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Abstract

Developing Scientific Literacy of Grade Five Students: A Teacher-Researcher

Collaborative Effort

The goal of this study was to develop scientific literacy of grade five students
in the context of a curricular unit on Weather. To fulfill this goal, a teacher-researcher
team used the Common Knowledge Construction Model (CKCM), designed by
Ebenezer and Connor (1998), and engaged themselves in a collaborative journey to
develop three notions of scientific literacy--the “what,” the “how,” and the “why” of
science.

This was an ethnographic, classroom based study, in which the researcher was
a participant observer of all school endeavors. The data were collected by means of
classroom observations, interviews, students’ written work, maps and photographs.
Subsequently, the data were coded to generate patterns and meanings.

Qualitative evidence shows that the CKCM and the teacher-researcher
collaboration contributed to the development of scientific literacy of grade five
students in this particular context. With respect to the “what” of science, students
developed an understanding of the concepts and principles of weather, as
recommended by the Manitoba Education and Training. With respect to the “how” of
science, students comprehended that scientific knowledge is: a) partially based on
human imagination and creativity, b) tentative, ¢) socially and culturally embedded, d)
empirical, and ¢) developed through many methods. With respect to the “why” of
science, students became aware of the intricate relationship among science,

technology, society, and environment (STSE).



The findings of this study have implications for teacher education and

professional development. Based on these research findings, the following

recommendations are made:

Science methods courses should offer instruction about the nature of
science.

The faculty of science and education should work together to develop
courses that aim at teaching science subject matter from
multidisciplinary perspective. Most importantly, all pre-service
teachers majoring in elementary and middle years education should be
required to take such course(s).

Science educators and beginning teachers should engage in long-term,
contemporary collaborative studies, which involve working with real

students in authentic classroom situations.
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Chapter 1
Background
1.1 Scientific Literacy for All

There is a clear national consensus in the United States that al/ elementary,

- middle, and secondary school children need to be better educated in science,
ma’ghehiatics, and technology. That race, language, sex, or economic circumstances must
no longer be permiitted to bé factors in determining who does and who does not receive a
good science education. To neglect educating any child in science is to take from that
child an essential education hindering his or her growth for life, and depriving the nation
of talented workers and informed citizens. Such convictions led the American
Association for the Advancement of Science (AAAS) to initiate Project 2061 (AAAS,
'1989). The project aspired to develop a shared vision that would clarify the goals and
purposes of K-12 science education, and provide a long-term, multiphase plan that would

make specific recommendations for achieving science literacy for all.

Project 2061 was organized into three phases. Science for All Americans
,(Rufherford & Ahlgren, 1990), in Phase I, served as a starting point for the long-term
" reform pfocess, by providing conceptual basis for the recommended changes. The
conceptual ﬁameworks were based on the belief that the scientifically literate person is
“one who is awaré that science, mathematics, and technology are in;cerdependent human
enterprises with strengths and limitations; understands key concepts and princiéles of

science; is familiar with the natural world and recognizes both its diversity and unity; and

1



uses scientific knowledge and scientific ways of thinking for individual and social
purposes” (AAAS, 1989, p. 4). These ideals of a scientifically literate person apply to kall
young people, regardless of their social and economic circumstances, language, race, sex,
and career aspirations. In Phase II, Benchmarks for Science Literacy (AAAS, 1993)
specified the knowledge, skills, and attitudes to be attained at each grade level,

thus emphasizing what all students should know at the end of each grade. The
recommended conceptual frameworks and tools laid out in theoretical frameworks
documenfs I and II formed the bases for Phase III, to facilitate the necessary and lasting

changes to produce scientifically literate citizens.

In 1996, ‘;he National Research Council (NRC) published the National Science
Education Standards, which reitérated “All students, regardless of gender, cultural or
ethnic background, physical or learning disabilitiés, aspiration, or interest and motivation
in science, should have the opportunity to attain higher levels of scientific literacy than
they currently do” (NRC, 1996, pp. I-6-7). The goal of the Standards was to create a
vision for the scientifically literate pefson and guidelines for science education that would
allow the vision to become a reality. This document also spells out the attributes of a
scientifically literate person, who: “can ask, find, or determine answers to questions
derived from curiosity about everyday experiences”; is able to “read with understanding
articles about science in the popular press and to engage in social conversations about the
validity of the conclusions”; can “identify scientific issues underlying national and local
decisions and express positions that are scientifically and technologically informed”; is

competent to “evaluate the quality of scientific information on the basis of its source and



the methods used to generate it”; possesses the ability to “pose and evaluate arguments

based on evidence and to apply conclusions from such arguments” (NRC, 1996, p. 22).

A year after the Standards document was released in the United States, the
Council of Ministers of Education (CMEC), Canada, issued the Pan-Canadian Protocol
for Collaboration on School Curriculum. This protocol initiated The Common
Framework of Science Learning Outcomes, K to 12. This Framework had a vision that
“All Canadian students, regardless of gender or cultural background will have an
opportunity to develop scientific literacy” (CMEC, 1997, p. 4). Specifically, the CMEC
established four foundation statements, which reflect the wholeness and

interconnectedness of learning with an aim to develop scientific literacy.

The first foundation, Science Technology, Society, and Environment (STSE),
envisions that scientifically literate person develops an understanding of the NOS, of the
relationships between science and technology, and of social aﬁd environmental contexts
of science and technology. The second foundation, Skills, foresees that scientifically
literate person develops the skills required for scientific and technological inquiry, for
solving problems, communicating scientific ideas and results, working collaboratively,
and for making informed decisions. The third foundation, Knowledge, specifies that
scientifically literate person develops knowledge of theories, models, concepts, and
principles in widely acceptéd science dis¢iplines, such as life science, physical science,
and Earth and spaée sciencé. More importantly, scientifically literate persons are able to
use these understandings to interpret, integrate, and extend their knowledge. The fourth

foundation, Attitudes, specifies that scientifically literate person develops behaviors that

3



manifest appreciation of and interest in science, scientific inquiry, collaboration,
stewardship, and safety, which are required for the mutual benefit of self, society, and the

environment.

Adapting the Pan-Canadian Protocol for Collaboration on School Curriculum,
Manitoba Science Curricula outline five foundations that build scientific liferacy: 1)
NOS and Technology, 2) Science Technology, Society and Environment (STSE), 3) -
Scientific and Technological Skﬁls and Attitudes, 4) Essential Science Knowledge, 5)
Unifying Concepts (Manitoba Education and Training Ministry, 2000, p. 2.3). More
aptly put, global interdependence, rapid scientific and technological innovations, the need
for a sustainable environment, economy, society, and the pervasiveness of science and
technology in daily life reinforce the importance of scientific literacy. The Ministry also
recommends that scientifically literate individuals can more effectively interpret
information, solve problems, make informed decisions, accommodate change, and create

new knowledge.

Since the release of reform documents, science education researchers have been
also attefnpting to reiterate the Speciﬁcs of scientific literacy. When Korpan, Bisanz,
Bisanz, and Henderson (1997) state that a scientific literate person should have the ability
fo comprehend, interpret and evaluate information and conclusions, it means they agree
with the notion of developing in students the processes of scientific inquiry. What the
general public needs td know about science (DeBoer, 2000; Laugksch, 2000; emphasis 1s
miné) is also alluding to the developrﬁen’c of the scientific inquiry processes.' The

emphasis of Zeidler, Sadler, Simmons, and Howes (2005) on the pbssession of

4



knowledge, skills, and attitudes considered necessary for professional scientists refers to
the characteristics that learners of science should develop to become scientifically
literate. For Abd-El-Khalick and BouJaoude (1997), “a scientifically literate person
should develop an understanding of the concepts, principles, theories, and processes of
science, and an awareness of the complex relationship among science, technology,
society, and environment” (p. 673). To achieve any form of scientific literacy, some
authors point out that language development is important. Lemke (1990) argues for tﬁe
development of appropriate scientific vocabulary to read with understanding. Hewson
(2002) considers the ability to read and write, as literacy in its prototypical form, crucial
to achieving any of the aspects of scientific literacy. Anderson (1999) agrees that
someone unable to read and write is unlikely to achieve even a rudimentary level of
scientific literacy for "reading and writing are the mechanisms through which scientists
accomplish their task. Scientists create, share, and negotiéte the meanings of inscriptions
- notes, reports, tables, graphs, drawings, diagrams" (p. 973). 'I;C)erading and writing,
Osborne (2002) has added the necessity of arguméntaﬁon ékﬂls for the development of
scientifically literacy. Without these skills people-are like “a ship without a sail” (p.203).
Flower (2000) takes us fo another dimension for developing students’ capacity to read for
he states that learning to read lay articlés ébout scientific and technological matters

published in newspapers and magazines with reasonable understanding is vital.

" A critical analysis of the reform documents and the researchers notions cited
above points to the following core characteristics of scientific literacy: (1)

interdependencies of multi-disciplines; (2) societal technological, environmental, and



cultural related scientific issues; (3) understanding and use of scientific knowledge in
scientific investigations and problem solving; (4) scientific inquiry processes; (5)
scientific attitudes and dispositions; and (6) global interdependence and sustainable
living. Despite the variations in what it means to be scientific literate, developing
scientific literacy is considered to be a “good thing” (Laugksch, 2000), and has been
identified as a noble goal of contemporary science education worldwide. Scientific
literacy is viewed as a solution to ﬁany economical, social, and environmental challenges

of the 21% century (Aikenhead, 1997).

Encapsulating the core characteristics of scientific literacy are three fundamentals:
1) “what” of science (concepts, principles and theories), 2) “how” of science (processes
of science), and 3) “why” of science (science, technology, society, and environment
connections). The first fundamental principle of scientific literacy emphasizes that a
scientifically literate student understands scientific concepts, principles, and theories.
This refers to the deyelopment Qf the knowledge of science (Ryder, Leach, & Driver,
1999). With what we know (Hodson, 1993), we may be able to “do” or “use” science
(Hazen & Trefil, 1991). Doing of science refers fo the ability of doing what scientists do
ina speciﬁc field of study. In contrast, the “use” of science refers to the ability of
understanding how new advances in the field occur, and what the consequences of these
advances are for citizens. The “use” of science is synonymous with the public
understanding of science (DeBoer, 2000; Laugksch, 2000). Although for Hazen and
Trefil (1991), using scientific knowledge required to understanding public issues is more

important than doing scientific investigations, the reform documents point to the need for



both the “doing” and “using” of science to developing scientific knowledge in a//
students--to those few who will be pursuing science and/or science related careers, and

those majority who will be good citizens.

The second fundamental principle of scientific literacy, the “how” of sciehce,
refers to the epistemology of science, knowledge about science (Ryder et al., 1999) or
how we have come to know science, or ow science is done (Hodson, 1993). The “how”
of science is informed by the history and philosophy, which help us understand that
scientific knowledge is a product of a human mind and is created by a community of
researchers who are open-minded, intuitive, imaginative, and creative (Arons, 1983;
Matthews, 1998). Furthermore, scientific knowledge is tentative, has limitations, and
interacts with society on moral, ethical, and social planes (Arons, 1983; Ramsay, 1993).
These attributes of scientific knowledge are integral to the Nature of Science [NOS]
(Lederman, 1992). The uhderstanding of the NOS in turn enables students to “do”
scientific investigations, and consumers (including students) to “use” science in making
wise judgments and decisions on scientific matters that involve careful evaluation of
scientific claims (Zeidler, Sadler, Simmons, & Howes, 2005). The NOS—ley to the

development of scientific literacy in school students--will be elaborated in section 1.2.

The third fundamental principle of scientific literacy, the “why” of science,
emphasizes the functional aspects of the scientific knowledge, and reflects the
relationship among science, technology, society, and environment [STSE].
Understanding of this relationship, in turn, allows people to perceive the world in a

different, more holistic, rather than mechanistic way (Pedretti, 1997). Such
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understanding, Pedretti claims, helps people reconsider human needs in relation to natural
resources in an effort to maintain a life-giving and life-sustaining environment.
Understanding the why of science develops the individual’s ability to apply scientific
knowledge for personal and societal purposes (Rutherford & Ahlgren, 1990), and leads to
informed decision making and action taking (Aikenhead, 1997; Lederman & O’Malley,

1990; Zoller & Gross, 2001).

Problems and issues proliferate, requiring cooperative effort to preserve the
environment so that resources would last for the future generations. The capacity and
willingness to act environmentally responsible—taking an active role in recognizing
problems, contributing solutions, and making decisions about local, national, and global
issues is being scientifically literate (Hodson, 1998). To sum up, the third notion of
scientific literacy involves the development of personal qualities and attitudes, the
formation of one’s own views on a wide raﬁge of issues, and the establishment of one’s

position, contributing to the cooperative effort for the common cause.
1.2 Natures of Science and Trends

Over the past century, as early as the beginning Qf the twentieth century, an. '
adequate understanding of the NOS has been reco gnizéd as one of the most important
educational goals worldwide for developing scientific literacy. Although the phrase
“NOS” was not used, some characteristics of science were recommended as goals worth
pursuing in science teaching. For instance, in 1907, the Central Association of Science

and Math emphasized the processes of science in science teaching (Lederman, 1992).



Dewey (1916) recommended that understanding scientific method is more important than
the acquisition of scientific knowledge. Jaffe (1938) included the NOS objectives in his
high school textbook. Saunders (1955) described teaching about the NOS as “probably

the most important purpose of science teaching” (p. 21).

In the sixties NOS became “one of the most commonly stated objectives for
science education worldwide” (Kimball, 1968, p. 624). An effort was made to shift
science instruction away from the primary focus concerning “What we know?” to an
examination of the question “How do scientists know?” (McComas, Clough, &
Almazroa, 1998). For instance, the National Society for the Study of Education (1960)
established two major goals of science teaching; one being knowledge, and the other
being enterprise. Hurd (1960) clarified that students should acquire knowledge of science
concepts énd principles as well as learn how that knowledge has been developed, and
how it is used. In England, the Association of Science Education, in its policy statement
on Science énd Education, stressed the importance of developing an understanding of the
NOS among sghool students (Murray, 1963). The International Conference on the
Education of Professional Physicists included, among its recommendations, that the
‘development of the understanding of the NOS “should be given most serious
consideration in the modernization of physics education” (Brown & Clarke, 1966, p.

132).

At the end of the sixties and the beginning of the seventies, several books called
for an inclusion of the NOS in school science curricula. For instance, Robinson (1968)

published The NOS and science teaching, and, in the seventies, Martin (1972) published
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Concepts of Science Education: A Philosophical Analysis. In the eighties, the NOS
gained even greater importance because of the worldwide scientific literacy movement
(Shamos, 1995). During this decade, improving the scientific literacy of the public
became one of the most compelling challenges facing science educators (Lederman &
Zeidler, 1987). More recently, the NOS has found a firm place in the major North
American science curriculum proposals and standards that emphasize scientific literacy
(AAAS, 1993; NRC, 1996; NSTA, 1991; CMEC, 1997). Howevér, there are problems in

regard to (a) whose NOS should be taught? (b) Why teacher/student deficiencies in NOS?
1.2.1 Whose NOS Should be Taught?

Science educators, sbciolo gists, historians, and philosophers of science attach
different meanings to the “NOS” (Lederman, et al., 2002). Smith and Scharmann (1999)
\suggest that it is probably impossible to achieve unanimity on a list of characteristics of
the NOS since positivists argue with radical constructivists, who argue with empiricists,
realists, feminists, Marxists, multiculturalis’;s, universalists, instrumentalists, logical
empiricists, and idealists. Fuﬁhemore, as pointed out by Suchting (1995), it is fair to
assume that as science grbws and our understandings of the universe increase, our views
of the NOS are themselves likely to evolve. Although there is no consensus on the matter
(Alters, 1997), science educators agree on several characteristics of the NOS, which are
useful and relevant to the daily lives of K-12 students. Abd-El-Khalick and Lederman

(2000) call these characteristics a ‘shared wisdom’ about the NOS.
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Abd-El-Khalick and Lederman (2000), Lederman et al. (2002) and Schwartz
and Lederman (2002) characterize the NOS in 6 ways, which are accessible to the
students. According to these authors scientific knowledge is: 1) empirical (based on
and/or derived from observations of the natural world), 2) partially based on human
inference, imagination and creativity, 3) tentative (subject to change), 4) theory-laden
(subjective), 5) socially and culturally embedded, and 6) developed through many
methods. Two other characteristics of the NOS pointed out by these authors are:
distinctio}n between observation and inference, and between scientific theories and laws.
Based on these natures of science that contribute to the development of scientific literacy,

the key ones will be depicted in a conceptual change inquiry model in Chapter two.
1.2.2 Why Teacher/Student Deficiencies in NOS?

Despite concerns about the releyance of science education for nearly a century,
re_search clearly shows that most K—i2 students and their teachers hold naive viewé of'the
NOS (Bencze & Hodson, 1999; Duschl, 1988, 1990; Lederman, 1992, 1999; Lederman &
Latz, 1996; Wang, 2001). Many teachers and school science curricula continue to
promote a view of scientific practice that is philos;)phically congruent with the 1960s and
early 1970s, and, as a résult, many students leave school with deficient or distorted views
of scientific inquiry (Bencze & Hodson, 1999). Even students with the most grade
success in\science do not necessarily grasp fundamental concepts about the NOS
(Cobern, Gibson, & Underwood, 1999). For example, most students and teachers believe
that all scientific investigations adhere to an identical set and sequence of steps known as

the scientific method (McComas, 1996) and that theories are simply immature laws
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(Horner & Rubba, 1979). Elements of imagination and creativity from the process of
creating scientific knowledge are excluded (Meichtry, 1992). Overall many teachers
believe that science is a body of knowledge consisting of the collection of facts (Gess-
Newsome & Ledermén, 1993; Hasweh, 1996; Simmons et al., 1999), and that the goal of
science teaching is to teach these “truths™ (Bryan, 2003). Learning facts, hypothesis, and
theories of science seems to be the “cereals” of school science (Duschl, 1994). Any
wonder students believe that science equals absolute truths (Aguirere, Haggerty, &
Linder, 1990; Duschl, 1994; Horner and Rubba, 1979). Consequently, tea;:hers
concentrate their efforts to teéch “what” we know without paying any attention to “how”

we know (Hodson, 1993).

That teachers rarely or never go beyond science content in their instruction, and
do not relate content to other domains of scientific literacy to provide a larger context is
also a fair criticism (Cobern, Gibson, & Underwood, 1999). As pointed out by Lemke
(2001), “the most sophisticated view of knowledge available to us today says that it is a
falsification of the NOS to teach concepts outside of their social, economic, historic;al,‘
and technological contexts” (cited in Bencze, Bowen, & Oostveen, 2003, p. 2). Osborne
and Freyberg (1986), Rutherford and Ahlgren (1990), and Linn (1998) claim that students
at the elementary, middle and high school levels do not develop an understanding of
science that is useful for their everyday lives. Other studies have suggested that students
do not see how science applies to everyday life (Linn & Hsi, 2000), and that there is very
little integration of science within everyday thinking among students (Cobern, et al.,

1999).
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1.3 New Directions for Professional Development

The teachers’ lack of understandings of the NOS is clear evidence that
universities do not adequately prepare teachérs to face the challenges of their profession.
Consequently, “high quality professional development program” for in-service teachers is
required to achieve the reform goals in regard to scientific literacy movement and
| facilitate change in teachers’ practice (Supovitz & Tufner, 2000, p. 694). According to
various sources, a high quality professional development program should meet the

following criteria:

a) Engage teachers in intense and sustained professional development activities
so that evidence may be gathered to reveal how PD impacts students that they
teach (Weiss, 2002; NRC, 1996),

b) Engage teachers in inquiry models of teaching (Bybee, 1993; Yager, 2005),

c) Engage teachers with their students in real teaching tasks in the classroom or
in the field (Darling-Hammond & McLaughlin, 1995),

d) Focus on the teacher development of the subj ect-matter and pedagogical
content knowledge (Cohen & Hill, 1998),

e) Ground teachers in the common set of professional development standards,
and show teachers how to connect what they are learning to specific standards

for student performance (Hawley & Villi, 1999; NRC, 1996).

In his most recent article, Robert Yager (2005) criticizes professional

development programs for not meeting the above - mentioned criteria. To him, most
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professional development programs are too short, too general and have nothing to do with
specific curriculum components or day-to-day teaching. He points out that in-service |
programs are usually offered during summer, in the form of summer institutes or one-day
workshops. They happen in isolation from the students, do not parallel real teaching
situations, and focus exclusively on the study of the content without any suggestions on

how it could be used more effectively in the classrooms.

To transform practice, teachers need to immerse themselves as participants in the
inquiry of teaching over a long period of time (McDermott, 1990). Evidence of long-term
teacher transformation was obtained when teachers were residents in the Model Science
Lab during a seven-year study (Harcombe, 2001). Upon returning to their home schools,
teachers had permanently changed their ways of teaching to include inquiry-based
learning within a community. In‘this program, teacher achievement was higher than
expected, including their achievement in science knowledge. Harcombe’s (2001)
experimental studies using standardized tests revealed significant increases in students’
achievement in science knowledge. However, professional development undertaken in
isolation from teachers’ ongoing classroom duties seldom has much impact on teaching

practices or student achievement (Darling-Hammond & McLaughlin, 1995).

High quality professional development could be échieved through collaboration.
This type of professional development has gained popularity in recent years, and is seen
as a solution to studénts’ low achievement and both students’ aﬁd teachers’ low level of
scientific literacy. In fact, many organizations advocate that collaboration of practitioners

from the fields of education, arts, sciences, and public schools is mandatory to achieve
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excellence in science education (NRC; 1996; National Science Board [NSB], 1999;

National Science Foundation [NSF], 1996).

Several organizations in the United States provide funding for such collaboraﬁve
endeavors. For example, in 2001, the federal government initiated Math and Science
(MSP) awards, which are five-year competitive grants, to promote partnerships primarily
between post secondary institutions and K-12 schools with the goal to improve
performance in math and science (NSF, 2003b). The government also offers scholarships
for graduate students and advanced undergraduates in science, technology, and
mathematics who support K-12 science and math education in their research by working
directly in K-12 schools with teachers and students (NSF, 2003a). There is also a trend to
involve PhDs in K-12 science and mathematics education by offering postdoctoral
fellowships (PFSMETE) in science education for recent PhDs in the sciences (NSF,

2003c).

In Canada, partnerships among graduate and undergraduate students in science,
faculty members in science and teachers are also gaining popularity and funding. For
example, there is a nationally recognized Let’s Talk Science Partnership Program. The
goal of this program is to improve scientific literacy in Canada through educational
programs, research and advocacy. The mission of the Let’s Talk Science (LTS) endeavor
is to develop and deliver qualiiy science educatio‘n programs to youth in schools and
community settings. The LTS involves graduate students, undergraduate students and
faculty members who Voluntéer their time to share their knowledge of and enthusiasm

for science with Canadian youth. I am one of the coordinators of this program at the
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University of Winnipeg. This initiative is supported by the major granting body, the
National Science and Engineering Research Council (NSERC). This organization also
supports other partnerships of similar nature. For example, in 2005, the University of
Winnipeg has received a grant (I am one on the applicants) in support of a partnership

between undergraduate science students and the Manitoba Children’s Museum.

More recently, collaboration among science professionals, teachers, and students
has caught attention of many scholars (Ballone-Duran et al., 2005; Bartolo & Palffy-
Muhoray, 2001; Caton, Brewer, & Brown, 2001; Stein, 2001). Overall the results of these
collaborative studies indicate that such partnerships can positively influence the
environment of learning science at school and university level. The benefits of such
partnerships include insights intQ the NOS, improved content knowledge for teachers,
increased communication, and enriched learning experiences for all students (Bartolo &
Palffy-Muhoray, 2001). More specifically, Caton et al. (2001) describe a collaborative
éffort amoné energy science engineers, middle and high school students and their
teachers who study energy through inquiry. The results of their study indicate that when
teachers worked with science professionals on science investigations, they developed
interest in science and understanding of science. Additionally, their confidence in their
ability to teach science improved, and most importantly, they were willing to incorporate
inquiry into their teaching. Teachers are not the only ones who benefit from this type of
collaboration. The middle and high school students also developed greater confidence in

their abilities to do science.

16



Science professionals working in collaboration with educators developed an
understanding about the new trends in teaching and learning science. The energy science.
engineers participating in Caton et al’s (2001) study, for instance, reported that they have
developed familiarity with the principles of science education, a better teaching practices,
as well as essential skills and knoWledge for disseminating scientific research to
nonscientific audience and their own students. Ballone-Duran et al. (2005) looked at the
collaboration between professors from the faculty of science and those from the faculty
of education as well as teachers and elementary pre-service teachers. Like in the case of
Caton et al’s (2001) study, collaboration with educators influenced the practice of the
participating scientists who realized that they should change their instructional and

curricular practices to improve the courses taken by the elementary pre-service teachers.

Those beginning teachers, especially elementary majors, are in the greatest need
for professional development (Bell & Buccino, 1997; Druger & Allen, 1998; Glass,
Aiuto, & Anderson, 1993). It is during the first year(s) of teaching when the teachers
establish many of their techniques and attitudes toward teaching science. If during these
initial years, they develop a belief that science is too difficult, and that they do not have
the ability to teach science, this belief might haunt them for several years during their
classroom teaching, or as a matter of fact, for the rest of their professional lives. Or, if
they, for example, develop a popular habit of sacrificing science on the account of
teaching othér subjects, this kind of practice will probably be continﬁed throughout their
career. If, on the other hand, they develop a belief that they are competent teachers of.

science, they will be willing to try new approaches, redesign their lesson plans, and
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design new ones. Furthermore, they will be willing to adapt to the reform initiatives and

modify the nature of their practice.

In general, collaboration between teachers and university researchers can follow
three models: cooperative, organic, and symbiotic (Whitford, Schlechty, & Shelor, 1989).
The cooperative type of collaboration usually involves short-term projects characterized
by delivery of information from the university to the school. A typical example of
cooperative collaboration would be something like a workshop or summer institute for in-
service teachers. In this relationship, one partner is generally the “deliverer of service”
and the other is the “receiver of service.” In moét cases, the university educators deliver
and school teachers receive. Such collaboration can operate independently of any
organizational support and there is no reciprocity in this type of partnership (Whitford et

al., 1989).

Reciprocity and mutual self-interest, on the other hand, are characteristics of
symbiotic collaborations. In this type of collaboration researchers and school personnel
work together to design and implement curricular changes, instructional designs, school
improvement programs, and evaluation systems. Dixon and Ishler (1992) explain that in
symbiosis the attitude is: “T will help you if you will help me.” For example, we will give
you something you want (€.g., placement for pre-service teachers), if you give us
something we need for our teachers (e.g., workshops, in-services). Mutual good or
common interests are not typical of this type of collaboration. However, Whitford et al.
(1989) report that common interests aré not entirely absent in symbiotic reIationships.

They exist, but, are either assumed or are so implicit that their identification and
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nurturance are left largely to chance or to the heroic actions of individuals. Furthermore,
contrary to the cooperative model, symbiotic collaboration is associated with the power
of institutional support. This support might involve, for example, release time, credit or
tuition waver. Sirotnik and Goodland (1988) advise that, although popular, symbiotic
relationships are fragile aﬁd temporary and recommend organic model of collaboration
_between schools and universities. Unlike symbiotic relationships, organic model seeks to
identify an issue that cé.n be owned by both parties and provides for the development of
common interests. In this type of collaboration, careful attention is given to identifying
mutual concerns and interests. The results of such collaboration are also jointly owned
and both parties are equally involved in the collaborative venture. Dixon and Ishler
(1992) warn that this type of collaboration is complex and is built with much time and
effort. In addition, in organic relationships, explicit attention to the identification and
development of common interests would receive the institutional support necessary to

sustain the collaboration.

1.4 Research Questions

A special form of collaboration is between the school teacher and university
researcher inquiring into teaching science. Following the teacher researcher collaborative
model of inquiry (Ebenezer, 1991; McDonald, 2004), I, a university science educator
collaborated with a beginning téacher to study about scientific literacy. In this
collaboration, both the teacher and science educator planned and taught a curricular unit.

