particular respond very sensitively to a change of context
{Murphy and Whitelege 2006). For example, girls are much more interested in leaming more
about pumping blood by an artificial heart than about pumping petrol from great depths, whereas
for boys both are similarly interesting. Therefore, human biology, medicinal uses or natural
phenomena could be introduced as contexts for physics lessons, topics which would take the
interests of girls into account (Hoffmann 2002). Using such topics, which can be identified using
spontaneous questions, as the context of science leaming could prove beneficial in the process of
mainstreaming science education.
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Unpublished results:
Additional patterns whithin the data
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Background

An attempt to reveal additional patterns within the data has been done using
nearly 6,000 science questions that were asked by K-12 school students and were
collected from five different web-based, TV-based and school-based sources. The
questions were analyzed according to their subject, thinking level, motivation for raising
the question, the object of interest and its magnitude, and the psychological distance of
the object in question from the asker. Characteristics of the asker, such as gender, grade
Jevel, and country of origin were also considered, alongside characteristics of the data
source, such as language, sefting (internet, school, TV), and the potential science-
attentiveness of the users.

Here [ present the methodology and the results sections of the study. The

background and the discussion sections are not written at this point in time.

Methodology

Data sources

Logi. ‘Lechu hapsu’ (roughly translated as ‘Go and find out’) is an Israeli
television programme for children, broadcast on ‘Logi’, a cable channel available upon
subscription. This data source was described in detail in an earlier paper (Baram-Tsaban
& Yarden, 2005), and it will be only briefly described here.

‘Lechu hapsi’ might have been described as a hybrid of two formats; ‘ask the
experts’ and a competition to find information. The introduction to the Internet site that
accompanied the programme tells children that “This is the place to ask any question in
the world’ and that “We will help you find the answer, as well as the way to get it". It also
advised that the answers will be broadeast. |

According to the programme editor, approﬁimately 90% of the children send their
questions via the specified Internet site, the remainder doing so via the telephone (all of
the questions were sent in Hebrew). Only the questions submitted via email are used in
this study. The programme was first broadeast in August 2003 and by early January 2004
over 3,100 questions had been accumulated in an email database. Of these, 1,676

questions fell in the following science and technology-related categories: Animals,
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Health & Medicine, How stuff works, Nature & Science, Earth & Space, Computers &
Internet, and Inventors & Inventions. Of these, 1,486 questions that provided the age of
the askers, and that had a science-related topic, were used in the current study. For key
characteristics of the sample see table 1.

MadSci Network. MadSci Network is an independent, award-winning nonprofit
organization operating from a server in Scottsdale, AZ (www.madsci.org). This data
source was described in detail in an earlier paper (Baram-Tsabari et al., 2006), and it will
be briefly described here.

MadSci Network was founded in September 1995 as part of Washington
University's Young Scientist Program, a student-run organization in St. Louis dedicated
to improving science literacy among K-12 students. Today, the MadSci Network receives
90 to 150 questions daily, most of which are answered automatically by the site’s search
engine. Fewer than 20% of the questions are answered by nearly 800 globally distributed
volunteering scientists, usnally within two weeks.

All questions submitted to the MadSci Network by 4th- through 12th-grade
students from August to October 2004 were collected, resulting in a sample number of
1525. Questions automatically answered by the archives search engine were not included,
since the system did not record them. Questions asked by populations other than 4th-
through 12th-grade students, and questions asking about non-scientific topics (including
mathematics) were also excluded. For key characteristics of the sample see table 1.

Bashaar. Bashaar is an Israeli Ask-A-Scientist internet site operated by "Bashaar”
academic network (www.bashaar.org.il), a non-profit organization established in 1998 by
a group of faculty members drawn from all the universities in Israel. This Ask-A-scientist
service is primarily aimed at answering teachers’ questions, especially those who live in
the periphery of the country. However, over a third of the questions (42%) submitted to
the site actually originates from school students.

All questions submitted to the “Bashaar” website by school students from October
2003 to January 2007 were collected, resulting in a sample number of 962. Of these 795
questions that provided the age of the asker and that had a science-related topic, were

included in the analysis. For key characteristics of the sample see table 1.
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Newton. Newton BBS is an Internet based Ask-A-Scientist service, which is
operated by Argonne National Laboratory (www.newton.dep.anl.gov) since November
1991. This Ask-A-scientist service is primarily aimed at answering questions of K-12
educators and fheir students. At the time of the data collection it received an average of
between 85 to 125 questions daily, of which 2.5-5% is being sent to scientists. Today,
due to funding cuts, Newton webmaster has reduced the amount of time the window 1s
open for questions. At the same time, questioning density has increased {Personal
communication with N. Unterman, Nov 4, 2007).

All questions submitted to Newton from June 22 to November 5 2006, excluding
questions arriving between August 20 and September 1, were collected, resulting in 6348
questions. This sample was reduced by exchuding all users who did not provide status and
grade level, who are not K-12 students, that their gender could not be identified, and
users who did not provide country of origin. Finally, 1693 questions that were asked by
gender identifiable school students who provided their age group and that had a science-
related topic, were included in the analysis. For key characteristics of the sample see table
L.

Scheel. Tn order to include self-generated questions asked in a formal setting, 526
questionnaires filled by Israeli 4-12™ graders were collected during the 2006/7 school
year in 17 classes from five different schools. The questionnaire contained two sections.
In the first students were prompt to raise their own science questions and explain why
they thought they were interesting. On the second part, which was distributed only after
the first section was collected, students were asked to mark questions they were interested
in learning about from a mixed list of student-generated and textbook questions. Only the
questions that were self-generated by the students in the first section and that had a
science-related topic, were included in this analysis, resulting in a sample of 446

questions. For key characteristics of the sample see table 1.

Classifying the questions
Database characteristics
Setting. The setting in which a question was asked was recorded. Questions were

cither asked in a web-based setting (MadSci Network, Newton, Bashaar), in a school-
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based setting (School), or in a TV-based setting (Logi). The questions in the Logi
database were submitted via email, however the children were advised that their question
might be broadcasted, therefore, the basic characteristic of anonymity of the net was
violated.

Language. The language in which the question was asked was recorded. The
Madsci Network and Newton databases accepted guestions in English, while Bashaar,
School and Logi databases included questions in Hebrew.

Attentiveness. Not all publics are interested in science to the same degree. Individuals
who report a high level of interest in science and technology policy issues and a sense of
being very well informed about those issues are called the attentive public for science and
technology policy (Miller, 1986). We used the act of voluntarily submitting a science
question to an Ask-A-Scientist site or science-related TV-program as a mark for science-
attentiveness. Questions that were asked in a school setting did not fulfill this requirement
and therefore were termed as non-attentive general audience. However, 33 questions that
were asked by high school students who major in biclogy were labeled as “science-
attentive” as well.

User characteristics

Age. In some databases surfers used free writing to indicate their age, while in
others they had to choose their grade level from a fixed list. In order to compare data
from different sources, we sorted all the age related information into four age groups: K-
3™ graders; 4-6" graders; 7-9™ graders (junior high school), and 10-12™ graders (senior
high school).

(Gender. Hebrew is a gender-identifying language. As a result, some of those
submitting questions automatically revealed their sex through the use of verb gender
indicators; for example, ‘I'm checking’ translates as ‘ani bodeket’ (feminine) or ‘ani
bodek’ (masculine). Children’s names provided a further indication of the sex of the
questioner, although some names (e.g. ‘Liron’) could be associated with either a boy or a
girl. For the English questions gender identification was based on the asker's first name,
For the Newton database initial classification was done semi-automatically using an

English name gender finder.' Next, the names that were not automatically classified were

! http://epublishine.nademova.biz/japan/names in_english.php?nid=A
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analyzed individually using a baby name guesser,2 which operates by analyzing popular
usage on the internet. All the names from the Madsci Nenwork database were identified
manually.

Country of origin. Madsci Nenwork and Newton databases both received questions
from all over the world. Many of the users indicated their country of origin using a fixed
list. A huge majority of the questions in these databases originated from the USA, but
Canada, UK, India, Australia, Mexico, and Korea were represented as well. All the
questions in the Hebrew databases were labeled as originating from Israel.

Question characteristics

Topic of the question: Subject and Sub-subject
Questions in this coding scheme were placed in one of the following categories:
‘Biology’, ‘Physics’, ‘Chemistry’, ‘Earth sciences’, * Astrophysics’, ‘Nature of science
(NOS) inquiry’, and ‘Technology’. ‘Earth sciences’ and °Astrophysics’ were kept as
distinct categories since each accommodated a significant number of questions. ‘NOS
inquiries’ were general questions about how scientists develop and use scientific
knowledge (Ryder, Leach, & Driver, 1999) without reference to a specific scientific
context. ‘Technology’ questions were categorized by defining technology as the
development, production, and maintenance of artifacts in a social context, as well as the
artifacts themselves (Gardner, Penna, & Brass, 1996). Questions in the field of
mathematics and questions that did not have a science topic were not included in our
sample. Bach of the categories (except for NOS) was further divided into subcategories,
resulting in a total of 55 subcategories: 17 in biology, 5 in physics, 9 in chemistry, 8 in
earth sciences, 6 in astrophysics, 1 in NOS, and 9 in technology.

Cognitive level of the question: Type and Order of Information Requested
Two classification methods were used to hierarchically describe the cognitive level of the
questions: order of information requested and type of information requested (see further
on). Both were already described in earlier works (Baram-Tsabari et al., 2006; Baram-
Tsabari & Yarden, 2005), however they will be briefly described here again, due to small

modifications.

2 hitp:f/www.gpeters.comynames/baby-names.php
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But first, a word of clarification why existing classification schemes for the
cognitive level of students’ questions were not used. Many such schemes were suggested,
but they did not fit the nontraditional sample used in this research for various reasons. For
example, because they are only suitable for questions asked in the context of a textbook
(Shepardson & Pizzini, 1991), a discourse (Graesser et al., 1992), or a classroom setting
where questions are categorized with respect to the task at hand (Marbach-Ad &
Sokolove, 2000a; Pedrosa de Jesus et al., 2003). This was also the reason that we could
not use Bloom’s taxonomy (Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956)—if a
student has previously encountered a question similar to the one he or she is asking, then
a higher order question may tum into a lower order question (Dori & Herscovitz, 1999).
Our sample includes specific, stand-alone questions generated by knowledge-deficient
mechanisms. This was also the reason we could not use the Scardamalia and Bereiter
(1992) classification of basic information or wonderment questions. In this sample, all the
spontaneous questions (see further on) were wonderment questions.

I Order of the Requested Information. A meodified typology, based on one
defined by Dillon (1984) and Brill and Yarden (2003}, was used to classify questions
according to a gradual increase in the cognitive level required to answer them: (1)
“properties”’—answers to questions in this category describe the properties of the subject
in question; (2) “comparisons’—answering questions in this category requires a
comparison between the subjects outlined in the question. This category includes any
non-causal connections between two or more variables, such as confrontations (3) “causal
relationships”™—answering questions in this category requires finding the relation,
correlation, conditionally, or causality of the subjects in question. Usually, questions
from the properties category refer to one variable, whereas questions from the
comparisons and causal relationships categories refer to at least two vanables. For
examples of the application of the categories in this coding scheme, see table 2.

I Type of Information Requested. A typology influenced by Bloom’s taxonomy
(Bloom et al, 1956) and Bybee’s classification for research questions (Biological
Sciences Curriculum Study [BSCS], 1993). The typology describes the nature of the
question, and the knowledge it generates, along a gradually increasing cognitive-level

continuum. The lowest category consists of requests for “factual” information which
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included terminological (What is www?), historical (When was the computer invented?),
descriptive (What does a male mosquito eat?), and confirmatory (Is it true that earth's
core is liquid?) items. The second category consists of requests for “explanatory”
information, with basically “why” and “how” questions. The third category, consisting of
questions asking for “methodological” information, has to do with scientific ways of
finding things out and with scientific and technological procedures. The highest
categories were “predictions and contradictions”—cases in which the asker described a
science-related situation and asked what its' results would be, or describes a contradiction
between two pieces of her/his scientific knowledge, and requests for “open-ended” type
of information which deal with opinions, controversial themes, and futuristic questions
that science cannot answer for the time being. For examples of the application of the
categories in this coding scheme, see table 2.

Reason for raising the question: Motivation and Level of Autonomy
An attempt was also made to identify and classify the questioners’ reason for raising their
questions. Since it was not possible to ask the children why they sent their questions, it
was necessary to interpret their possible motivation from the way in which their questions
were worded and phrased.

I Motivation. Two categories were chosen: “Non-applicative” and *Applicative’.
A question was labeled as “Applicative” if it was clear from the question that the answer
is going to be used in some way - €.8. for building something, decision making on health
and lifestyle issues and fulfilling school assignments. Motivation was determined for only
83.5% of the questions. For examples of the application of the categories in this coding
scheme, see table 2.

I Level of Autonomy. Gross (2001) makes a distinction between questions that
are self-generated (internally motivated by personal context) and those that are imposed
(thought up by one person, such as a teacher, and then given to someone else, such as a
student, to resolve). Intrinsic motivation refers to doing something because it is inherently
interesting or enjoyable. Extrinsic motivation refers to doing something because it leads
to a separable outcome (Ryan & Deci, 2000) as a means to an end, such as praise or
avoiding punishment (Vallerand et al, 1992). In school, intrinsic motivation becomes

weaker with each advancing grade (Ryan & Deci, 2000). Most learning in schoel is



extrinsically motivated, and the acquisition of knowledge 1s rarely enjoyed for its own
sake (Csikszentmihalyi & Hermanson, 1995).