The collaborative partnership was based on trust and mutual understanding in which both
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parties were involved in most stages of the collaborative effort. Through collaboration

~ with science educator, a beginning teacher can learn how to translate the contemporary
philosophy of teaching science that was presented to them in their science methods
courses, if it was the case, into their classroom practice. Through intense collaboration
both the teacher and researcher can develop an urge to reflect upon their own practices.
The educator can see how the philosophy and methodology presented in the science
methods class play out in the field. The teacher, on the other hand, can develop greater
trust in the validity of certain approaches presented in the science methods course, and
willingness to change practice. In this study, I acted not only as a science educator but
science professional as well. Although I am not conducting any scientific research at the
moment, I have a master’s degree in science and in the past I conducted research in the
field of aquatic ecblogy. Presently, I am teaching biology in the Department of Science

and I am actively involved in the LTS program at the University of Winnipeg.

This research study is concerned with the development of scientific literacy of
Middle Years students in an inner city school setting, Winnipeg, Manitoba, based on the
Manitoba science curricula. Prior to embarking on a complex classroom-baséd study of
this sort, it is necessary to understand their teacher’s understanding of scientific literacy.
The study, therefore, explored the teacher’s understanding of scientific literacy. The
study then focused on how the teacher develops scientific literacy of a// students within
the context of a unit of study on weather, using a teaching model that systematically
incorporates students’ conceptions of the subject matter. These broad goals prompt the

following research questions:
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1. What views of scientific literacy does a grade five teacher hold?

2. What are grade five students’ conceptions of weather? And how do these
relate to their parents’?

3. How does the teacher develop scientific literacy when he incorporates
students’ conceptions of weather into the curriculum?

4. What aspects of scientific literacy are evident when a class of grade five
students studies a unit on Weather?

5. What are the highlights of teacher-researcher collaboration in the context of

developing scientific literacy?
1.5 Significance of the Study

Prairie View School provided an ideal ground to serve and develop the goal of
scientific literacy of all students. This school has a diverse student body with a big
population of Native and Filipino students, followed ‘by Caucasians, and different Asian
nationalities. There are also students with diverse diagnosed and non-diagnosed problems
and disabilities, such as: abnormal behavior disorder, fetal alcohol syndrome, fetal
alcohol effects, and developmental delay. In addition, the students of this school are of
low socio-economic class énd they do not have the same everyday experiences as
compared to the students from wealthier neighborhoods. Due to the fact that the study
was conducted in their classroom, these students had a chance to experience things that

they would not have a chance to do otherwise. Lessons learned about the development of

21



scientific literacy in this classroom with diverse population may be translated to similar
urban school settings in Canada and developed countries that value educating the

underrepresented population.

Beéause Middle Years students encounter a lot of science and technology in their
own lives, it is important that they realize how science and technology interact with and
advance one another. Furthermore, at this time the teaching of science content becomes
more systematic and the students are old enough to be exposed to more detailed
explanations. Moreover, Middle Years students are beginning to understand important
social, economical, political and environmental problems at the local, national, and global
scale and the need to take action in regard to those issues. Bringing awareness to those
issues may develop an attitude of life long learning, informed action taking, and

responsibility to live in a democratic society.

The study provides science teacher educators valuable information in the design
of the science methods courses for educating the elementary pre- and in-service teachers,
to build competency and confidence to teach their students with a goal of developing
scientific literacy. Furthermore, the study points out what kind of courses should be either
recommended and/or required, and more importantly, available to the teachers to prepare
them to proficiently teach the curriculum, be confident in their abilities, and willing to
incorporate new trends and reforms into their teaching. The study is also significant to
other faculties, especially faculties of science, offering specific subject-matter courses for
pre- and in-service teachers. It suggests what kind of subject matter is most valuable for |

teachers.
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The study informs schools, school divisions, universities, and other organizations
about the kind of professional development that is necessary for the teachers to help them

with scientifically literacy development.
1.6 Overview of Methodology

In this study I worked with a Middle Years’ teacher, Scott Brown (pseudonym),
and his Grade 5 students in an inner city school in Winnipeg. The study focuses on both
teacher’s and students’ scientific literacy and is documented in the context of a unit on
Weather. I selected a unit on Weather, because I believe that the content of this unit

provides an excellent ground for the development of scientific literacy.

In this ethnographic study I was an active participant in all classroom endeavors.
My data collection followed the three primary fieldwork strategies: experiencing,
enquiring and examining--the three Es (Wolcott, 1998). The data were collected by
means of classroom observations, interviews of teachers and students, students’ written
work, maps and photographs. To analyze classroom observations, interview transcripts,
and students’ written work, I color-éoded the information to generate patterns and
meanings (Taylor & Bogdan, 1998). To an.al_yze studénts’ and parents’ conceptions of
weather, [ used Phenoménography, an analytical tool, to understand the qualifatively

different views of weather (Marton & Booth, 1997).

23



1.7 Overview of the Study

In Chapter one, I identify the problem as lack of adequate understanding of the
NOS among students and teachers, for it is an integral part of scientific literacy. As a
result, the problem might also be identified as an insufficient level of scientific literacy
among both teachers and their students. Leading to the problem statement, I discuss the
impetus for the development of scientific literacy in a/l students, what entails scientific
literacy from the perspectives of various organizations, researchers, and the Manitoba

curricula.

Since NOS is clearly revealed as part of scientific literacy, I discuss whose NOS
should be taught and divagate why there are teacher/student deficiencies in the
understanding of the NOS. Developing students’ scientific literacy, first and foremost,
requires building teacher proficiency. Thus, I argue for a teacher-researcher (science

educator) collaboration as the method leading to scientific literacy development.

In Chapter two, I discuss the development of the NOS within the context of a
particular content (a unit on Weather), and explaih how it contributes to the development
bf scientific literacy. This discussion leads to the arguments for adapting a teaching
model, the Common Knowledge Construction Model [CKCM] (Ebenezer & Connor,
1998), that promotes scientific literacy. With a critical analysis of the Manitoba
curricula, and specifically a unit on Weather, Chapter two also discusses how the

teaching model adopted for this study mirrors the NOS.
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Chapter three traces my conceptual growth that led me to this study. This growth
was evident in two ways: 1) understanding the tools of ethnographic research, and 2)
growing as a science teacher educator. To illustrate the factors that helped me change my
own perceptions about the NOS, I first describe an earlier study that I carried out, in the
1999/2000 academic year, with a group of elementary pre-service teachers in the context
of their science methods course. To reflect upon my growth as a researcher, I discuss the
lessons I learned in regard to the qualitative research methodology, especially the process
of interviewing the informants. To describe my development as a science teacher
educator, I outline the circumstances that allowed fne to teach the Elementary Science
Curriculum and Instruction course. I also explain how, in collaboration with my advisor, |

co-constructed the elementary science curriculum and instruction course.

Finally, I introduce the present study in which I collaborated with a beginning
teacher, Scott (pseudonym), who was a forrﬁer students of mine to plan, deliver, and
assess a grade five unit on Weather. I also describe the process of looking for a suitable
teacher who would be inferested in and committed to this collaborative endéévor. Chapter
three also entgils the fnethddology I employed in the study. My data collection followed
three primary fieldwork strategies: experiencing (pérticipant observation, field notes),
enquiring (inteﬁiews) and examining (students’ written work, maps, audi.o- and video-

" tapes, field notes) to seek trends, insights, and meanings.

Chapters four, five and, six answer the research questions. Specifically, in
Chapter four, I analyze my conversations with Scott, which outline his views on scientific

literacy, importance of scientific literacy for Middle Years students, and contributions of
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the unit on Weather to scientific literacy of young children. These conversations revealed
that the scientifically literate student is interested in the subject matter, has appropriate
vocabulary, and possesses an ability to apply the information to other context. In terms
of the importance of scientific literacy to Middle Years students, Scott associated being
scientifically literate with success in their future lives. In terms of scientific literacy in
the topic of weather, a scientifically literate student should display two striking
characteristics, which are eloquence in the vocabulary to carry out meaningful
conversations on the subject of weather and the ability to apply the acquired knowledge
to other contexts. Furthermore, my conversations with Scott indicated that he was

determined to present a modern view of a scientist.

Chapter five describes how Scott’s views concerning scientific literacy and
scientists play out in his teaching of the unit on Weather, using the CKCM. In a story
format, I present his teaching through the first three phases of the model. For instance, for
the Exploring and Categorizing phase, I present his approach of collecting the ideas of
students’ and their parénts on predicting and measuring weather. For the Constructing
and Negotiating phase, I describe several representative lessons that best reflect the NOS
leading to the development of scientific literacy of the students. For the Translating and
Extending phase, I describe how Scott and his students apply science into a larger |
societal context. In other words, I point out how they make connections among science,

technology, society, and environment (STSE).
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Chapter six concentrates on the last phase of the model, the Reflecting and
Assessing. I assess students’ scientific literacy development in the three notions, which
are the “what,” “how,” and “why” of science. In order to do that, I present the analysis
of selected items of students’ work, which are authentic and reflect students’
understanding of the material and scientific literacy development. In Chapter six, I also
present Scott’s reflections about our efforts to develop scientific literacy as well as

students’ reflections about their own learning in science.

Chapter seven begins with a summary of the thesis. I then explicitly answer the
research questions based on evidence. A discussion of issues pertaining to the
development of scientific literacy and the NOS, the adequacy of the conceptual change‘
inquiry model for déveloping scientific literacy and the NOS, and teacher-researcher
collaboratioh for professional development follows. Implications for teacher education
and for professional development are discussed. Finally, recommendations for further

research are outlined.

27



Chapter 2
The Common Knowledge Construction Model
2.1 Introduction

In Chapter one, I presented the various aspects of scientific literacy and the NOS
. that are useful and relevant to the K-12 students. In this chapter, I discuss how the
characteristics of scientific literacy and the NOS play out in each of the phases of the
Common Knowledge Construction Model (CKCM), developed by Jazlin Ebenezer and
Sylvia Connor in 1998. The teacher and I used this variant of conceptual change inquiry

model to develop scientific literacy of grade five students in a unit on Weather.

Initially, I introduce each of the phases of the CKCM, and then discuss how a
particular phase reflects aspects of scientific literacy and the NOS. In an attempt to link
scientific literacy, and the NOS with the CKCM, as far as possible, I provide

contemporary and historical examples in the context of the curricular unit on Weather.
2.2 The Common Knowledge Construction Model for Developing Scientific Literacy

The CKCM (Figure 2.1) is a philosophically sound teaching model that is
premised on Marton’s “relational learning” (Marton, 1981), Bruner’s view of language as
culture’s symbolic system (Bruner, 1986), Vygotsky’s zone of proximal development
mediated within a social environment (Vygotsky, 1978, 1986), and Doll’s post modern
thinking on scientific discourse and curriculum development (Doll, 1993). This model

acknowledges that children construct beliefs about the world through personal interaction
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with the natural phenomena and through social interaction with others. Within each
phase, learning sciences are appropriately integrated from a psychological perspective,
the history and philosophy point of view, and the STSE orientations (Ebenezer, in press;

Ebenezer & Puvirajah, in press).

The CKCM incorporatesv four interrelated worlds of meaning making: the
students’ world, the teachers’ world, the curricular world, and the physical world. It
consists of four interactive phases: 1) Exploring and Categorizing, 2) Constructing and
Negotiating, 3) Translating and Extending, and 4) Reflecting and Assessing. In an
attempt to integrate the foundations and the NOS into CK.CM, I first characterize each
phase of the model according to the authors. Then, I show how each develops scientific
literacy based on the NOS, supported with examples taken from a grade five curricular

unit on Weather.

Figure 2.1 Schematic Representation of the Common Knowledge Construction Model
(Ebenezer & Connor, 1998).

Common
Knowledge
Construction

29.



Because the CKCM is directly related to the NOS, it was logical to use this model
to develop scientific literacy of grade five students. One needs to realize, however, that
our purpose was not to test the model. This CKCM has been used by many teachers in the
province of Manitoba, in Canada and in the Detroit area in the USA, however, it has not

been tested empirically.
2.2.1 Exploring and Categorizing

In the Exploring and Categorizing phase of the CKCM, students’ ideas about
natural phenomena and/or views about a socio-scientific issue are first explored and then
grouped into descriptive categories, known as teacher-made categories. These categories
are, in turn, matched with curricular ideas or objectives. Thus, the CKCM uses students’

ideas as conceptual frameworks in further investigations.

In this phase, students’ ideas are explored with the use of simple tasks, such as
demonstrations, activities, pictures, diagrams, video-clips. The purpose of this phase is to
find out what students attach to a natural or social phenomena. More importantly, the aim
of this phase is to find out what kind of prior experiences influence students’ conceptions
about the natural world. The teacher’s task in this phase is to carefully listen to and
interpret those idéas. In other words, the teacher’s role is to understand what kind of prior
experiences have influenced his/her students’ conceptions about natural phenomena.
Another task for the teacher is to create a posiﬁve and supportive envi'ronment so the

students are not intimidated to express their ideas openly and honestly. Most importantly,
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the teacher should encourage multiple ideas without judging those ideas for rightness s or

wrongness.

The Exploring and Categorizing phase also reveals that there could be many
explanations for the same phenomenon. When personal ideas are shared in class, they are
exposed or made public for critical, open inquiry. Consequently, students have a chance
to see that personal knowledge, like scientific knowledge, is tentative and flexible for
development and change. Thus, this phase gives students a chance to see the tentative
character of science and realize that it is a sign of strength rather than weakness in
science learning (McComas et al., 1998). This phase gives students a chance to develop a
beginning understanding that science is a discipline that attempts to explore and explain
- phenomena. It clarifies that science is not a discipline that collects facts and truths to be

memorized.

The science education community accepts the idea that students enter the
classroom with their own understandings of therworld. Driver, Guesne, and Tiberghien
(1985) explain that students’ conceptions stem from everyday experiences, including
play, conversations, and events observed through media. Additionally, students’ ideas are
derived from the culture in which they are brought up. Some of the cultural factors that
influence the development of students’ ideas are: customs, values, language, religion and
beliefs (Maddock, 1983; Hewson & Hamiyn, 1984). In turn, when teachers know what
their students think, they can implement instructional activities to address their students’

ideas.
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‘Several studies have been done to investigate children's ideas about weather. The
exclusive purpose of those studies, however, was to identify students’ misconceptions
and the sources of those misconceptions about, rather than providing the opportunities to
challenge them. Henriques (2000) claims that most teachers are far too busy to gather
misconception data from their students and that a list of topic related misconceptions is
useful to be reviewed prior to instruction. For example, she cites Fraser (2000) and
Smith and Ford (1996), who found out that students believe that global warming and the
greenhouse effect are the same thing. These authors report that the possible source of this
misconception is the fact the greenhouse effect and global warming are often mentioned
together in the press, which causes many children to link them and think they are

interchangeable (Henriques, 2000).
2.2.2 Constructing and Negotiating

The second phase of the CKCM iﬁvolves negotiation of new curricular ideas on
the basis of students’ prior conceptions about phenomena. In this phase the students
negbt_iate new curricular ideas with the teacher and their peers. The teacher acts as a
m.ediator, not a fountain of knowledge, who helps the students grow intellectually.

The teacher’s role in this phase is to assist the young people move from their current level
of performance to the maximum level that they can achieve with assistance (Vygotsky,

11978).

In this phase students learn new content for a particular curricular unit. Thus, this

phase acts upon the first notion of scientific literacy, the “what” of science. Through this
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phase, the students develop an understanding of concepts, principles, and theories. In
turn, the knowledge they acquire allows them to use science in their lives and be
informed consumers of scientific information. For example, the grade five curricular unit
on Weather calls for the study of the properties of air (Specific Learning Outcome 5-4-
03). The principles that should be considered in this study include: air has mass/weight
and volume; air expands to fill space; air expands and rises when heated; air contracts
and sinks when cooled; air exerts pressure; air moves from areas of high pressure to areas
of low pressure. In line with Hazen and Trefil’s reasoning (1991), if the student becomes
scientifically literate, he/she would be able to use the knowledge about those properties of
air to understand the weather. For example the student would be able to understand that
different air masses do not mix readily and what happens when the cold and warm air

masses meet along a front.

The Constructing and Negotiating phase of the model also acts upon the second
notion of scientific literacy, the “how” of science. In this phase the students have many
opportunities to see that science is socially constructed. They construct meaning through
negotiation with their peers and their teacher. They collaborate with their peers to
propose and negotiate ideas, design experiments, discuss results, and draw conclusions.
In this process, when the teacher and children become collaborative meaning-makers,
searchers, sharers, and negotiators, they develop an attitude of collaborative scientific
inquiry for the construction and validation of knowledge. This process of meaning-

making portrays the tentative and negotiating character (social objectivity) of science.
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By participating in collaborative endeavors, students learn about scientific
inquiry. Specifically, they learn how scientists go about studying the world, how they
communicate with one another, and how they propose explanations for how the world
works. The students negotiate their ideas with the teacher and other students while
scientists negotiate ideas with other scientists and/or graduate and undergraduate
students. This suggests that scientific knowledge is a product of a complex social activity
and dispels the common image of a scientist who works alone or in isolation from other
scientists (McDuffie, 2001). It points out that scientists can not exist in isolation and
effectively contribute to the advancement of knowledge. Fuﬁhemore, individﬁal
scientist’s confidence in new information is not sufficient to be regarded new scientific
knowledge. It must stand up the review and criticisms of fellow practitioners.
Additionally, if the new information can not be verified, it will not be accepted by other
scientists. Hence, scientists should be cooperative, willing to share their discoveries, and
peer critique must be encouraged. Most importantly, scientists should be honest and

willing to accept the ideas proposed by others.

The unit on Weather serves as an ideal ground to illustrate to the students the
collaborative aspect of scientific work. Writing a weather forecast, for instance, is a
collaborative effort of many peopls. One can hardly overemphasize the importance of
collaboration and communication in meteorology. Rapid dissemination of forecasts,
especially severe weather warnings is the vital function of meteorology. In addition to
collaborating on prediéting, measuring, analyzing, and then forecasting the weéther,

meteorologists are also actively immersed in other aspects of this field of study. For
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example, they conduct research on potentially hazardous accumulations of pollutants,
global warming, greenhouse effect and acid rain. They are working in close collaboration
with other scientists and non-scientists to offer advice on where crops may most

effectively be grown, how to protect our forests, and how to control flooding.

The collaborative effort of meteorologists could be illustrated by the following
example from grade five curriculum. One of the Specific Learning Outcomes (SLO 5-4-
12) calls for the study of the technological advances that have enabled humans to deepen
their understanding of the weather and improve the accuracy of weather predictions.
These technological advances are part a worldwide network of information gathering
crucial to weather forecasting. Balloons collect data from high in the atmosphere and
automatically radio the data back to earth. Satellites send photographs of cloud formation
back to the earth. Weather ships are permanently stationed at in specific positions at sea
and send daﬁcg to shore stations. Aircraft with instruments in pods beneath the wings, or
attached to the nose cone, fly through storm clouds to measure temperatures, pressure,
winds and turbulence. Furthermore, there are thousands of ground-based weather statioﬁs
around the world, which collect the local data. All of this information is sent to the
weather office where it is analyzed by meteorologists and a weather forecast is produced

and then made available to the public.

Another aspect of the NOS that comes through in this phase of the model is the

imagination and creativity of its practitioners. Both the students and scientists need to be
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creative, imaginative, and intuitive in the process of construction of new knowledge. The
students require these skills to analyze data, draw conclusions, interpret meanings, weigh
alternatives, and make observations. Creativity, imagination, and intuition are also
important attributes of scientists. Predicting, measuring, analyzing and then forecasting
the weather, often requires a lot of imagination and creativity on the part of forecasters,
who make their own interpretations of the available clues. An effective television
forecast, for example, often depends on the broadcaster, who acts as a computer

technician, educator, journalist, and entertainer (Phillips, 1998).

The history of how the weather was disseminated in the past points to the
imagination of scientists, collaborative nature of scientific work, and tentativeness of
science. In the mid 1800s, meteorology and forecasting were still in its formative years.
People used to make their own forecasts based on local conditions and accumulated
weather lore, such as: “Red sky at njght, sailors delight, red sky in the' ﬁdoming sailors
take warning,” for example. The fist scientific attempts to forecast the weather began
with Sammy Morse’s invention of the electric telegraph in 1844. For the first time,
forecasters had a tool with which they could relay observations over vast distances to
warn towns in the path of storm and to inform people of sunny skies ahead. In Canada, by
1876, land lines linked all major cities in the east. Compared with today’s forecast, they
were short and simple. However, distributing these forecasts was not simple, getﬁng the
word out usually meant sending the latest forecast by telégraph. On receipt, the person in
charge would arrange to post, for public inspection, the forecasts in framed bulletin

boards outside the local telegraph ofﬁce, post office, school or railway station. However,
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the forecast was often an old news by the time papers were published or signs spotted.

Inevitably, people began to question the reliability of the entire system (Phillips, 1998).

In the 1920s, a technological breakthrough happened with the wireless radio. Like
the telegraph, the radio revolutionized the way weather data were delivered to Canadians.
Information could be gathered from hundreds of remote weather stations across the
country and transmitted to isolated logging communities and ships at the sea. In the
1930s, weather forecasts for Canada were issued twice daily by the staff of four
meteorologists. Forecasts were distributed as widely as possible by traditional means, the
daily press and the posting of daily weather maps and bulletins on public buildings as
well as telephone and radio broadcasting stations. During the World War II, Canadian
and American government officials banned the broadcasting and publishing of public
weather information over North America. Following the war, radio became natural
avenue for disseminating weather information, because reports could be updated so
quickly throughout the day. This continues today. Frequent weather broadcasts are made
daily over hundreds of radio stations. Canadians today call in the dial-a-weather service.
Using high-capacity automatic telephone answering machines, the system responds to 60
million telephone calls a year. With the proliferation of Internet services and users, at no
other time in our history has as much weather information been available to so many

people (Phillips, 1998).

Although science is a “mixed bag” of history, philosophy, and sociology (Hazen
& Trefil, 1991), it can not answer all of the questions, such as, questions about values,

good and evil, and the meaning of life (Bird, 1998). What science can do, and has done in
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the past, is provide a better understanding of the natural world. Consequently, it is
important for the students to realize what science can not do and what it does not aim to
do (Machamer, 1998). Probably the most important limitation of science that needs to be
stressed at schools is the tentative nature of scientific knowledge. The students should be
aware that science is changing. This characteristic of the NOS is evident in the Exploring
and Categorizing phase of the model. But, it can be further emphasized in the

Constructing and Negotiating phase.

Through historical examples, students can realize that scientific knowledge is
tentative. It is never a finished body of knowledge because new ideas are being proposed
all the time. For example, little by little scientists kept on adding to the picture of the
weather that we have now. The Greek philosopher, Aristotle, who lived 384 BC to 322
BC, believed that air, earth, water, and fire were the four elements from which everything
was made (Kuhn, 1957). He also believed that the best way to find out why things happen
is to observe them closely. If one event is always followed by another, then perhaps one
causes the other. This was not the only way of thinking about the components of weather.
In ancient Greece and Rome, for instance, most people believed that weather was caused
by the gods, who could be persuaded to change it and who had the power to do so

(Allaby, 1995).

It was not until about 1600 that air was found to contain gases. Carbon dioxide
was the first to be discovered by the Belgian scientist, Jan Baptista van Helmont. In 1754,
the Scottish chemist, Joseph Black showed that this gas forms part of ordinary air. It was

not until 1894, nearly 300 years after van Helmont’s discovery, that argon was identified
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by Lord Rayleigh and Sir William Ramsay. Then, a year later Ramsay discovered helium,
another ingredient of air, and in 1898 he discovered neon, krypton, and xenon (Allaby,

1995).

After discovering the components of air, scientists started looking into properties
of air. Galileo was the first person to weigh air. Then, a French scientist, Blaise Pascal,
had an idea that the pressure of air is lower at higher altitudes. He imagined that the
atmosphere is like a very deep ocean and that we live on the ocean floor. Thus, the
weight of all the air must press down on the surface and on us. But, if we climb upwards,
the pressure is lower because there is less air above us. In 1648, a brother-in-law tested
this idea for Pascal by climbing a mountain and measuring the air pressure at the top

(Williams, 1999).

Once scientists realized that air is a mixture of gases that they can weigh it, and
that it exerts pressure, they were able to think about air in a new way. But, the question
why we have weather remained. To answer this question, scientists needed to learn more
about water. In about 1800, English chemist, William Nicholson passed an electric
current through water,' collected the gasses produced by this procedure and showed that
water is made of hydrogen and oxygen. After knowing about the air and water, scientists
wanted to know how these two elements work together to create the weather. But, before
that, they needed to know more about the warmth we receive from the sun. The
revelation that the earth revolves around the sun answered this question. This idea was

stated by Polish astronomer, Nicolaus Copernicus, in the 16" century and was in
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contradiction with Ptolemy’s theory, who suggested that the Sun revolves around the

Earth (Kuhn, 1957).

Then, the German astronomer, Johann Keppler, moved on to describe the path
planets follow as they move around the sun. He diséovered that the earth’s own axis is
slightly offset in relation to the sun and the axis itself turns slowly about its own center.
At that time, Keppler worked as an assistant to the Danish astronomer, Tycho Brahe, whb
asked Keppler to calculate the Qrbit of Mars. Keppler found it impossible to believe that
the orbit of Mars was circular, which he and Brahe had assumed. He concluded, then, that
all of the planets follow elliptical orbits around the sun. This discovery led Keppler to the

development of his laws.(Motz & Weaver, 1995).

Due to those earlier discoveries, today we know a myriad of science facts about
the weather. The sun warms the surface of the earth. Because the earth’s axis is tilted,
initially one hemisphere and then the other points to toward the sun, producing our
seasons. Air touches the surface of land and water and is warmed by contact with them.
Warm air rises (cooling i’é as it ascends), and draws in cool air to feplace it near the
surface. This flowing of air is what we know as wind. Water evaporates in the warmer air
and condenses in the cooler air, forming clouds, which are made from tiny droplets of
water. When these droplets are large enough, they fall as rain, hail or snow. And, the
warmth Qf the sun provides the energy that sets this entire process in motion (Williams,

1999).
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Ebenezer and Connor (1998) claim that when historical development of ideas of a
certain scientific topic are integrated into the unit of teaching, students can see that théir
ideas often parallel the early scientists’ views. They can also realize that scientists had
conceptual difficulties and struggled for centuries, sometime through intellectual debates
and wars, to arrive at plausible models. At the same time, scientists were persistent in
their ideas and it was difficult for them to give up, reject, or discard their ideas regardless
of opposition and evidence. However, it is important for the students to understand that
eventually scientists had to give up their ideas in light on new evidence. Likewise, after
constructing and negotiating new knowledge with the teacher and peers, students will
sometimes need to give up their ideas. However, their conceptual journey begins with
their initial conceptions, which are ¢xplored in the Exploring and Categorizing phase.
This experience of constructing, reconstructing, and deconstructing knowledge reveals

that science in both evolutionary and revolutionary in character.

Historical examples can also give students a chance to realize that there is a
- difference between theories and laWs. Scientific theories are the most important element

of scientific knowledge and play a vital role in its growth (Duschl, 1990). It is a common
mistake among students to equate theory with scientific fact or to even think that fact is
more important than theory. Both of these assumptions are incorrect. Léderman et al.
(2002) point out severai characteristics of theories that differentiate them from laws. For
instance, scientific theories are based on assumptions and point to the existence of
unobservable entities. They are inferred explanations for observable phenomena. They

can not be tested directly. And, they generate future investigations. Laws, on the other
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hand, relate to observable phenomena. For example, in 1660, British chemist, Robert
Boyle published his discovery, which is now referred to as Boyle’ law. He noticed that
when the force pressihg on air was doubled, the volume of the air was halved. This means
that provided the temperature remains constant, air pressure and volume are inversely
proportional to one another. Then, in 1787 the French physicist, Jacques Aleksander
Cesar Charles discovered that if pressure remains constant, the volume of given amount
of gas increases as its temperature rises. Boyle’s law and Charles’ law provide a basis for
understanding what happens when air is heated and cooled and when air pressure
increases or decreases. This was a very important step in the study of the forces that

control the weather.