Although all of the questions in our sample were generated by students, not all of
them were the outcome of an intrinsic motivation to know. Many of the questions were
required for school assignments and were originally raised by teachers or textbooks. To
differentiate between the two types of motivation for raising the guestion, we classified
the questions as either “spontaneous,” which can serve as an indication of intrinsic
motivation to know, or “imposed,” which can serve as an indication of an extrinsic
motivation for seeking an answer. Questions were classified as “imposed” only if it was
explicitly stated in the question that the information is required for a school assignment,
such as a science fair project, report, or homework. All other questions were classified as
spontaneous. This classification was not applied to questions that were collected in
school setting, since the students were prompt by an external agent to ask questions. For
examples of the application of the categories in this coding scheme, see table 2.

Properties of the object of interest: Magnitude, Human/Zoology focus and
Psychological distance
Three classification schemes were used in order to describe the object of interest in the
question. Two of these schemes did not apply to all the questions, and were used only
when relevant.

I Magnitude. The order of magnitude of the object in question was noted. This
scheme was inspired by the concept of “level of organization”, which is abundantly used
in biology education research (e.g. Knippels, 2002; Songer & Mintzes, 1994; Verhoeff,
2003). The levels chosen for this scheme were population (e.g 'if dolphins are mammals,
where is their hair?"), macroscopic level (e.g 'what causes black spots on Bananas?’),
microscopic (e.g 'if Basophils release histamine which cause inflammation, why do we
have Eosinophils? Don't they just cancel each other out?"), malecular (e.g how do you
know when one gene is being affected or controlled by another gene?'"), and Nano-scale
(e.g 'what is the purpose of Electrons?'). This classification was relevant only to 77.3% of
the questions, mostly in the fields of biology, chemistry and physics.

II. Human/Zoology focus. Many questions were embedded in the context of

human biology or the zoology of non-humans, e.g. “Is our inability to synthesize vitamin
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C an inborn error of metabolism?”, “Do dogs have a dominant paw that they prefer to
use?” were classified as portraying either a ‘Human’ or “Zoology’ focus, respectively.
This classification was relevant only to 32.7% of the questions (mostly biology
questions).

III. Psychological distance. The questions were also coded according to the
psychological distance of the asker from the object of the question. Bar-Ana, Liberman
and Trope (2006) describe four dimensions of psychological distance: (a) spatial—how
distal in space is the target from the perceiver; (b} temporal—how much time (past or
future) separates between the perceiver’s present time and the target event; (c) social—
how distinct is the social target from the perceiver’s self (e.g., self vs. others, friend vs.
stranger); (d) hypothetically—how likely is the target event to happen, or how close it is
to reality, as construed by the perceiver. The zero-anchoring point of all four dimensions
is the perceiver’s direct experience, the stimuli sensed in the here and now, whereas
psychologically distal entities are objects and events that are not part of the perceiver’s
direct experience. We would like to add another dimension, which is scale — objects,
which are too small or big to be experienced with our senses. We have classified the
objects of interest into three levels: ‘myself’, ‘direct environment’ that the asker may
observe and interact with, and ‘distant environment’. A model for this classification is

presented in Figure 1.

The sample
Preparing the sample

The preparation of the sample included several stages. First, all the data from the
various sources was collected and the questions were classified. Each data source was
studied and coded independently. Since the coding of the questions was not done
simultaneously, there were some differences in the coding scheme used for the different
sources. Therefore, our second step was to create a unified coding scheme, and to correct
any deviations from the scheme. For example, questions that were classified as ‘low-
tech’ at the ‘Logi’ database were added to the ‘technology: other’ sub-subject, and
questions which dealt with issues such as myth, religion, and unnatural phenomena, in

the ‘School’ database, were re-coded as ‘undistinguishable’. In another case, two
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chemistry categories 'what things are made of and 'bonding and structure' were united.
These corrections were first done semi-automatically using ‘Access’ software, and then
manually during the iteration that followed. As part of the unification classifications that
were missing from the original coding were added. Classification according to
‘Psychological distance’, for example, was added to all the databases.

Our third step was to clean impurities from our data. Questions with no clear
science field were deleted (‘undistinguishable’), as well as questions that dealt with
mathematics, All the cases in which the grade level of the askers was not clear or that
he/she was not a K-12 student, were removed at this stage as well.

Sample characteristics

The sample used in this study was made of 5945 self-generated science-related
students’ questions, collected from five different data sources. Of these questions 95%
were asked by 4-12" graders, and a small ‘minority by K-3" graders. Only 84% of the
questions were gender-identifiable and female students asked 55% of them. Almost half
of the questions (46%) were collected from Israeli sources, and the rest were collected
from two international web sites. For questions from these sites 76% included
information regarding country of origin, resulting in a great majority of users from the
USA (93%). The rest of the questions originated from Canada, UK, and India, and few
arrived from Australia, Mexico and Korea.

Over two thirds of the questions were collected in a web based setting, and
another 25% were collected via email in a TV-setting. The rest of the questions were
collected in school setting (7.5%). Some of these questions were labeled as "non-
attentive" since the askers did not voluntarily display interest in science. Overall, 93% of
the sample was labeled as questions asked by science attentive audience.

Statistical analysis

Cluster Analysis. Clustering is the grouping of entities into subsets on the basis of their
similarity across a set of attributes (Lorr, 1983). The technique of cluster analysis was
chosen to help identify and describe multi-dimensional clusters of questions within this
complex data set. These clusters gave us a starting point from which to further study the

data using other statistical methods.
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Cluster analysis was carried out using ‘ClustanGraphics’3. This software was
chosen due to its ability to deal with mixed data types (ordinal, binary and nominal
variables, see table 1) and with missing values. Few studies used hierarchical methods of
clustering to investigate interest-related issues such as patterns of vocational interest
(Wolfe, 1978); library and information science students' orientation (Khoo, Higgins, Foo,
& Lim, 2001), and an analysis of terms used for searching on the internet (Ross &
Wolfram, 2000). However, hierarchical cluster analysis methods function well for a
relatively small number of cases.

The procedure used in this study was k-Means Analysis, which can treat mixed
data types, allows for missing values, and functions well with big samples. The k-Means
cluster analysis groups cases (questions in our study) into clusters, based on their
similarity. The distances between the cases are calculated using simple Euclidean
distance. This procedure was previously used for explore Norwegian youth’s orientation
towards science {Schreiner, 2006).

The procedure was run several times, using different threshold values such as
outliers distant, cluster number and minimum cluster size. Finally, we have chosen to
limit the cluster size to over 50 cases, and the total number of clusters to less than 20. The
number of iterations was limited to 100, and the outlier distance was set to 500 in order to
prevent a massive losing of cases.

Contingency tables analysis. Contingency tables analysis was done using ‘R, a free
software environment for statistical computing and graphics. Probabilities were
calculated using X’ test.

Issues of reliability and validity are addressed in the “research approach, assumptions and

limitations” section on p 19.

¥ www.clustan.com
* www.r-project.org
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Findings
Stage I: General classification

Nearly 6,000 science questions collected from five different web-based, TV-based
and school-based sources were rigorously analyzed in order to identify K-12 students’
interest in science. The most popular subject was biology (46.3%), followed from a
distance by chemistry (15.1%), technology (11.8%), physics (10%), astrophysics (8.4%),
earth sciences (7.2%), and nature of science (1.2%). The 10 most popular sub-subjects
were: anatomy and physiology (10.7% of all guestions), botany and mycology (6%),
ecology (5.4%), what thing are made of and bonding and structure (5.4%), sickness and
medicine (4.2%), the solar system (4%), computers and Internet (3.8%), behavior (2.9%),
genetics and reproduction (2.7%), and mechanics (2.7%). The least popular sub-subjects
were history of biology (0.2%), the end of the world (0.3%), and chemical language
(0.3%).

Most of the questions that were coded for magnitude (77% of the questions, n =
4594) were asking about macroscopic entities (78%) and of those which were classified
for object of interest (33% of the questions, n = 1946), 54% were asking about animals,
and the rest about human biology. Most of the questions (67%) were asking about objects
which are not experienced directly by the asker, but found in his/her distant environment,
27% of the questions dealt with objects found in the direct environment of the asker, and
6% were asking about themselves.

Some science topics were the focus of a relatively large proportion of questions
about oneself. The topic 'neurobiology and the mind, for e.g., which was the focus of 102
questions, had over one forth of the questions asking about oneself. Other relatively self-
centered topics were: sickness and medicine (26% of the questions in this sub-subject);
nutrition (23%); anatomy and physiology (20%), and genetics and reproduction (13%).
Many more questions were asking about things which are found in the direct environment
of the students. The leading topics in this category were computers and Intemnet (86%);
man and animal relationship (74%); media and communication (68%]); robotics and
electronics (55%); inventions and patenting (50%); behavior (49%), and Low tech and

other technologies (45%).
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The motivation for raising the questions was largely non applicative, with 31% of
the questions asking for an applicative information. 20% of the questions were classified
as "imposed", meaning that they were not though of by the asker, but imposed on him/her
by a school assignment.

The level of thinking expressed in the questions was higher than expected from
the literature. With regard to the order of information 22% of the questions made
comparisons and another 7% asked about causal relationships. With regard to the type of
information, only 49% of the questions asked for factual knowledge, while 36% asked for
explanations, 7% for methodological information and the rest made predictions, pointed

at contradictions or asked open-ended questions.

Stage II: Unearthing hidden trends using cluster analysis

The cluster analysis procedure created 18 clusters, after ignoring 46 outliers.
These clusters were rearranged according to increasing age, according to the percentage
of elementary school students in the cluster (fig 2). Using this new arrangement I was
able to identify 3 major types of science questions typically asked by young students, and
3 major types of science questions typically asked by older school students. Only one
cluster, the smallest one yielded in this analysis (n = 51), which dealt with guestions
about the nature of science inquiry was not included. The merging process was
subjective, and might have resulted in different groups if conducted by another
researcher.

Young students major types of science questions

Animal biology: 2 clusters (# 18, 6°) were focused on the biology of animals, in

the context of behavior, ecology, man and animal relationship, anatomy and physiology.
This type of questions (n = 1024) were asked mainly by Israeli elementary school
students in a TV setting. Some of these questions were applicative in nature, but non
were imposed by school assignments. The bigger cluster contained simple requests for
factual data, and information about properties of only one variable. Many of these

questions dealt with spectacular aspects of the animal kingdom. The smaller cluster,

> In there order of appearance on figure 2
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which was characterized by a female dominance, was made of explanatory type of
questions, asked as a result of a direct observation.

In a galaxy far, far awayv: 4 clusters (# 12, 11, 13, 5) were asking about the distant

environment, in the fields of astrophysics and earth sciences. This type of questions (n =
673) was characterized by a dominance of male elementary and junior high school
students. Clusters 11,12,13 were all comprised of astrophysics questions, and they were
differentiated by the type of information they asked for: factual (# 12), explanatory (#
11), or more complex types (# 13). This third cluster, which was also the smallest, was
characterized by a relatively high proportion of questions collected in schools from non-
attentive general audience. These children focused more than other groups on the
question of the existence of extra terrestrial life. Cluster 5, which contained many open-
ended questions in the field of earth sciences was included here due to its focus on issues,
which are remote from the daily experiences of the asker.

High and low tech: 3 clusters (# 2, 10, 1) were assembled of mainly questions in

the field of technology. This type of questions (n = 848) was characterized by a
dominance of elementary and junior high school Israeli male students. A relatively high
proportion of questions from non-attentive audience were gathered in the youngest
cluster in this analysis (# 2), asking for simple factual knowledge and information
regarding the properties of a single variable, in the context of the history of technology,
low tech, and computers and the internet. Many of these questions were asked about the
distant environment. The most ‘masculine’ cluster in this analysis (# 10) included
questions in various fields, with 61% of the questions dealing with computers and the
internet. These were methodological questions, asked for applicative reasons about the
direct environment, by a science attentive group of students. Another group (# 1) of
relatively non-attentive young students asked for explanatory information regarding
issues in earth sciences - mainly meteorology, and technology - mainly computers and

internet, transportation, low tech, robotics and electronics.

Older students major types of science questions
My biology: 3 clusters (# 3, 14, 8) were comprised of questions which focused on

the human biology of the asker herself/himself. Some of these questions were applicative,



and they were characterized by asking for a rather high order of information —
comparisons and causal relationships, and about relatively smaller scales of magnitude.
The variable that differentiated between the three clusters was the type of information
requested. In one cluster the questions asked for factual knowledge (# 3), in another for
explanatory information (# 8), and in the third (and smallest) cluster for complex
methodological information, open-ended information, and predictions and contradictions
(# 14). These questions (n = 1063) were characterized by a rather even gender and
language distribution (relatively to the whole sample) and older age group (mainly 10-12
graders).

Imposed questions: 3 clusters (¥ 16, 9, 4) were comprised of guestions that were
imposed by school assignments and not raised out of intrinsic interest. These clusters
contained a mix of questions from all the science subjects, and the popular sub subjects
were: what things are made of and bonding and structure, anatomy and physiology,
sickness and medicine, botany and mycology, ecology, and mechanics. Two of the
clusters asked for methodological information and questions in the third cluster asked for
factual information. Questions form this type (n = 1168} were characterized by a
substantial female dominance, and they were asked in an English-based internet
environments.

Small macnitude, hish comnitive level: 2 clusters (# 13, 17) contained requests for

high order of information (mainly comparisons) in the fields of physics and chemistry,
with relatively many questions dealing with nano-scale objects, and no applicative
motivation for asking the question. This type of questions (n = 1072) were asked mainly
by high ‘school students, and collected from English based resources. The Chemistry
cluster was characterized by a female dominance (# 17), while the physics cluster was

characterized by a strong male dominance (#15).

The rearrangement of the clusters according to increasing age also provided a
sense of some of the pattemns, interactions and trends, which were hidden in the data. It
was suddenly apparent that the cognitive level of the questions (order and type of
information) increased with age, while the psychological distance of the object and its

order of magnitude decreased. Other trends which were familiar to us from former



research were visible as well, such as the interest of young age groups in zoology
(Baram-Tsabari & Yarden, 2005; Baram-Tsabari & Yarden, 2007c), and the tendency of
high school students to ask questions imposed by their teachers (Baram-Tsabari et al.,
2006). We subsequently closely examined these patterns, in order to find out if they are

statistically significant using conventional statistical procedures.

Stage III: Studying the frends using contingency tables analysis

Age effects

Interest in the different seven science subjects change with age (p < 0.001).
Specifically, interest in physics and chemistry increases with age, while interest in earth
sciences, astrophysics and technology decreases. A deeper examination revealed a pattern
in this developmental shift: the classical science disciplines which are being studied at
school (biology, physics, chemistry) were increasingly present in studenis' questions,
while non-classical science subjects, which are not universaily studied at school (earth
sciences, astrophysics, nature of science, and technology) were disappearing from
students questions. In order to neutralize the effect of school assignments on this analysis,
we have repeated the procedure independently for spontaneous and imposed questions
(figure 3). The effect seems to be true for both kinds of questions: both imposed
questions, and to a lesser, but significant extant, spontaneous questions were increasingly
focused on biology, physics, and chemistry, as children get older, while interest in non-
classical science subjects decreased. At all age groups, more questions in non-classical
science subjects were spontaneously asked, rather than being imposed by school
assignments,

Several reasons might be at the basis of this effect. Children might be naturally
loosing interest in earth sciences, astrophysics, and technology, while gaining interest in
biology, physics, and chemistry as they grow up. Another possibility is that the attention
of those who are attentive to science is being focused on certain subjects by the formal
schooling system. If the second explanation is true, it seems that the formal schooling
system is failing to capture, build on and capitalize the interest that young students

spontaneously have in certain science subjects.
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More specific topics which were of great interest for elementary students, but less
so for older age groups were anatomy and physiology; computers and the Internet;
history of technology; man and animal relationship, the solar system, extinct animals, and
behavior. All of these were also characterized by a rather small proportion of imposed
questions at all age groups.

Another developmental shift with age was an increase in the thinking level
expressed in the questions. It might seem like proving the obvious, but we are not aware
of any research showing such a trend. The thinking level was found to increase using the
wo measures used: students tended to ask for higher order of information as they grew
up (p < 0.001) — more comparisons and causal relationships and less for the properties of
a single object (figure 4a); and for more complex types of information (p < 0.001) —
explanatory, methodological, predictive and open-ended information, and less factual
information (figure 4b). This trend was true for both the spontaneous and the imposed
questions.

As age increased the order of magnitude of the objects in question deviated from
macroscopic scale to organization levels which are not exposed to the naked eye (p <
0.001). While 83% of the questions asked by K-3 students dealt with macroscopic
entities, this proportion dropped to 75% among 4-6"™ graders, 61% among junior high
school students and 48% among senior high school students. The other organization
levels: population, microscopic, molecular and Nano-scale were popular to a similar
degree among junior and senior high school students. Among elementary school students
"population" was the object of more question than the smaller organization levels (figure
5).

Gender effects

It is widely agreed in the literature that girls' and boys' science interests differ
from each other, with boys, on the average, being more interested in physics and
technology than girls, and girls on the average being more interested in biology than boys
(Baram-Tsabari et al., 2006; Baram-Tsabari & Yarden, 2008; Dawson, 2000; Farenga &
Joyce, 1999; Friedler & Tamir, 1990; Hoffmann, 2002; Jenkins & Nelson, 2003; Jones et
al., 2000; Kahle et al., 1993; Murphy & Whitelegg, 2006; Osbome & Collins, 2001;
Schreiner, 2006; Spall et al., 2003; Stark & Gray, 1999; Woodward & Woodward, 1998).
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This sample demonstrated a gender gap in interest as well (p < 0.001), but this gap was
not always apparent. At the youngest K-3 age group, there was no statistical difference
between the science fields asked by the two genders. However, this gap appeared on the
older grades of the elementary school and dramatically widened latter on (figure 6).

In order to compare the gap between the science interests of boys and girls in the
different age groups, each distribution of interests was expressed as coordinate in a 7
dimensional space, with each of the dimensions representing one of the science subjects.
Then, the distance between the girls' and the boys' coordinate for the same age group was
calculated, and expressed as a uni-dimensional number with arbitrary units. It was found
that the difference between boys' and girls' interests increases over 30 fold as they grow
up. Furthermore, the gap widened in the most stereotypical mamner with girls being
increasingly interested in biology and boys were asking more about physics and
technology.

This tendency is also apparent when reviewing the ten most "masculine” topics
that were more interesting to boys than to girls. These were: computers and Intemet;
modern physics; transportation; the universe; electricity and magnetism; history of
technology; meteorology; robotics and electronics; optics, heat and sound; and extinct
animals. Four of these topics are sub-subjects of technology, and another 3 are sub-
subjects of physics. The ten most "feminine" topics that were more interesting to girls
than to boys were: botany and mycology®; what things are made of and bonding and
structure; ecology; nutrition; behavior; sickness and medicine; man and animal
relationship; microbiology and virology; cell biology; and environment. 9 of these topics
are sub-subjects of biology.

A difference was also found in the type of information asked for by male and
female students (p < 0.05). While boys asked for more factual and methodological
information than girls did, girls asked for more explanatory information than did boys.
The trend was stronger when testing only the spontaneous questions (p < 0.001), and no
such difference was found with regard to the imposed questions. Boys and girls had

different reasons for asking questions. More girls than boys (34% and 29%, respectively)

® Some of the "feminine" topics are also characterized by a large proportion of imposed questions, due to
the greater tendency of female students to submit this type of questions.
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were asking for applicative information (p < 0.001), and more girls than boys (25% and
16%, respectively) were asking imposed questions (p < 0.001).
Effects of the level of autononty

Different science subjects had different likelihood of being the focus of an imposed
question {p < 0.001). The most "school-related” subject was chemistry, with 50% more
imposed than spontaneous questions (21% and 14% of the overall imposed and
spontaneous questions, respectively), and followed by biology with 53% of the imposed
and 45% of the spontaneous questions. The most "spontaneous” subjects were
astrophysics (3% of the imposed and 10% of the spontaneous questions) and technology
(5.5% of the imposed and 12.5% of the spontaneous questions). The sub-subjects that
were characterized by the greatest proportion of imposed questions were: botany and
mycology; ecology; what things are made of and bonding and structure; microbiology
and virology; mechanics; cell biology; stoichiometric, and chemical reaction. The sub-
subjects that were characterized by the greatest proportion of spontaneous questions
were: anatomy and physiology; computers and Internet; the solar system; history of
technology; man and animal relationship; the universe; behavior; genetics and
reproduction, and space missions.

Imposed questions were focused less on human biology, and much less on
zoology (p < 0.05) than spontaneous ones. Imposed questions were also less likely to ask
about macroscopic entities than spontaneous ones (p < 0.001).

The psychological distance of the object in interest was found to be different
between spontaneous and imposed questions (p < 0.001). Among the imposed questions
there were almost no questions about oneself (1%), whereas 6% of the spontaneous
questions were asking about "myself". No difference was found between females' and
males’ questions with regard to psychological distance, neither for the spontaneous or the
imposed gquestions, and no such difference was found between the different age groups.
There is, however, one group which was significantly different with regard to this
variable (p < 0.001). The non-attentive group displayed much more interest in asking
about themselves (15.5% of their questions) relatively to the attentive group. The non-
attentive students were relatively more interested than the attentive ones in the following

topics: robotics and electronics; evolution; transportation; genetics and reproduction;
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behavior; computers and Internet; the universe; neurobiology and the mind; the big bang
and star formation; extra-terrestrial life, and the end of the world. All these are also
characterized by being spontaneous topics of interest, which are not usually the focused
of imposed questions.

Another characteristic of the imposed questions is the relative lack of open-ended
questions, and questions which present predictions or contradictions (p < 0.001; figure
4b). It was, on the other hand, a rich source for methodological questions, which deal
with ways of knowing in science. Imposed questions were also characterized by a
relatively high proportion of question asking for causal relations (16% of imposed

questions, 5% of the spontaneous questions; p < 0.001).
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Self

A

Non-Self

Fig. 1. A model for classification according to psychological distance. The object
which is the focus of the question was classified into one of three levels, according to
its’ psychological distance from the asker. An example is provided to each level.



Fig 2. Results of a cluster analysis procedure. 5899 questions were classified into 18
clusters using k-means procedure. Cells were shaded only when the content of the cell
was significantly different from the overall sample. The clusters were rearranged
according to decreasing percentage of K-6 graders in the cluster.

Y Shades of blue ~ male dominance; shades of pink — female dominance

1 Pale blue — Hebrew dominance; red — English dominance

3 Light orange — bigger organization scales; Dark orange — smaller organization scales

“ Only 33% of the questions were coded for object of interest. Results are shown only for the biology
questions. Pale blue ~ human biology; Pink - animal biology

B3] Light green — lower order of information; darker green — higher order of information

() Light blue — simpler type of information; darker blue — complex type of information

) Light orange — shoster psychological distance; dark orange — longer psychological distance
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Legends for figures 3-6

Fig. 3. The change in the proportion of classical (biology, physics, chemisiry) vs. non-
classical (earth sciences, astrophysics, nature of science, and technology) science
subjects in four age groups, among spontaneous (on the left) and imposed questions
(on the right). The width of a rectangale is proportional to the contribution of that
particular age group, and its” length represents the non-classic/classic science subjects
ratio.

Fig. 4a. The change in the proportion of requests for different levels of order of
information (in increasing order: properties, comparisons, causal relationship) in four
age groups, among spontaneous (on the left) and imposed questions (on the right).
The width of a rectangale is proportional to the contribution of that particular age
group, and its’ length represents the proportion of different orders of information.

Fig. 4b. The change in the proportion of requests for different types of information
(factual, explanatory, and complex types: methodological, open-ended, predictions
and contradictions) in four age groups, among spontaneous (on the left) and imposed
questions (on the right). The width of 2 rectangale is proportional to the contribution
of that particular age group, and its’ length represents the proportion of different types
of information.

Fig. 5. The change in the order of magnitude of the object in interest between four age
groups.

Fig. 6. The change in male and female students’ interest in seven science subjects
with age. The length of the eight large rectangles represents the male:female ratio in
that age group, and its’ width represents the relative contribution of that age group to
the sample. Each of these rectangles is divided into 7 narrower rectanies, representing
the relative popularity of different science subjects within that gender and age group.
The 7 dimentional distance between the preferences of males and females in each age
group is marked by a grey dot.






Classic

Non-classis

Classic

Non-classic

R s SR
3

i
G v-‘?‘g—fv
By

i o
=

o s e
e
B

'/2:-

TSR

B
L

e R
e

T

T

ety

AR
oL o

: iz
eyl
e i
B The

HELY = s Py

RS AT T
oy 'kéé]ﬁ»«m ém; i g o "‘ st

T e T S s b S B S

Spontaneous







3 4

o |

e

e e B .
e

R st
T L

safadold

snoauejuodg
3

2

.

suostiedwo

Causal relations

sajsadold

R
SRR

T Sy '.,f,

pasoduwy

Comparisons

- Causal relations







"G b

snoauejuodsg

pasoduy

——t
?
w—h
N
—
: Sl
;:*ﬁ%*%,d@;wm
e
Sy
=
S
-

Aloreuejdxy)

Rt

=
=

Methodolagical
SiEaaw| === Open-ended

Predictions &
Contradictions

fenioe;

- Explanatory

4

~ Methodological

Open-ended

~Predictions &
Contradictions

U






Z1-01

9-¥

3[eds oueN = =
- IR[NDBJOW ==
2IAOISODIN =) w

21d0OIS0DRYY =T
uonendoy = «

- Ot

- OC

- Ot

- Ot

- 0§

- 09

- 0L

- 08

- 06

- 001

(9p) suonsanb jo Juadiad






B!

apesn

7 dimensional distance

o o o o o o o o

S S 2 2 ~ N & & i—biology
& A < o < il @ i i~ physics
] i 1 1 ] :‘

hemistry

é---~t»c_=chﬂol‘:)gy

biology

Ty

Physic-;tr
chémi

earth scsgnces
astrophysics
nos

technology

e

biology

physics

6-L

chemistry

earth sciences

astrophysics

technology

oy

e

bioclogy

physics

(AN}

chemistry

earth sciences
= astrophysics
~ nos

technology

Female Male






Part I11: Discussion

The purpose of this study was to investigate students' interests in science using
their self-generated questions. I argue that there is considerable promise in using students'
self-generated and primarily spontaneous questions to enhance the attractiveness and
relevance of science curricula. The methodology used here may provide a rapid and
consistently up-to-date way of assessing children's interests while avoiding adult-
generated views.