It is important for fhe students to realize that theories are constructed not
discovered explanations about nature and that laws and theories have different roles in
science. Furthermore, students need to realize that laws theories do not become laws are
that laws do not have a higher status in comparison to theories. Additionally, theories
involve personal subjectivity of individual scientists, who are people and have their
biasés like everyone else. Bird (1998), a philosopher, explains that we often assume that
what we see is what is really there. But, he points out that what we see is influenced by
that we expect to be there. What we expect, on the other hand, is influenced by our past

experiences.

This phase of the model also emphasizes the various methodologies emphasized
by scientists. The process of construction of new knowledge requires the students to set-

up experiments, make observations, collect and keep record of relevant data, incorporate
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new computer technologies, test hypothesis, design artifacts, and conduct and analyze
experiments. By doing this, the students realize that scientists also conduct inquiries by
means of different methods rather than the step-by-step methodology, which is one of the
greatest myths of science (McComas, 1996). This myth has been in existence ever since
it was proposed by Karl Pearson (1937) in his book, The Grammar of Science. More
recently, though, it was explicitly stated by American Association for the Advancement
of Science and the National Research Council that a single method does not exist
(AAAS, 1993; NRC, 1996). Regardless, McComas (1996) claims,‘ that the Pearsonian,
step-by-step method has a firm place in pre-college science textbooks and is explicitly
taught by many teachers. Williams and Stinner (1996) suggest that teachers favor the
scientific method because it can be easily taught at every grade level. It follows
accessible to the students, recipe-like procedure, which includes: observation, hypothesis,

experimentation and data collection,-and conclusions.

Although the step-by-step methodology might be followed >by scientists, who
conduct their research in the laboratory, it is foreign to others, such as geologists,
astronomers, ecologists, or meteorologists who rely heavily on observations outside the
laboratory setting (McComas, 1996). Consequently, it is important that students
understand that scientific knowledge is gained through many different methods, including
observation, analysis, speculation, library investigation, and experimentation. It is true
that scientists hypothesize, experiment, and frame conclusions, but, there is no specific

sequence of activities that all of them follow at all times.
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A unit on Weather provides many opportunities to illustrate to students that not all
scientists follow the step-by-step scientific method. Firstly, students will have a chance to
realize that meteorology is a science that relies heavily on observation. The students can
see that by analyzing current science of meteorology or by studying historical examples.
By analyzing modern meteorology, students can realize that, due to present day
technology, scientists are able to watch how the weather system rﬁoves and develops,
which requires detailed observations, followed by measurements made at the weather
stations all over the world. By analyzing historical examples, on the other hand, students

can realize that observations were also important to many of the early discoveries.

Giving another weather related example, Sir Fraancis Beaufort, who is known for
the Wind Force Scale, came up with this scale based on his extensive observations of the
weather. At the age of 13 , he began his career as a cabin boy in the British Navy. While
at the sea, he recognized the value of being weather wise and began keeping a
meteorological journal. In 1805, Beaufort was given his first assignment and the
commander of his own ship, the “H.M.S Woolwich.” It was during this time that he made
up a scale, based on description of the wind, to measure the wind force. In 1829, Beaufort
was appointed hydrographer for the British Navy and it was then that the Navy adapted
his ideas and started recording a meteorological journal on every Navy vessel. The Wind
Force Scale now bears his name, the Beaufort Scale, and is still used by meteorologists,

especially at the sea (Allaby, 1995).

Ebenezer and Connor (1998) claim that empirical data play a major role in

scientific knowledge development. Through experience, the students come to know how
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scientific knowledge is constructed and how conceptual change occurs. For example, it is
believed that Galileo opened the door to modern astronomy because he was able to
support his observations with evidence, including careful measurements (Motz &
Weaver, 1995). He combined geometry with empirical evidence to explain the Earth’s
movement. In 1609, Galileo constructed a telescope and subsequently made several
discoveries. First, he pointed his telescope at the moon and learned that the surface of the
moon is not smooth, but, it is uneven and rough with “mountains and deep Valléys”

(Motz & Weaver, 1995, p. 101).

Galileo’s observations of the moon contradicted thbe belief of that time that the
heavens were perfect and unchanging, and that heavenly bodies were perfectly smooth
and spherical (Van Helden, 1985). Next, Galileo looked at the stars and saw many more
stars than appeared to the unaided eye. This observation clashed with the old argument
that the stars were created to help humans see at night (Van Helden, 1985). Galileo also
observed sunspots on the sun. This observation seemed to indicate that the sun, like the
moon, was not perfect. He also noticed that the sunspots moved across the face of the sun
in a regular pattern. Moreover, he described the shape of the Saturn. To Galileo, Saturn
was visible as a disk, which seemed to carry bulges around its equator. Now we know
that he was observing the rings of Saturn, which he could not distinguish with his

telescope (Motz & Weaver, 1995).

Like Galileo, Tycho Brahe adapted empirical methods to further scientific
knowledge. He concluded that astronomy needed new observations that should be

gathered over many years to create a satisfactory theory of planetary position. For this he
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needed instruments and built Castle of Heavens, also known as Uraniborg (Walker,
'1996). His castle consisted of fully equipped observatories, library, laboratory, shops, and
living space for staff, students, and observers. It was a place where scientists, technician,
and students from many countries could gather to study astronomy (Walker, 1996). Thus,
Brahe’s approach to study astronomy was very similar to the one utilized by many

scientists where there is a group effort to advance knowledge in a particular subject area.
2.2.3 Translating and Extending

As the title of the phase implies, this phase Qf the CKCM allows the students to
translate their understandings of science into other contexts, such as technology, society
and environment. Hence, this phase emphasizes the STSE connections. In turn,
understanding of these connections is necessary to live in today’s society and to be
considered scientifically literate (Hodson, 2003). This phase, then, acts upon the third

notion of scientific literacy, the “why” of science.

The purpose of an STSE orientation in science education is to teach children
about the "social responsibility in édllective decision making on issues related to scieﬁce
and technology" (Aikenhead, 1994, p.49). This approach has wide support in Canada,
where it appears as a guiding principle in every provincial science curriculum document,
and is considered fundamental to the national Canadian school science curriculum,
Common Framework of Science Learning Outcomes (Council of Ministers of Education,

11997).
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In Manitoba, STSE education is recognized by the science curricula as an
essential component in an effort to develop scientific literacy of the students. The 5-8
Manitoba Curriculum Framework of Outcomes, for example, emphasizes that it is
mandatory that students understand the values related to Science, Technology, Society,
and the Environment (Manitoba Education and Training, 2000). One of these values is
appreciation for the importance of sustainable development. To this end, the Manitoba
Curriculum Framework of Outcomes integrates the Sustainable Development Strategy
established by the province of Manitoba in 1994. This strategy “considers the needs of
both present and future generations and integrates and balances the impact of economic
activities, the environment, and the health and well-being of the community” (Manitoba

Education and Training, 2000, p. 2.7).

Currently, the STSE education is of great importance because of the range and
extend of environmental crisis facing us, such as ozone depletion, global warming, land,
air and water pollution, deforestation, and so on (Bencze, 2000; Hodson, 2003).
McMurtry (1999) says that we are in the cancer stage of capitalism. Like cancer, our
actions are causing massive degradation to our environment. In light of this
environmental crisis, Hodson (1998) notes that the STSE approach should go beyond
simply learning about the dynamic relationships between science, technology, society and
the environment. To help children find hope, students must have the opportunity to act on
their insight through direct involvement in participatory democracy. In his Teaching and
Learning Science (1998), Hodson argues that the STSE science education must ensure

students acquire the knowledge and skills to intervene in the decision-making process and
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ensure that alternative voices, and values are brought to bear on policy decisions. It is not
enough for students to learn that science and technology are influenced by social,
political and economic forces. They need to learn how to participate and they need to

experience participation, Hodson claims (1998).

The Translating and Extending phase of the CKCM answers the calls for the
STSE education. This phase consists of two stages: issue-based, and design process. The
issue-based stage involves identification of an issue (problem) and extension of that issue
into other disciplines, such as society or environment. Furthermore, this phase motivates
the students to become active citizens by encouraging them to take action and by
providing opportunities for them to do so. Suitable action might include conducting
surveys, making public statements and writing letters, organizing petitions and consumer
boycotts of environmentally unsafe products, publishing newsletter, working on

environmental clean-up projects.

Those action taking skills are, consequently, associated with the development of
other capabilities, such as: identification and in-depth understanding of the problem,
framing questions, gathering and analyzing data, sharing and evaluating findings,
drawing possible solutions and suggestions, and choosing and implementing actions.
Science educators refer to STSE teaching as “authentic science” or interdisciplinary
science, which places it Within a larger societal context (Ebenezer & Connor, 1998). This
kind of teaching allows the students to see that today’s society faces numerous problems

and issues, which require collaborative and cooperative effort to be resolved. Solving
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those issues requires imagination, creativity, intuition, and open-mindness of the people

involved in the process.

There are many important environmental issues for the students to act upon within
the curricular unit on Weather. The weather is of enormous social importance in Canada,
in such activities as farming, recreation, energy and transportation. There are many
decisions that the students need to answer on everyday basis. People in Canada probably
experience more weather in one year than most people do in a life time. Canadian
students are faced with making decisions related to weather on everyday basis. Some of
the questions these students need to answer, hence, decisions to make every day are:
What is the wind chill factor? How to dress warmly for school? Will we be allowed to
play outside duﬁng recess? Is there a risk of frostbite? Does our family have the
necessary equipment in our car to be prepared for the snowsform? Science education can
contribute to solutioné, firstly by making children aware of those societal problems, and
secondly by helping them to deal with these problems, propose solutions and make

informed decisions.

In addition to making the simple, everyday decisions regarding the weather,
students in Manitoba have a chance to utilize their knowledge of the weather to act upon
a local issue of floods. For example, the Red River Flood of April and May of 1997 left
behiﬁd lots of damages to be repaired as well as many decisions to be made and actions
to be taken for the future. It was the most severe flood of this river since 1826, which
caused 28,000 people to be evacuated and $500 million "dollars in damage to property

and infrastructure. Called "The Flood of the Century", the 1997 flood had a probability of
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occurrence of about once in 100 years, and came close to overcoming Winnipeg's
existing flood protection system. Fortunately, Winnipeg was saved thanks to the Red
River Floodway, which was constructed by the province in 1968

(www.floodwayeia.com).

In the aftermath of the Flood of the Century, Manitobans demanded increased
levels of flood protection. Subsequently, the Canadian and Manitoba governments
charged the International Joint Commission with reviewing the situation and
recommending options that would increase flood protection for the residents of the Red
River Basin. A variety of local options were considered and eventually the expansion of
the current floodway was deemed to most cost effective way to protect residents. Since
2003, Canada and Manitoba have announced $240 million to begin work on the $700
million floodway expansion. It is believed that the Expanded Floodway will protect
residents against a flood larger than the 1997 "Flood of the Century," excavate more thén
30 million cubic meters of earth to construct the expanded channel, require upgrading and
improvements to twelve bridge crossings, utilities and drainage services, generate
thousands of direct and indirect employment opportunities, result in recreational and
economic development opportunities for local organizations, businesses, communities
and the province. The bottom line is that the full expansion of the floodway will
dramatically improve the quality of life for Manitobans by helping with the security of
residents, improving the environment, providing economic development opportunities
and establishing an intérnational model for public consultation and community

involvement (www.floodwayeia.com).
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Public involvement is a critical element of the environmental assessment process
for the proposed floodway expansion and provides an excellent opportunity for the
students take ownership and feel empowered in the decision making process. In the next
few years, there will be ongoing opportunities for citizens to receive information on, and
provide their views about potential project effects, measures to mitigate those effects and
various other requirements associated with the project's environmental impact. Thus, in
line with Hodson’s (1998) recommendations, the students can be personally involved in
this issue. And, in line with Aikenhead’s (1992) vision, the students can understand how
decisions are made at the local, provincial, and national government levels in regard to
the floodway expansion project. For example, the students can evaluate the pros and cons
of this development, examine potential benefits and costs, and recognize the underlying

political and societal forces, which drive this development (Aikenhead, 1992).

In additions to making decisions in regards to those everyday issues mentiohed
earlier, and local decisions in regards to the floodway system, the unit on Weather calls
for action in regards to the global climate change problems. The Specific Learning
Outcome 5-4-18 requires recognition that climates around the world are ever changing
and identify possible explanations. The examples of the issues associated with this
change include volcanic eruptions, ozone depletion, greenhouse effect, El Nino,
deforestation. Although unable to make exact predictions, scientists believe that our
atmosphere’s carbon dioxide level is likely to double over the duration of the 21* century
(Berger, 2000), which will rise thé world’s temperature. Thus, an enormous amount of

work lies ahead if we are to limit global warming. Fortunately, ordinary people, including
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students, who are deeply committed to this goal can make a difference. They can thereby
change the course of history by making the right decisions, taking action, educating

others and, most importantly, being model citizens themselves.

The issue based component of the Translating and Extending phase of the model
emphasizes several characteristics of the NOS. In addition to being creative and
imaginative in proposing solutions té problems, it forces the practitioners to appreciate
ideas proposed by others, be open-minded and considerate. Additionally, it often requires
the cooperative effort of many to arrive at reasonable solutions to pertinent issues. Hence,
it emphasizes the social construction of scientific knowledge. I reason, however, that the
most obvious characteristic of the NOS that is-emphasized in this phase is that science is
socially and culturally embedded. This phase emphasizes that each society faces slightly
different problems and that science is inﬂuenéed by the culture and the needs of a
particular society. For example, within the culture of this country, the province of

Manitoba has different societal issues, than the province of Alberta.

Furthermore, the technological and social needs of a society often dictate the type
of research to be conducted. Public attitudes influence the sort of questions scientists ask
when they conduct their investigations, the way they evaluate their data, and the way

- those data are transferred to public policy. The current environmental issues, which I
have already‘ presented could be an example of these relationships. F or instance, the issue
of the greenhouse effect is probably more important to the governments and scientific
communities of the industrialized than developing countries. It is a difficult and

potentially damaging environmental problem of the present times, and it should be
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confronted by governments and scientific communities. Through their policies,
governments should make efforts to reduce the burning of the fossil fuels. Scientists on
the other hand, should concentrate their research efforts on finding solutions to solve the
problem. Most importantly, the general public shduld learn to consume smaller amounts
of fossil fuels. Planting a tree is always a good thing to do, regardless of the greenhouse

effect.

The second component of the Translating and Extending phase is known as the
design process. It involves construction of an artifact based on the information acquired
throughout a science unit. Each of the Manitoba K-8 curricular units specifies the type of
artifact to be designed by means of a several-step design loop. For example, in a grade
five unit on Weather calls for the design of the weather instrument (Specific Learning
Outcome 5-4-05). The design process requires the students to brainstorm possible
alternatives, discuss solution with others, evaluate choices, select the best materials,
engage in debates with others, and communicate information. In order to do that, the
students need to be creative and imaginative, work well with others, open-minded as well
as industries in making choices and selecting the best methodologies to construct
artifacts. Consequently, this phase of the CKCM emphasizes the creative and imaginative
character of scientific knowledge. Moreover, it highlights the social construction of

knowledge and the application of many methods.
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2.2.4 Reflecting and Assessing

In this phase of the CKCM, both reflecting and assessing occur. One needs to
realize, however, that reflecting and assessing are ongoing authentic¢ experiences, which
should be incorporated into each of the phases. The NRC (1996) denotes two assessment
Standards. The first one stresses that assessments must be consistent with the decisions
they are designed to inform. Secondly, it informs that achievement and opportunity to
learn science must be assessed. Summarizing from the Standards, teachers should collect
information about students continuously, in order to improve their classroom practice,
plan curricula, develbp self-directed learners, report student progress, and research

teaching practices (NRC, 1996, pp. 87-89).

Barba (1998) narrates that four basic questions should guide the teaching process
and teacher’s reflections on that process: 1) What do rﬂy students know? 2) What do I
want my students to learn? 3) How will I help them learn?, and 4) What have they
learned? The CKCM allows the teacher to easily address these four questions. For
example, What do my students know? refers to the ideas that students bring into a
classroom. It focuses on what students bring to the lesson from a developmental
perspective (Driver, 1990). This knowledge is explored and hence assessed in the
Exploring and Categorizing phase of the model. It may involve questioning, classroom
discussions, concept mapping, gimple conversations with the students, semi-structured ‘
interviews, writing and drawing answers to questions, journaling, diagrams, and

portfolios.
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The second question, What do I want my students to learn? involves an
examination of the goals and objectives of the teacher, the school, the school division,
and the curriculum. The majority of these goals and objectives are implemented during
the Constructing and Negotiating phase of the CKCM. In this phase the teacher
negotiates with the students to meet his/her own goals as well as the goals of the school,
division, and curriculum. This is the phase in which the common understanding among

the four worlds of meaning making (teacher’s, students’, curricular, physical) is achieved.

The third question, How will I help them learn? is a pedagogical question, which
can be answered, based on students’ prior knowledge and the science concepts to be
learned. At this point, the teacher is using his/her pedagogical content knowledge (PCK)
to make professional decisions. The PCK refers to a teacher’s unique knowledge of how
to create learning opportunities that make particular content more comprehensible to
others (Shulman, 1987). This addresses two aspects, which are: 1) the knowledge of the
topic-specific instructional strategies to teach the subject matter and the 2) knowledge of
learners and their requirements for developing meaningful understandings (Zembal-Saul,

Krajcik, & Blumenfeld, 2002).

What have they learned? is a reflective teaching question that involves
assessment. All of the phases of the CKCM provide the teacher with many opportunities
to assess students’ knowledge of science as well as their scientific inquiry skills,
behaviors, attitudes, beliefs, and social skills. The Eﬁploring and Categorizing phase of
the model, for example, allows the teacher to assess his/her students’ scientific attitudes.

In this phase students realize that there could be many different explanations for the same
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phenomenon and the teacher may assess whether his/her students are ready to accept
these different ideas or views. In other words, the teacher will have a chance to evaluate
whether the students in his/ her class are open-minded, non-judgmental, honest, and
appreciative of the ideas proposed by others. This could be evaluated through
observation, anecdotal records, journal writing, and on-going conversations with the

students.

The second phase of the model, Constructing and Negotiating, gives the students
opportunities to see how scientists go about studying the world, thus, it acts upon the
second notion of scientific literacy, the “how” of science. In this phase the students are
familiarized with the scientific way of knowing the natural world. Consequently,
throughout this phase the teacher has opportunitiés to assess students’ scientific inquiry
skills. The teacher evaluates how the students plan investigations, gather, analyze, and
interpret data, propose answers as well as communicate and negotiate the results with

others.

Through this phase, the students have many opportunities to negotiate their ideas
with others and to work in collaboration with their peers, which in turn give the teachers
a chance to evaluate students” attitudes. This is also the phase where the acquisition of
new knowledge occurs. Consequently, in this phase the teacher can assess students’
understanding of newly acquired scientific concepts and principles (the “what” of
science). This could be assessed through both on-going (formative) assessment and
culminating (summative) assessment strétegies. The on-going assessment may include

observations, self-assessment, peer assessment, journal writing, checklists, anecdotal
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records, rubrics, interviews, etc. Culminating assessment should be authentic and should

replicate everyday situations Wiggins (1989, p. 703).

The Translating and Extending phase allows the teacher to mostly reflect whether
the students are able to translate the knowledge they have acquired into everyday
situations and technology. The issue-based component, for example, requires
brainstorming possible alternatives, discussing solution with others, evaluating choices,
engaging in debates with others, communicating information undergoing evaluation by
peers (Ebenezer & Connor, 1998). Hence, in this component the teacher can assess
students’ social skills, ability to make informed decisions and implement these decisions,

and leadership skills.

The technology-based component (design process) also develops science inquiry
skills and attitudes as well as social skills, all of which could be assessed by their teacher.
The students are expected to work cooperatively, discuss their ideas with both the teacher
and other students, and value the ideas and contributions of others. For example, for
grade five unit on Weather, students are expected to use a design process to create a
weather instrument. In the process of designing their instruments, the students discuss
possible materials that could be used, and should not be used in their designs. Finally,
they present their designs to the whole class, answer questions in relation to their designs,

and accept criticisms.
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2.3 Chapter Summary

It this chapter I described how each of the phases of the CKCM develops
scientific literacy, based on the NOS. I supported my discussion with examples taken
from a grade five curricular unit on Weather. The Exploring and Categorizing phase
emphasizes that personal knowledge, like scientific knowledge, is tentative and flexible
for development and change. This phase also gives students a chance to develop a
beginning understanding that science is a discipline that attempts to explore and explain
phenomena. It clarifies that science is not a discipline that collects facts and truths to be

memorized.

The Constructing and Negotiating phase develops an understanding of concepts,
principles, and theories. Thus, ’;his phase acts upon the first notion of scientific literacy,
the “what” of science. More importantly, this phase allows the Students to use science in
their lives and be informed consumers of scientific information. The Con’strucﬁng and
Negotiating phase of the model also acts upon the second notion of scientific literacy, the
“how” of science. It provides many opportunities for the students to realize that science is
socially and collaboratively constructed. By collaborating with the other students and the
teacher, the students learn how scientists negotiate their ideas with others. This, in turn,
suggests that scientific knowledge is a product of a complex social activity and dispels
the common image of a scientist as someone who is isolated from othqr practitioners. It
points out that scientists can not exist in isolation and effectively contribute to the

advancement of knowledge.
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The Constructing and Negotiating phase of the model also points out to the
imagination and creativity that are required to develop scientific knowledge.
Furthermore, it emphasizes the tentative nature of scientific knowledge. Through this
phase students can realize that science is never a finished body of knowledge and that
new ideas are being proposed on on-going basis. Additionally, this phase illustrates that
science is both evolutionary and revolutionary in character. Moreover, this phase of the
model emphasizes that there are many different methods of conducting scientific
inquiries, that empirical data are crucial in the development of scientific knowledge, and

that there is a difference between theories and laws.

The Translating and Extending phase of the model acts upon the third notion of
scientific literacy, the “why” of science. It manifests the STSE orientation in science
education, wﬁich is an important goal of the national and prbvincial science curriculum
documents in Canada. This phase gives students a chance to make decisions and take
actions in regard to many societal and environmental problems at the local and national
level. It empowers the students and gives them hope for a better future. This phase of the
model reflects several characteristics of the NOS. It further emphasizes that scientists
must be creative and imaginative in proposing solutions to problems. It points out that
scientists must appreciate ideas proposed by others, be open-minded and considerate. -
Additionally, it illustrates the cooperative effort of many practitioners to arrive at
reasonable solutions to pertinent issues. Also, this phase of the CKCM underlines that

that science is socially and culturally embedded. And, the design process points out the
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creative and imaginative character of scientific knowledge. Moreover, it emphasizes the

social construction of knowledge and the application of many methods.

The Reflecting and Assessing phase of the CKCM allows the teachers to evaluate
the NOS development and reflect upon their practice. It also allows the students to reflect

upon their own learning.
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Chapter 3
Methodology
3.1 Introduction

In this chapter, I trace my conceptual growth that led me to the proposed study.
My learning is situated in an earlier study that I carried out with a group of elementary
pre-service teachers in the context of their science methods course that accentuated the
contemporary philosophies of science teaching and learning. Having taught biology to
the undergraduates for several years using the “scientific method,” I was keen on
knowing how the methods course developed pre-service teachers’ understanding of the
nature of scientific inquiry. My interest grew when the professor began the methods
course by exploring her students’ concép’tions of the nature of scientific inquiry. Before
long, I committed myself to study pre-service teachers’ developmental ideas of the nature
of scientific inquiry during their methods course and subsequent practicum teaching. To
reflect upon my conceptual growth from the foregoing study, I report
* “phenomenographic results” (Marton, 1981) of pre-service teachers’ prior instructional
conceptions of the nature of scientific inquiry, and present a case study that tracks one
pre-service teacher’s developmental ideas. My conceptual growth is evident in two
ways: understanding the tools of ethnographic inquiry, and growing as a science teacher

educator.

After recounting my own conceptual growth, I explain the process of looking for

a suitable teacher who would be willing to collaborate with me in my Ph.D. data
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collection. Then, I tell a story of my collaboration with Scott, the public school teacher,

who allowed me into his professional life.

Finally, I explain the methodological frameworks in line with the research
objectives of the proposed study. In addition, I describe the techniques that I used to
collect and analyze data. In addition, I describe the reliability and validity of the study

from a qualitative perspective.
3.2 My Conceptual Growth

I completed my bachelor of science and education degrees at the University of
Wroclaw, in Poland. After graduating from the university I taught grade six science for a
period of one school year. After coming to Canada, in 1990, I started my master’s degree
in science, major in ecology. After completing this degree, I obtained a job as a biology
instructor at the University of Winnipeg. Since I enjoyed teaching, in 2000, I decided to
do my Ph.D. degree in science education. In the first year of my Ph.D. program, I was
curious to learn what constituted elementary pre-service teacher curriculum and how they
weré taught. A science teacher educator at the University of Manitoba told me that the
best way to learn about educating pre-service teachers is to “be there” to observe and
actively participate in a methods course, which emphasized the notion of learning to
teach sci_ence. Thus, I audited the methods course that this science teacher educator
taught and with this step I started a collaborative endeavor with the eduqator, pre-service,

and novice teachers.
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3.2.1 Science Methods Course—Science Curriculum and Instruction (EDU 81.402)

EDU 81. 402 Science Curriculum and Instruction (C & I) is a mandatory course
that leads to elementary teacher certification. I attended the C & I course throughout the
year, which consisted of 9 weeks in the Fall Term and 9 weeks in the Winter Term. Each
class was 1 hour and 20 minutes long. The science teacher educator encouraged me to
document the events of the science C & I course as they unfolded. Thus, while in the C &
I class, I took field notes, I carried out document analysis, and I audio taped the
conversations between the science teacher educator and her students and among student

peers.

At the beginning of the Fall term in her first class (September 13, 1999), before
she introduced the course, the science teacher educator explored pre-service teachers’
conceptions to find out what meanings they attached to the nature of scientific inquiry
with two questions: 1) What are your views about how scientists conduct scientific
inquiry? 2) What are your views about how elementary science teachers should help
students conduct scientific inquiry at school? Students responded to these questions in
writing. The science teacher educator then used pre-service teachers’ initial ideas in her
subsequent lessons to develop the notion of the nature of scientific inquiry. She started
her class each week with pre-service teachers’ ideas and linked them appropriately to the

less_ons on the CKCM.

To familiarize her students with the CKCM, the science teacher educator first

modeled each phase to the pre service teachers using a unit on Light with research-based
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activities disseminated by Feher and Price (1989), and Price and Feher (1990). At the end
of the modeling of the Exploring and Categorizing phase, a small group of pre-service
teachers was required to teach this first phase to their peers in small groups based on their
preferred topics. At the end of the modeling of the Constructing and Negotiating phase,
another group of pre-service teachers was expected to do peer teaching to practice the
second phase based on the ideas of a science concept explored and categorized by the
first small groups. Similarly, based on the selected topics, the other two phases were also
peer taught. After every phase of the model, the teacher educator explored and
emphasized' the si gniﬁcénce of the nature of scientific inquiry and its translation into
classroom science using examples from her modeling and the pre-service teachers' peer
teaching. During peer teaching, the teacher educator circulated among the groups and
picked themes or key words representing NOS to further elaborate on them at the end of
the class. I noticed that the science teacher educator did not lecture to them about the
NOS, but she sought opportunities to talk about the NOS in the context of pre service

teachers’ scientific inquiry.

The science teacher educator often asked the presenter to explain how his/her
presentation relates to the NOS. For example, consider the following conversation

between the science teacher educator (STE) and a pre-service teacher (PT):

STE: How does your presentation relate to the NOS?
PT: Science is changing.