Some of our results confirm and reinforce what is already known about children's
interest, using a different data source and methodology. However, this study provides
new insights into issues such as topic-specific differences between spontaneous and
school-related interest in science; the higher cognitive-level of children's questions in
free-choice settings compared to classroom settings; the females tendency to ask more
school-related questions than boys, and the persistence of girls and boys stereotypic
interests both among the spontaneous and school-related questions. Other new findings
were an increase in the cognitive level of the questions with age, while the psychological
distance of the object in question and its order of magnitude decrease; a developmental
shift in interest in biology, accompanied by a decrease in interest in zoology and an
increasing interest in human biology with age; the dominance of questions asked by
fernales in free-choice science learning environments, and the widening stereotypical gap
between girls' and boys' science interests. Finally, six main types of science questions
were identified using cluster analysis techniques. Few of these findings will be shortly
discussed here.

An important observation of this study is the recurring inconsistency between
students' spontaneous (intrinsically motivated) and school-related (extrinsically
motivated) interests. There is evidence that intrinsic motivation can promote leamning and
achievement better than extrinsic motivation (Pintrich & Schunk, 2002). Therefore, it
might prove pedagogically beneficial to respond to children's interests by incorporating
into school science, topics which are of spontaneous interest to children, such as 'The
Solar System', 'Modem Physics', 'Evolution’, and 'The Universe', which are currently

underrepresented in many science curricula.



Our findings suggest that students can raise questions reflecting a high cognitive
level on their own, but may feel less comfortable or encouraged to do so during science
class. Another interpretation is that students may have more time to reflect and compose
their questions in an online setting than during science class. It should be borne in mind,
however, that the student population in our sample may have a higher level of motivation
to seek sources outside the classtoom for science leaming.

Another important finding of this research is that internet-based Ask-A-Scientist
sites demonstrated surprising dominance of female contributions among K-12 students,
where offline situations are commonly characterized by males’ greater interest in science.
This female enthusiasm was observed in different countries, and had no correlation to the
level of equality in those countries. Learners ask questions when they feel secure, and
free-choice science-leaming settings on the internet might offer just such a place, where
revealing a misunderstanding does not render the student vulnerable to ridicule from
his/her teacher or peers. This may indicate that the internet as a free-choice science-
learning environment plays a potentially empowering and democratic role which is
eSpeciallﬁf relevant to populations which are deprived of equal opportunities in learning
formal science.

However, girls’ interest in submitting questions to scientists dropped all over the
world as they grew older, and the stereotypically gendered science interests persist in this
environment as well. It is important to note, on the other hand, that there are also topics
which appeal to both sexes, and arouse spontaneous interest as well. Therefore, it seems
possible to teach scientific concepts and ideas in the context of topics which are not
profoundly preferred by boys, but rather preferred by gitls or equally attractive to both
genders (Hoffmann & Haussler, 1998; Krapp, 2000; Sjoberg, 2000). Our study identified
few equally attractive topics, such as health issues, atom structure, and chemical bonding
and structure; and few science subjects which are very popular among girls, such as
ecology, anatomy, botany, nutrition and neurology. Using these topics as the context of
science learning could prove beneficial in the process of mainstreaming science

education.
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Implications
Hofstein & Kempa (1985) distinguished between interest arousal which can be

brought about by an appropriate selection and structuring of subject matter included in a
curriculum; and motivational enhancement which is brought about by the choice of
pedagogical strategies. Students' interests can be used in various ways, since it has to do
with the content of the lesson and not with the teaching strategies used by the teacher.
Addressing students' interests in the science classroom

It should prove nearly impossible to adhere to the individual interests of each of the
students in a large class. However, there are many ways in which students' interests can
be integrated into a standard-based curriculum.
Triggering learning of new content. Having students answer their own questions seem to
make it difficult to follow the intended curriculum, but it is common for puzzling
questions to embrace topics that the teacher intended to reach sooner or latter (White &
Gunstone, 1992). Therefore, students' spontaneous questions may be used for the
engaging stage of the learning cycle (Kolb & Fry, 1975). For this purpose, it might prove
useful to provide teachers lists of popular spontaneous science questions alongside with
their answers.
Reoccurring themes. Where does the fat go when a person loses weight? Why do males
have nipples? Can lions become vegetarians? Are dogs color-blind? Some questions are
repeated at different ages and in different cultures, and can serve as triggers for standard
science-curriculum issues, such as nutrition, evolution, ecology and the senses
(respectively). Daiute (1997, p. 329) instructs teachers on how to recognize and use those
topics in the classroom: when “topics emerge as recurrent themes underlying children’s
conversations, it is the optimal time to explore such issues in relation to subject matter in
your curriculum.” It is sad to note that none of the frequently asked questions, that were
reoccurring among Israeli children's questions (Baram-Tsabari & Yarden, 2005) are
addressed by the relevant elementary school curricula.
Make room for students’ questions. Questions are an important part of the ongoing
scientific research process and have an important educational role (Biddulph et al., 1986;

Brill & Yarden, 2003; Scardamalia & Bereiter, 1992). Our results indicate that students



are able to pose science questions in informal settings, and it would be educationally
beneficial if they wounld use this ability in classrooms as well. Many researchers
recommended environments which encouraged question-asking by students, such as
discussion (King, 1994), cognitive conflict (Allison & Shrigley, 1986), real-world
problem-solving-activities (Chin et al., 2002; Zoller, 1987), case studies (Dori &
Herscovitz, 1999), biotechnology-focused modules (Olsher & Dreyfus, 1999), use of
written questions (Pedrosa de Jesus et al,, 2003) and leamning using adapted primary
literature (Brill & Yarden, 2003). Students’ questions enable teachers to be aware of what
students are interested in and what they want to know about a given topic (Chin & Chia,
2004). This way teachers can be more responsive to students' needs and interests, and
tailor their instruction to cater to these individual differences (Chin & Chia, 2004).

Using the internet to respond to students' interest. Learning using the internet may be a
way to cater to the individual interest of all the students in a big classroom, allowing each
of them to explore her/his preferred aspect of a subject.

Organization and design of teaching. Students’ questions may be used to recommend a
design for teaching a certain science topic (Maskill & Pedrosa de Jesus, 1997).

Choice of context. Our analysis identified some scientific topics that appeal to both sexes
or predominantly to girls. Therefore, it seems possible to teach scientific concepts and
ideas in the context of topics which are not profoundly preferred by boys, but rather
preferred by girls or equally aftractive to both genders (Hoffmann & Haussler, 1998;
Krapp, 2000; Labudde et al., 2000; Sjoberg, 2000; Steinkamp & Maehr, 1984). Haussler
et al. (1998) identified five domains of interest in physics, only one of which—physics as
a scientific enterprise for its own sake—is overwhelmingly dominant in physics
classroom. Other domains, such as how science can serve humankind and explanations of
natural phenomena which are of more interest to girls, are almost non-existent (Haussler
et al., 1998). Girls in particular respond very sensitively to a change of context (Murphy
& Whitelegg, 2006). For example, girls are mmuch more interested in learning more about
pumping blood by an artificial heart than about pumping petrol from great depths,
whereas for boys both are similarly interesting (Hoffmann, 2002). Therefore, human
biology, medicinal uses or natural phenomena could be introduced as contexts for

physics lessons, topics which would take the interests of girls into account (Hoffmann,



2002). Using such topics, which can be identified using spontaneous questions, as the
context of science learning could prove beneficial in the process of mainstreaming
science education.

Furthermore, many principles in biology can be taught using different contexts, such as
human biology, zoology, botany, and microbiology. It is possible to choose a more
engaging context for the target audience, rather than an alienating one. For example,
zoology context would appeal more to children, while human biology would appeal more
to adolescence and adults (Baram-Tsabari et al., 2006; Baram-Tsabari & Yarden, 2005;
Baram-Tsabari & Yarden, 2007c).

Science fairs and project-based learning. Some popular teaching strategies take into
account students’ interests to some degree. Science fairs and project-based learning, for
example, allow students to create their own research questions within a given topic. In a
teaching strategy such as K-W-L (know-want-learn), for example, teachers activate
students' prior knowledge by asking them what they already know; then students set
goals specifying what they want to leamn; and after reading students discuss what they
have learned (North Central Regional Educational Laboratory, 2006); this way
incorporating to some degree students’ views and interests in the topic.

Inquiry based learning. Students' self-generated questions can sometimes be used as a
starting point for an inquiry based learning. Using student-generated questions has
potential in directing students inquiry and guiding their construction of knowledge (Chin,
2001). Question-driven problem-based learning (Q-PBL), which involves students
crafting their own problems, generating questions, and investigating related learning
issues, is an inquiry based approach, in which learning is based on what the students are
interested in and driven by students’ need to answer their own questions (Chin & Chia,
2004). However, even teaching strategies which draw upon driving questions to sustain
students' interest use questions developed by the teachers (Krajcik & Mamlok-Naaman,
2006), and a context designed to legitimize learning from the students' perspective by
making their learning intrinsically meaningful was chosen by the curriculum developers
(Bulte, Westbroek, de Jong, & Pilot, 2006). However, for science to be relevant to its
practitioners, the origin of the questions which are being investigated are of great

importance.



Chin and Kayalvizh (2002) studied the suitability of students' questions for classroom
investigation. They found that among the questions that were posed individually, only
11.7% could be answered by performing hands-on investigations. When questions were
generated in groups after examples were shown, 71% of the questions that were raised
amenable to science investigations but they related to fewer topics. Thus, although there
is general agreement in letting pupils investigate their own questions, pupils’ ‘raw’
questions do not seem to immediately lend themselves to practical investigations, and
pupils need the teacher’s help to translate such questions into testable hypotheses (Chin
& Kayalvizhi, 2002).

Question-based lesson. Kwan (2000), an elementary-school teacher, followed a question
asked by a student to develop a lesson on constructions, which was based on the child’s
question and her national science curriculum. Also Yerrick (2000) used lower track
students’ questions to guide and temper instruction in class investigations.
Question-based curriculum. Gallas (1995) used her elementary-school students’
questions to construct a curriculum in human biology. This enabled her to build a
community of learners who strive to answer their own specific questions.
Student-centered learning materials. 1 would like to propose creating student-centered
learning materials, which are based on empirical evidence regarding the science interests

of different groups of students, as described in the discussion section.
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Future research: Student-interest focused learning materials

Asking a question in a free-choice environment does not guarantee willingness to
invest time and effort in learning the answer in a school setting, It is not clear what would
happen if students® interests were implemented into the school science curriculum.
Would free-choice learning lose all of its appeal once it became compulsory? It is an
untested assumption that the more that will be known about students’ interests,
enthusiasms, dislikes, beliefs and attitudes, the more feasible it will be to develop school
science curricula that will engage their attention and help reduce long-standing gender
and other differentials (Jenkins, 2006). I suggest to put this assumption to the test.

In order to do that, the next step of this research should be to test what are the benefits, if
any, of using students’ interest focused learning materials. I suggest taking the following
steps (fig. 7):

Create an empirically based database about students’ interest in science, which
includes findings driven from students’ self-generated questions collected in free-choice
and school settings in the course of this study, findings from intemnational studies (e.g.
ROSE (Sjoberg & Schreiner, 2002)) and national based interest studies (e.g. Interest in
Biology in Israel (Tamir & Gardner, 1989)).

Use this empirical basis to contextualize and personalize some of the biology
formal curricula by developing students’ interest focused leamning materials. I suggest
reversing the traditional process of popularizing scientific research into digestible
learning materials, by using students’ input as a raw material for a “scientification”
process - providing scientific explanations and a basis for learners’ concerns and
interests. The interests' focused learning materials should not overwrite or ignore the
biology curricula - they should serve it better. Many concepts and principles in biology
can be thought in different contexts, using different driving questions as an engagement
for learning (see implications section). Students' interest-focused learning materials will
be based on empirical evidences regarding students’ interests and preferences and not
merely on the teachers' or curriculum developers' hunch.

In order to test the effectiveness of such learning materials, I suggest applying mixed
qualitative and quantitative methodology in a low/average achieving biology classroom

setting.