STE: Right on! Science is always changing. But you have to remember that the
core theories took a long time to change and it was with great struggles. For
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example, first we thought that the earth was in the center (Class Discussion
Excerpt, September 20, 1999). '

Furthermore, often at the end of a class, the teacher educator had a powerful
statement to the pre-service teachers about science and the teaching of science. For
instance, note the following excerpt:

"You as teachers of science in elementary classrooms are the ambassadors--the

diplomats. You are representing the scientific community in your classroom. So

keep that in mind and try to portray the right kind of image of science and
scientists. If you paint or portray the right image, children will come to know
what scientists do. But, if you ask them to memorize a bunch of facts and ask them

to fill in the blanks...Is this science? After grade five they give up science. So, I

hope that you are going to carry out authentic science to show them how scientific

knowledge is generated, how it is established, and how it changes.” (Class

Discussion Excerpt, Science Teacher Educator’s Talk in Class, September 20,

1999).

In the winter term pre service teachers were required to develop a detailed mini-

unit plan to depict the CKCM in a topic of their preference.
3.2.2 Pre-service Teachers’ Conceptualizations of the NOS

This yearly practice of the science teacher educator gave me the opportunity to
assess pre-service teachers' prior-teaching conceptualizations of the nature of scientific
inquiry. When I examined the pre-service teachers’ responses, I was eager to watch how
these pre-service teachers will transform their thinking about the nature of scientific
inquiry. Hence, I invited the pre-service teachers to take part in a study that would help
me track their developmental ideas of the nature of scientific inquiry. Twenty one (70%)
out of 35 pre-service teachers gave me a written consent to participate in my study. Thus,

while auditing the science methods course I conducted a study entitled Pre-service
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teachers’ developmental understanding of the nature of scientific inquiry. In the first step
of my study, I analyzed pre-service teachers’ responses to the two prior-instructional
questions mentioned above. I used “phenomenography” (Marton, 1981) to make sense of

the responses that the science teacher educator gathered.

Phenomenography is a qualitative research method which is concerned with

| understanding and describing the qualitatively different ways people experience and
comprehend the world around them (Marton, 1981). It involves analyzing the responses
to questions about a phenomenon and grouping those responses into qualitatively
different conceptualizations. In other words, it is a research specialization that aims to
study the different conceptions of a phenomenon. These conceptions are termed
categories of description (Marton, 1981; Marton & Saljo, 1984). Accordingly, each
conception has a how and what aspect. The former relates to the act of conceptualization
and the latter to the meaning of the phenomenon as conceptualized (Marton, 1981). For
example, the “how” in this study refers to the pre-service teachers’ conceptualizations
and the “what” refers to the natureof scientific inquiry (a social phenomenon). The
categories are the main results, not the number of people holding a certain conception;
and they are linked to the investigated phenomenon, not to the Vérious individuéls; The
phenomenographer maps individual participant’s conceptions for analytical purposes
only, but for reporting research results the individual participant’s conceptions are not the
focus. The researcher attempts to understand the categories Qf description and to relate
them to each other and to the whole. The method assumes that there is a limited number

of categories or qualitatively different ways in which the particular phenomenon could be
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understood. Phenomenographic research enables a researcher to map students’
conceptions into descriptive categories and use them in lesson sequences. Finding a
limited number of categories motivates a teacher to use research results in the classroom.
It also gives a teacher the opportunity to appreciate and account for different

understandings.

Because of her extensive experience with phenomenographic research to
understand individuals’ conceptions, the science teacher educator helped me to analyze
the data and group pre-service teachers’ conceptions of the nature of scientific inquiry
into meaningful categories. We took the following steps to determine the

phenomenographic categories of the nature of scientific inquiry:

1. We initiated the descriptive categories by reading and understanding what
the pre-service teachers are attemi)ting to say.

2. We highlighted the statements that conveyed certain meaning that helped
us to group the responses into categories. |

3. We differentiated the following four categories, which describe the nature

of scientific inquiry:

a) Using a systematic and logical approach (n = 16),
b) Discovering by accidept (n=1),

c¢) Conducting inquiry in random fashion (p = 2), and

d) Exploring how and why something works (n = 2).
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In accordance with the basic assumptions of phenomenography, the foregoing
categories are not a description of the participants, it is a description of “the outcome
space,” of possible ways of thinking about the nature of scientific inquiry. Hence, even if
there is a conceptual representation by one pre-service teacher, it has been taken into
consideration. For the purpose of demonstrating my conceptual growth, in this chapter, I
describe only the most frequent descriptive category: Using a systematic and logical
approach. Seventy six percent of the pre-service teachers were grouped into this
category. Those pre-service teachers considered that scientists conduct scientific inquiry
by means of the step-by-step scientific method. This method is similar to the scientific
method explicated at the beginning of many university biology textbooks, which consists
of several steps inclﬁding observation of a phenomenon, hypothesis, experimentation,
data analysis, and conclusions (Campbell & Reece, 2005; Cells and Organisms
Laboratory Manual, 2005).’ The following pre-service teachers’ comments characterize
the first descriptive category:

"“Scientists conduct scientific inquiry by posing a series of hypotheses which they

.then test. Based on their results they either make some conclusions or revise their
previous hypothesis and make more guesses as to how something might work.”

"It is my understanding that scientists break down tasks into smaller pieces and
test their ideas. The testing is done using the scientific method.”

"...scientific process consists of eight to seven steps including: defining the
problem, forming a hypothesis, testing that hypothesis, collecting data and
running tests, analyzing the data from the tests, forming conclusions, and
communicafing the results of the tests in scientific objectivity.”
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Most pre-service teachers who supported the textbook classic several-step
procedure also believed that scientific inquiry in an elementary school should be “done in

a similar way.” Note the following excerpts:

"] believe elementary teachers should lead their children in much the same way
scientists inquire - but instead of the teacher dictating what should be done and
how the students should do it- the student should become the scientist - they
should ask the questions and decide how to find the answers and solve the
problems.”

"I think elementary teachers should conduct scientific inquiry in the same kind of
outline as scientists, but even better.”

"Science teachers should approach science deduction with the same steps as a
research scientist would. By showing our students that any problem, no matter
what the difficulty, can be solved when approached logically.”

Then, I continued my research with seven out of the 21 pre-service teachers who
represented the phenomenographic categories. 1 video-taped pre-service teachers’ oral
presentation during the Pre-Service Teacher As Researcher (P-STAR) conference (10
minutes); examined pre-service teachers’ written assignments which consisted of four
detailed lesson plans and an assessment plan; tape-recorded pre-service teachers’
conversations with peers during group work (approximately 50 minutes); collected pre-
service teachers’ answer sheets to their midterm exam. In addition to university class
observations and analysis of their (pre-service teachers) written work, I individually
iqterviewed these seven pre-service teachers. Each of these seven pre service teachers
was interviewed three times (for about 30 minutes every time): at the beginning of the C -

& 1 course, after the first teaching practicum, and during the second teaching practicum.
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In the following paragraphs, I present the data that I collected for one of these seven pre-

service teachers--Natalia.
3.2.2.1 A Case Study of Natalia

Data sources collected from Natalia are in the following chronological order:
written answers to prior-instructional questions collected on September 13 (field notes #
1); audio-taped participation in a group discussion on November 1, 1999 (field notes #2);
audio-taped interview #1 on November 11, 1999 (field notes #3); written midterm exam
on November 12, 1999 (field notes #4); audio- and video-taped P-STAR conference
presentation on January 27, 2000 (field notes #5); audio-taped interview #2 on February
2, 2000 (field notes #6); written final assignment (field notes #7) due on March 6, 2000;

audio- and video-taped interview #3 on April 20, 2000 (field notes #8).

To analyze the data, I first carefully read each set of the field notes and at the
same time I color coded the information to generate themes. Several themes that emerged
from this stage of the study, for example: teacher guided inquiry, student led discovery,
mechanics of teaching, making connections to everydéy life, teaching and learning
through senses, scientists as children, importance of verbal instructionf curriculum
assessment, tentative character of scientific knowledge, importance of history and
philosophy of science, the scientific method, and many methods of conducting scientific
inquiry. Table 3.1 presents presence/absence of the designated themes throughout the
field notes. The presence of a particular théme in a specific set of the field notes is

indicated by a plus sign (+).
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Table 3.1 Themes Constructed from the Pilot Study.

Theme Title Field Notes (by number)
112]13(415|6]7]8
The scientific method + + |+ + +
Student led discovery + + |+ |+ |+ +
Social construction of knowledge +l+ i+ |+ ]|+
Importance of history and philosophy of science + |+
Making connections to everyday life + + +
Many methods of science vs. the scientific method +
Curriculum assessment +
Teacher guided inquiry + |+ +
Practicing what was instructed at the university +
Motivation + +
Teaching/learning through senses + | + + |+ +
Comparison between traditional teaching and teacher +
guided inquiry
Importance of the Internet in research + +
Mechanics of teaching and classroom management + + | + +
Scientists as children + +
Importance of the meaningful verbal instruction +
Importance of testing one variable at a time +
Tentative nature of scientific theories +
Finding balance between books and hands-on +
Teacher’s responsibilities +

At the beginning of the academic year, prior to any instruction in the elementary
science Curriculum and Instruction class, Natalia, like many of her colleagues, believed
that scientists conduct scientific inquiries by means of the step-by-step scientific method.
Consider Natalia’s comments:

"It is my understanding that scientists break down tasks into smaller pieces and
test their ideas. The testing is done using the scientific method”.
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On her midterm exam, Natalia pointed out that “...all throughout our school
career and through texts and media, I have come to understand that scientists follow the
scientific process.” During the first interview she again mentioned that scientists "...go
through the same process and you reformulate in your mind it is kind of like the scientific
process. You have thought, you come up with a plan on how you are going to figure it
out, you try it, if it does not work well we go back to the drawing board. ‘[f it did work,
you think, great, but maybe now I want to try something else too, what will happen now if
1 do that? Ithink it is the same process”. Natalia’s thoughts and understanding of the
NOS gradually changed with the progression of the elementary science Curriculum and
Instruction course. During her second interview she summarized that scientists conduct
scientific iﬁquiﬁes by “...reading, researching, talking, and experimenting”. Thus,
Natalia’s understanding has matured since the commencement of the C & I course. She
no longer believed that the only way to do science is to follow the step-by-step scientific
~me‘rhod. At that stage, she was able to identify several characteristics of the NOS. For
example, she recognized that scientific knowledge is tentative by saying that “...things
are always changing. Even if you think you have proven something you have to keep
revisiting it to see if it still stands true based on the new information or new things that
have come up in the world or something, you have to always be revisiting it to see if it is

’

still true.’

During the second interview, she also acknowledged the importance of the history
and philosophy of science as well as the social construction of scientific knowledge, two

characteristics of the NOS. Consider the following excerpt: “By research I mean reading,
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constantly going and looking at other people’s work, things that have been done, papers,

textbooks in the history and in the present things that people have written about.”

During our last interview, Natalia clarified that scientists conduct inquiries
“...through a lot of talking, and experimenting, and discovering, and meeting with people,
and reading books, and trying stuff out, just always questioning.” Natalia was also able
to recognize that there are many ways of conducting scientific inquiries, for example:
“...you can not always do it in the same way.” She also acknowledged the importance of
the history and philosophy of science in teachingb and learning science. For example, she
mentioned that scientists analyze the “...things that have been done, papers, textbooks, in

the history and in the present, things that people have written about.”

Natalia’s understanding of how elementary teachers should conduct scientific
inquiries also changed with the progression of the events in her academic year. At the
beginning of the academic year, Natalia likewise theorized that elementary science
teachers should “...give children some options on what they would like to learn about and
together develop a scientific method.” Natalia’s midterm exam revealed similar
understanding. Natalia wrote that 4...elementary school teachers need to conduct
scientific inquiry in much the same way scientists do. In schools, the teachers are guided
by the curriculum, however it is still much the same.” During the first interview, she did
not mention anything that would imply »that elementary science teachers should also
utilize the steps of the scientific method. At that time, Natalia stressed a theme, which I

identified as “student led discovery.” She believed in giving the students many
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opportunities for their own discovery. Consider the following quotation: "... let them lead

’

the way, let them try and go through the discovery on their own.’

After her first teaching practicum, Natalia realized that the “true scientific
inquiry” is not necessarily based on the scientific method. During the second interview,
conducted after her teaching practicum, Natalia declared that "...teacher’s role is to be
ever vigilant...”. She added that A4...the role of the teachers is to bring in more
opportunities and just keep guiding them, pushing them forward.” During her last
interview Natalia mentioned that elementary science teachérs should conduct scientiﬁé
inquiries with their students in a way which is "...very similar to scientists.” She added
that she would like "...70 allow students opportunities to discover in many different
ways.” She also provided some guidance of what could constitute the many different
ways of school scientific inquiry. Her examples included: searching on the Internet,

learning from other students and guest speakers, experimenting, and discussing.

In summary, I noticed that Natalia’s written answers are very different from her
verbal replies. Her written work (field notes # 1 and 4) seems to be very superficial.
Natalia emphasizes the scientific method and student led discovery. Her answers to the
same interview Questions, however, are much more meaningful and knowledgeable. For
example, in her last interview she reveals that there are many methods of science. Natalia

admits that "...partially through the course, through reading the text book and the things

we have done in class..,” and through the”...work in the schools with the students...” she
realized that the ...scientific method does not always work...” and “... that a lot of
discovery that they are making is things that they are learning from other people....” For
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example, "We have speakers come in and doing things and all of a sudden something is

adding on to their information so “It is not always doing an experiment.”

In her interviews she additionally talked about tentative character of science,

| social construction of knowledge, importance of history and philosophy of science, and
practical implications of science, which are the demarcations of the NOS (Lederman et
al., 2002; Matthews, 1998; Stinner, 2001). Furthermore, she recognizes the relationships
among science, technology, and society, which are the attributes of the scientifically

literate students (Aikenhead, 1997; Hodson, 2003; Pedretti, 1997).

My plan was to trace Natalia’s developmental understanding of the NOS
throughout her science methods course, teaching practica, and then to observe how she
translates the knowledge she acquired at the university into her first year teaching
practice. Thus, after completing the first part of the study, I made arrangements with
Natalia to observe her and her grade seven students in Georgetowri School (pseudonym)
located in one of the suburbs, located about 10 kilometers north of the city limits. I made
necessary arrangements to visit Natalia’s class at the end of the school year, every day,
for a period of one month. The main purpose of my visits was to observe how she

portrays the NOS to her students.

After two weeks of my classroom observations, Natalia decided that she would
like to use the time assigned to science to finish the French curriculum. Consequently, I
had to terminate the classroom observations. While in Natalia’s classroom, I assumed a

role of a critical observer who tape records all of the classroom conversations. Bogdan
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and Biklin (1992) would classify this routine as non-participant observation. I never
offered the teacher any help with lesson planning, class preparation, or teaching. We have
never met to reflect on the lessons either. I also did not feel that I was part of the class or
school community, because I myself have never made any efforts to come into their
worlds or to be seen as a participant of their community. I did not talk to any of the
students or staff members. I am pretty sure that nobody in that school, except for the

principal, knew that there was a researcher in one of the classrooms.

When observing the science classes in Georgetown School, I often had a feeling
that the teacher did ﬁot have a long-term plan as to how to teach this curricular unit and
that every class was treated as an isolated case. Sometimes I even had an impression that
her students were wasting time. I also observed that she struggled with the content of this
curricular unit. The teachers herself admitted: “I felt unprepared, I felt that I did not have
any knowledge in science, I did not know what to teach. I was even afi-aid of their
questions. I was totally lost...I was looking forward to the professional days when I could
meet other teachers and share ideas...."”" (Teacher-Researcher Interview June 20, 2002). .
Additionally, she taught science contrary to what was advocated in her science methods

class.

At this point, I realized that to collect meaningful data, I need to collaborate with

a teacher in every step of the “teaching” journey: planning, teaching, and assessing.
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3.2.3 Lessons I Learned

In this sub-section, I delineate the lessons I learned as a result of my pilot study.

They are: understanding the tools of inquiry and growing as a science teacher educator.
3.2.3.1 Understanding the Tools of Inquiry

The coincidence of Natalia making significant statements about the NOS during
the interview, rather than writing about it, emphasizes the importance of interviews in
qualitative research. Many researchers have discussed the implication of the interviews.
A number of investigations have yielded rich data by using written responses for open-
ended questions in combination with the interview method (Fleming, 1987; Howe, 1985;
Lederman, 1999; Lederman & O’Malley, 1990; MacDonald & Bridgstock, 1982; Ryder,
Leach & Driver, 1999). For example, Lederman and O’Malley (1990) récommended that
the interviews allow the researcher to clarify the precise meaning of ideas revealed by the
respondent. In my study, I also observed that the follow-up interviews are imperative to
clarify participants’ comprehension of the investigated issues. In my study, for example,
when I asked Natalia to elaborate on her written statements about the scientific method,
she explained: "...I am referring to the process that we were always taught in school
where you have a hypothesis, you make a guess at what you think is happening, then you
try - you determine how you are going to test it, your variables, your different...” Her
oral reply, then, confirmed that she referred to the step-by-step scientific method that, as
reported by Campbell and Reece (2005), consists of observation of a phenomenon,

hypothesis, experimentation, data gathering and analysis, and discussion and conclusions.
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In addition, the interviews can identify the experiences, which have altered each
student’s beliefs in the past and/or in the duration of a particular investigation (Lederman
& O’Malley, 1990). For example, when I asked Natalia about the sources of her beliefs
and about any factors that might be responsible for the transformation of her ideas, she
acknowledged the program. She also identified that her teaching practicum played a role
in the development of her understanding. Consider the following statement: ... My views
have changed partially through the course, through Dr. Ebenezer, through reading her
text book and the things we have done in class, and I have learnt through this year doing
work in the schools with the students that the scientific method does not always work that

~a lot of discovery that they are making are things they are learning by doing and talking

»

with other people.’

During the second phase of data collection, I myself had a chance to learn a lot
about the qualitative research methodology, especially about the process of interviewing.
If I had a chance to redo the foregoing study, I would have conducted my interviews in a
different manner. Firstly, I would video-tape all three interviews, which would tell me a
lot about Natalia’s face expréssions and gestures. In this investigation, I only audio-taped
the first two interviews and both audio- and video-taped the third one. Secondly, after
each interview, I would write comments and thoughts about the interview procedure,
Natalia’s behavior, topics discussed, conversations that took place outside of the
interview situations, etc. In other words, as recommended by Taylor and Bogdan (1998),
I would keep a detailed interviewer’s journal, which I have overseen, in this pilot

study. Thirdly, I would maintain an eye contact and listen patiently without interrupting
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the informants. I was not aware of that till I started transcribing the tapes. In my field

notes then I wrote:

“As I am transcribing, I realize that my above statement could have led Natalia to
think that I am satisfied with her answer and that it is o.k. to stop answering this
question. While listening to it now, I actually have a feeling that she wanted to
continue but I have stopped her from doing that. I think that I rushed Natalia
because I was nervous myself and I wanted to move on to the second question. |
‘do not think I was listening very carefully. Instead, I was thinking about my next
question.”

1 also realized that it is important to transcribe the tapes either immediately or
shortly after audio-taping. When I transcribed shortly after taping, I was able to better
recreate the context what is evident in my field notes which are detailed. For example, |
transcribed the first interview with Natalia shortly after it was recorded and because it
was still fresh in my mind I Wés able to draw a map of the room in which we were

conversing ( Field notes # 3), and in the Observer’s Comments I wrote:

“I met with Natalia immediately after her Science Curriculum and Instruction
Class. We agreed to meet in Dr. Ebenezer’s office. I wanted to meet there because
Dr. Ebenezer did not use this room at that time. Instead, she was working in her
 research office on the fourth floor. Consequently, it was an uncluttered and quiet
place to talk. Indeed the room was very tidy. There was nothing on the desk, the
books in the bookcase very well organized. Natalia arrived on time. She did not
seem to be nervous or intimidated...I was glad that I have invited Dr. Ebenezer to
- this interview. Because of her experience with qualitative research I wanted her
to be there and show me a proper approach to interviewing. If she were not there,
I would have ended our conversation after 5 minutes. I would have concentrated
on the two major questions and would not have asked anything else.” Dr.
Ebenezer’s approach, on the other hand, has helped me understand that it is
important to listen and ask additional questions for further clarification.”

Most of the tapes, however, were transcribed several months after they were

recorded. At that time I had to recreate the context in my mind. It was not always and
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easy task for me, especially because the interviews were not video-taped. As a result most

of my Observer’s comments are rather laconic. For example, consider the following

journal entries:

“As I am transcribing I recall that Natalia has not talked smoothly. She paused,
stopped, and rolled her eyes up. To me it looked as she was thinking very
carefully about every sentence she was saying.”

“Natalia was very comfortable while answering this question. I could feel that she
had a lot to say and that she was very enthusiastic about this question.”

This pilot study also helped me realize how much time needs to be allocated to
the transcription of the tapes. It to;)k me, for instance, several hours per tape. Some tapes
though were easier to transcribe than others. For instance, the transcription of the
interviews went smoothly and much faster than the transcription of a discussion (Field
notes # 2) or a P-STAR conference presentation (Field notes # 5). It was very hard for
me to fully transcribe the discussion that took place after the peer teaching. At some point

in my Observer’s Comments, I gave up and wrote:

“The conversation continues for about five minutes. The students are talking
about pesticides and lawn fertilizers. However, I can not recognize much. It is
even harder for me to determine who is talking. After a while the conversation
becomes very casual, not related to science or to the topic, which was presented.
There is a lot of laughing and giggling which obscure the conversation.”

I could have eliminated some of the above-mentioned mistakes if I had taken the
Qualitative Research Methods for Education (EDU 129. 784) course prior to conducting

my study. While taking the course, however, I noticed that because of the experience I
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gained through the pilot study, and because I was in constant dialogue with my advisor I
had a much better understanding of qualitative research methodology than other students
in my class. For example, [ was familiar with the ethical issues associated with using
human informants. I knew a lot about interviewing and transcribing. I was aware of
various types of qualitative studies. I was also familiar with data triangulation and data

analysis.
3.2.3.2 Growing as a Science Teacher Educator

Through this study I also grew as a science educator because while I was auditing
the Elementary Science Curriculum and Instruction course the professor asked me to
critically evaluate her approach to teaching. Thus, in each class I wrote my observations,
comments, and suggestions and after each class, we met to discuss the events. I benefited

from this experience during the second year of my Ph.D. program. During that second
year, | was awarded several scholarships, which allowed me to take a leave of absence
from the University of Winnipeg, where I was teaching, and concentrate on my studies at
the University of Manitoba. At the same time, I got an opportunity to teach two sections
of the Elementary Science Curriculum and Instruction course at the University of
Manitoba and my advisor was assigned to teach the other tWo sections. Consequently, it

was an excellent opportunity for us to co-construct the C & I course.

We met every Friday to plan the agenda for the next week’s class. We decided
that we both would implement our shared ideas into the phases of the CKCM. I liked the

idea of using the model because it characterizes the NOS, as discussed in Chapter two. I
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also saw a correlation between the model and Manitoba science curriculum. In other
words, I noticed how by introducing this teaching model, I can help my students--the
future teachers--to teach Manitoba curriculum in a simple yet innovative way. Also,
because I was going to teach this course for the first time, I knew that if I use the model,
my classes would be organized, meaningful and well structured. We made certain

changes to the previous year’s course outline.

We decided to teach the model using gréde four unit on Sound. In line with the
first phase of the CKCM, we initially taught the pre-service teachers how to explore
students’ ideas. We asked the pre-service teachers to write and draw how sound travels
into their ears. To help them visualize how sound travels we popped a balloon. Then, on
the basis of their responses, we showed the pre-service teachers how to categorize their
own students’ answers. In our C & I class, we were able to categorize our pre-service
teachers’ responses into several groups corresponding with the specific learning

outcomes of the Manitoba science curriculum.

In the second phase, we planned a series of lessons to illustrate the specific
learning outcomes that emérged from our exploration activity. Then, we modeled how to
translate and extend the knowledge into everyday life experiences. In other words, we
were demonstrating how to address the Science Technology , Society, and Environment
(STSE) issues. In line with the Manitoba science curriculum, we p-lanned a lesson on
noise pollution (Specific Learning Outcome: 4-3-12). Finally, to solve a technological
problem, we followed a Design Process to design a musical instrument (Specific

Learning Outcome: 4-3-06). At the end of the course, we concentrated on various
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assessment strategies. I think that our lessons on assessment were very well planned, and
also appreciated by the pre-service teachers. We discussed both on-going and culminating
assessment. However, we paid special attention to the performance-based assessment. To
simulate the hands-on approach to this type of assessment, the pre-service teachers were
asked to circulate among various stations, which we set-up in the laboratory. At each of
these stations they were asked to perform a different task. I also incorporated a video on
grade four performance-based assessment strategies, which has been recorded by the Fort

Gary School Division in Winnipeg.

In addition, the pre-service teachers presented at the Pre-service Teacher as a
Researcher (P-STAR) Conference. For these presentations, students were asked to assess
the Specific Learning Outcomes of the unit of their choice based on the five Foundations
for Scientific Literacy outlined in the elementary science curriculum guide. In other
words, they were supposed to evaluate to what extent the curricular unit reflects the five
Foundations for Scientific Literacy. In their presentations, the pre-service teachers were
asked to conduct at least one hands-on activity and state where it fits with respect to the

Foundations.

Additionally, I wanted to emphasize certain important issues in science education.
For example, I wanted the pre-service teachers to understand the principles of science
literacy for all, sian: it has become a strongly emphasized topic in science education. I
decided to concentrate on the language minority students. As a preparation for this class,
I asked the pre-service te.achers to read an articlé by Spurlin (1995), entitled Making

Science Comprehensible for Language Minority Students. To illustrate to the pre-service

&3



teachers the emotional struggles experienced by the language minority students, I started
the class by talking in Polish rather than English. I gave a 15-minute lecture in Polish on
how to add and subtract in math. Although I wrote everything on the board, I could sense
that some of the pre-service teachers felt uncomfortable with the fact that they did not
understand what I was saying. I also noticed that some of them felt embarrassed when I
asked them to repeat the pronunciation of numbers or mathematical symbols, such as one,
two, three, plus, minus, etc. After, that presentation we had a discussion on multicultural

science education in relation to the assigned article.

At the end of the first terrh, I realized that most of the pre-service teachers do not
have a strong science background and hence laboratory skills and I wanted them to learn,
at least, how to use a microscope. I managed to teach them how to use compound light
microscope, dissecting microscope, and video flex camera. During that class we
concentrated on microscopic techniques. We observed several permanent microscopic

_slides and learned how to prepare a wet mount using red onion epidermis and flower

pollen grains.
3.3 Looking for a Suitable Teacher

After conducting the pilot study and teaching the Elementary Science Curriculum
and Instruction I was curious to find out how the CKCM plays out in the school
classroomv with respect to the NOS. Specifically, I wanted to get first hand experience by
beingy involved in the planning of the lessons and by witnessing how the lessons are being

taught. In other words, 1 was interested in a teacher-researcher collaborative effort in
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planning, teaching, and assessment. This time, however, I was eager to work with a
teacher who would actually incorporate the CKCM into his/ her teaching. Additionally, I
wanted to collaborate with a teacher who understands and includes aspects of the NOS
into his/her science teaching. I also preferred working with a teacher-researcher who
understands and is committéd to research. I was particularly interested in finding a
teacher who is a former student of mine and who is familiar with the model, since
working with such a teacher would allow me to observe how she/he translates the NOS 1

addressed in the C & I class into his/her classroom practice.

Throughout December of 2002, I started looking for a suitable research partner.
I contacted six pre-service teachers of the 2001/2002 class. Unfortunately, they either did
not have a permanent contract or were not assigned to teach science. Then, I decided to
contact pre-service teachers whom I taught during the 2000/2001 academic year hoping
that more of them are teaching by now. I contacted four individuals from that cohort.
Three of them returned either my calls or e-mails. They were all positive and open to my
project and one of them, Scdtt Brown (pseudonym), was able to participate in my study.
He alsé met all of the criteria I specified in the above two paragraphs. Although, he was
not teaching science this year, he was willing to change his teaching assignments with his

teaching partner from the same school.