Figure 7. Rationale for developing Student-interest focused learning materials

An empirical basis for supporting

student-centered learning materials
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Students-interest focused learning materials
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Abstract: Learning using primary literature may be a way of developing a capacity for seientific ways
of thinking among students. Since reading research articles is a difficult task for novices, we examined the
possible benefits of learning using primary literature versus secondary literature, particularly with respect to
their influence on the creation and formaton of scientific Literacy. We report on » comparison betwesn four
groups of high school students, each with differing degrees of prior knowledge in biology, who read a
domain-related text written in either the scientific research article genre (adapted primary literature) or the
popular-scientific genre (secondary literature). Although there was no significant difference in the students’
ability to summarize the main ideas of ench text, indicating that there was no eminent distinction in their
content, we foend that students who read adapted primary Hterature demonstrated better inquiry skills,
whereas secondary literature readers comprehended the text hetter and demonstrated less negative attitudes
toward the reading task. Since the scientific content aof the two texts was essentially identical, we suggest
that the differences in students’ performances stem from the structure of the text, dictated by its genre.
© 2005 Wiley Periodicals, Inc. J Res Sci Teach 42: 403428, 2005

The need to create a scientifically literate citizenry is a widely accepted educational goal
(American Association for the Advancement of Science, 1990; Laugksch, 2000; Report of the
Superior Committee on Science Mathematics and Technology Education in Israel, 1992; Uno &
Bybee, 1994). The question of what constitutes scientific literacy, or whata literate person should
know or be able to do, is far more controversial (American Association for the Advancement of
Science, 1990; Bybee, 1997a; Harlen, Raizen, & deRoo, 2000; Laugksch, 2000; National
Research Council, 1996). We chose to use Shamos's definitions for functional and “true”
scientific literacy (quotation marks in the original) (Shamos, 1995) as our operational definitions
of scientific literacy, Functional scientific literacy is characterized by the ability to converse, read,
and write coherently in a nontechnical but meaningful context. This definition should not be
conflated with the Biological Sciences Curriculum Study (BSCS) definition of functional biol-
ogical literacy, which concerns the use of biological vocabulary based on memorized responses
(Uno & Bybee, 1994). However, a functional-literate person, according to Shamos, lacks an
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understanding of the fundamental role played by theories in the practice of science and of the
unique processes that characterize it. **Scientific habits of mind™ such as logical reasoning, the role
of experiments, reliance on evidence, the ability to think critically and other elements of scientific
investigation are all characteristics of “true” scientific literacy (Shamos, 1993). In addition, the
“true’” scientifically literate individual has the ability to use those scientific ways of thinking for
individual and social purposes {American Association for the Advancement of Science, 19%0;
Hurd, 1998; Shamos, 1993).

If we want the fature citizen not only to be able to possess and use scientific knowledge, but
alsc to take part in decision-making with regard to the application of science o everyday life
{Hurd, 1983), we must teach today’s students net only what science can do, but also how science
is done. Therefore, teaching science should be consistent with the nature of scientific inquiry
{American Association for the Advancement of Science, 1990}, This includes starting with
guestions about phenomena rather than with answers to be leamed (American Association for the
Advancement of Science, 1989).

One possible way of developing this capacity for scientific ways of thinking might be through
the use of scientific research articles for leaming, Since the scientist who did the research is also
the one describing it in the article, this text is also termed “primary literature.” The use of primary
literature for learning might give the functional-literate person some important elements of “true”
scientific literacy. Primary literature not only closes the gap between public knowledge and the
frontiers of scientific inquiry, it can also develop the following components of scientific literacy:
acquaintance with the rationale of the research plan; exposure to research methods and their
suitability to the research question; acqunaintance with the language and structure of scientific
communication; development of the ability to critically assess the goals and conclusions of
scientific research; exposure to problems in a certain discipline and acquaintance with the conti-
nuity of the scientific research process (Yarden, Brill, & Falk, 2001). Primary literature may
instruct students on the nature of scientific reasoning (Muench, 2000} and help to teach com-
plementary aspects of scientific investigation and writing (Kuldell, 2003). In addition, students
may find reading research articles a novelty and a challenge (Epstein, 1970), and may also identify
with the researchers’ quest. Whereas textbooks concentrate on presenting the conclusions of
scientific research, science journals also define problems, as well as describe and justify methods
{Norris & Phillips, 1994).

Following this rationale, the new syllabus for high school biology studies in Israel contains a
requirement for the comprehension and analysis of research articles by senior biology majors (see
Methods). More specifically, as of 2006, all biology majors will be examined on the subject matter
they learned through the reading of adapted primary literature, as part of the national matriculation
examinations (Israeli Ministry of Education, 20063).

However, leaming through research articles is both a challenge and a difficuit task for the
novice (Janick-Buckner, 1997; Smith, 2001; Yarden et al., 2001). Despite the fact that many
scientists would state that a research article is easier for them to follow, and that it is maore
organized and clearly structured, the research article is much more permissive to information gaps
than a popular article and lacks the reader-friendly use of metaphors, analogies and examples.

Scientific research articles and popular-science articles belong to two different genres. Genres
are text types defined by function, sociocultural practices, and commaunicative purpose (Ravid &
Toichinsky, 2002). Two major categories of text genres are expository text, a text whose primary
purpose is 1o expose information or ideas and narrative text, which is usually written to entertain
more than to inform, and is easier to comprehend (Grasser & Goodman, 1985). A scientific
research article is included in the expository text category, whereas a popular-science article can
be considered a mixed text, found somewhere on a scale between expository and narrative text, due
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to its episodic story-telling parts that include characters and events. One reason genres areé
important is because they appear to elicit varied processing (Alexander & Jetton, 2000).

Scientific texts, as a subgenre of the expository text, are typically difficult to read because they
are written in “scientific language,” a “jargon” that has the effect of making the learner feel
excluded and alienated from the subject matter (Halliday, 1993). In scientific writing there is much
use of the passive voice, of abstract nouns in place of verbs, and of verbs of abstract relation in
place of verbs of material action (Lemke, 1990). According to a statistical formuia for the objec-
tive measurement of readability, scientific magazines achieved the lowest score on the *‘reading
ease” and “human interest’” scote, ranking therm as “very difficult” and “dull,” respectively
(Flesch, 1948). Italso should be noted that the familiar and easy-to-handle structure of the research
article is well known to scientists, but not to high school students. Therefore, it is interesting
to examine the possible benefits of learning using scientific research articles versus popular-
scientific texts, in particular their influence on the creation and formation of scientific literacy.

Although a number of scientific literacy assessment tools are available (Aikenhead & Ryan,
1992; Champagne et al., 2000; Korpanetal,, 1994, Laugksch & Spargo, 1996a, 1996b; Schieicher,
1999), none of them deals with comprehension of scientific research articles and most of therm do
not use high school biology content in their assessment process. We chose to assess scientific
literacy through the investigation of students’ understanding and interaction with content-related
tasks, rather than spelling out the knowledge, skills and attitudes that students should possess as a
consequence of their whole school experience (American Asscciation for the Advancement of
Science, 1993; National Research Council, 1996).

In the present work, we attempted to determine how adapted primary literature and secondary
literature influence the creation and formation of scientific literacy among high school biology
students. We hypothesized that secondary literature would generate a better understanding of the
text among high school students due to its greater explanatory coherence, whereas adapted
primary literature would better convey to its readers a knowledge of the syntactic structure of the
discipline, which would help them understand how biological research is done.

Strategy

As a platform for this research, we used a breakthrongh research article that strongly
cosrelates to science, technology, and society (§—T—8) issues. The work was carried out ag part of
an effort to confront students with a current real-worid issue impacting society (Yager, 1993}, with
the understanding that inquiry into authentic questions, preferably scientific topics that have been
highlighted by current events, is one of the central strategies for teaching science {National
Research Council, 1996}

We chose an article that describes the design of a polyvalent inhibitor to the anthrax toxin
(Mourez et al., 2001), as a basis for writing two articles snitable for the high schooi students’
cognitive level. The modified articles were written in two text genres; the first was a research
article in which the basic typical structure of the original article was retained, as well as the use of
passive voice, as previously described in detail (Yarden et al, 2001). Since we retained the
common structure of a research article, as well as the authentic results and iilustrations, and since
the modifications were only meant to simplify the text, but not to change it significantly, this
modified version of the research article is henceforth referred to as “‘adapted primary Jiteratare”
{Yarden et al,, 2001). The second version was wrilten as a popular-scientiﬁc article by one of the
authors, who is an active science journalist and has gained a lotof experience in writing and editing
in this genre for the print mass media. This version provided easier fluent readability while almost
completely retaining the same data: this article is henceforth referred to as “secondary literature,”
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Biology is one of the most dynamic research disciplines within the natural sciences, and new
research discoveries are published almost daily. Most of these discoveries are published in
scientific journals in English. Israeli students, for whom English is not their mother tongue, cannot
be presented with an authentic English text. Since our goal was to retain the same scieatific content
in both adapted primary and secondary literatures, we could not use a random popular-scientific
article from the available popular press in Hebrew. Therefore, we had to translate the research
article that we used into Hebrew and to compose a popular-science article describing it
Appendix A presents paragraphs from both adapted texts and the original articie.

Learning from texts is a complex skill that involves complex interactions between the reader’s
mind and the text (Holliday, Yore, & Alvermann, 1994). Therefore, our group chose to use
multiple approaches in order to shed some light on the process of learning from research articles.
To obtain rich and in-depth data, we used a qualitative approach to characterize the way in which
two high school biology students read a research article, to determine possible reasons for their
difficulties, and to identify the reading stages and reading strategies used by the two students (Brill,
Falk, & Yarden, 2004).

‘We decided to use a quantitative approach to this research, although these survey methods
homogenize important distinctions (Messer-Davidow, 1983}, All Israeli high school students who
choose to major in biology (see Methods for details) will have to read adapted primary literature as
part of their learning process. Therefore it is important to probe the ways in which the broad
population is affected by this new educational effort.

In this research, one group of students received the adapted primary literature text and another
group received the secondary literature text. Students’ scientific literacy was not assessed in
comparison to a particular, predetermined model, but compared with the achievements of the other
group. Students” achievemnents were assessed using diverse paper-and-pencil methods in order to
gain a multidimensional perspective {Laugksch, 2000) on the way in which text genre influences
the formation of students’ scientific literacy. Following the reading of one of the two texts, four
types of open-ended items were used as assessment tools:

1. Communication of the main ideas and conciusions that were detailed in the article was
assessed in the format of a written abstract. Analysis of what is included and what is
omitted in a student’s written summary teils us something about what has been
understood from the text (Garner, 1982} and provides some vaiuable insight into what the
students considered the most important points in the experiment described in the article.

2. Reading comprehension and acquisition of biological knowledge were tested in the
format of content-based True/False (T/F} questions. Students were also reguired to
explain each of their responses. During analysis, the questions were sorted into two
groups. Provision of full answers to the first group (which consisted of seven questions)
required reading comprehension, while providing full answers to the second group
{which consisted of four questions) also required the ability to infer new information.
This task demanded the generation of elaborative inferences, not only required
inferences, which simply stem from local coherence of the text (Fincher-Kiefer, 1996),
The first group of questions can also be described as dealing with the textbase level and
the other with the creation of a situation model through the use of prior domain
knowledge, as previously suggested by Kintsch (1989),

3, An understanding of the processes and methodology of scientific inquiry was
demonstrated in the format of three open guestions. Scientific processes which include
the collection and interpretation of data, and the derivation of conclusions (Lederman,
Abd-El-Khalick, Bell, & Schwartz, 2002), as well as the combination of those processes
with scientific knowledge, use of scientific reasoning and critical thinking abilities
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(Bybee, 1997b; National Research Council, 1396), served as the theoretical framework
for measuring the scientific inquiry skills in this section.

4. Students’ attitudes toward learning using adapted primary and secondary literature were
assessed using a series of 11 statements concerning the reading task: four of them were
positive and seven negative. Students were asked to rate each of the | ] statements on a
Likeri-type scale ranging from 1 to 6 (1 =strongly disagree, 6 = strongly agree).

The first and second sections of the questionnaire were aimed at measuring students’
functional literacy, while the third dealt with elements of scientific investigation, in order to
examine students’ “true’” scientific literacy (Shamos, 1995). The fourth section accounts for
students” attitudes and learning styles.

The full translated questionnaire is presented in Appendix B.

Methods

Subjects

High school biology students (1 =272) participated in the experiment for biology class credit,
The students were gathered from 11 classes chosen from four different academic urban and
suburban-type high schools in Israel. All four schools are attended by a culturally nondeprived
population. All subjects learned the same curriculum in biology, since Israel has a centralized
education system. We can assume that the students’ ability to read and write in Hebrew was similar
for all four schools. The schools and classes were chosen according to the teachers’ initiative and
motivation to take part in what is still an experimental program.

Biology class grades were obtained from the teachers of 6 out of the il classes that
participated in the experiment. The five remaining teachers felt it would be inappropriate to hand
over their students’ grades to researchers from outside the school administration. From the grades
that we obtained, we learned that the average biology class grade for the males was 81.8 and forthe
fernales was 80.6, out of a maximum score of 100. Two hundred-sixty questionnaires out of a total
of 272 were gender-identifiable (see questionnaire analysis for details)—180 of them belonged to
femnale students and 80 to male students. This ratio is close to the 1.3 1 female-to-male ratio found
in classes in Isracl where students major in Biclogy, according to B. Agrest, Chief Inspector of
Biology Education in Israel (personal communication, October 23, 2002}.

About one half of the students who participated in the experiment were biology maiors. Inlsrael,
at the end of the tenth grade, students choose to major in at least one scientific or nonscientific topic,
which is evaluated in a national matrculation examination. The syllabus for the biology-major
studies in Israel requires 450 hours of teaching (Israeli Ministry of Education, 1991) and inciudes, in
addition to basic topics, advanced topics that are aimed at reflecting the dynamics of biological
research and discovery. The new syllabus also includes the use of adapted primary literature by the
students as past of their learning process (Israeli Ministry of Education, 2003).

Biology majors study biology for a period of three years. Therefore, twelfth-graders have
more opportunities to acquire diverse biological concepts and principles and to elaborate their
knowledge regarding the techniques being used in biological laboratory research during their
“hands-on” assignments compared with tenth and eleventh-graders. Prior knowledge can be
explained as a combination of the learner’s pre-existing attitudes, experiences, and knowledge
(Bransford, Brown, & Cocking, 1999); therefore, we can assume that grade level in this research
estimates prior knowledge in biology.

To separate the effects of prior knowledge from those of text genre, subjects were divided into
four groups according to their estimated prior knowledge in biology: twelfth-grade biology majors
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(n=27, one class), eleventh-grade biclogy majors (=113, five classes), tenth-graders with
refatively high knowledge (HK) in biology (1 =49, two classes) and tenth-graders with relatively
low knowledge (LK) in biology (n =81, three classes). The tenth-graders were classified at the
class level: two classes were classified as high-knowledge (HK) and another three as low-
knowledge (LK). The classification was imitially dome according to the biology teachers’
estimations and was later verified by Duncan grouping statistical test of the comprehension and
inquiry sections of the questionnaire (data presented at Appendix C).

Materials

The two texts were written based on the article “Designing a polyvalent inhibitor of anthrax
toxin™ that was published in Nature Biorechnology the same year (Mourez et al., 2001). The article
was translated into Hebrew and adapted into two different versions, preserving most of its content
but varying in style: adapted primary literature {1546 words), and secondary literature {828
words). Note that both texts yielded very similar performances on the abstract assignment, where
seven main ideas had to be identified and summarized (see Results). This indicates that there was
no pronounced distinction between the content of the adapted primary and the secondary
literatures, The big difference in word count stems from two reasons: genre-related repetitions in
the adapted primary literature {e.g., describing an experiment in the Materials and Methods
section, recalling it in the results section, and discussing it in the discussion section of the article),
and the omission of one experimental method (selection of peptides by phage display) from the
secondary Hterature text. There was no reference in the questionnaire to that specific methed.

The same questionnaire was used for both versions, testing the students for their ability to
write an abstract, their reading comprehension and inferential abilities, their inquiry skills and
their attitudes toward the reading task (as detailed earlier).

The instruments (texts and questionnaire) were validated by six experts: two high school biol-
ogy teachers who had already gained experience in the implementation of adapted primary litera-
ture, two science teaching researchers at the Weizmann Institute of Science, a biologist, and an
experimental psychologist who had specialized in psycholinguistics (since the focus of this study
is the use of texts for learning). The reliability of the questionnaire was analyzed using the Aipha
Cronbach coefficient and all values appeared to be >.8. The analysis results are shown in Table 1.

Table |
Questionnaire reliability analysis

No. of Alpha Cronbach

Section Assessment tool items coefficient
A Abstract writing® 7 038

B Content-based T/F questions” 22 0.84

C Open-ended questions® 6 0.83

D Students’ attitudes® 1 0.86

*Abstracts were examined for the presence of sevea main ideas appearing in the text,
bSiudents had 1o explain each of their answers. Analysis was done for all answers and
explarations.

“Each question was coded first as answer/did not answer and then as relevant answer/
nonrelevant answer. The analysis did not include the full scoring scheme ranging 0-5or0-4
presented in Tabie 2,

%The scores of the negative attitudes were reversed.
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Procedure

Subjects participated in the experiment as part of their regular biology class during the 2001—
2002 school year. The two different texts, adapted primary and secondary, were randomly
assigned to the students in each class. Teachers were instructed to dedicate two lessons in a row
to the task, including the break between lessons (for a total of 95—105 minutes). The task was
performed individually and teachers were instructed not to answer questions concerning the
information presented in the texts during the activity.

Questionnaire Analysis

The questionnaires were graded in the following manner:

1. The abstracts were examined for the presence of seven main ideas appearing in the text:
(i) Bacillus anthracis secretes 2 toxin that has a damaging effect on the body; (ii) the toxin
is made up of three proteins; (iii) the researchers tried to prevent/delay the construction of
the toxin; (iv) the researchers discovered a peptide that delays the interaction between the
proteins that make up the anthrax toxin: (v) from that peptide they built a more effective
inhibitor; (vi} the inhibitor was successfuily tested in vitro and in vivp; and (vii) as aresuit
of the success, one can hope that the inhibitor or any other substance developed in a
similar way will serve as a cure for anthrax, Young adolescents find the production of
written expository texts a difficult challenge. Indeed, constructing an expository piece of
discourse requires the writer to focus on a clear and explicit discourse topic, and t0
manifest pre-planning, careful organization of textual information, and extensive
common krowledge. Even among well-educated, although nonexpert, adults, narratives
are more developed and better constructed than expository texts (Ravid, 2004).
Therefore, students’ writing literacy, as expressed in their spelling, grammar and
rhetorical ability, was disregarded as much as possible during scoring.

_ The answers to the T/F questions and their explanations were graded as either right or
WIong.

3. The answers to the scientific inquiry section were graded according to a predetermined
scale based on relevance, use of scientific idess and prior knowledge, detailing,
comectness, originality and integration of information from different sections of the
article. Scoring schemes and examples of students’ responses are presented in Table 2.

4. Attitudes toward the nature of the task were assessed using a Likert-type scale (ranging
from 1 to 6).

I~

Gender classification was done using students’ answers o the open questions. Hebrew is a
gender-defining language, therefore the subjects automatically reveal their gender through the use
of verb gender indicators, e.g., “T am checking’” will be translated as ani bodeket (feminine)/ani
bodek (masculine).

Statistical Analysis

Unless otherwise indicated, the one-tailed unpaired « test procedure and Pearson correlation
statistical test were used. Homogeneity was tested using Bartlett’s test for homogeneity of
variance (Winer, 1971). Correlation between adapted primary readers’ attitudes {see Figure 5A)
and learning styles (see Figure 5B) to their prior knowledge was calculated using class averages
for the different variables and their prior knowledge group.
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Table 2

Scoring schemes and examples of students’ responses” for the scientific inquiry section

Q1.® Which expetiments would you conduct row in order to test the medicine's efficiency further?

Example

Score Indicator®

¢ Nonrelevant response or no response
at all

1 Hogical idea

2

Logical idea for an experiment, but no
details on the variables being tested

3 A doable idea for an experiment

4 A detailed suggestion for a doable
experiment

5 Several suggestions for doable
experiments

"1t seems to me that the doctors understand this
better than me, and they're doing the experiments
that should be done™ (LK 10th-grader)

“I would inject it into someone who has a similar
blood-type to the monkeys™ (LK 10th-grader)

“It is very important to verify the result in more
animals, not only rats. Maybe in cattie”

(1 Lth-grader)

“T would conduct experiments oa other anirnais,
structurally closer to humans—for example,
monkeys, in order to test the inhibitor's effect on
cells that are closest structurally to human celis”
{11th-grader)

“In order to continue the testing of the medicine's
effectiveness T would. . divide the rats into
groups. To the first group I would inject the toxin
and the inhibitor together, To another group
I would inject the toxin and after some time the
inhibitor as well. To the next group I would inject
the toxin and after a longer time than the second
group, 1 would inject the inhibitor.”” {11th-grader)

“Firstly, I would test the inhibitor's effectiveness in
another animal, additional to the rats. by injecting
the inhibitor with the parts of the toxin and
checking the inhibitor’s influence on the
appearance of symptoms. Secondly, I would
conduct a similar experiment on rats from the
same strain that were used in the research, that
are not in normal physical shape, in order to
check the inhibitor’s effect on their health”
{12th-grader)

Q2. Do you have any scientific criticism of the researchers’ work? Are there any experiments that you

wounld have conducted differently?

Score Indicator? Example

0 Nonrelevant criteria for evaluation or no I wouldn’t use animals in the experiment”
response at all (LK 10th-grader)

l Relevant criteria for evaluation with no “Maybe they could have checked if the use of the
explanation inhibitor has other implications™ (I 1th-grader)

2 Relevant criteria for evaluation with “F would do the experiments on animals that

specific reference to the research

3 Relevant criteria for evaluation with
specific reference to the research and
suggestion for rectification

have similar ceflular structure to humans”
(1 1th-grader)

“I have criticism about the dosage of the inkibitor
that was used (12 and 75 {nanomoles]} in the taal
with the rats, the difference is too big, so you
can’t tell at what stage the inhibitor prevents the
poisoning. Maybe the poisoning is prevented at a
dosage of 40 and there was no need to use 75. I
would have tried more dosages in order o know
when exactly the intoxication is prevented”
(Lith-grader)
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Table 2

(Contined)

Score Indicator® Exampie

4 Criticism based on integration of infor- “The researchers succeeded in developing an
mation from different parts of the inhibitor that would prevent the toxin's parts to
article or on connection to prior assemble together, penetrate the cell and cause
knowledge harm to it. However, the toxin that already

entered the cell is not affected by the inhibitor.
In other words, the inhibitors’ activity isn’t so
much better than the effect of the antibiotic that
kills the bacteria but not the toxin that already
entered the body™ (1 Ith-grader}

Q3. Can you think of any other applications for the technique that was used by the researchers to develop
the inhibitor?

Score Indicator Example
0 Nonrelevant response or no response at “On a dead animal’’ (LK 10th-grader}
alt
i An idea with no explanation at all “Developing drugs for different diseases”
(11th-grader)
2 An idea with minimal explanation “1 think this technique can be used in the

development of every drug that causes this
complication in protein and enzyme binding”
{11th-grader)

3 An idea with minimal explanation and “I think this technique can be used in order to
connection to prior knowledge prevent enzymes from binding when a person is

infected with the ATDS virus™ (1 tth-grader)
4 A detailed suggestion with explanation of “In every case...that we want to prevent 4 process
the action mechanism in which two substances are connecting to each

other in a certain area (some kind of active site)
and it is possible to find another material that
would replace one of the substances due to
molecular similarity and wouid connect to the
active site instead of the original substance™

(1 ith-grader}
5 A detailed suggestion with explanation of “Tn cases where the damage is caused by the binding
the action mechanism and connection of two different enzymes and the binding can be
to prior knowiedge prevented by another factor. e.g.: In brain

injuries damage is sometimes caused to the
memory. . . The degeneration of the nerve cells
worsens because of the binding of metals like
Ca** and Cu** that arc released from the cells
with the free radicals. A drug that would absorb
the surplus metals would prevent their binding™
(11th-grader}

“The exampies are translated verbatim quotes.

bQ1, 2, and Q3 refer to questions 1—3 in section C of the questionnaire, respectively.

“Ehical and moral issues were completely disregarded during answer grading. Scores were given only with respect to the
biclogical and experimental content of the answer.

90nly use of internal criteria for evaluation was expected from students who suggested criticism regarding the researchers’
work, since students have no knowledge of the standards by which such works are generally judged and are not able to
compare the research to othes works in the fieid (Bloom et al., 1956), therefore they can not apply external criteria to their
evaluation,
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When presented on the same scale, performances in items with different maximal scores were
divided by the maximal grade for that item in order to achieve a relative score (see Figures 1, 2, 3
and 4).

Results

Learning Using Adapted Primary Versus Secondary Literature

To evaluate the differences between learning using adapted primary versus secondary
literature, we analyzed 272 questionnaires filled in by high school biology students who had
read one of the two texts. Although there was no significant difference in the students’ ability to
summarize the main ideas of each text (two-tailed: 1= 146, p =.14), there were significant
differences in the students’ ability to demonstrate their comprehension and inguiry skills
{Figure 1). Students who read the adapted primary literature presented a better understanding of
the processes and methodology of scientific inquiry than the ones who read the secondary
literature {¢#==1.66, p=.049), while the latter demonstrated better comprehension of the text
{r=-1.63, p = .05} than the adapted primary literature readers. Thus, our initial hypothesis that
secondary literature would generate a better understanding of the text, while adapted primary
literature would help understand how biological research is done, was indeed verified. To

0.8

Relative score

Abstract Comprehension  Science as inguiry

fﬂ_Prémary(n = 142) ElSecondary (n = 130}]

Figure I. Comparison between learning through a scientific research article and a popular-science article in
the 10th—12th grades: 272 high-school biology students were tested for their ability to write an abstract
(Abstract), their reading comprehension {Comprehension) and their inquiry skills (Science as inquiry), after
reading a scientific research atticle (Prmary) or a popular-science adicle (Secondary). Significant
differences are marked: ¥*p < 0.05. The data were analyzed using a s-test.
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Figure 2. Demonstration of inquiry skills after reading a scientific research article and a popular-science
article in the 10th—12th grades: High-school biology students were tested for their ability to suggest what
should be the next experimental step (Future investigation), to evaluate the work (Critical thinking) and to
offer applications for the technology described in the paper (Application) after reading a scientific reseazch
article (Primary) or a popular-science articie (Secondary). Significant differences are marked: *p < 0.05,
*tp < 0.01. The results of 12th-grade students {A), 1 1th-geaders (B), 10th-graders with relatively high prior
knowledge (HK) in biology (C) and 10th-graders with relatively low prior knowledge (LK) in biology (D) are
shown. All panels were analyzed by f-test. Scales for A and B are higher in order to allow a clear view of the
standard deviations.
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Relative score
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Figure 3. Students’ relative scores in fextbase versus inference questions. High-school students were
divided into four groups according to their grade and estimated prior knowledge in biology. Students
responded to 11 items concerning the article they had read: responding to 7 of the items required only reading
comprehension (textbase), while responding to the remaining 4 items required analysis and inference abilities
{inference).

understand this initial observation further, we performed detailed analyses of each of these
components, namely understanding of the processes and methodology of scientific inquiry, as well
as text comprehension, among high schooi students who had read either adapted primary or
secondary literature texts.