I decided to collaborate with only one teacher because it is a long-term, in-depth
project which requires a lot of dedication and hard work from both the teacher and
researcher. I believe that it is impossible to do such an in-dept study with more than one

teacher.
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3.3.1 Scott

I met with Scott and his principal, Anna Zahn (pseudonym), on December 18,
2003. The purpose of this meeting was to personally talk about ethics and specifics of my
study, and to seek Anna’s permission to carry out the project in her school. After that, to
learn more about Scott, I visited him twice in his school (on January 8 and on January
22,2003, See Appendix A for Schedule of events). When I first met Scott, he has been
teaching, on full time basis, for one and half years in the Red River School Division.
Thus, Scott was a beginning teacher and, as mentioned earlier, I believe that such
teachers can benefit the most from the collaboration with researchers. Furthermore,
collaboration with the beginning teacher allowed me to observé how he translates
knowledge acquired in his C & I class into his classroom practice. Scott’s school, Prairie
View School (pseudonym) was located in Winnipeg’s inner city. His teaching assignment
included Mathematics, Language Arts, French, and Physical Education. Before receiving
this full time contract, while still a student at the University of Manitoba, he was offered
a two-month substitute position in the same school division. Thus, he started working as a
teacher in May of 2001, immediately after graduating from the University of Manitoba

with a Bachelor of Education degree.

During our meetings we talked about his background, characteristics of an inner
city school, his experiences in an inner city setting, scientific literacy, and nature of
Middle Years students. I tape-recorded our conversations and then I transcribed them
verbatim. The excerpts, in italic, from our conversations are used throughout this

dissertation. These conversations with Scott further assured me that he will be a good
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research partner. He took time to talk to me and gave me detailed explanations to all of
my questions. I also found it engaging to listen to him and learn about his rich
experiences both as an individual and as a teacher. I knew him as a diligent student. But,
through our meetings, I have come to know him as a person and as an ambitious
professional. For example, [ realized that he has leadership qualities and that as a
professional he likes to be involved in various extracurricular activities. During that
school year, for instance, he was the head of the Social committee, Leadership
Committee, Technology Committee, Safe Schools Committee. He was also a member of
a Budget Committee and a Literacy Committee. In addition, he was the head of the
French Department. Furthermore, he ran Intermurals and coached basketball and floor
hockey. With his teaching partner, he did Problem Solving Challenge and ran the

Jeopardy Club.

His involvement and busy schedule indicated to me that he is not only a
leader but also a hard worker, who likes to be fully immersed in whatever he
dpes: “I like to immerse myself completely in whatever I do. So I mean it is not
enough for me to be there just on the surface." Scott was also a “team player” as
his principal, Anna, put it. He felt that it was his responsibility to be an active

staff member.

Scott was not always such a busy, fully immersed person. He mentioned that he-
was a much different and rather interesting character while growing up. His “High
School years were not exactly his best extracurricular kind of days”. Apparently when he

was attending Junior High and High School he was a rather interesting character who had
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a lot of social difficulties and behavioral problems. He admitted that he ““ had lot of
issues with a lot of different people when he was in High School, violent behavior,
number of suspension and stuff.” He was also affected by ““ severe ADHD” and had a
hard time to focus on anything. He mentioned that he found Language Arts and Social

Studies challenging, but, for some reason, he did really well in Mathematics and

Sciences.

While at the university, Scott started becoming more of the social person. This is
when he started going out, joined different clubs and started doing many different things.
(Teacher interview — January 8, 2003). Scott spent the first two years of university on
“finding himself a lot.”” Everything changed during his third year when he joined Student
Council at the Faculty of Education. After the experiences in the Student Council, he
became the section representative, sat on the committee for hiring the new dean of

education and on the Faculty Council. His GPA also reflected his gradual growth: He

indicated to me:

“My grades while they were not average were not the best. I believe, [
mean now a lot of people would be happy with these. But, I mean let be
honest I am somewhat of a perfectionist. So at the end of my first and
second year my cumulative GPA was around a three, which is average but
for me it was kind of like I can do better than that. My third year I was at a
Sour and my fourth year I was at a four point three. So, you know
obviously, you know, with finding myself and becoming more and more
involved I expected more of myself and I met those demands”. (Teacher
interview — January 8, 2003).
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In terms of his science background, in high school, Scott took all of the
university entrance sciences, such as: physics, chemistry, and biology. At the
university, Scott, like most other teachers in the elementary stream, completed six
credit hours in sciences. He chose geological science firstly because this course is
most relevant to the elementary and middle years science curriculum. Secondly,
he chose geological science rather than, for example, any biology, physics, or
chemistry course because in his first two years of university he was very unsure of
the direction he wanted to take and this course was recommended to him by a
friend, who had taken the course. Natalia took the same course to fulfill her
science requirement and she gave me the same reasons justifying her choice. 1
disagree with‘ both Scott and Natalia. According to me, geological science
prepares the future teachers to teach only two units of the elementary and middle
years curriculum, which are Rocks and Minerals in grade four and Weather in
grade five. My recommendation would be that the future teachers take a course
that explores science from the interdisciplinary view point, with an aim to foster
scientific literacy and develop critical thinking skills. Such course needs to draw
topics from biology, chemistry, geography and physics. Furthermore, these topics
must be relevant to the Manitoba elementary and middle years science
curriculum. The University of Winnipeg, for example, is taking steps to
implement a multidisciplinary science course, which is aimed at Education and:

- Liberal Arts students looking for a general knowledge of science at a qualitative
level. Refer to Chapter seven, section 7.3.1.2, for discussion of an

interdisciplinary course for developing teacher scientific literacy.
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3.3.2 Inner City School Setting

Throughout this section, I highlight the characteristics of Prairie View
School generated from my conversations with Scott and Anna, which I conducted
prior to my classroom observations. I compare Anna’s and Scott’s descriptions of
the school with my own perceptions of Scott’s class and the school in general,
Which came to my mind while being there as a researcher. From my
conversations with the teacher and the principal, I learned that the first thing that
characterizes Prairie View as an inner city school is the socio-economic status of
the community in which it is located. Kids don’t have proper clothing, they don’t
have proper food. They also do not have everyday experiences typical for kids
who live in other neighborhoods. For example, Scott mentioned that “many of
them have never been on a car trip.” When I was there, I did not observe lack of
“proper clothing. Their wardrobe was simple and inexpensive, they did not were
brand name clothes. But, whatever they wore was appropriate for school and
sufficient for the time of the year. But? I fully agree with Scott that his students
did not have the experiences other children took for granted. For example, none of
them has ever been to the Forks, a well-known meeting place for tourists and
Manitobans of all ages. The Forks is especially popular among young kids
because of the skating ring, water taxi, biking and cross country pathways, ice
cream, etc. Furthermore, Royal Dance Academy, Manitoba Theatre for Young

Children, and Manitoba Children’s Museum are located right there.
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Anna, the principal, used the word - poverty - to describe her students’ situation.
By poverty, Anna meant not only “lack of money”, but, also “lack of proper skills and
understandings.” She explained that because of the lack of money, "many of their
students don’t eat or do not have warm clothing for the winter.” Because of the lack of
skills, on the other hand, "the students come to school without usual readiness skills
required for each grade level. ” For example, younger kids often do not know their name
and address. They are not familiar with books, because they do not have them in their
homes, and nobody has ever read a book to them. They do not know how to properly

hold a pencil and how to draw with crayons.

Anna wanted to improve the situation of the young students in the community.
She believed that the best gift the staff can give their kids is the ability to read, write, and
do basic math, and everything in her school was done with this notion in mind. Her
mission then was to make sure that the students have the basics to move on in life. For
example, she developed a full day kindergarten program. In addition to the kindergarten
prégram, the school adapted guided reading approach, which involved the students from
the whole school. I wanted to see hqw it works and decided to participate in one of the
guided reading sessions with Scott’s and his colleague’s students. It was ran by Scott’s
teaching assistant. While sitting there and listening to various students take turns and read
aloud, I realized that indeed all of the staff members are making every effort to help the

students from Prairie View Elementary succeed in life.

Another characteristic of this school, like any other inner city school, is a very
diverse student population. Both Scott and Anna mentioned that the school has a
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significant Native population from various reserves around the province (about 60%), big
Filipino and Caucasian populations, followed by different Asian countries, such as: Laos,
China, and Vietnam. There were also students from Sri Lanka, Saudi Arabia, and Sudan
attending the school. These students and their parents often did not speak English and
‘were considered English as a Second Language learners (ESL). There were seven
children in Scott’s class, whose parents either did not speak English or spoke with an
accent: Nick, Emillio, Ian, Scott, Rose, Han, Matthew. However, all of those kids were
fluent in English and did not require any assistance from the ESL teacher. All of them
spoke without or maybe with a slight accent and except for Nick they did not seem
uncomfortable with the fact that they were from a minority group and that their parents

did not speak English.

Only Nick felt uncomfortable and had a hard time admitting that his parents did
not speak English. A homework assignment was to interview their parent(é) about causes
of flood. For this assignment, the students were required to take the recorder home and to
record their”conversation with their parents. All of the students were very enthusiastic
about this assignment, maybe not because they were thrilled about talking to their
parents, but because they got to take the recorder and play with it at home. Nick,
however, kept on making excuses whenever I suggested that it was his turn. For the first
time, he mentioned that his parents won’t be home. Then, he said that they were going
away for the weekend and finally, when I approached him for the third time, Sammy just
said: “he does not want to téke it home because his parents do not speak English.” Nick

responded: Yup. Then, I asked whether his older sister can do it but he said that “she is
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too busy applying her make-up,” and insinuated that he “might consider taking it some
other time.” 1knew that that was it and never brought up the topic again, but, that
incident made me think about two things. Firstly, it made me think about my own family,
specifically about my relationship with my daughter. I wondered whether my daughter
will ever feel uneasy to admit that she does not speak English at home; Will she ever
pretend that she does? And How will she behave in front of her friends? Secondly, it
made me think about Nick and other kids from “immigrant” homes. For example, I was
presently surprised that Nick who spoke only Laotian at home was so fluent and eloquent
in English. Furthermore, this boy, who did not like science because it was boring was
very strong academically and achieved great marks, obviously without any help from his
parents. He was a witty boy, always full of questions, always ready to fight for what he

considered fair.

This incident with Nick also proves that the school in inner city is indeed involved
in educating citizens, shaping their character, beliefs, and attitudes. I was intrigued by all
of those “immigrant” kids in Scott’s classroom and often talked to him about them. Scott
told me, for example, that Nicl%’s parents are working several jobé and are seldom at
home and that the boy spends a lot of time either at school, at his Anglophone baby

sitter’s house, or friends’ houses, which might explain his competence in English.

The school also has students with diverse diagnosed and non-diagnosed problems
and disabilities, such as: abnormal behavior disorder, fatal alcohol syndrome, fetal
alcohol effects, and developmental delay. To give an example, in Scott’s class, there was -

Shane who was a cute Aboriginal student who had ADHD. Additionally, Shane was
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emotionally disturbed and required direct supervision of the educational assistant at all
times, including transportation to and from school. He was considered violent to other
students when unsupervised. Ireally liked Shane and I did not consider him violent. He
always wanted to please, was very interested in our study, asked good questions, and was
always ready to participate and ask questions. Out of all of the students in this class,
Shane was the one who either answered or asked the greatest number of questions. I think
that both Scott and his educational assistant — Grace (pseudonym) showed him that he
can trust them and this helped him to show his better side. He really respected Scott and
sometimes I had a feeling that he was missing a male figure in his life and was treating
Scott as one. Shane only lived with his mother. Actually, toward the end of the school
year, Shane’s behavior improved greatly. He was no longer driven to and from school.
They trusfed him to walk by himself from school. But, to make sure that he does not pick
’ﬁghts, he left school five minutes after everyone else and needed to call the school as

soon as he gets home.

Jane was another problematic student. She was academically delayed but, her
specific problems were not diagnosed because her mother refused to get her tested. Her
mother also did not give her permission to participate in my study. Jane was a very
immature, overly sensitive, attention-seeking girl. She constantly wanted to say
something, but it was usually irrelevant. Scott did his best to attend to her needs but,
sometimes it was impossible to assist Jane and to teach the other students. Because of
Shane’s and Jane’s behavioral and academic problems, Scott had a teaching assistant,

who was founded by the government. Grace’s job was to supervise Shane on full time
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and Jane on part time basis. Thus, Grace was present in Scott’s classroom at all times.
Not every teacher had a TA, but, according to Scott every teacher of the Prairie View
requires one. Grace was instrumental overseeing the daily routine. She had her eye on
everyone, not just Shane and Jane. Every morning, for example, she checked if everyone
did their homework and after lunch she always made sure that Timothy made his daily
trip to the office to get his medication. Tim had been diagnosed with severe ADHD.
However, because his mother was a single mom of three and a full time college student,
she did not always remember to give this medication to Tim who, was not able to
concentrate without it. Thus, the principal decided that it would be best to have these pills

in the office to make everyone’s life easier.

Like in any other school, I suppose, there was a whole spectrum of other students
who required extra time and attention of the teacher. There was Han, who required
weekly s‘peech therapy and Charlene and Yolanta, who were academically belated.
Charlene was an Aboriginal student who moved to the city from the reserve at the
beginning of the school year. She was very quiet. I did not see her talking to any of the
students. Yolanta, on the other hand was very talkative, but, she was also immature for
her age and ‘did not behave like a fifth grader. There was also Alek, who could not spell,
Joey who did not do any work, Sebastian who seldom came to school, Daniel who had
many unrelated stories to tell, and Sammy who, was very smart, but, did not bother to pay

any attention.

Like in any other school, there were hard working students who always wanted to

please everybody, including myself. For example, Emillio was very involved,
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enthusiastic and passionate about everything we did. Kristofer was obedient, always had
his homework done on time and wanted to do well at school. His dream was to become a
police officer. Kathy, who spoke French, was industries, witty, quick and good in
everything she has undertaken. Her friend Hanna shared some of those qualities. There
was also Jessica who was smart and passionate about animals. She wanted to become a
veterinarian. Dorothy seemed mature for her age and devoted to school. She was Tim’s

cousin, they were very close. She was eloquent and able to articulate her thoughts clearly.

Rose, a little Filipino girl, was another smart girl. She, as Scott put it, was like a
gem in a rough. She was very strong academically, but, it was hard to notice her qualities
because of her obedience and quiet nature. In addition to being strong academically, she
was also a great artist. She really made great sketches for her group’s poster and her
journal was also very impressive. Scott told me that she wanted to become an illustrator
when she grows up. But, when I asked her about her future aspirations, she told me that
she wanted to be an inventor. To accommodate the Varioﬁs needs of such a diverse group
of students, the school had to develop various programs and hire professionals whose
assistance is not normally required in other schools. For example, to accommodate the

needs of ESL students, the school had an ESL educational assistant who worked in
cooperation with the resource teacher. In addition, the school employed a speech therapist
to assist students with various speech problems. In Scott’s class, Han, a sweet Chinese
boy, had speech therapy lessons once a week, for two hours. He was indeed very hard to

understand. But, he was born in Canada and he was not considered ESL.
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To help the students overcome their behavioral and emotional problems, the
school modeled acceptable behavior, attitudes, and social skills. According to Scott, the
teachers needed to show their students how to behave appropriately, because "they don’t
get it at home.” For example, they taught them that it’s polite to say thank you and you
are welcome, or that it is rude to interrupt while others are talking. Scott and Anna
explained how it is being done. Consider the following comments by Scott:

“We have ensemble completely dedicated to that. We teach the skill, we

model it for them, we have students and teachers interacting in front of

them in a little skid to show them how it works. Like things like please and

thank you, saying hallo back when someone says hallo to you. Things like

how to deal with it when you are not chosen first for a team or you know

how to, how to come and tell somebody the difference, of gossiping verses

of, you know, telling. What'’s important to tell to the teacher, you know.

Just things that the kids aren’t getting from home, let you assume

sometimes that they do have, you know basic social skills. You know, lets

talk about how you react when somebody is calling you a name verses

going on a rampage and acting violently. So, I mean there are things the

students don't have coming into here and you can’t make any

assumptions.” (Teacher interview — January 8, 2003).

I was able to witness how the school models appropriate behavior during a school
ensemble where Scott and physical education teacher, Mr. Boyd (pseudonum), were
trying to model the difference between telling and tattling. The message the students were

supposed to learn from the teachers’ performance was that we tell when we want to help,

and we tattle when we want someone to get in trouble.

At the time of my research, Anna was working at Prairie View School for seven
years and she was happy about the positive changes she has observed in students. At the
beginning of her reign, she needed to spend about 80% of her day dealing with discipline

issues and when I was there she only needed to resolve discipline issues on very limited
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bases, probably once every few weeks. According to Anna, the "classrooms were
completely under control, the teachers knew what to do, and the students really loved
their school and they loved their teachers, because everybody there was fair, firm and
consistent.” She mentioned that when she first came to Prairie View, she found behavior
and attitude unacceptable and that she, together with her staff, spent countless hours on
changing the culture of the school, teaching social skills and on “drawing .some lines in
terms what was acceptable and what wasn’t.” To do that, she needed to change the
attitude of the whole community because, as she explained, “there seemed to be a feeling
in the community that they were calling and determining how, what behavior would be
accepted at school.” Consider the following example, which clearly illustrates her point:
“If someone would get into fistfight, if you spoke to parenﬁ aboqt it and explained this
was not acceptable in school. They would tell you - “No, that’s O.K. because I have told
them that they can punch whoever and whatever because they bug us and we don't like

that family”.... And if so, I just said not at school.”

Anna’s attitude was: hl:f there is a problem, it’s not my problem or your problem
it’s our problem and we wor;k through it.” That was evident when Joey, who happened to
be in Scott’s class did not return to school after lunch as he was supposed to. It was not
only Scott’s or Anna’s problem, but the whole school was involved in finding him and
then dealing with the issue discretely. Apparently, little Joey was easily influenced by
" other students and in this particular case e was encouraged by another student from Mr.
Sobolewski’s class to stay in his home. As I was told later, that other student was famous

for that.
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In addition to being diverse, the population of Prairie View School is transient.
According to Scott, the Community College located across from the Prairie View School
contributed to the mobility of the community. Scott explained that the “...parents often
move down from the reserves up north to take a course... They show up the first day of
school, because that's when the parent’s start. A lot of parents tend to drop and what do
they do? They turn directly back to family, they move up north and the kids are gone two
weeks later. Those, of them that stick around leave once their parents are done their
program in April or May. They leave, and so they miss the last two months of school, they

go back up north to where their family is.” (Teacher interview — January 22, 2003).

Another characteristic of an inner city school is lack of parental involvement,
which is associated with poor attendance and often poor students’ performance. Students
often do not come to school unless the school sends an officer to visit their homes to
further clarify the situation. Anna suggested that they have adopted this strategy of
sending the officer to students’ homes to let people in the community know that the
school cares about the students and to make parents responsible and accountable for their
actions. Consider Anna’s remarks:

"We don’t say why is it that your kid is not in school, we say such and such was

not in school and are worried about them. You know, are they at home, and are

they sick, what is wrong with them? ... We want to let the family know that we care
if their kids are not here. And secondly, I guess, to create a little bit of
accountability so that the parents know that somebody is going to be knocking on
‘the door if they don’t, if we won 't hear from them.” (Principal interview — January
22,2003).

This approach, however, is not always successful. Bonny, for example, has

missed more days than he has attended, despite the many efforts on Scott’s part, the
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resource department, and the social workers. When I asked Scott to clarify Bonny’s
situation, he explained to me that she often visited her family over the weekend and either
did not come back to start school on Monday or came back in the middle or at the end of
the week and in that case Bonny’s mother did not believe that it was worthwhile to her

daughter to school.

I did not have a chance to observe the transitory character of the population, but,
parental negligence was obvious in Scott’s classroom. Bonny’s mother is a good example
of parental negligence. Sebastian’s mother did not care either. It was Sebastian’s own
responsibility to wake up early in the morning to make it to school on time. He was also
responsible for his little brother, so if the boys felt like going to school they did, and it
was entirely up to Sebastian to either take his brother along or not. Parents also did not
care much about their children’s homework. Scott seldom assigned homework because
as he put it “it did not get done anyway.” When he did give students homework, he had

to make sure that it was done during the last period of the school day.

Despite of all, Anna was happy with her accomplishments. According to Anna,
her greatest accomplishment was being able to transform the school from being "out of
control" to being "in control,” where the "kids love to come, the parents love to send the
kids and the staff likes to be”’. Her greatest challenge, however, was trying to ”deal with
irrational situa{ions in a rational way”. She gave the following exampl§ to illustrate her
point:

“There is a gentleman who lives over across the street. And, he is a
senior, he doesn’t have any children, but one of the things he keeps trying
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to do is to lure kids into his home with candies from our playground. And,
so, that is difficult. When we tried to explain to him that we are trying to
teach children that, you know, that is not appropriate behavior. He said
that he will do whatever he wants, and he just felt that that was ridiculous
that, you know, we were trying to train the children to not to go to
strangers’ homes.” (Principal Interview — January 22, 2003).

3.3.4 Ethical Considerations

In December of 2002 I met with Scott and Anna, his principal, for the first time,
to discuss the study in more detail. For that meeting, I prepared a first version of the
letters and consent forms, which I intended to distribute to the students,
parents/ guafdians, teacher, principal, and superintendent. After reading the letters, Scott
recommended that I clarify that students’ personal and medical records will not be
accessible to me at any point of the study. He also volunteered to send the letters to
student’s homes, once I have them approved by the University of Manitoba Ethics
Committee. My research was approved by the Ethics Cofnmittee in February of 2003 and

after that I started gathering written consents of all parties involved in the study.

To get parent/guardian approval, on March 26, 2003, Scott asked every child to
take the letter and consent form home and return it on the next day of classes (see
Appendix B for the copy of this letter and consent form) . In the letter, I explained the
purpose, significance and child’s involvement in the study. In addition, the parents were
informed that I would like to analyze written work done by their child, such as: science
notebook, and science assignments and tests. Through this letter parents /guardians were

also informed that participation in my study was voluntary and that only those students
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who receive parental permission and give written consent themselves would be audio-
and/or video-taped, or their work would be analyzed. Except for two, all of the students’

parents/guardians gave their children written permission to participate in my study.

To recruit student volunteers, on March 27, 2003 I visited Scott’s grade five class
to explain the purpose, significance, and their involvement in my project. At that time, 1
also answered students’ questions. Then, I asked the students to read the letter, and if
willing to take part in the study, sign consent form, and return them to their teacher on the
next day of classes (see Appendix B for the copy of this letter and consent form). All of
the students signed the consent forms at my presence and returned the forms to me at the

end of our meeting.

[ also received written consent from the teacher, principal, and the superintendent

(copies of these consent forms could be found in Appendix B).
3.4 Methodology

In this subsection, I describe the research design and data collection techniques
and analytical procedures. [ also describe Scott’s and my collaborative effort of planning

and teaching the unit on Weather.
3.4.1 Research Design

This study is of qualitative néture, which Strauss and Cobrin (1990, p.17) define
as “any kind of research that produces findings not arrived at by means of statistical

procedures or other means of quantification.” It is a process that results in conclusion
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derived from data gathered by a variety of means, such as observations, interviews,
documents, videotapes, researcher’s personal reflections. According to many authors
qualitative studies could be characterized by the following features: 1) They are field
focused and rely on self as a research instrument; 2) They are descriptive, interpretative
in character and rely on the use of expressive language and the presence of voice in the
text; 3) They consist of data which are analyzed inductively (Bogdan & Biklen, 1992;

Janesick, 2004; Strauss & Cobrin, 1990).

The researcher is the key instrument in qualitative studies because researchers
enter and spend considerable amount of time in schools, like in the case or my study,
neighborhoods or other locations. Sometimes the researchers use video equipment and
other recording devices and_sometimes they go to the field unarmed. In both cases,
however, the data collected are supplemented by researcher’s understanding gained by

being on location.

The data collected are in the form of words or pictures, rather than numbers, and
have a descriptive character (Bogdan & Biklen, 1992). In collecting these descriptive
data, qualitative researchers approach the world with an assumption that nothing is trivial,
that everything has a potential of being a clue that might lead to a more comprehensive
understanding of what is being studied. Bogdan and Biklen (1992) explain that in

qualitative studies nothing is taken as given and no statement is unimportant.

Furthermore, qualitative researchers do not go to the field to prove or disprove

their hypotheses. They develop their theories about what they have been studying after
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spending some time at the field. The big picture takes shape after being there and putting
all of the emerging parts together. The process of data analysis is like a funnel, which
means that things are widely open at the beginning (at the top of the funnel) and more
directed and specific at the bottom. This systematic, inductively derived method is

known as grounded theory (Strauss and Corbin, 1990).

Valerie Janesick (2004) in Stretching Exercises for Qualitative Researchers uses
dance as a metaphor for qualitative research design. In her book, the concept of stretching
implies that one is moving from a static point to an active one. In other words, one is
moving beyond the point at which he/she now stands, not by memorizing formulae, but
by relying on his/her intuition. Janesick explains that, just as the dancer must stretch the
body and mind to begin what eventually becomes the dance, qualitative researcher must
use various techniques to collect and analyze dvata. Like a dancer, the qualitative
researcher must train the mind, the eye, and the soul together. The researcher must use
the mind to ask relevant questions during interviews; the eye to be a careful observer; and
the soul to interpret data. Janesick also writes that by starting qualitative project a
researcher automatically begins a labour-intensive and challenging journey. This journey
is similar to a journey of a dancer from warm-up and initial stretches to backbends,
headstands, and other postures that involve the body and mind. Furthermore, a researcher,
just like a dancer, must be fine-tuned at seeing (observation), hearing (interview), writing

" (researcher reflective journal), and conceptualizing.

The researcher, as the only research instrument, is dealing with lived experiences

and must posses the ability to use all the senses, such as sight, hearing, touch, smell, and

104



taste to complete the four cycles (Janesick, 2004). Furthermore, after living in the field
with participants over time, the researcher also uses the sixth sense, an intuitive sense, to

understand certain behaviors or situations that emerged from observing or interviewing.
3.4.2 Data Collection Techniques

Sandra Mathison (1988) in the article entitled Why triangulate? addresses the
issue of validity in qualitative studies. She explains that “good research practice obligates
the researcher to triangulate to enhance the validity of research findings” (p.13). As
suggested by Mathison and many other qualitative researchers (Bogdan & Taylor, 1998
Janesick, 2004; Strauss & Corbin, 1990; Wolcott, 1998; among others), I collected
multiple sources of data, which is referred to as triangulation. My data collection
followed the three primary fieldwork strategies, such as experiencing, enquiring and

examining, known as the three Es (Wolcott, 1998, p.19).

Table 3.2 Data collection techniques (the three Es).

Experiencing Enquiring Examining

Through observation and. When the researcher asks: | Using and making records:
Field notes
1. students’ written work

1.participant observations 1. interviews 2. maps
2. field notes associated 3. audio-and video-tapes
with participant 4. field notes

observations
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Classroom Observations

In this study I was an active participant observer. According to Spradley (1980)
participant observations are undertaken with two purposes in mind: 1) to observe the
activities, people, and physical aspects of situation, and 2) to engage in activities that are
appropriate to a given situation that provide useful information. In line with Spradley’s
recommendations, as a participant observer, I purposefully looked for opportunities to
actively participate in various tasks, and I made sure that students saw me as an active

participant.

All classroom interactions, (both large group and small group) were video- and/or
audio-taped. The video camera was directed at the whole class and a recorder was placed
on every group’s bench. Subsequently, I transcribed all electronic recordings verbatim.
These transcripts also include comments about the students, teacher(s), school, as well as
my interpretations, hunches, preconceptions, and comments for future inquiry. Hence,
my transcripts consist of descriptive information and personal comments, which are

designated as O.C. for observer’s comments (Taylor & Bogdan, 1998).
Interviews

Three times in the duration of the study, I conducted in-depth interviews with
individual students to understand their developmental understandings of science. All
interviews with the students took plac¢ at school in a small room next to the library. The
questions I asked were related to the material studied in class. For example, can you tell

me how, according to your opinion, scientists conduct scientific inquiries.
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I also planned to conduct formal interviews with Scott for his meaning making of
the development of scientific literacy in his classroom. But, it was hard for him to find a
longer period of time to sit down with me and answer all of my questions. Thus, I always
carried a tape recorder with me and captured every conversation we had throughout the
time I spent at his school. Most of our conversations happened either before the science

class, during breaks, or sometimes after school.

All formal interviews with the students were audio-taped, and subsequently

transcribed verbatim. Then, the transcripts were color coded to generate themes.

Students’ Written Work

Students’ written work, such as: science notebook, homework, assignments, and

tests were collected, photocopied, and then returned to the students.

Maps and Photographs

I took photographs of each group of students, with the weather instrument they
designed, posing in front of the weather bulletin board. I also drew a map of Scott’s

classroom.
3.4.3 Data Analysis

1) Field notes recorded affer every class were coded and themes were generated. Like in
my earlier study, I generated patterns and meanings from the collected data by color

coding (Taylor & Bogdan, 1998).
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2) Interview transcripts were color coded and themes were generated. The field notes

contained the following information:

a) An outline of topics discussed in each interview to help me keep track of the

topics.

b) List of emerging themes, interpretations, hunches, striking gestures, and non-

verbal expressions, which I will consider as essential for future analysis.
3) Students’ written work was analyzed and color coded to establish themes.

4) Maps and photographs served as a reflective tool to recall episodes such as, the traffic
flow in a classroom, teacher’s interactions with the students and other staff members, and
individual student’s interactions with the teacher and with the other students, student

faces, etc (Taylor & Bogdan, 1998).
3.4.4 Validity and Reliability

Descriptive validity refers to accuracy with which the researcher is able to report
factual data. In other words, it is concerned with things that can be observed by the

researcher.

Interpretative validity refers to accuracy with which the researcher interprets data.
It is related to accuracy of the interpretations with regard to the participants’ intentions,
beliefs, and attitudes. In other words, it is concerned with the subjective meanings of the

events and behaviors of individuals. It relates to those things that cannot be observed, but,
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can only be interpreted. In my research, to give accurate account of the events that I
observed and to demystify the research process I use ordinary language that does not

distance the reader from what I have experienced (Janesick, 2004).

Theoretical validity is concerned with an explanation as well as a description and

interpretation of an account (Janesick, 2004).

Interpretative validity refers to being concerned with the subjective meanings of
the objects, events and behaviors of individuals. It is concerned with those things that
cannot be observed. It is concerned with the accuracy of the interpretations made by the
researcher with regard to the participants’ intentions, beliefs, attitudes, and evaluations

Jd anesick, 2004).
3.4.5 Unit Planning Phase

Just as dancers who need every step of their performance to be carefully
choreographed, Janesick (2004) believes, that qualitative researchers should likewise
engage in careful plahﬁing of every step of their projects. Prior to the planning of the unit,
I dissected the curriculum, based on the similarity of the specific learning outcomes, into
three phases entitled: 1) Weéther Forecasts: Different Ways of Predicting and Measuring
Weather, 2) Properties of Air and Clouds, 3) Weather and Climate (STSE). Scott and I
took 4 sessions, total of 28 hours to choreogrgph the lessons within the unit on Weather.
Our planning started with a “warm up session” on March 11, 2003, followed by an
intense, 3-day session from March 30 to April 2, 2003, which coincided with Scott’s

spring break. During the first sitting, we generally brain stormed what kind of lessons
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could be done within the unit. We did not, however, write any lesson plans or make any
final decisions as to how to address any of the specific learning outcomes. The second
session was very productive and during this session we managéd to write the lesson plans
~ and homework assignments for the two above-mentioned components. We also planned
the filed trip and talked about the quests that we would like to invite to our classroom.‘
The last component was planned after we started teaching. Seésion # 3 took place on
April 21, followed by session # 4 on May 4, 9, and 13. Planning of the last component
took place in Scott’s school, usually during breaks. See Appendix A for detailed calendar

of the planning sessions.

The primary mode of work between me and Scott was conversation. We were
learning through talking with each other. While planning the weather unit, we also talked
about the physical set-up of the classroom and the resources that will be beneficial for
both the students and the teacher. Scott took care of all those things. When I arrived on
the first day, his classroom was totally rearranged. It must have been intriguing to the
students to see so many changes. For example, Scott striped everything off one of the
boards for the students to, later on, record their daily weather measurements. On the side
of the room, there were two tables, where Scott placed weather related books. The
individual desks were organized into big tables for each group to sit around. There was a
red duo tang placed on the desk of each of the students, where they were clipping all

*science related materials.
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3.4.6 Teaching Phase

Table 3.3 lists the Specific Learning Outcomes (SPO), with their descriptions, as
well as the titles, lengths, and dates of the corresponding lessons. Note, that the last
column of the table matches selective lessons with the pertinent phases of the CKCM.
The phases of the model are bolded. The Specific Learning Outcomes, in the first
column, are listed in the chronological sequence as they were taught. As seen in this
table, there are several lessons that do not have a corresponding Specific Learning
Outcomes from the curriculum (see steps 5, 6, 7, and 26 in the last column). Although,
these lessons do not have direct connections with the curriculum, we felt that it was
necessary to include them in our investigations for legitimate reasons. For example, the
necessity for the lesson in step five (see it in the last column) emerged from the
exploration activity in th¢ first phase of the model. Specifically, a few students responded
to our exploration question, which was: How people predict and measure weather? that
people use thermometers or other instruments to measure weather. In line with the
CKCM, these ideas should be included in the Constructing and Negotiating phase of the -
model. Hence, we included three lessons where the students had a chance to learn how to
use a thermometer, barometer, anemdmeter, weather wane, and rain gauge (see step 5 in
the last column of the table). Secondly, because students’ parents took part in the
Exploring and Categorizing phase, and because they also believed that people use various
instruments to measure weather, we felt that it was necessary to elaborate on it in class.
Thirdly, the curriculum doés not require the students to learn how to use any of the'

weather instruments. However, it does require that the students use instruments to
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measure weather over a period of time. It also requires the students to use the design process

to construct a weather instrument. Furthermore, it requires the students to identify and describe

components of public weather reports forma variety of sources. In turn, the components

of the public weather report are temperature; relative humidity; wind speed and

directions; wind chill; barometric pressure; humidex; cloud cover’ ultraviolet index;

warm and cold fronts; amount, types, and probability of precipitation. Because of the

above-mentioned curricular requirements we decided that it would be beneficial for the

students to learn how these instruments look like and how they are used to meaningfully

construct knowledge.

Table 3.3 A Sequence of the Specific Learning Outcomes and Corresponding

Lessons on Weather.

Specific Learning
Outcome and Number

Outcome Description

Lesson(s) Title(s)

Phase 1

Weather Forecasts:
Different Ways of
Predicting and Measuring
Weather

5-4-10 Investigate various ways
of predicting weather, and
evaluate their usefulness.

Examples: weather-related
sayings, traditional knowledge,
folk knowledge, observations of
the natural environment...

1. Students’ ideas on how people
predict and measure weather (1
lesson; April 7, 2003) —
Exploring and Categorizing
phase of the CKCM.

2. Weather -related sayings (1
lesson; April 14, 2003) —
Constructing and Negotiating
phase of the CKCM.

3. Plant, animal, and sky folklore
(1 lesson; April 15, 2003) -
Constructing and Negotiating
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phase of the CKCM.

4. Aboriginal wisdom (1 lesson;
April 15, 2003).

5. Learning how to use a
thermometer , barometer,
anemometer, weather wane, and
rain gauge (3 lessons; April 8-10,
2003) - Constructing and
Negotiating phase of the
CKCM.

6. Water cycle (1 lesson; April
11, 2005).

7. Lives of: Beaufort and

Celsius — integrating Science with
Language Arts (2 lessons;
scattered over several days).

5-4-12 Describe examples of
technological advances that have
enabled humans to deepen their
scientific understanding of
weather and improve the
accuracy of weather predictions.

Examples: satellites collect data
that scientists analyze to increase
understanding of global weather
patterns; computerized models
predict weather...

8. Preparation for the field trip to
the Environment Canada Weather
Office (2 lessons; April 16, 2003)
Constructing and Negotiating
phase of the CKCM.

9. Field trip to Environment
Canada Weather Office (halfa
day ; about 4 lessons; April 17,
2003) - Constructing and
Negotiating phase of the
CKCM.

10. In-class summary
technological advances that have
enabled humans to deepen their
scientific understanding of
weather and improve the
accuracy of weather predictions
(1 class; April 21, 2003).

5-4-05 Use the design process to
construct a weather instrument.

Examples: an instrument that
measures wind direction, wind
speed, rainfall. ..

11. How to build my weather
instrument? Research (2 lessons;
April 23, 2003) — Translating
and Extending (design process)
phase of the CKCM.

12. Building weather instruments
(2 lessons; April 24, 2003) -
Translating and Extending
(design process) phase of the
CKCM.
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13. History behind Stevenson’s
screen and building Stevenson’s
screen — after school activity (1
lesson; April 24, 2003) -
Translating and Extending
(design process) phase of the
CKCM.

14. Weather instrument brochure
— integrating Science with
Language Arts (1 class; April 25,
2003) - Translating and
Extending (design process)
phase of the CKCM.

5-4-06 Observe and measure
local weather conditions over a
period of time.

* done over two weeks

Using student-constructed or
standard instruments, and record,
and analyze these data.

15. Mechanics of measuring
weather using our instruments (1
lesson; April 25, 2003).

5-4-07 Identify and describe
components of public weather
reports forma variety of sources.

* done over two weeks

Include: temperature; relative
humidity; wind speed and
directions; wind chill; barometric
pressure; humidex; cloud cover’
ultraviolet index; warm and cold
fronts; amount, types, and
probability of precipitation.

16. Mechanics of reading weather
reports using Environment
Canada web site (1 lesson; April
28, 2003).

17. Presentation by the TV
weather anchor (1 lesson; April
25, 2003).

Phase 2

Properties of Air and
Clouds

5-4-03 Describe properties of air.

Include: has mass/weight and
volume; expands to fill a space,
expands and rises when heated;
contracts and sinks when cooled;
exerts pressure; moves from areas
of high pressure to areas of low
pressure.

18. Students’ ideas on air (1
lesson; April 28, 2003) -
Exploring and Categorizing
phase of the CKCM.

19. Properties of air (2 lessons;
April 29, 2003).

5-4-04 Recognize that warm and
cold air masses are important
components of weather, and
describe what happens when
these air masses meet along a
front.

Include: in a cold front the cold.
air mass slides under a warm air
mass, pushing the warm air
upwards; in a warm front the
warm moist air slides up over a
cold air mass.

20. Cold and warm air masses (1
lesson; May 1, 2003) —
Constructing and Negotiating
phase of the CKCM.

5-4-11 Contrast the accuracy of
short and long-term weather
forecasts, and discuss possible
reasons for the discrepancies.

Include: long-term forecasts may
not be accurate as weather is a
complex natural phenomenon that
science is not yet able to predict
accurately.

21. Long vs. short-term weather
forecasts (1 lesson; May 2, 2003)
- Constructing and Negotiating
phase of the CKCM.
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5-4-14 Explain how clouds form.

5-4-15 Identify and describe
common cloud formations.

Relate cloud formation and
precipitation to the water cycle.

Include: cumulus, cirrus, stratus.

22. Cloud formation and cloud
types (1 lesson; May 2, 2003).

23. Station-to- station test (1
lesson; May 5, 2003) —
Reflecting and Assessing phase
of the CKCM.

Phase 3

Weather and Climate
(STSE)

5-4-16 Differentiate between
weather and climate.

Include: weather includes the
atmospheric conditions existing at
a particular time and place;
climate describes the long-term
weather trend of a particular
region.

24, Students’ ideas on climate (1
lesson; May 6, 2003) —
Exploring and Categorizing
phase of the CKCM.

25. Weather vs. climate (1 lesson;
May 7, 2003) - Constructing
and Negotiating phase of the
CKCM.

5-4-17 Identify factors that
influence weather and climate in
Manitoba and across Canada, and
describe their impacts.

Examples: jet stream, proximity
to water, elevation, chinook...

27. Factors affecting weather and
climate (1 lesson, May 9, 2003).

26. Accuracy of our weather
instruments (1 lesson; 05.12. 03)

5-4-09 Provide examples of
severe weather forecasts, and
describe preparations for ensuring
personal safety during severe
weather and related natural
disasters.

Examples: tornado, thunderstorm,
blizzard, extreme wind chill,
flood, forest fire...

28. Students’ ideas on flood
formation (1 lesson; May 12,
2003) - Exploring and
Categorizing phase of the
CKCM.

29. How do floods form? (1
lesson; May 13, 2003) -
Constructing and Negotiating
phase of the CKCM.

30. How to stay safe in case of
flood situation (1 lesson; May 14,
2003) — Translating and
Extending (STSE) phase of the
CKCM. .

31. Educating the school
community Translating and
Extending (STSE) phase of the
CKCM:
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a) poster (2 lessons; May 15,
2003)

b) letter (1 lesson; May 16, 2003)

5-4-02 Describes how weather Examples: heavy rainfall may 32. How did the flood of 1997
conditions may affect the cause roads to wash out; stormy affected our lives? (homework) -
activities of humans and other conditions may prevent a space Translating and Extending
animals. shuttle launching; in excessive (STSE) phase of the CKCM.
heat, cattle may produce less
milk...

33. Written Test (1 lesson; May
20, 2003 ) — Reflecting and
Assessing phase of the CKCM.

It took 6 weeks, about 44 lessons to teach and assess the Specific Learning
Outcomes listed in Table 3.3. Like always, dpring the teaching of the unit, Scott was
accommodating and flexible. For example, I was concerned that we might not have
enough time to finish the unit. Scott, however, was prepared to move periods around and
“borrow time” from French, Language Arts, and recess. Even before we started teaching
the unit, he insinuated that this was “an option” and that he “did not have a problem
doing that.” According to him the only subjects that “could not be touched” were the
two-hour guided reading sessions, because both his and his colleague’s students

participated in them.

There were several occasions where we indeed needed to move periods around or

to borrow a little bit of time to finish Science. However, the time that was borrowed from
the other subjects did not affect the realization of the other subjects’ curricula. Scott
actually ﬁnished‘ teaching all subjects earlier, and he had enough time to review the

material and prepare the students for the divisional exams. Scott was honest with the
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students and always “paid them back” for the borrowed time. Furthermore, the pay back
was usually worthwhile for the students. Consider the following example: “Because

Mprs. Biernacka is here and we want to finish something before we move on for the week,
I am going to ask you guys, if it is o.k. with you, to work through recess...and if we do a

good job, I am going to take us outside for the last period today. Is that o.k. with you?”

I was an active participant in all of the school’s events. I was always there with
my equipment. If not in the classroom, I was in the library either interviewing the
students or transcribing the interviews. I think that I was able to actively participate in all
of the school’s endeavors largely because of Scott’ attitude toward this project. His
approach set the stage for me and helped me connect with the students. For example,
Scott always used a plural form while talking to the students about science. He used to
say: “Mrs. Biernacka and I would be teaching you about weather” or “Mrs. Biernacka
and I are interested to see what you are thinking about what we do so again you have
permission to write and draw fo us.” He also made the students believe that because of
my presence at the school, their classes are more interesting and certain things are
happening only because of my research. For instance, when I brought thermometers from
the university, Scott emphasized that “Mrs. Biernacka was so nice to lent those

thermometers to you so we can do our experiments today.”

I am sure that because of Scott’s attitude towards me and his constant efforts to
include me in his class, I became trustworthy in the eyes of the students and they were
open to share their work and stories with me. The students treated me as if I were one of

their teachers. They asked my permission to leave the classroom, asked me questions
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related to their school work, showed me their homework, and they were happy to see me
entering the school through the “day care door”. I, on the other hand, complemented their
work, listened to their stories, and sometimes stayed with them after class to help them

with their homework.

[ felt that I not only became part of Scott’s class but that I also became a big part
of the school community. The other students, especially these from the other grade five
class, must have heard about me from Scott’s students. One girl said to me: “/ know you,
you are that weather person from Mr. Brown's class. Are you coming to our class after
you are done with them ?” 1 also felt welcome by the principal and other teachers.
Whenever Anna, the principal, saw me in the school she asked about my progress. She
was very supportive and, from the very beginning, saw the project as an opportunity for
the students and for Scott. When I met with her for the first time, to seek her “blessing”

‘“

she mentioned that it was: “... a great opportunity for the students, a great opportunity
for Scott.” Once the project was in full swing, she embraced all of our ideas. For

example, she allowed the students to use the intercom, on daily basis, to make weather

reports, gave us permission to go on the field trip, and supported the guest speakers.

I also think that because of my dedicated involvement in the project, I managed to
sincerely engage Grace, Scott’s teaching assistant, in our classroom endeavors. For
example, during t_he design process of the weather instruments, she offergd that she and
her husband, who is a carpenter, can build a professional Stevenson’s screen to house the
thermometer. She saw this screen in one of my books. She also recommended that after

the study is over, the screen could be placed in the school’s play ground as a reminder of
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our study. As promised, Grace’s husband donated the wood and pre-measured and precut
all of the pieces for us. Grace brought the pieces to school and pained them with a group
of students, who volunteered to do it during recess. She also brought the cordless screw
driver and nails to assemble it together. We all stayed after class to put the screen

together, and the students really enjoyed the process.

Although, the study was intense, the students seemed to enjoy the material. At the
end of the unit they gave me a laminated poster, where every student expressed their

gratitude and wished me luck in my studies.
3.5 Chapter Summary

In this chapter, [ have related a story about my experiences as an educator and
researcher prior to conducting the final research project. The chapter outlines that as an
educator, I learned how to design a solid science curriculum and instruction course. And,
asa reséarcher, I learned what it takes to design and conduct a qualitative research study,
which leads to meaningful data. Furthermore, through all of those experieﬁces, I realized
what the needs of the pre-service and consequently novice teachers are with respect to
their preparation to teach science after they graduate with their degree from the Faculty of

Education.

I also described the setting where the study was situated, and I introduced the
teacher as a person, professional in an inner city school, and research partner. To
describe the inner city school setting, I described and presented excerpts from my

conversations with the teacher and the school principal, which I compared them with my
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own observations. To introduce the teacher, I analyzed excerpts of our interviews, casual
conversations, and my field notes. I also described the techniques I used to collect and
analyze data. Furthermore, [ presented the events of the pre-instructional and
instructional phases of this study, and I outlined the teacher-researcher collaboration in

each of the two phases.
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Chapter 4
Conversations with Scott about Science Literacy

4.1 Introduction

The study of scientific literacy and enabling school étudents becoming
scientifically literate caught my interest. After some years of reading about science
literacy, I thought, “It is time to study the concept in a school classroom setting.” So, I
decided to collaborate with Scott, a former student of mine. Before I launched into this
collaborative project, I was curious to know Scott’s views on scientific literacy, primarily
to find out whether there wouid be any changes in his views as the study progressed.
Hence, the following three questions pertaining to scientific literacy were put forward to

Scott:

1) What do you think scientific literacy is? Or whom do you consider to be a
scientifically literate student?

2) Why is it important to develop scientific literacy?

3) How do you think that the unit on Weather can help the students achieve

scientific literacy?

In my attempt to understand Scott’s view on scientific literacy, I generated themes
by systematically analyzing the interview transcripts. Each theme begins with a brief
discussion, followed by an interview excerpt providing supporting evidence. In each

excerpt, the verbal expressions characterizing scientific literacy are highlighted in bold
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letters. I ensured that the meanings as well as the interpretations of the verbal expressions

are delineated. Wherever possible, the interpretations are connected to the literature.
4.2 Scott’s Views of Scientific Literacy

A focus of this chapter is to understand Scott’s views of scientific literacy.
According to the Conversation Excerpt # 4.1 (below), Scott seems to distinguish the

following three characteristics in a scientifically literate student:

1) A definite interest in the subject area
2) The vocabulary to support understanding
3) A willingness to explore, and apply information to another setting
Each of these characteristics is discussgd in more detail in the sub-sections

following the conversation excerpt:

Conversation Excerpt #4.1: Teacher-Researcher Conversation

Beata: I want to know what you think about scientific literacy. What would you
say about a scientifically literate student?

Scott: Ok, well, a scientifically literate student would have to have a lot of
different characteristics in order for me to claim that they are
scientifically literate. First of all, they have to have a definite interest in
the subject area. [don’t know if it’s possible for people to be literate in
any area without expressing an interest. Second of all, they definitely have
the vocabulary to support whatever you know, like they have to have that
vocabulary to be considered literate. I know that in the curriculum guide
the first outcome on almost every cluster is the vocabulary for that cluster.
After that there’s definitely a willingness to explore that. This
characterizes scientifically literate students. Noticing the difference
between a student that will take the information that is presented to them
‘and apply it in another setting versus a student who simply absorbs the
information and does not apply that in any way. Now, I mean, the
research in education will show us, and research in learning shows us that
when you take the knowledge acquired in the acquiring phase, and you
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use it in the applying phase of every typical lesson plan, that retention of
the knowledge is a lot higher. So it is that application of the knowledge
that they acquire within scientific learning, that’s what characterizes them
as a scientifically literate student. (Teacher — Researcher Conversation,
January 22, 2003).

4.2.1 Student Interest in the Subject Area

It is futile to expect the students to become scientifically literate, if théy lack
interest in the subject, says Scott. Without the ardent interest and probing minds of men
and women in the past, science wouldn’t have advanced to the present stage. Darwin’s
keen interest in natural science, and the years he spent delving into the origin of species
resulted in his Theory of Evolution, and his book, On the Origin of the Species in 1859
(Levine & Miller, 2000). The aspect of “ interest” as a key element in scientific literacy is
also noted in the curriculum (Manitoba Education and Training, 2000). Evidently, an
interest in learning science unlocks the doors of imagination, creativity and curiosity, as
well as develops a proper attitude towards science (Carin & Bass, 2001; Ebenezer &
Connor, 1998; Martin, Sexfon & Gerlovich; Tolman (2002). -Tolman (2002) for example,
claims that interested minds with a yen to solve problems are responsible for the great
scientific advances of today. If interest is not developed in the student’s formative years,
this will impede their life-long learning (Carin & Bass, 2001; Sunal & Szymanski-Sunal,
2003). Thus, based on various sources that support the significance of a person’s interest
in sciepce in developing scientific literacy, one can agree with ‘Scott in that developing

students’ interest in science actually leads to a proper attitude towards science.
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4.2.2 The Vocabulary to Support What One Knows

Vocabulary development is another vital aspect in building scientific literacy,
believes Scott, agreeing with Bruner’s statement (1986) that learners should learn the
symbolic system of science to be part of the scientific culture. Being fluent in the
language of science enables them to confidently interact with others, and participate in
scientific reasoning and arguments at ease. Attaining scientific literacy involves learning

to talk and argue in the language of science (Lemke, 1990).

Well, the question is, “How are the teachers facilitating such participation in a
class setting?” The Manitoba Curriculum Framework of Outcome encourages the usage
of appropriate vocabulary in scientific investigations (Manitoba Education and Training,
2000.) Nevertheless, the teachers tend to misread the curriculum, and thus get the
students to define the scientific terms listed in the curricular unit, ahead of getting into
any investigations. For example, in my pilot study, the teacher asked the students to
define a list of words given in the curriculum guide in the unit on Forces and Structures.
During her first lesson on this unit, she provided the students with a list of words and
requested them to write down, the definition of each word in their notebook. This kind of
approach is claimed to be one of the most traditional practices developed over the past

century (Barton & Young, 2000).

When pre-service, and novice teachers are asked to teach, they often choose to

define the words first, and then ask the students to classify the substances according to
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the definitions. Ebenezer and Connor (1998) point out that when asked to teach a model
lesson, the elementary pre-service teachers often preferred to start with the definitions. In
their book, Learning to Teach Science: Model for the Twenty-first Century, they provide
an example, where a pre-service teacher started a unit on light, by first defining the terms,

b2 17

“ transparent,” “ translucent” and “ opaque,” to the class, and then presenting them an
activity, where the students are expected to classify the materials based on definitions.
Because of such practice, one can assume that when Scott talks about the importance of
vocabulary, he means- defining the scientific terms before they do any investigations.

This inference is clearly supported with my interactions with Scott. Note what he says,

when I asked him how he taught the unit on Weather earlier.

Conversation Excerpt # 4.2: Teacher-Researcher Conversation

Beata: How did you teach this unit before?

Scott: Uh, ooh, it’d be pretty long to sit here, and think about exactly
everything that I did.

Beata: Just give me a few sentences.

Scott Well, I'd have to say that I started with a traditional approach of
vocabulary, and you know the step-by-step approach. By the end of it, I
found myself getting bored with it, and wondering why the students would
ever want to learn it. And so I took a different approach to it where I try to
think up fun and exciting ways of inspiring the students to really search
their minds for what they knew, and apply that to what we were doing ...
(Teacher-Researcher Conversation, January 22, 2003).

Here, Scott refers to vocabulary teaching as a traditional approach. His statement
indicates, he is aware of alternative ways of teaching too. Further, Scott admits to the fact

that the traditional method could be boring, and as such will not be conducive for the

125



students to learn science with much interest. In the following Conversation Excerpt # 4.3,
Scott describes in detail, a different way of teaching, which is similar to what the
contemporary science educator promotes.

Conversation Excerpt # 4.3: Teacher-Researcher Conversation

...l don’t know if I told you about a unit we were studying; I guess the air
pressure, which is part of the weather unit. And we had different sized bottles, and
we took a balloon, and we inverted it into the neck of the bottle, and they had to
blow this balloon up. You and I know that because the air has nowhere to go,
when they blow on it, it’s not going to inflate at all, it’s the fact that air has
volume. Air has properties, and it’s the properties of air piece of the weather
unit. So when these students were trying to blow it up, they thought that it was
hilarious that the smallest student in the class, that had the biggest bottle, could
blow it up effortlessly, while everyone else was turning red in the face. And there
was a hole, I punched a pea-sized hole in the bottom, nobody noticed it at all, and
then we started hypothesizing about, what it is about “she can blow harder,”
and we started recording the different ideas. And then I said “Ok, now let’s look
at the ideas and say, let’s say what is logical and what’s not.” And the kids
themselves deduced, from you know, “she can’t blow harder than him, look at the
size of him. He’s got huge lungs” “Ok let’s get rid of that.” And we did the
process of elimination and deduction, and the kids were so into it, and it’s
something that will stick with them. They will remember that. It’s something that
they can build what they know onto it. And at the end, we made the connection,
that air have property, or air has volume, it’s that’s a property of air. It takes up
space, oh you, “well of course it takes up space,” and you know by the end of that
lesson we had them all, I didn’t even, you know usually you say you 've got a
science journal or something. The kids had their science journal out, and they
were drawing diagrams of, and I didn’t request it. They just wanted to draw the
picture of it. And so, and, and that to me was you know, something, it was a way
of taking science from the “ok, let’s build a weather vane” to a different level,
that they 're going to understand and apply in their everyday life. (Teacher-
Researcher Conversation, January 22, 2003).

In the above excerpt, Scott points out to a type of a lesson in science that does not
begin with definitions. Here, he talks about a class he taught during his practicum, where
he allowed the students to participate in an activity on the properties of air. The aim was

to allow the students to observe and learn the properties of air, such as: air occupies a
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space and it has a certain volume. In this activity, Scott had three students of different
heights (tall, medium, and short) blowing air into balloons, which were inserted into the
necks of three transparent bottles of different sizes. The shortest student was given the
biggest bottle, while the tallest one had the smallest bottle. In addition, Scott pinched a
small hole at the bottom of the biggest bottle, used by the shortest of the three students.
He explains that, at the beginning of the-activity, the students had a lot of fun seeing the
smallest girl being able to easily inflate the balloon and outperform the tallest boy. He
also observed that the activity sparked students’ interest, to find out why this tall boy
“with huge lungs” was unable to inflate the balloon. Driven by curiosity, the students
then proceeded with the ”process of elimination and deduction” to understand the
purpose of the, this approach helped the students to conclude that air has volume and the -
demonstration. Consequently, this approach helped the student to learn that the air has

volume and it occupies space.