Understanding Science as Inquiry Using Adapted Primary Versus Secondary Literature

The understanding of the processes and methodology of scientific inquiry was tested using the
format of three open gquestions. In two of the three questions, students who had read the adapted
primary literature text did significantly better than the ones who had read the secondary literature
text: the former raised more scientific criticism of the researchers’ work and methodology (r = 2.8,
p=.003) and suggested more future applications of the technology described in the article
(t=2.6, p=.005). There was no significant difference in the students’ ability to propose the next
experimental step (t=—.97, p=.17).

Toexamine the effect of prior knowledge on students’ inquiry skills, we compared the average
scores obtained in that part of the questionnaire by the four prior-knowledge groups. The best
scores were achieved by the twelfth-graders, followed by the eleventh-graders and then the HK
tenth-graders. Tenth-graders with relatively fow prior knowledge in biology were always the
weakest (Figure 2).

In two of the three questions, the Duncan grouping test indicated a separate characteristic for
each prior-knowledge group. The exception, scientific evaluation of the work, divided the students
into three groups, keeping the tenth-graders together (data presented in Appendix D). Note that
although the scores obtained in the task are very different among the four prior-knowledge groups,
the overall pattern is very similar: the students who read the adapted primary literature demons-
trated better critical thinking and application abilities than the students who read the secondary
literature, whereas the latter offered more detailed ideas for future investigations (Figure 2).
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Figure 4. Comparison between male and female performance in a text-based task. i0th to 12th-grade
biology students were tested for their ability to write an abstract {Abstract), their reading comprehension
(Comprehension) and their Inquiry skiils (Seience as inquiry), following an individual text-based leaming
task. Significant differences aze marked: **p < 0.01. The data were analyzed by (-test.

Furthermore, in all four groups, students found it easier Lo come up with an idea for the next
experiment than to find another application for the technology, and for all of them, raising
scientific criticism was the hardest demand (Figure 2.

Grading scales for the scientific inguiry questions and examples of students’ responses are
presented in Table 2. These examples are transiated verbatim from quotes selected from the
participants’ responses at all prior knowledge and grade levels.

Prior Knowledge and Heterogeneity Within the Knowledge Groups

Homogeneity of the scores within each knowledge group grew with prior knowledge and
grade, in all buttwo items of the questionnaire. The exceptions, in which heterogeneity within the
knowledge group increased with prior knowledge and grade, were the critical thinking and
application iterns from the scientific inquiry section (Table 3).

The observed increase in homogeneity can be explained by the fact that among eleventh- and
twelfth-grade biology majors, almost all of the students were capable of successfully completing
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Figure 5. Students’ attitudes towards learning using primary literature in the 10th—12th grades. High-
school biology students responded to a series of 11 statements concerning a reading task written in the
primary literature genre. Students were asked to rate the statements on a Likert-type scale ranging from {6
(1 = strongly disagree, 6 =strongly agree). A. Positive and negative attitudes among primary literature
readers were analyzed based on 4 positive statements (positive attitudes) and 7 negative statments {negative
attitudes), B. Attitudes towards different learning styles were analyzed based on 3 statements: **{ wonld like
to learn more subjects using articles” (articles); *'I would rather study using a textbook™ (textbooks) and I
prefer that the teacher explain, so I won’t have to read by myself™ {teacher).

the task, while in the tenth grade only a gifted and motivated few broadened the otherwise limited
scale of the grades. When the task is a more complicated one {as can be seen in the relative scores
of the critical thinking and application items), the sitnation is reversed: among tenth-graders,
almost none of the students were capable of completing the task, while biclogy majors demons-
trated very different degrees of performance and therefore presented high heterogeneity in those
performances.

Comprehension: Textbase Versus Inference Questions

Comprehension and acquisition of biological knowledge were evaluated using open-ended
content-based True/False (T/F) statements that required either reading comprehension or reading
comprehension and inference ability. For LK and HK tenth-graders as well as for eleventh-

Table 3
Prior knowledge and heterogeneity of the scores® obrained within the knowledge groups
LK HK

Item type 10th-graders 10th-graders ~ 1[th-graders  12th-graders  Bartlett test
Abstract 4.49 5.64 3.06 2.8 8.84%
Comprehension 4.88 1.735 1.35 (.89 5785k & & =
Science as inguiry:

Future investigation 211 2.88 1,91 1.i5 6.98
Science as inguiry:

Critical thinking 0.6 0.67 2.26 2.62 52.73% & & ¥
Science as inquiry: 0.68 1.5 1.86 205 23,75% * = *

Application

Significant at the: * .05, ** (1, *** 001, =*** 6001 level.
*Variances of the various knowledge groups for different items are shown, Homogeneity was tested using the Bartlett test
for homogeneity of variance.
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graders, answering textbase questions proved to be easier than answering inferential questions
(two-tailed paired ¢ test, 1=8.51, p=.0001; 1 = 2.61, p=.012; t=4.07, p=.0001, respectively)
(Figure 3). However, differences in the scores decreased gradually, as the level of prior-knowledge
increased (the difference in eleventh-graders' ability to answer textbase and inference questions is
smaller than HK tenth-graders; however it is more significant due to differences in standard
deviations); twelfth-graders were equally capable of answering both types of questions (f = .46,
p=.63).

Gender Equity

Two hundred-sixty questionnaires out of the total 272 were gender identifiable. In the
comparison between the two genders, we verified that although there were no significant dif-
ferences between male and female students’ high school biology class grades (see Methods), there
were differences in their ability to summarize the main ideas of the text in an abstract and to
comprehend the text as expressed in their answers (o T/F questions and in their explanations.
Female students scored significantly higher in those two parameters {two-tailed: 1=—-3.27,
p=.001; t=~2.87, p =005, respectively), compared with male students (Figure 4). However,
there was no significant difference in students’ inquiry skills between genders (two-tailed:
r=—1.14, p=.25).

Text Genre and Students’ Anritudes

A comparison between students’ attitudes toward each of the two texts revealed no significant
difference in students’ positive attitudes toward the task (two-tailed, 1 = —1.71, p = .09), standing
at an average of 3.64 (adapted primary literature) and 3.91 (secondary literature) out of 6.
However, there was a highly significant difference in the students’ negative attitudes: the students
who read secondary literature expressed considerably less negative attitudes than the students who
read the adapted primary literature (two-tailed, t=4.63, p < .0001). Negative attitudes like the
ones expressed by the adapted primary literature readers may affect future citizens’ attitudes
toward independent reading of popular-scientific literature later in life.

Students’ attitudes toward learning using adapted primary literature in the tenth to twelfth
grades are shown in Figure 5A. Note the increase in positive attitudes and the decrease in negative
ones correlated to the increase of prior knowledge in biology (r=.89, p= 0007, r=-18,
p =.008, respectively). Only among LK tenth-graders were the negative attitudes stronger than
the positive ones. Among biology majors—the target audience for learning using adapted primary
literature according to the new syllabus for high school biology studies in Israel (Israeli Ministry of
Education, 2003)—the average positive attitudes are much more dominant than the negative ones.

Adapted primary literature readers’ attitudes toward different learning styles are shown in
Figure 5B. The analysis was based on three statements: 1 would like to learn more subjects using
articles’”: ““Iwould rather study using a textbook'” and “Iprefer that the teacher explain, soI won’t
have to read by myself” (items 7, 8, and 9 in part D of the questionnaire, see Appendix B). Note
that students’ preferred learning styles change gradually, in correlation with their increase in age
and prior knowledge (Figure 5B). While the importance of the teacher as a source of information
decreases (r= —.73, p = .017}, the willingness to learn using articles increases (r = .69, p = .028).
The readiness to learn from textbooks remains quite constant among the knowledge groups,
except for the LK tenth-graders who demonstrate a more positive attitude toward this way of
learning than the others (r=—.63, p=.05). The teacher’s importance as a source of knowiedge
appears to decrease with an increase in the students’ ability to learn by themselves using adapted
primary literature.
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Figure 6. Correlation between average class comprehension score and students” attitudes towards the task,
High-school biclogy students that were tested for their reading comprehension {comprehension score)
responded to a series of 11 statements about the reading task, 4 of thern positive in nature. Students were asked
to grade those staterments on a Likert-type scale from [-6 (1 == strongly disagree, 6 == strongly agree). Each
dot represents one class’s average score on both axes, r=0.98, p < 0.0001..

We found a strong correlation between classes’ average scores in the comprehension section
of the questionnaire and their average positive attitudes toward the task (Figure 6). The correla-
tion was stronger with the positive attitudes than with the negative ones (r=.98, r=-85,
respectively). Correlation of positive and negative attitudes with the scientific inquiry scores were
a little weaker (r = .74, r = —.73, respectively), but still very cbvious. These findings suggest that
the task strictly measured the studenis’ abilities and motivations, regardless of their teachers’
mode of instruction.

Discussion

In this study we compared four groups of subjects, each with differing degrees of prior
knowledge in biology, who had read a domain-related text written in either the scientific research
article genre (adapted primary literature) or the popular-scientific genre {secondary literature),
Although there was no significant difference in the students’ ability to summarize the main ideas of
each text, indicating no eminent distinction in their content, we found that students who read
adapted primary literature demonstrated better inquiry skills, whereas secondary literature readers
performed better on the comprehension section of the test.

Since the scientific content of the two texts was for the most part identical, we suggest that the
differences in students’ performances stem from the structure of the text, dictated by its genre. The
orderly way in which the theoretical background gives birth to the research hypothesis, the
research hypothesis controls the selection of the methods, the methods determine the nature of the
results that are obtained in the experiment, the results serve as raw material for the discussion, and
the discussion nsually yields ideas for future hypotheses, helps the student follow the experiment’s
internal logic as it unfolds. This internal fogic, embedded in the primary literature genre, is not
apparent to the student who reads secondary literature, in which the original sequence of the work
is omitted for the sake of raising readers’ interest.

Qur results agree with Epstein’s (1970) report of a biology course that was based on learning
from a set of research papers which reopened the 17-year-old students’ stores of curiosity about
how science is dene and what a biologist does when he or she is doing biology, with Muench's
(2000} statement regarding the unicque potential of primary literature to instruct students on the
nature of scientific reasoning and communication, and with Schulte’s (2003) observation that the
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similarity in structure of the scieatific method and scientific wnting can facilitate the
understanding of each.

While adapted primary literature has an advantage in conveying knowledge concerning the
syntactic structure of the discipline (Schwab, 1978; Shulman, 1986), secondary literature’s lack of
permissiveness for information gaps (compared with adapted primary literature), permits the
students to better understand the article’s content. Its greater explanatory coherence allows a better
understanding, ever for students who lack some of the prior knowledge required (McNamara,
Kintsch, Songer, & Kintsch, 1996).

Another possible reason for the tendency of adapted primary literature readers to raise
more scientific criticism of the researchers’ work might be an outcome of the different source
of authority in the two texts, Readers of the popular-scientific article learn of the important
progression in the struggle against anthrax that was achieved by a group of scientists from
Harvard, while readers of the research article learn about the same breakthrough in a much
humbler way. The journal’s name is totally unfamiliar to the students, and the work is presented in
a scientific genre, which is nsually underestimated and modest. Without the press acting as a
mediator, the research and its contractors may seem less impressive to nonprofessional readers and
be mare vulnerable to criticism. The writer of the popular-scientific article equips the readers with
the external criteria {Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956) they are missing, by
which they are able to evaluate the work and put itin its proper perspective. Since the significance
of the work that is presented to the students is highly impressive, students may be more intimidated
by the idea of criticizing it, as expressed in an answer given by a LX tenth-grader who had read the
secondary literature text: “They are the researchers, soIcan’thave any criticism about their work.
They are the ones who know because they are scientists.”

The two items in which adapted primary literature readers outperformed the secondary
literature readers have another unique characteristic in common: in both, heterogeneity within the
knowledge group increased with prior knowledge and grade, whereas in ali other tasks
homogeneity within the knowledge group grew with prior knowledge and grade. These two items
were harder for the students to complete, as can be confirmed by comparison of their relative
scores, and for that reason heterogeneity was greater among biology majors.

Itis interesting to note that although the demands for suggestions of future investigations and
for another application in the scientific inquiry section were rather similar, there was a difference
between them regarding average scores and text genre-related performances. Since students are
quite familiar with the demand for planning the next step of an experiment from their lab ex-
perience, they found iteasier to complete and no advantage was observed inusing adapted primary
literature. However, when the task was new to the students, as with the application item, they used
the adapted primary literature’s unique structure as some sort of a theoretical organizer. In research
articles, abstracts usually precede the text itself and thus may act as an organizer of its content
(Ausubel, 1963). Similarly, the adapted primary literature's structure, due to the similarity in the
structure of scientific writing and scientific method, might serve as an organizer for students’
scientific thinking.

The secondary literature readers’ tendency to offer more detailed ideas for future inves-
tigation was not significant, but was repeated in all four prior-knowledge groups. This anomaly
surprised us, and at present we do not understand its origin.

Trrespective of their differences, both adapted primary and secondary texts describe a case
study of a current issue. Because of their ability to communicate scientific ideas in a way that
makes them memorable and meaningful, they can both be characterized as “explanatory stories”
(King, 2002; Millar & Osborne, 1998; Millar, Osborne, & Nott, 1998), Between the lines of the
original research article, one can read a hair-raising tale of a world inhabited by herces and
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viliains: the inhibitor and the anthrax toxin. Both are present in the adapted versions as well. The
heroes and the villains appear both at the microscopic level (the inhibitor and the anthrax toxin)
and at the macroscopic level (the researchers and the terrorists). Since the macroscopic level is
sadly relevant to the students’ lives, who fulfill the damsel-in-~distress role, they are more moti-
vated to understand the microscopic level as well.

Regardiess of the type of literature they read, students showed an increase in their sum-
marization abilities, reading comprehension, inference abilities and inquiry skills with increased
prior knowledge in biology. This resuit agrees well with Chi, Feltovich and Glaser's research on
novices and experts (1981). Their work pointed to the importance of the knowledge base as a
means of success in problem-solving, due to the different ways in which novices and experts
perceive the problems, categorize them, and use their knowledge in order 1o solve the problems
{Chi, Feltovich, & Glaser, 1981). The improvement in achievements, which was correlated with an
increase in prior knowledge, might also be explained by findings, which showed that the self-
explanations of students with sound vs. low prior-knowledge differs in the extent of using prior
knowledge, closely following the given example, and the use of abstract vs. concrete terms
(Sandmann, Mackensen, & Lind, 2002).

While understanding stories usually requires causal knowledge about peopie’s motivations,
goals and actions (Moravesik & Kintsch, 1993), reading an account of scientific research requires
specific prior knowledge concerning the scientific enterprise, concepts, language, and patterns of
argumentation in order to understand it (Yore, Craig, & Maguire, 1998). For example, it was found
that {imited topic or domain knowledge can have a significant negative impact on students’
understanding of a physics text (Alexander & Kulikowich, 1994). Individuals with prior knowl-
edge may process domain-related information differently than those lacking this knowledge.
Knowledge differences among the various groups were prominent in the results obtained from all
the assessment tools, but they were most notable in the processing of statements that required
inference abilities and in the scientific inquiry items. Those questions called for higher cognitive
abilities as well as for prior knowledge that was not explicit in the text. Text coherence may play a
secondary role in comprehension when knowledge allows for the development of a more enriched
conceptual representation of the text at hand (Fincher-Kiefer, 1992).

However, not only factual prior knowiedge distinguishes seniors from freshmen, While
seniors are highly trained in bringing up testable hypotheses and designing investigations
with dependent and independent variables, freshmen are only taking their first steps in the
school lab. Skiiled evaluation, for example, requires, among other things, knowledge about
features of the research that are correlated with its quality, such as scientific methodology, e.g., use
of control groups and adequate sample sizes {Korpan, Bisanz, Bisanz, & Henderson, 1997).
Knowledge of those features and patterns of the experimental research is more abundant as one
spends more years learning science, and this may be why a Duncan grouping test of the different
prior knowledge groups’ performances for this question indicated a separate characteristic for
eleventh- and twelfth-graders, while the HK and LK tenth-graders remained together.

Althongh there were no significant differences between male and female students’ high
school biology grades, female students outperformed their male classmates with respect to
abstract writing and comprehension. Since the task was text-based in nature, one might assume
these differences in achievements stem from gender-related differences in reading ability. How-
ever, the reading abilities of Israeli elementary school students were reported to be equally high for
both sexes (Gross, 1978) and only smali gender differences were reported with regard to American
high school students’ reading achievements {Hogrebe, Nist, & Newman, 1985). Our resuits are
compatible with those obtained from the biology matriculation exams taking place in Israel during
2002, in which the average grade for the males (n=3,500) was 80.8 and 83.8 for the fernales
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(n=6,668), out of a maximum score of 100 [according to B. Agrest, Chief Inspector of Biology
Fducation in Israel (personal communication, October 23, 2002)].

Empirical data show that for readers with a low level of background knowledge, a text should
be as coherent and explicit as possible, while for readers with adequate background knowledge,
texts with coherence gaps that stimulate constructive activities are in fact better for leaming
(McNamara et al., 1996). Following this rationale, groups of readers may be characterized by their
knowledge and skills, to help define a set of texts that can serve as the basis for successful learning
(Kintsch, 1994). Our results showed a different pattern: students with various amounts of prior
knowledge demonstrated better comprehension after reading a coberent and explicit text than after
reading a less coherent text. Thus, it seems to us that different text genres promote different
educational goals.

This result agrees with Wignell’s (1994) findings that applied science and humanities
textbooks for junior secondary education in Australia employ a different selection of genres (as
demonstrated by using an action-oriented or information-oriented scale), because the curriculum
areas themselves have different purposes. Science textbooks are the dominant influences behind
most secondary science instruction (Yore, 1991). However, a variety of learning materials written
in different genres can be used in science class. Wellington (1991) suggests that science presented
in newspapers can be of value in formal science education if used carefully and criticaily.
Incidentally, a great many teachers in Northern Ireland use newspapers to support science
instruction in order to highlight the link between schoo! science and everyday life and thus
to stimuiate interest (Jarman & McClune, 2001, 2002). Norris and Phillips (1994), in con-
trast, found that even top science students at the twelfth grade did not fully grasp the funda-
mentals of interpreting popular reports of science: fewer than half of the students interpreted
correctly statements that required a semantic or logical connection to other statements, and
surprisingly, they attributed to the statements 2 higher degree of certainty than was expressed by
the authors.

Another alternative text that is being used in the science classroom is that of trade books.
Fisher (1980) found that the use of literature as a method of teaching science concepts stimulated
talk outside class about science, and made students feel that science is a part of their lives. These
resulting feelings can be a motivating factor in retaining learning and encouraging further
independent study. In a research study conducted among 232 disadvantaged seventh-graders, it
was found that texts written either in scientific prose or in a narrative style did not induce
appreciable differences in the students’ knowledge of the major scientific elements contained in
the texts. However, when asked for their opinion, an overwhelming majority of the students
preferred the narrative version of the text (Rosenblum & Markovits, 1976). In contrast, Guzzetti,
Williams, Skeels, and Wu {1997) state that the inclusion of narrative structures is unnecessary at
the secondary level.

Refutational text and conceptual change text, which address common misconceptions as well
as scientific explanations, are another alternative to the traditional textbook. Both were shown to
be effective for inducing conceptual change in science learning {(Chambers & Andre, 1997,
Guzzetti et al., 1997; Hynd, McWhorter, Phares, & Suttles, 1994).

Considering all these examples, we suggest that a set of textsin different genres can be defined
in order to enhance different intended leaming outcomes.

Implications

Although the study described above sheds some light on the advantages of using adapted
primary and secondary literatures, caution is needed in identifying any implications for
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high school biology education, as discussed below. The lack of establishment of construct
and content validity and the sole reliance on expert examination of the instrument is one
limitation of the study. Furthermore, we recognize that the results were not yet duplicated by a
reciprocal experiment or using different set of primary and secondary texts, and plan to
replicate and widen the research to include more text genres in the future. Another point to be
made is the deliberate removal of the teachers’ input from the experiment, while it is clear that in
practice the texts will be mediated to the stndents by their biology teacher using various teaching
strategies.

Keeping the study's limitations in mind, the results may have several educational
implications. The use of adapted primary and secondary literature in high school biclogy classes
yielded encouraging resulis among biclogy majors according to all of the assessment tools used
and from a gender-equity perspective. Biology majors expressed much more dominant positive
attitndes than negative ones toward the reading task and gave a high rating to the idea of studying
more issues using articles (data concerning secondary literature readers was not shown). The use
of adapted primary ard secondary literature in high schoof science classes may enrich the variety
of instructional strategies with challenging and up-to-date learning materials. The female
students’ higher ability to summarize and comprehend the texts may call for teaching strategies
that include heterogeneous teamwork.

However, three clear differences were found between the results obtained through the use
of adapted primary versus secondary literature in high school biology ciasses: adapted primary
literature creates a better understanding of the nature of scientific inquiry, while secondary
literature permits better comprehension of the content and creates less negative attitudes among
the students. The consequences of text genre selection for high school science teaching should
not be overlooked. One of the aims of the science curriculum is the develepment of will and
ability to read and understand newspaper science with healthy skepticism (Wellington, 1991)
and to equip the student with the skills needed for sustaining independent and lifelong learning
(Bettencourt, 1989; Hurd, 1983). To achieve those goals, students’ attitudes toward self-directed
secondary literature reading are of the utmost importance. Students’ attitudes, as they were
demonstrated in this work, were significantly more negative toward adapted primary literature
reading than toward secondary literature. These attitudes might have an affect on the future
citizens’ will to read updated scientific literature later in their lives and should be considered
very seriously. In contrast, it seems that of the two text genres, the adapted primary literature
equips the student with a variety of tools and skills that a future citizen and decision-maker
should possess.

Thus, we are faced with a hard choice between twa desirable educational goals. We proposeto
avoid the dilemma by having the best of both worlds: present high school students with adapted
primary literature that is suited to their cognitive level in order to enhance their understanding of
the nature of scientific inquiry, but wrap it in a secondary literature package of popular-scientific
articles about the same topic. The secondary literature articles may fill some of the information
gaps, allowing a better understanding for students who lack paris of the prior knowledge required;
equip the readers with the external criteria they are missing, by which they can evaluate the works’
significance; and, it is hoped, improve students’ attitude toward self-directed secondary literature
reading in the future. In this exemplary framework, adapted primary and secondary literature
interact together to create a well-informed future citizenry,

The authors thank Mrs. Yetty Varon for her expert statistical analysis and support during
the performance of this research. We also thank the teachers and students who participated
in the experiment.
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Appendix A

Congruent paragraphs from the original article and both adapted texts are presented.

QOriginal Primary Literature

We synthesized a desivative of polyacrylamide that had muitiple, covalently linked copies of
the P1 peptide. This polymer (polyvalent inhibitor, or PVI) contained, on average, 22 peptide
units and ~900 acrylamide monomers per molecule (Mourez et al., 2001).

Adapred Primary Literaiure

Inkibitor design: A molecule was constructed from many copies of the peptide that were
attached to each other by a synthetic material that served as a flexible backbone. On
average, there were 22 peptides in every molecule.

Secondary Literature

However, minor disturbance 1o the toxin’s assembly won't save people from death. An effec-
tive medication should intensely interfere or even completely prevent the assembly of the
toxin. Therefore, the researchers developed an inhibitor, constructed from 22 copies of the
peptide, attached to synthetic material that served as a flexible backbone for the molecule,

Appendix B

Questionnaire

A. Briefly summarize the main points of the article.
B. Indicate true or false for each of the statements and provide an explanation:

1. Antibiotics do not have any influence on the anthrax bacteria, and forthatreasonitis
important to develop an inhibitor to the toxin.
. The toxin is constructed of 22 copies of the protein PA.
. The inhibitor interferes with the third stage of the toxin assembly, as described in
Figure 1.
4, The inhibitor is being investigated because it will be the basis for the developmeat of
a drug for anthrax.
5. The researchers added the diphtheria toxin to the cell culture because itis easy to tell
if it has entered the cell,
6. A single peptide can serve as a better medicine than the inhibitor, because it binds
more strongly with PA.
. The Fact that the inhibitor prevented intoxication, even when it was administered 3—
4 minntes after the toxin, has practical significance.
8. Rats injected with a high dosage of inhibitor suffered from side effects.
9. The researchers wanted to find a peptide that would specifically bind the truncated
PA and not the whole protein, in order to increase the medicine’s effectiveness.
10. The fact that the peptide disrupted the binding of the enzyme LF to PA, supports the
assumption that they bind to it at the same place.
11. After the researchers showed that the inhibitor prevents intoxication in cell culture,
there was actually no point to the experiment with the rats,

L1 b2

423



424 BARAM-TSABARI AND YARDEN
C. Open guestions:

1. Which experiments would you conduct now in order to further test the medicine's
efficiency?

2. Do you have any scientific criticism of the researchers’ work? Are there any
experiments that you would have conducted differently?

3. Can you think of any other applications for the technique that was uged by the
researchers to develop the inhibitor?

D. Attitude questionnaire:

. Lenjoyed reading the article

. The article was difficult to read

. The article was difficult to comprehend

The article was interesting

. The article was frustrating

. T would like to know more about the article’s subject

. Fwould like to learn more subjects using articies

. I would rather study using a texthook

. ¥ prefer that the teacher explain, so I won't have to read by myself
, The methods don’t interest me and they can be skipped in the next articles
. The article was too long

—_

Other remarks concerning the Jearning style and the article,

Appendix C

Duncan grouping test for the five tenth-grade biology classes

Class N Mean™® Std Duncan Grouping
I 25 22.76 3.1 A

2 24 21.04 4.6 A

3 21 15.24 39 B

4 31 13.97 6.2 B

5 26 12,52 6.1 B

SF(4,125) = 21.03 (p==.0001).
Ehaximum score of 36 was calculated for the comprehension and inguiry skills sections.

Appendix D

Duncan grouping test for the inguiry skills section among the four prior knowledge groups

Fugure Investigation Critical Thinking Appiication

Prior knowledge Duncan Duncan Duncan
group N Mean Sid  Grouping  Mean Sid Grouping Mean Std  Grouping
12th grade 27 433 1.07 A 200 1,62 A 3126 1.43 A
Lith grade 115 3.62 1.38 B 0.84 1.50 B 226 1.36 B
HI 1Gth grade 49 2.3% 1.70 C 0.20 0.82 c 126 1.22 <
LK t0th grade 8f  LOi 1.45 D 0.9 .78 c 0.46 1.82 D
F(3,268} 65.56% =% I 53.55%%%x

*ttp < 0.0001.
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