Although, Scott realizes that the students do not learn by merely defining the
unknown vocabulary, he, too seems to have fallen into the trap of providing the list of
 definition in advance. One may come to surmise the following reasons for that.
Probably, Scott has learned scienqe in a similar manner, like many other teachers. And,
he is probably misreading the curriculum. In my view, the teachers tend to misread the
curriculum, because the First Specific Learning Outcome, in every science unit in the
Manitoba Curriculum Framework of Outcomes, reads that “students will use appropriate
vocabulary....” in their investigations. For example, in the unit on Weather, the

curriculum states, “ the students will use appropriate vocabulary related to their
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ihvestigations of weather” (Manitoba Education and Training, 2000, p. 3.20).
Furthermore, the curriculum provides a specific list of vocabulary, consisting the
following words- weather, properties, volume, pressure, air masses, fronts, weather
instrument, severe weather, forecast, accuracy, water cycle, climate, terms related to
public weather reports, and cloud formations. A curriculum presehted that way could be
misleading and easily misinterpreted. How can anyone know, what was in the Manitoba
curriculum developers’ mind, when they wrote such a statement? Probably, they expected
the teachers to have their students learn the definitions, before they use them in any
investigations. This is why, it is crucial that the science teacher educators clearly define
such statements in their methods courses, and provide justifiable pedagogical meanings

for the teachers.

Following is another conversation I had with Scott regarding the vocabulary
approach. It took place on the first day of our planning, when we debated about how, and
from which Specific Learning Outcome to start the unit. Our conversation revolved

around the question: When should we introduce the vocabulary?
Conversation Excerpt # 4.4: Teacher-Researcher Conversation

Scott: We’re not going to introduce ideas about weather?
Beata: No.
Scott: Okay.

Beata: That will come out after.
Scott:  Alright, good.

Beata Where did you start before? Didn’t you start here?

Scott: When I did my practicum— [ started there too. Idid — actually what I used
to do was we used to as part of like a — just almost like an activating
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activity, I guess you could say, what we did was we would create a title
page and on the back of the title page we would create our own

dictionary, so you would have an “A” section, a “B” section and so on

and so forth, so — and then when — once we got into the unit we would go
back and add vocabulary words —

Beata: We can do that, we can do that too, but see that’s against everything she
teaches, if we start from the vocabulary. Like it should come -

Scott: No, no, it’s not a — let’s put all the vocabulary in the front, it’s — we make
a page where we can go back and record it so that for the purposes of you
know testing or whatever the case may be at the end, they can go back
and review everything we 've learned. (Teacher-Researcher Conversation,
March 11, 2003).

In the earlier two conversations (Conversation Excerpts # 4.2 and #4.3), Scott
mentions that from his past experiences, he has come to realize that the students do not
favor the traditional approach of memorizing the vocabulary and there are other ways of
teaching and learning. However, as seen in the above excerpt, Scott looks surprised
when he is told that we are not going to introduce the ideas about the weather, right at the
beginning of the unit. Seeing Scott’s reaction, I reassure him that it “will come later,” and
inquire, how he usually began the unit in the past. At this point, he recalls his practice
teaching, and tells me that, he often started with the introduction of ideas by creating a
title page and a dictionary of related words at the back of the page. Since, I consider this
introduétory activity as an escape mechanism, and totally against such approach, I
confront him by telling, “this is against everything she teaches,” referring to my science
teacher ¢ducator who originated the Common Knowledge Constmction Model. Thus, I
argue the point based on the “expert opinion” (Walton, 1997). Scott, however, defends

his position by arguing that students should create a vocabulary list, for the sake of tests
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and later reviewing. His argument indicates that the tests Scott gives require the students

to remember all the vocabulary they have studied during the entire unit.

4.2.3 Willingness to Explore and Apply Information to Another Setting

Scott’s third characteristic of the scientific literacy is the willingness to explore,
and apply the knowledge to another setting, rather than simply absorb the information.
Scott thinks that the ability to apply information is the striking characteristic of a
scientifically literate student. I claim this, because toward the end of the unit, I asked him
if he thinks that our students developed scientific literacy. And he replied that they did,
because the students were able to *“ apply the acquired knowledge to their everyday
lives,” as he expected. However, I presume that the scale of application Scott has in
mind, is not as grand as the one advocated by others in the foregoing paragraphs.

Consider the following conversation:

Conversation Excerpt # 4.5: Teacher-Researcher Conversation

Beata: You talked about exploratory nature of a student, can you elaborate on
that?

Scott: Yep, for sure. The exploratory nature of students, I believe in fact that
students naturally inquire and that’s a big plus for kids. Because you
know, the younger you are the more your brain wants to know. And as we,
as we get older and older sometimes we lose that sense of curiosity that
takes us to the next step. And with regards to science thought, I mean, you
see, even in my situation where not a lot of kids want to take homework
home, but outside if something catches their interest, ah, particularly in
science, they want to explore it that much further, and they take it past,
what we re doing in the classroom. Uh, for example, there’s right now,
we 're studying changes in matter, and properties and changes in matter.
And one of these students saw the experiment that we did with vinegar and
the baking soda, and right away he took, he asked me if he could take
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home one of my books that has the experiment listed so he could try it at
home with his parents, and that they could build a volcano with it, and this
is completely separate from anything else, but it’s that exploratory nature
where they want to take what they’ve seen in class and apply it
somewhere else. That’s what I mean by exploratory nature. (Teacher-
Researcher Conversation, January 22, 2003).

In this excerpt, Scott talks about the exploratory nature of young students. He
claims that these students possess the natural ability to explore and are usually very
inquisitive. Once their interest in science is sparked, these students, equipped with
information, would embark on exploration to apply their acquired knowledge, he adds.
Scott provides an example, where one student who got so inspired by the experiment they
did with vinegar and baking soda in the class, he borrowed one of Scott’s books, with the
listed experiment, to build a volcano with his parents at his house. That is a perfect
demonstration of what happens, when the student’s interest is ignited, explains Scott.
Once captivated, the students, equipped with information, enthusiastically venture into

discoveries to apply their acquired knowledge, acclaims Scott.

In the Conversation Excerpt # 4.1, Scott explains that a student who “simply
absorbs the information, and does not apply that in any way” can not be considered as
scientifically literate. In this example (see Conversation Excerpt # 4.1), Scott makes
references to a “learning cycle,” which is a one of the methods for planning lessons,
teaching, and learning (Marek & Cavallo, 1997). Depending on the author, the learning
cycle consists of either threel (exploration, concept invention, and application) or four
(exploration, explanation, expansion, evaluation) phases. Marek and Cavallo (1997), for

example, recommend the latter, 4-E cycle.
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Regardless, of the number of phases, the cycle should culminate with students’
ability to discover new applications for the information that they have acquired.
Accordingly, Scott claims that scientifically literate students have the ability to translate
the knowledge that they have acquired in the acquiring phase of the lesson and use it in
the applying phase of the lesson. Thus, he narrows the application of knowledge to
different phases of the same lesson. He does not seem to associate that application with
making connections on a larger societal and environmental scale. He also states that,
according to research in education and learning, such ability leads to greater retention of

knowledge.

4.3 The Importance of Developing Scientific Literacy

Because of the reform documents’ emphasis on the development of scientifically
literate citizens, I wanted to get Scott’s opinion on this issue. Before we began teaching
the unit, I asked him about the significance of scientific literacy for the middle-year

students. Consider the following conversation:
Conversation Excerpt # 4.6: Teacher- Researcher Conversation

Beata: I would like to know about why it is important to develop scientific literacy
in middle years? '

Scott: Hmm, that’s a good question. Um, [ think that a big part of developing
scientific literacy or the.importance of it is because, so much of what
students will encounter in the future revolves around scientific literacy.
As students get older their subject areas become more and more scientific.
Even looking at, uh, myself going to university there is a science to
education. There is a science to language arts. There is a science behind
everything, and when they say there is a science, it means there, there is a,
a way of thinking about it, a way of breaking it down and characterizing
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everything. Uh, a way of exploring it and piecing it together. Like in the
real world, people that you encounter have developed structure whatever
it is that you are going to be doing scientifically. In a particular way,
students have to be ready for that. They have to know how decode and
how to read into those situations, and how to be prepared for those, and
how to behave in those situations. (Teacher-Researcher Conversation,
January 22, 2003).

Here, Scott associates science with a specific way of thinking. Later on, in another
conversation, he calls it a scientific way of thinking. This scientific way of thinking

3% ¢¢

involves “breaking it down,” “characterizing everything,” and “exploring it and piecing
it together.” He claims that students need to cultivate this way of thinkiqg, so that in the
future, it will help them “decode and read into certain situations and how fo prepare and
behave in those situations.” For Carl Sagan (1993), the notion “science is a way of
thinking” refers to a process of finding about the universe. The quality of the knowledge
about the universe is linked to the quality of the process used to generate such
knowledge. I wanted to get a clearer picture, a more detailed explanation for this

scientific way of thinking. So, I asked Scott to elaborate on his statement. Consider the

following excerpt:

Conversation Excerpt # 4.7: Teacher-Researcher Conversation

Beata: So you said that everything revolves around science.
Scott: Mhmm, yep.

Beata: And, you also said that there is a science to everything, there is a science
to language arts, there is a science to computers and there is science to
everything else. What do you mean by this scientific way of thinking?

Scott: For sure, science is definitely a way of thinking. Um, there, there are, um,
' now, I mean, granted this all my opinion, um, if I had science, uh,
scientific research on how to substantiate this, uh, it might be a little bit
more, uh, you know, it might be a little bit more concrete. But, um, in my
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opinion, there are definite, um, there are definite different ways of
thinking. Um, even though sometimes we ask, um, sometimes we ask our
students to think in different ways, and to learn in different ways, I think
that there is definitely a difference in the way you think when you’re,
when you’re looking at something scientifically.

Beata: Why?

Scott: (Laughs) I knew the question was coming, and I, and I wasn't sure what 1
was going to say.

Beata: What is that way of thinking?

Scott: It’s hard to characterize. And I, I don’t know, you might know, has
anybody really characterized that? Like has anybody concretely,
characterized that in research? (Teacher-Researcher Conversation,
January 22, 2003).

‘Scott reiterates in so many words that science is a way of thinking, and that the
scientific way of thinking is quite different from the kind of 'thinking involved in other
subjects. Nonetheless, he struggles to articulate what he means by “science is a way of
thinking.” His statements are studded with many “ums” and “uhs.” He tends to laugh,
and answer my question in a fairly general term. He says that scientific way of thinking is
hard to characterize. He also admits that “he doesn’t know”, but claims, that I, as a
researcher, might know how to define it. He also wonders, “If anybody has really
characterized that?” I do not give up, though, because I really want to get a more detailed
answer. So, I ask him to explain something that he mentioned earlier (see Conversation

Excerpt # 4.6) that “there is science to Language Arts.”

Conversation Excerpt # 4.8: Teacher-Researcher Conversation

4

Beata: Ok, so let me go back one step, then.
Scott: Mmhmm.
Beata: Uh, there is, you said there is a science to language arts.

Scott: Mmhmm.
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Beata: Elaborate on this.

Scott: Ok, um, the science to language arts would be um, um, it’s tough to, it’s
tough to go back and characterize it, but when we look at the way some
students learn, you look back at it and science is concrete, is it step-by-
step. And in language arts, a lot of things are abstract, and not concrete.
Um, but the way that we present the information to the students, to allow
them to learn it, is not always abstract. Now students will have fo,
students will have to learn, um, in an abstract way but, for the most part,
everything that we’re given is concrete. Um, to a certain extent, I mean,
when you get to university things start becoming a little bit more
abstract. But there are a lot of things that are concrete, and it’s those
concrete things that we build upon, to understand the abstract.

Beata: Ok, so is that scientific way of thinking?
Scott: Mmhmm...
Beata: Step-by-step thinking?

Scott: Yeah, I, I think there’s a lot to be said about scientific process, a step-by-
step. Um, you, I, I mean I can think all the way back to when I was uh,
when I was a kid. There were certain procedures to follow, to do a
science project. There was your hypothesis, there was your procedures,
there was your materials, there was step-by-step-by-step. And, your
conclusions, or results, at the end. Then, you go back and visit your
hypothesis and did we prove or disprove our hypothesis. And so it’s very
logical and very step-by-step when we think about science. Um, now, I
know there are abstract concepts in science, like it’s not a one-way
street. It’s, science is not completely characterized by concrete, but just as
in language arts, there is abstract and concrete, in science there’s
abstract and concrete. So I think that, I think it is something that we see,
in a lot more areas, um, than we really realize. (Teacher-Researcher
Conversation, January 22, 2003).

Scott clarifies that science is more concrete in comparison to Language Arts.
What he means is that science has a certain process that helps the students to understand
the abstract concepts. It is more of a step}-by-step process of analyzing the world. He also
says that the information given to the students at school, for the most part, is concrete and
only later, “ once you get to the university, things start becoming a little bit more

abstract.” Tracing back to his early childhood years, he tells how science was presented
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in a step-by-step method throughout his school years. He remembers that there were
certain procedures to be followed when doing a science project, and that these procedures
included hypothesis, procedures, materials, results, and conclusions. One could assume

the following two things from his statement.

Firstly, it seems that throughout his science career, he was taught to associate
science with laboratory procedures. He does not seem to realize that many scientists use
non-experimental techniques to advance their knowledge. For example, astronomy is
based on extensive observation, rather than experimentation. Copernicus changed our
view of the solar system by his mere observational evidences. Like many eminent
researchers, Darwin kept a journal to record all his extensive observations. He hardly
spent his time performing laboratory experiments. Neither did Jane Goodall and Diana

Fossey in their primate studies.

Secondly, Scott remembers that this so called “scientific method,” was presented
to him during his school years (Levine & Miller, 2000). However, I wanted to know,
whether he is aware of different methods used by scientists, other than the step-by-step |
scientific method he mentioned. So, I asked him about it in the following conversation.

Conversation Excerpt # 4.9: Teacher-Researcher Conversation

Beata: Is every scientist using the same method then?

Scott: That would be a generality. I could, couldn’t make that generalization
obviously, because, I mean, there may be some scientists that choose other
ways, but I think for the most part, I mean, I think most of us work in that
way. I mean, how do I, how do I look at, I mean; I consider teaching to be
a science. I consider what most people do to be a scientist. Because, when
you get down to it, we have a certain way of approaching things that is a
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step-by-step manner. I may need to teach these students how to read, and
that’s the ultimate goal, but I have a step-by-step process that I use to get
there. I may have to write report cards and that’s a goal, but I have a step-
by-step process that I use to get there. Our processes may vary, greatly
sometimes, but I still believe that, you know, people always follow a
process of some sort, of some way or another. (Teacher-Researcher
Conversation, January 22, 2003).

According to Scott, the step- by- step method is the mainly method used by most
scientists. His response suggests that he doesn’t recognize the fact, that different
techniques are being used in various fields of science and that it is almost impossible to
use the step-by-step method in certain fields like astronomy, paleontology, or
meteorology. McComas (1996) states that the notion of “the common series of steps is
followed by all research scientists must be among the most pervasive myths of science”
(p. 11). McComas (1996) further states that, contrary to this common belief, scientists
approach science and solve problems mostly utilizing their imagination, creativity,
perseverance and prior knowledge. Furthermore, he explains that the scientific
knowledge is gained in a “variety of ways including observation, analysis, speculation,
library investigation and experimentation” (p.15). He also urges the reader to realize. that
scientific investigation is no different from solving a puzzle in any other human

endeavors.

In the above Conversation Excerpt, Scott says, that “Most of us work in that
way.” Also, he points out that this method can be translated to other areas. For example, .
he says, that he considers teaching to be a science, because teachers have a certain way of
approaching things in a step-by-step manner, regardless of whether they teach reading,

- writing, or write report cards. Here Scott doesn’t seem to share the views of McComas
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(1996) by not taking into account, imagination and creativity used by most problem
solvers. Methodical process is what Scott has in mind, when it comes to completing a
task. Scott strongly believes that being able to analyze things by the step-by-step method
would prepare Middle Years students for the future. According to him, the students need
to adopt a certain way of thinking and follow a definite process, regardless of what they

study in the future.

In the next excerpt, I continue my conversation with Scott about the importance of

scientific literacy to students:

Conversation Excerpt # 4.10: Teacher-Researcher Conversation

Beata: Ok. So then going back a few steps, when I asked you why it is important to
develop scientific literacy in middle years, you said “ that it is important
because everything the kids will encounter later on, is science.” Why else it is
important?

Scott: Why else would it be important? Well, um, how do you mean? Like I think, I
think, that’s probably the thing that’s of greatest importance. The biggest
reason that they need to, that they need to be prepared or scientifically
literate, and not just the vocabulary, but that the need to explore, the way of
thinking, the step by step thinking, the uh, and the just being prepared to
learn in that fashion, or for themselves to be organized in that fashion for
when they become adults, and they start going into the work place or to
university and they may have the need to create and accomplish. You know,
they 're going to need processes by which to follow. So I don’t, I don’t know,
like I mean, that’s sort of what I was getting at, I don’t know if I, I answered it
enough, but I mean like that, that one concept though sort of branches into
everything that they’re going to be doing in the future, I guess, so. (Teacher-
Researcher Conversation, January 22, 2003).
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In this excerpt, Scott once again emphasizes the importance of the step-by-step
manner of thinking. To me, this method sounds almost like a survival skill for the
students to master, in order to succeed in their future endeavors. Scott fails to consider
the steps outlined by Pearson (1937) as well as what he has already mentioned in the
Conversation Excerpt 4.8. According to him, a logical process of thinking is what the
students need to develop in order to succeed in their workplace, university, and
“everything they’re going to be doing in the future.” His reasoning resonates with that of
Rutherford and Ahlgren (1990) who claim that scientific mind can help people to

sensibly deal with the problems, which they encounter in their day to day life.
4.3.1 Portraying Appropriate Image of Scientists

I was curious to know what kind of mental picture Scott has of a scientist. Hence,
during my second interview with him, even before we started planning the unit, I asked
him about it. The following conversation reveals Scott’s perception of a scientist.

Conversation Excerpt # 4.11: Teacher-Researcher Conversation

Beata: Research shows that in Middle Years students, start to isolate themselves
Jfrom science. That certain populations start to isolate themselves from
science, because of the typical, stereotypical view of a scientist. Did you
notice that?

Scott: I don’t notice is so much here, because we try and get a different image of
what science is, and I think that we have to do our best to build a
different image of what science is. Um, now let’s be honest, I mean you
and I grew up in an era where in the media, in movies, in books, and
comics, um, scientists or, kids were into science, had a stigma. They were,
they, they were um; they were characterized as being loser, the, the not
cool bunch. The anti-high school quarterback, the people who wore

- glasses and a pocket protector and a lab coat all day long. And they were
depicted, but they were depicted that way. Um, in, in, our um, youth when
we grew up. And um, and [ think that there’s a fair amount of that that still
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exist today in the media, but here in school, I don’t see the students in
this classroom, making that connection. Um, and, the reason for it is
because when we teach science, we try and teach it more as a life skill,
and more as something that you can get your hands into, and become
interested in. It’s not something that the “losers” are good at in here.
The “cool kids” in here are great science learners. And we're trying to;
we re trying to endorse that. Um, now as the students move up, um, now
this is grade 4/5, as they go into middle school, that stigma, that
stereotype, may um, may, I guess evolve a little bit, or may be a little
stronger, as you go in. You know, like if you're good a chemistry, you
know, like “well, I don’t want to be near you” and that kind of thing. Um,
and there’s a lot to be said about the streaming that goes on, particularly
in uh, our division. Um, anybody who is um, who is very strong, um, we
send to the ACE program. Uh, did I speak to this last time? There’s,
there’s streaming that happens from our fives to, so as they move on fo the
middle schools, they, anyone who's very strong in math, language arts,
science, everything across the board, would go to the ACE program,
which is an, an accelerated learning program, and everybody who’s not
would go into the other program. Now, I think the positive thing about that
is that everybody who is in the ACE program, will remain in the ACE
program throughout their middle years, um, and I think that the peer
groups, and the relationships that they form in there will sort of combat
that stereotype, about, you know, they, they won't feel that they 're being
ostracized or outcast because they are, you know, into science, and they
like it, and they 're good at it. Um, whereas the other group, it would be
interesting to see that. Um, I can’t speak to it personally, cuz [ haven’t
taught at that level of science, so I, I'd be interested to see the results of
that. (Teacher —Researcher Conversation, January 22, 2003).

This prior-teaching conversation reassured me that Scott is not going to portray
the stereotypical image of a scientist in his classroom. This conversation is just a preview
of the image Scott modeled through out his teaching. I have given a detail picture of it in
Chapter five. Obviously, Scott must have acquired this stereotypical image of a scientist
from books, movies and television. However, he seems determined to build a different
image in his classroom. “We have to do our best to build a different image of what
science is,” he affirms, meaning that whoever is involved in the education of young

people must strive to dispel the media’s portrayal of the stereotypical scientist. He also
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claims that he has already started endorsing that in his classroom, and as a result, his
students do not see a scientist as someone who “wears glasses and a pocket protector and
a lab coat all day long.” In Scott's classroom the "cool kids" are the great science great
science learners and they are the ones who will be the "future university science majors."
Scott believes, such a positive approach towards science is made possible, because of the

following two reasons.

Firstly, he and his colleagues strive to develop an interest in the subject, and teach
science as a life skill with hands on experience. Secondly, the school supports “these
great science learners” by placing them in the accelerated program (ACE program),
where they, not only thrive academically, but also develop the comradeship with the
peers, which would help them to eradicate the typical stereotypical image. If this is true,
many students from Prairie View School have a chance to choose science as a career
because they are given a chance to see it as an exciting pursuit. Sheila Tobias in her book,
They re Not Dumb, They re Different (1990), argues that many capable students who
have a need for creative outlet tend to eliminate science from their future plans because

of the way it is taught. However, this does not seem to be the case in Scott’s school.
4.4 Contributions of a Weather Unit for Developing Scientific Literacy

I asked Scott, how the unit on Weather could help the students to achieve

scientific literacy. Consider the following conversation:
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Conversation Excerpt # 4.12: Teacher-Researcher Conversation

Beata: So we will be teaching a unit on Weather. How do you think this unit can
help students in achieving scientific literacy?

Scott: I particularly like the unit on Weather because it’s something that is always
and issue. Um, you walk into a room of people that you know, and the first
topic of conversation is the weather. *“ Boy, cold enough for you out
there? Geez, I haven’t seen this much rain in years!” or the first topic of
conversation it’s always the weather. And I don’t know why, I, I can’t
really say why, I don’t know. But for some reason, the temperature, the
weather, our surroundings are always the topic of conversation and for
that reason I think it’s something will get right into. 1, I'm, I was so
happy to see, um, during my students teaching, when I first looked at the
curriculums that weather was a part of the grade 5 curriculum, because, I,
1 think it’s just fabulous that the kids are able to, study something that
influences their lives, their everyday lives, so closely. I think that, and,
and as far as, you know developing the scientific literacy goes, I don’t
think there, we could have picked anything that, uh, that the kids, could
build on that would be better. Um, like I mean one thing that we know
about, uh, about learning itself, is, um, that kids build on prior
knowledge right? It’s the common knowledge construction model. They
take what they know already, and they associate, and they connect, and
they learn, and they associate, connect and learn. They build that
schema, they you know, and you know we provide certain scaffolding for
them while they 're doing that and when we remove the scaffolding, we’re
hoping that it’s built strong enough that it remains. Um, now the weather
unit is something that they have a lot of PK on, they’ve got a lot of prior
knowledge in that area, uh, and so I think that it’s a great way to, foster
that literacy, the exploratory phase. Kids have a tough time getting into,
and exploring, and fully understanding something that they’ve never
seen before. You know research shows us that. Um, now there’s something
to be said about curiosity, uh, you know they, the kids you know, it can

‘spark their interest, but if they’ve never, if, if it’s something completely
unrelated that they’ve never seen or heard of before, it’s, it’s tough for
them to take it to that next level. Whereas if they 've got something, that
they 've, that they 've got something to build on, uh even if it’s just “how
cold is it outside today?” “Oh I'll tell you, it was really cold” Ok, well
let’s look at how we measure cold and hot” And, and that’s something to
build on. Um, did I answer that in a roundabout sort of way?

Scott says that he is fascinated by the fact we chose the unit on Weather as a tool

to develop scientific literacy. Because, weather has always been a favorite topic for
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conversation, he seems to like this particular unit. And, he was well pleased to see the
unit as a part of the grade 5 curriculum. He thinks that the kids will greatly enjoy as well
as benefit, if they are allowed to study something that closely influences their everyday
lives. Furthermore, he thinks, the unit will allow the teachers to build on the students’
prior knowledge, enhance their interest, and thus help them learn the material. At this
point, he recalls the CKCM and envisions how to employ the model into the unit on
Weather. He says that the students “take what they know already, and they associate, and
they connect, and they learn, and they associate, connect and learn.” He also adds that the
“exploratory phase is a great way to foster that literacy.” I, however, would like to know
more about “that literacy”. So, I try asking him again. But, this time, I tend to be more

specific. Consider the following conversation:

Conversation Excerpt #4.13: Teacher-Researcher Conversation

Beata: Mmhmm, mmhmm. So you are saying that the unit on Weather is
something related to their everyday lives, if they re scientifically literate,
what would they be able to do after we have taught that unit?

Scott: Scientifically literate person, or scientifically literate with respect to
weather? Um, by the end of the unit I think that they should have, um, I
think that sometime we place a little bit too much emphasis, on certain
aspects of the curriculum. We, we emphasize more that a you know, that a
student should know and understand, a barometer and be able to cite
that it’s measured in Kilopascals and you know, and when we, when, like
I mean, we have to do that sort of thing because other things are just to
difficult to measure in an assessment way, where we have to provide a
percentage. Um, so we do have to do that kind assessment, and we do ‘
have to do those kind of activities. But a scientifically literate student with
respect to weather, I would say is somebody who could carry on a
conversation with you, regarding the weather, uh, and, and know the,
know and meaningfully use the vocabulary that’s been used throughout
the unit to describe what’s going on, or what they would like to see, or,
or to put it into other context. So I think that a, a scientifically literate
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student, with respect to weather, would have to be able to do that,
otherwise, you know, otherwise what would be the point to having the
student learnt he information? I mean they could, they could know that a
barometer is used to measure uh, atmospheric pressure, they could know
that it’s, uh, that you measure it in kilopascals, but you know, if you
don’t say to them you know, or if they can’t use that in some sort of way,
if they can’t apply it in some sort of way, then what’s the point to them
learning it?

In this excerpt, Scott first evaluates the curriculum. He points out, that the
curriculum’s emphasis on certain aspects, like what the students should know and
understand, do not necessarily make them literate. He éxplains, however, why the
teachers follow the curriculum, and teach about barometer and Kilopascals in this unit.
The reason behind this approach is that, it is too difficult to assess the other things on
tests. According to Scott, in the unit of weather, a scientifically literate student is not
someone, who knows that the barometric pressure is measured in Kilopascals. Instead, it
is someone “who could carry on a conversation abéut weather, and meaningfully make

‘use of the vocabulary learned through out the unit.” In other words, it is the mastery of
the language in a conversation, and the ability to translate the acquired knowledge into
other concepts, which qualifies the student to be literate. Thus, Scott rationalizes, that
there is no point in learning anything, if the students cannot apply the information in

some sort of way.

In this conversation, Scott repeats what he had said much earlier (see
Conversation Excerpt # 4.1) to the question I asked about the characteristic of a
scientifically literate student, in general. He once again stressed the importance of

appropriate vocabulary to converse, and the ability to apply the information in related
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contexts. He affirms that the student’s interest in the topic, coupled with his extensive
prior knowledge would provide a profitable fertile ground for any scientific literacy

development (see Conversation Excerpt # 4.12).
4.5 Summary

This chapter entails Scott’s views of scientific literacy. From my conversation
with him, both, earlier, and during his teaching of the unit on Weather, three
characteristics emerged as significantly important. They are: a definite interest in the
subject, the vocabulary to support the student’s knowledge; and willingness to explore
and apply the information to another setting. All would agree with Scott’s view that an
interest in the subject is a‘deﬁning factor in developing the students’ scientific literacy.
History recalls, how great scientific discoveries occurred as a result of one’s keen interest
in a specific subject. Usually, the topic, which a scientist or a team of scientists chooses
to study, makes the difference. Since research involves a great amount of time and
intellectual stamina, a deep interest in topic is essential to perform a remarkable job. A
lethargic scientist will never end up in great discoveries. Likewise, a bored student will
rarely become literate in any subject, unless he or she is motivated to take an interest in
the subject. In this case, without an interest in science, a student is not going to develop
the three notions of literacy: “what”, “how”, and "why" of science, which I introduced in

the first chapter of this thesis.

Like Bruner (1986) and Lemke (1990), Scott emphasizes the significance of the

vocabulary, in order to confidently participate in any scientific reasoning, arguments, and
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decision-makings. However, from our conversation, I infer that Scott places too much
emphasis on learning the language of science. Also, like many teachers, he seems to
misread the curriculum. Manitoba Curriculum Framework of Outcomes recommends the
use of appropriate vocabulary in investigations (Manitoba Education and Training, 2000).
This statement does not mean, however, that the students are expected to memorize the
words in the curricular unit before hand. Scott’s perception explains two issues in
science education. Firstly, the strong emphasis on vocabulary as the only approach
prevents many students from pursuing science in the future, because it does not present
science as an intellectually stimulating discipline (Peters and Gega, 2002). Secondly, this
approach can also, become a barrier in a science classroom, where not a// students share a
strong command of the language. This is especially true in many North American, inner
city schools, which are filled with students from irrimigrant, non-English speaking

families (Hammond, 2001; Hewson, Kahle, Scantlebury, & Davies, 2001).

The last characteristic of a scientifically literate student, according to Scott, is the
willingness to explore and apply knowledge to other contexts. However, the scale of the
application, which Scott presents, is not as grand as the one proposed by policy makers,
scientists, and science educators, who advocate making connections among science,
technology, society, and environment at large. Scott, on the other hand, narrows the scale
down, to the ability of finding new applications to what have been learned in class. In
other words, policy makers, scientists, and science educators associate such application of
sc‘ience, with a very popular trend in §cience education, known as STSE education. Scott,

on the other hand, sees this scientific application, within the frame of the learning cycle.
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Also, Scott and I(talked about the importance of scientific literacy for Middle
Years students. He views science as a way of thinking and strongly believes that it is
important for the students to become scientifically literate to succeed in their future
activities. According to Scott, science as a way of thinking, involves a step- by- step
logical process that leads to the completion of specific tasks. He persists in saying that
most scientists follow the same step-by-step process known as the scientific method,
which has been around since it was proposed by Karl Pearson, in 1937. I argue, however,
that this method is mostly applicable to those, who conduct laboratory experiments for

their investigations (McComas, 1996).

Although Scott believes that the laboratory methodology is the approach taken by
most scientists, he has a totally different perception of a scientists. He does not view a
scientist, as someone carrying out experiment in the laboratory with a stack of esoteric
equipments (Howe, 2002.) He knows that this is a stereotypical image, and he even urges
people involved in the science education of young children, to “do their best to build a

different image of what science is”, as he does it in his grade five classroom.

We also discussed about how the unit on Weather plays a part in the development
of scientific literacy in young children. According to Scott, in regé.rds to the unit of
Weather, a scientifically literate student displays two striking characteristics; Firstly, the
student is eloqugnt in the vocabuiary, to carry out meaningful conversatipns on the
subject of weather, Secondly, the student has the ability to apply his or her acquired
knowledge to any other contexts.” Otherwise, there is no point in learning anything,”

says Scott.
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.Chapter 5

Scott Developing Scientific Literacy in a Unit on Weather

5.1 Introduction

In Chapter four, I discussed Scott’s views on science literacy. Specifically, I
presented Scott’s ideas of a scientifically literate student and how he values scientific
literacy for middle years’ students. From the interviews I had with Scott, I inferred that
he sees the following three striking characters in a scientifically literate student: a keen
interest in the subject, an eloquent vocabulary building in the language of science, and
willingness to explore and apply the learned facts to another setting. It was clearly
evident that Scott strongly believed in the importance of scientific literacy for the Middle
Years students to benefit future endeavors. As well, I realized that he was determined to

eliminate the stereotype image of a scientist and present a contemporary type instead.

In this chapter, I describe the views of Scott, concerning scientists and scientific
literacy and how they became evident in his teaching of the unit on Weather, using the
CKCM. I concentrate on the first three phases of the model. For the Exploring and
Categorizing phase, I present his approach of collecting the ideas of students’ and their
parents on predicting and measuring the weather. My comparisons of their views are
recorded in Table 5.3 and 5.4 and they are discussed in more detail in the paragraphs
following each of these two tables. I have also included a few representative student-

parent interviews. In those interviews, worthwhile expressions are highlighted, in bold
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letters, and interpreted below the interviews. The transcript of an entire student-parent

dialogue is located in Appendix C of this thesis.

For the Constructing and Negotiating phase, I have presented several
representative lessons that best reflect the NOS leading to the development of scientific
literacy of the students. Whenever possible, I have provided the interview or a
conversation excerpt. And within each excerpt, I have highlighted pertinent expressions

in bold letters and given their interpretation just below each excerpt.

For the Translating and Extending phase, I describe how Scott and his students
apply science into a larger societal context. In other words, I point out how they make
connections among science, technology, society, and environment (STSE). In Scott’s
classroom, these connections were made in two stages, which involved construction of a
weather instrument and a study of floods, an important societal and environmental issue

in Manitoba and other parts of the world.
5.2 Exploring and Categorizing Students’ Ideas

The authors of the CKCM provide good guidelines for exploring children’s
conceptual ideas. They recommend the teachers to choose a simple, but related activity,
and provide a conducive environment where everyone’s ideas are respected, and
sufficient time is given to understang_i their conceptions. They emphasize choosing
activities that must reflect the key concepts of the unit. Keeping their recommendation in
mind, we started our investigations on exploring students’ ideas about the weather. We

chose a demonstration that marked the beginning of the first component of our
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investigations entitled, Weather Forecasts: Different Ways of Predicting and Measuring
Weather (see Table 3.3, in Chapter three for the Specific Learning Outcomes and
corresponding lessons in this component.) At the beginning, we showed a short video
clip, which featured a TV weather anchor, standing in front of a weather map, and
explaining the upcoming weather. To find out the students’ thoughts on the prediction
and measuring of weather, Scott asked the students to write down their answer for the
following two questions: 1) How do you think people predict weather? 2) How do you
think people measure weather? He requests them to support their answers with drawings
and reasoning. While the students got down to answer their questions, Scott walked
around the class clarifying some of their questions. Once they completed answering the
questions, he gave them an opportunity to share their ideas with the rest of the class.
Meanwhile, he wrote down their ideas on the board. He made sure not to judge their
understandings. Following is the conversation between Scott and the students during the

exploration activity:
Conversation Excerpt # 5.1: Class Conversation

Scott:  now is let’s start off with our ideas about how we believe that people
predict the weather. I'm gonna write them all down here on the poster so
that we can get a nice big collection about what our classroom knows
about predicting weather. Okay, yes Jane give me one.

Jane: That they think about it.

Scott: Okay so they think about, so they think about. Okay well they think about
weather now, weather what it’s going to be like, or weather in the past.

" Student: In the past.

Scott:  Okay, they think about it, okay, any other ideas? Okay, um Ian?
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Ilan:

Scott:

Zoe:

Scoftt:

Zoe:

Scott:

Zoe:

Scott:

Chris:

Scott:

Um, that they predict weather by the weather in other places and drawing
maps.

Okay so, by looking at the weather in other places and comparing it to us,
okay, okay so we could say, by looking at weather, in other places, that’s
good, okay.

I think they use a radar system.

A radar system, hmm, a radar system. Zoe, do you know what a radar
system is?

Well sort of.

Oh sort of-

They put like a satellite up there that gets signals that tells them stuff.
Okay so Zoe is talking about a satellite that they put up into outer space
that can, that can attract signals that tells them what things are like, could
be. Chris?

They use a certain type, a type of a map.

They use a certain type of map, okay so they use, why don’t we say use
special maps, special maps. Anything else, Charity?

Charity: Umm, They go outside to like see...

Scott: Okay so they go outside, they see what the weather’s like now and then
they can predict for the future.

Charity: Ya.

Scott:  Okay, so why don’t we say look at current weather conditions, so yoia‘

example was, what was your example that you gave there Charity?

" Charity: What for?

Scott:

Well the example that you gave on your paper I was noticing? You
said they go outside and they look at what the weather conditions are
like now, currently, right and they can predict what’s going to happen in
the future, so what was your example there?

Charity: Hm...

Scott:

Well what was the example you just gave right there.
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Charity: Umm, that there are rain showers and that it’s clouding, might mean
that a storm will come.

Scott:  Okay, so what Charity used for an example of that is that it might be
cloudy outside, and so what do you predict might happen?

Student: A thunderstorm.

Scott: A thunderstorm or rain, exactly. So we can look at what’s happening
right now to predict what will happen in the future. Jessica.

Jessica: They use a satellite signal to like compare weather.

Scott:  Okay so I'm gonna put a checkmark here, right beside that, satellite
signals right, good idea. Peter .

Peter: 1 think that they use a signal outside.

Scott:  Okay, so they might look for a signal outside, why don’t we put another
check mark beside satellites because that’s the signals that they re looking
for right, with satellites.

Student: If they look at the sky....

Scott: Okay, so they might look for a signal outside, why don’t we put another
check mark beside satellites because that’s the signals that they re looking
for right, with satellites.

Student: If they look at the sky....

Scott:  Oh okay, so they might, so they might look at the sky, is there anything
else you think they might look at?

Student: The ground.
Scott: What were you saying?
Student: The ground.

Scott: The ground okay, okay so the ground, that’s ya that’s possible look at the
ground. And what else, what else with the ground?

Student: The trees.
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Scott: Trees or plants, right, trees plants, okay, could be a lot of different things
that people look at to predict the weather. (Class Discussion, April 7,
2003).

The above class discussion reveals how Scott follows the rules of Exploring and
Categorizing, recommended by Ebenezer and Connor (1998). Firstly, he provides a
positive and conducive environment for the children to freely express their ideas while he
intently listens to every one of them. Secondly, he facilitates a discussion, where every
student’s view is respected. Finally, he makes sure that the class understands what each
child is trying to say. For example, when Jane answers, “they think about it,” Scott asks
her to be more specific. He wants to know whether she meant, the people’s prediction of
weather now, in the future or in the past. It is interesting how he handles Zoe’s answer.
When Zoe talks about a radar system, Scott tries to find out, if she really knows what a
radar system is, and then slowly helps her and the class to understand that Zoe was really
talking about satellites that are placed in the 6uter space to attract the weather signals.
Throﬁgh his conversation with Charity, he teaches the students that one could predict the
upcoming weather by just observing the natural environment. He, then, ends up the
discussion by saying, “there could be a lot of different things that people look at, to
prédict the weather.” It is commendable that he does not try to impose judgment on any

of the ideas shared by the students that day.

Soon after the discussion, I gathered both the oral and written ideas and developed
descriptive categories using Phenomenography, described in Chapter three.
Subsequently, I classified students’ ideas on predicting the weather into four main groups

Traditional Knowledge, Technological Advances, Maps, and Toys.
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Table 5.1 presents a list of different teacher-made categories, corresponding to the
Specific Learning Outcomes from the Manitoba Curriculum Framework of Outcomes.
Also provided in this table are examples of students’ ideas within each category, the

number of students sharing similar ideas, and the students’ representative drawings.

Table 5.1 Students’ ideas about predicting weather.

PREDICTING WEATHER
Teacher- Curricular Represent | Students’ representative drawings
made ative
d students’
category 1deas :deas and
# of
students
holding
similar
ideas (in
brackets)
5-4-10 They look
Investigate at the
various ways animals to
of predicting see if
weather, and bears and
evaluate their | stuff are
usefulness. hibernatin
g (2).
Example: folk
and traditional
TRADITION knowledge.
AL
KNOWLED
GE
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Example: 1. Tlook
observations at the
of the natural clouds and
environment... | know how
much rain
we will
get (5).
5-4-12
Describe 1. They
examples of use a big
technological | and
advances that | powerful
have enabled | satellite
humans to system to
deepen their predict
scientific weather
understanding | (8).
of weather
and improve
the accuracy
of weather
predictions.
Example:
satellites 2. They
collect data use
that scientists | computers
analyze to 3).
increase
understanding
of global
weather
patterns.
3. They
use radar
3).
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Example 2. They
computerized | compare

models the
predict weather to
weather. .. other
places and
draw a
model (2).

MAPS | 1.1 think
some type
of map
they use

(D).

4

TOYS 1. I think
that they

fly a kite
to predict
how much
wind there
is (3).

As shown in Table 5.1, Traditional Knowledge corresponds to the 5-4-10 Specific
Learning Outcome, which states that the students will adopt various ways to predict the
weather and to evaluate their usefulness. The curriculum foresees students to predict the

weather in the following three ways: 1) Weather-related Sayings, 2) Folk and Traditional
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Knowledge, and 3) Observations of the Natural Environment. Nevertheless, it is found
that only two students derived his idea from traditional knowledge, and five others based
theirs upon the observation of the natural environment. Those who relied on the latter
seemed to be more specific in their answers. For example, Sammy claimed that by
looking at the clouds, he could guess how much it would rain that day. And Charity went
on to say, “If there is a rain shower, and it is cloudy, it might mean that a storm will
come.” The rest of students were more general in their answers.

My second category, Technological Advances, corresponds to‘ the 5-4-12 Specific
Learning Outcome. 1;his outcome recommends the study of the technological advances,
which have enabled the people to deepen their scientific understanding of weather and
thereby improve the accuracy in predicting the weather. The curriculum specifically
recommends the satellites and the computerized models. Eight of our students thought
that satellites provide useful information in predicting the weather, and two other
students’ ideas were related to the computerized models. And, there were also others,

who mentioned about the radar and computers.

Only one student came up with an idea, whi\chy fell into my third category - Maps,
| which in fact does not have a direct parallel in the curriculum. And, my last category -
Toys, also does not have a corresponding Specific Learning Outcome in the Manitoba
Curriculum Framework of Outcomes. Under this category, I wrote down the ideas of
Emillio, Charity, and Daniel. Emillio drew a kite, saying that “people fly kites to predict
how windy the weather is,” while Charity drew a picture of her holding a balloon, and

wrote down, “If her balloon flies all over, that will mean that it is windy.” And, Daniel
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drew something that resembled a toy and wrote that “people use mechanical toys to find

out how windy the day is.”

Table 5.2 categorizes the students’ ideas about measuring weather. It presents a
list of different teacher-made categories, corresponding Specific Learning Outcomes
from the Manitoba Curriculum Framework of Outcomes, examples of students’ ideas
within the category as well as the number of students holding similar ideas, and students’

representative drawings.

Table 5.2 Students’ ideas about measuring weather.

MEASURING WEATHER
Teacher-made Curricul | Representat | Students’ representative drawings
category ar Ideas | ive
' students’
ideas and #
of students
holding
similar
ideas
INSTRUMENTS Ladi® Y
5-4-05 Ar50
Use the Standard -1 _2’ ¢
design Instruments: L o R b
process to | 1. They use L4tT0.
construct | abig o ey
a weather | thermometer o1 -0 ,
instrument | (4). M':{%
[\ &0
wif g
b 5 b
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5-4-06

Observe No name
and Instruments:
measure 1. I think
local that people
weather have
conditions | measuring
over a cups (1).
period of
time.
Using
student- Z7
constructe R Py SnowW
dor 2. People
standard can measure
instrument | the snow by
s, and using a ruler
record, 1.
and
analyze
these data.
3. A bucket
with a ruler
(1).
TECHNOLOGICAL
ADVANCES 5-4-12
Describe
examples | 1.1 think
of that they use
technologi | a computer
cal (D).
advances
that have
enabled
humans to
deepen
their
scientific
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understan
ding of
weather
and
improve
the
accuracy
of weather
predictions.

2. They
might have
used

computers

connected to

aradar
system to
measure
weather (1).

3. Big
satellite and
that is how
they know
that it is
going to
snow (1)

4.1 think
that they
have a radar

M

5. They take
um a big
balloon and
it goes up to
the sky and
after
touching the
weather it
will come
down (1).
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6.1saw
people using

a special
machine (1).

SENSING THE None
ENVIRONMENT

People can
feel how
cold it is (3).

As shown in Table 5.2, I grouped students’ ideas about measuring weather into
three major categories: 1) Instruments, 2) Technological Advances 3) Sensing the
Environment. The first category - Instruments, corresponds to two Specific Learning
Outcomes from the Manitobd Curriculum Framework of Outcomes. The 5-4-05 Speciﬁc
Learning Outcome recommends using the design process to construct a weather
instrument. This outcome is closely related to the next Specific Learning Outcome, 5-4-
06, which requires the students to observe and measure local weather conditions over a
long period of time. As shown in the above table, four of our students were quite familiar

with the thermometer, a standard instrument. They were also accustomed to measuring
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devices like a ruler and measuring cups. I have labeled these devices as no-name

instruments, (see third column of Table 5.2).

The second of my categories - Technological Advances, corresponds to the 5-4-12
Specific Learning Outcome. This learning outcome, recommends studying the examples
of technological advances that have enabled people to deepen their scientific
understanding of weather. Though, several technological advances were mentioned by
the students, the computer stood out as the most popular one. It is also fascinating how
the children spontaneously added further information. For example, Rose talked about a
computer connected to a radar system, Steven came up with a radar system, whereas

Peter spoke of a weather balloon, and Daniel, about a special machine.

My third category - Sensing the Environment, was represented by three students.
Even though, this category does not closely link to the corresponding Specific Learning
Outcome, there is an outcome that recommends the observations of the natural
environment to predict weather. Our students’ comments, however, were along the lines

of sensing, rather then predicting the environment.

While categorizing the children’s ideas, I came to realize two things. First, I came
to understand that not everyone could see the difference between the two questions we
asked. As a result, I ended up with similar categories for both predicting and measuring
weather. For example, Matthew thought that computers were used to predict weather,
while Rose believed thét they are used to measure weather. Yolanta claimed that satellites

are used to measure weather, while Jessica illustrated them for predicting weather.

162



Consequently, I included the same Specific Learning Outcome (5-4-12) in Table 5.1 and
5.2. Also, I noticed that some students only concentrated on weather predictions and did
not attempt to give any answers for weather measurements. Consequently, the number of
students responding to the fist question (Table. 5.1). does not correspond to the number

of students responding to the second question (Table 5.2).

Secondly, I came to realize that we need to allow sufficient time to process and
interpret the students’ ideas. The importance of doing so became evident when I talked to
Dorothy after our exploration class. In class, Dorothy wrote that she does not really know
how p¢ople measure the weather, but she could guess, “someone feels a drop of rain on
~ the body and finds out.” To clarify her written statement, I interviewed her after class.

Consider the following conversation:
Conversation Excerpt # 5.2 Student-Researcher Conversation

Beata: And the other question was — how do you think people measure weather?

Dorothy: I think they take like — if they see a raindrop and they go out there and
get a raindrop and then they like examine it.

Beata: Uh hm, so they collect the raindrop, okay, and how will they examine it?

Dorothy: Uhm, they check and see stuff in the raindrops if it’s going to rain or
_not, and they would probably just use it to find out if it’s going to rain
or not, like this.

Beata: How would they collect that raindrop, like how would they catch it?

Dorothy: They could probably put some buckets outside and then when it’s raining
the water would go into a bucket.

Beata: And then they will take that water and what will they do with it.
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Dorothy: They would just examine it and see if it’s going to rain or uhm, how it’s
going to start to rain I think.

Beata:  How will they examine it?
Dorothy: They would just... I don’t know, they would just...
Beata:  What do you think?

Dorothy: I don’t know, just to see if there is any stuff in it that will — that — how
rain is — how much rain is going to — how much rain will be made.

Beata:  From that collection which is already in the bucket?
Dorothy: Ya.
Beata:  Okay, good, so will they have a measuring tool there?
~ Dorothy: Ya, something like a ruler?
Beata: Good. Anything else?
Dorothy: No.
Beata:  And how did you know about this?
Dorothy: I just thought that maybe they would do that, so I just wrote it down.
Beata: Oh, okay, very good. And who are they? You said, “I just thought that
they would do that.” Who are they? Who are the people who predict
weather and measure weather?
Dorothy: I don’t know, probably scientists.
Beata: Okay. Good, very good. Thanks. (Student-Researcher Conversation,
April 7, 2003).
Wh¢n [ first looked at Dorothy’s work, both her drawing and written explanation,
I wanted to place her written statement in the Sensing the Environment category, because
of her statement, “people feel rain on their body.” When I talked to her after class, she
said that “if they see a raindrop and they go out there, and get a raindrop and then they
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like to examine it.” She was not clear, however, how would these people measure the
amount of rain. So, I asked her, how she expects them to collect the raindrop? And, her
response was “probably put some buckets outside and then when it’s raining the water
would go into a bucket.” Later in our conversation, she mentions that there is “something
like a ruler” in the bucket to measure the amount of rain. After this comment, I decided to
place Dorothy’s idea in the Instrument rather than Sense the Environment category. This
situation illustrates that it is important that teachers take time to analyze and make sense

of students’ ideas.

5.2.1 Exploring and Categorizing Parents’ Ideas

To enrich our understandings on how people predict and measure weather, we
invited our students’ parents to participate in the study. Furthermore, since one of the
characteristics of the NOS points out that science is socially and culturally embedded, we
reasoned that by incorporating parents’ ideas into our study we would be able to
illustrate this feature of the NOS. We asked the children to interview their parents, and
tape-record their coﬁversations. They were told to ask the two questions, which Scott
asked them in our exploration class: 1) How do you think people predict weather? 2)
How do you think people measure weather? Once they have interviewed the parents, the
students were told to summarize their parents’ ideas in a written format. All of the
conversations are transcribed verbatim, and all of the child-parent interview transcripts
are included in Appendix C at the end of this thesis-. Out of the 19 conversations obtained,

16 were recorded between the students and their parents, and three were between the
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students and their siblings. In the latter case, because the parents were unavailable, the
students ended up interviewing their siblings. The following conversation between
Sammy and his mother is an excellent example of parental views about how people

predict and measure the weather.

Conversation Excerpt # 5.3 Sammy interviewing his mother
Sammy: How do people predict weather?

Mother: I really do not like being recorded here but, for you Sammy I will do it
and I will give it my best shot. People predict weather in many different
ways. When I was a little girl growing up on the farm in Saskatchewan my
parents made us look at the weather. My mother for example looked at the
clouds, if they were certain shape, then the weather would be sunny and
hot. These clouds were usually fluffy and white looking. If they were sort
of rainbows on each side of the sun, they were called sun dogs and in the
winter they would mean a very cold weather. If the animals were seen
storing away food, it would mean that it will be a very early winter. In the
spring if the birds returned earlier, they everyone knew that the spring is
Jjust around the corner. Other people who suffer from arthritis can predict
the rain and snow by the pain and discomfort in their joints. And, people
who predict the weather for living are called the meteorologists. They use
computers and other high-tech equipment and certain types of weather
maps to predict storms. Weather can change from hour to hour depending
on where you live, no one can accurately predict weather all the time.
Today we have a prediction at our finger tips by going on line or
watching a weather channel, we can get it in the matter of seconds.
Technology has come a long way since [ was a little girl.

Sammy: And how do you measure the weather?

Mother: In terms of measuring the weather, people can use a different types a
gages. For example, a yard stick could be stack into the snow to measure
the amount of snow fall. An anemometer could be used to measure the
wind velocity, some farmers have a mill that tells them the wind
direction. There are thermometers to measure how hot it is. Almost every
house has one inside and out. Weather stations use barometers to measure
the barometric pressure in the air. There are certain figurines that
change colors for rain, sun, but they are not very reliable, etc. (Student-
Parent Interview, April 10, 2003).
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Like many parents, Sammy’s mother mentions that she does not like being
recorded but, for Sammy she is giving it her best shot. First, she says that there are many
different ways of predicting weather. And, like the grade five curriculum, she separates
these different ways of predicting weather into traditional and scientific. To give an
example of the traditional ways of knowing, she recalls growing up on the farm and
observing the natural environment. She remembers foretelling the weather by certain
shapes of clouds. The fluffy and white ones were bringing sunny and hot weather. The
“sun dogs,” on the other hand, were an indicator of a very cold weather. Looking at the
clouds seems to be a very common way of predicting the weather, because it was
mentioned by many parents. None of the parents, however, were as specific as Sam’s
mother. Some of the parents, like Dorothy’s mother, for example, remembered that there
were certain types of clouds that bring more rain than others. Other parents, for instance
Jessica’s mother, just mentioned that they go outside and look at “look at the clouds and
if they look bad there is gonna snow or something, depending on the color.” Yet, other
parents, like Anthony’s mom go outside and feel and observe the weather, and “if the day
is windy and cloudy, we can expect to have a thunderstorm.” Contrary, to Anthony’s
mom, Jessica’s parent had a different prediction for storms. She thought that when it
“becomes really, really calm where everything seems to be quiet, no wind, there is gonna

be a storm.”

Sammy’s mother also talks about certain animal’s behavior that is an indicator of
a change is weather. She says that “if the animals were seen storing away food, it would

mean that it will be a very early winter.” She is not the only parent who mentions
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animals. Jessica’s mother who also grew up on the farm said that “when the cows all
huddle together there is gonna be a storm.” In the above excerpt, Sam’s mother talks
about the fact that “people who suffer from arthritis can predict the rain and snow by the
pain and discomfort in their joints.” Tim’s mother and Dorothy’s mother also mentioned
pain in the joints. Timothy’s mother specifically told his son that his grandpa, who
actually has arthritis and suffers from such pain rtends to say that “his bones are cold,”

when it is gloomy and wet outside.

To give an example of the professional way of predicting weather, Sam’s mother
talks about meteorologists. According to her, meteorologists “use computers and other
high-tech equipment and certain types of weather maps.” The high-tech equipment she
mentions might be a satellite or radar, which were also mentioned by other parents.
Furthermore, she says that “technology has come a long way since I was a little gir]” and
“today we have a prediction at our finger tips by going on line or watching a weather
channel.” The Internet was not mentioned by anybody else, but, many parents watch TV,
“which has the predictions ready for them”. These predictions are done by professionals,
who, as Jessica’s mother put it; “can see the direction of the wind, the clouds and the
highs and the lows.” Sam’s mother also explains that no one can accurately predict

weather all the time.

In terms of measuring weather, Sam’s mother also separates the many different
possibilities into more traditional ones, that she probably remembers from the farm, and
more “sophisticated ones,” used by professionals. She says, for example, that people can

stick a yard stick into the snow to measure the amount of snow fall. Or, people can use
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anemometer to measure the wind velocity and barometers to measure the barometric
pressure in the air. The same measuring “gadgets,” and a few other ones were also
mentioned by other parents. The most common measuring instruments mentioned by the

parents were thermometer, barometer, and rain bucket.
5.2.2 Comparison of Students’ and Parents’ Ideas

Table 5.3 compares students and parent’s ideas about predicting the weather. It
presents a list of different teacher-made categories, corresponding Specific Learning
Outcomes from the Manitoba Curriculum Framework of Outcomes, éxamples of best
students’ ideas within the category as well as number of students holding similar ideas,

and corresponding parents’ ideas as well as number of parents holding similar ideas.
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Table 5.3 Comparison of students’ and parents’ ideas about predicting weather.

Teacher-made Curricular Representative | Representative
category students’ ideas | parents’ ideas
ideas and # of and # of
students parents holding
holding similar | similar ideas
ideas (in (in brackets)
brackets)
5-4-10 Investigate | None Red sky at night
various ways of sailors delight, red
predicting sky in the
weather, and morning sailors
evaluate their take warning (3)
usefulness.
Example:
weather-related
sayings,
TRADITIONAL
KNOWLEDGE
Example: folk They look at the 1. There is a lot of

and traditional
knowledge.

animals to see if
bears and stuff are
hibernating (2).

.| old wise tales

where like for
instance growing
up on the farm
when the cows all
huddle together
there is gonna be a
storm (2).

2. If bones ache, it
means it is going
to rain or there is
going to be a bad
weather. The
older the people
get the worst
aches in their
joints (3).
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Example:
observations of

the natural
enviropment. ..

1 look at the
clouds and know if
it will rain (5).

1.My mother for
exam