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hy would anyone want to write a book about something as universal as
the secondary science department? Science departments are a common
feature in secondary schools, and everybody knows their purpose—
right? Most typically seen as convenient administrative units within the school,
science departments have also been described as the engine room of the school,
the place where the hard work of teaching and learning science occurs. More ominously, for school administrators they can also appear completely impervious to
the most carefully laid plans for school improvement and reform. Put simply, the
ubiquity of science departments means that they are often hidden in plain sight.
Even within the research literature, serious investigations into departments are relatively recent phenomena. In her seminal 1994 work, Leslie Siskin defined four aspects
of subject departments that she believed were crucial to understanding their importance: (1) Departments are administrative units formed along their strong disciplinary boundaries; (2) they are the primary places for teachers’ social interaction; (3) they
have considerable power over what and how teachers teach; and (4) they judge what is
considered acceptable in terms of teaching and learning for the discipline (Siskin 1994).
These aspects have guided our work with departments, as both chairs or researchers,
over a number of years.
However, two things have become obvious to us in undertaking our work. The
first is that the functions—and nuances—of departments are still not well understood in the research literature, and even that limited understanding has made only
a slow passage into schools. The second is that the critical role of the chair remains
an area that is both understudied and undervalued. This situation is concerning,
particularly when it is known that chairs are the linchpin between the principles
and assumptions supporting proactive reforms and their successful implementation. The United Kingdom’s Teacher Training Agency (TTA) phrases it this way:

A subject leader has responsibility for securing high standards of
teaching and learning in their subject as well as playing a major role in
the development of school policy and practice. Throughout their work,
a subject leader ensures that practices improve the quality of education
provided, meet the needs and aspirations of all pupils, and raise
standards of achievement in the school. (TTA 1998, p. 4)
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Science chairs are generally more experienced teachers with a solid grasp of both
science content and pedagogy, and as middle managers they are in a unique position to influence the teaching and learning of both students and the teachers in their
department. Yes, chairs have a responsibility to be good managers of the administrative side of the departments’ operation. More importantly, they have the responsibility to be instructional leaders in their departments and to so help enact reforms to
science education such as the Next Generation Science Standards (NGSS). However, if
one looks at the history of reforms in science education, one sees a series of initiatives
that looked good on paper but that stayed on the paper. Reformers often bemoan
the inertia of teachers but continue to concentrate on the what of reform rather than
the how of reform. The result is that increasingly cynical teachers see that the more
change is called for, the more things stay the same. Clearly, such a situation does not
benefit anyone, least of all the students in our classrooms. And make no mistake,
students are voting with their feet and walking out of the discipline that we love. As
Tytler (2007) points out, there is crisis in science education, characterized by secondary students developing increasingly negative attitudes toward science, a reduced
participation in postcompulsory science education (especially in physics and chemistry), shortages of science-based workers, and a shortage of qualified science teachers.
This might all sound rather discouraging, but it also establishes the rationale for
our work here. We firmly believe in the professionalism of science teachers, and as
current, or past, chairs and science teachers, we understand and respect the pressures that act on both teachers and chairs. The purpose of this book is to assist science chairs, teachers, and administrators in beginning the task of reimagining the
science department as a place where teachers are encouraged to question both
their beliefs about science and the teaching and assessment strategies that develop
in response to those beliefs. Only when teachers have the freedom and capacity to
question their beliefs and develop their teaching and learning can real improvements
in the teaching of the practices of science be sustained. This belief holds regardless of
the school being urban, suburban, rural, public, or private. Between the three of us
authors, we have taught in urban and rural independent schools in Australia, suburban public schools in Canada, and rural and urban Midwest schools—sometimes as
the sole science teacher in the school. The writers of the vignettes, and our colleagues
who have critiqued the earlier drafts, come from urban and rural areas in Ontario,
New England, Georgia, and Texas. Different places and different teaching contexts,
but for everyone who has contributed, the underlying departmental issues at the
core of the work we are suggesting are the same.
The three-part structure of the book is designed to provide the reader with a firm
foundation on which to base their actions. The first section, Chapters 1 and 2, places
the science department in the context of its historical development, the relationship
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epartments are a ubiquitous feature of secondary schools; but where did
they come from, what purposes do they serve, and what is the traditional
role of the chair? These are not common questions, but it is necessary to
ask them if we want to understand the importance of both the department and the
chair in the teaching and learning of science. By knowing how the features we see
in contemporary departments have evolved, we can begin to appreciate the power
of departments in perpetuating a particular view of science education. If you understand this history, then as a chair (or aspiring chair) you will have a knowledge base
from which to work in reforming science instruction in your department.
In this chapter, we will look at a number of interconnected themes that directly
impact the work of the chair and his or her teachers. These themes include the
curriculum traditions that have shaped science education, how the development of
school science was closely tied to the professionalization of science, how school science departments were linked to science faculties in universities, why science departments occupy a privileged position within the hierarchy of school subjects, and how
science departments exert tremendous administrative and social pressures on teachers
to conform to a socially accepted view of “good” science teaching. To understand these
themes, we need to step back to the beginnings of mass public education and look at
the curriculum traditions that continue to influence our work as science teachers.

Curriculum Traditions
The development of mass education systems in 19th-century Britain and the United
States involved powerful philosophical, political, and social forces arguing over
the nature and purpose of education: what should be taught, who should teach,
and who should be taught. From the 16th century onward, theories had developed
that sought to explain why different societal classes should have different levels of
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education. One of the most widely held theories centered on the different “mentalities” that distinct classes possessed: The lower classes were supposedly only
capable of simple, concrete thought, while only the upper classes were able to perform complex abstraction. Such rationalizations also served to legitimize the social
order as it existed in societies on the edge of the Industrial Revolution. According
to Hodson (1988) educational reform was driven by the political desire to maintain
the status quo and was based on the assumption that the lower classes would only
need the most rudimentary level of knowledge and that even this should be principally linked to their moral benefit. The maintenance of the social system required
that “the lower orders … be less knowledgeable and have less useful knowledge” than
the higher classes ([emphasis in original] Hodson 1988, p. 151). Education, where
it was provided for the lower classes, consisted of reading and spelling and, to
provide moral guidance, these subjects were taught from a religious perspective.
The main educational institution for the majority of the working population was
Sunday school, which was organized by churches. This meant that, starting in
1751 in Britain and 1790 in North America (and from there spreading across the
British Empire), the Bible was the standard reading text. For the upper classes,
education stressed the classics and religious instruction with the purpose of training and disciplining the mind, thus equipping the “Christian gentleman” for his
position in life. The aim of disciplining the mind required high-status subjects that
were closed to all other social classes. High-status knowledge was defined as being
“not immediately useful in a vocation or occupation” (Eggleston 1977, p. 25). The
importance of mental discipline was critical in shaping the curriculum offered by
colleges across the United States during the 19th century and was also influential
in defining Canadian educational policy. Kliebard (1986, p. 8) has argued that an
“increased awareness of social transformation” had reduced the influence of mental discipline on education policy by the 1890s. This observation aligns with the
growing influence of the Committee of Ten and challenges to the American ideal of
the “common school.”
The coming of the Age of Steam and the transformation of agrarian societies
into urbanized, industrial societies led to efforts to reform education to provide
for the expansion of commerce and industry. The differentiation of education that
emerged in the 19th century continued to reflect the earlier political concerns of
maintaining the social order while also beginning to reflect the new commercial
and technological realities. Three traditions of curriculum began to coalesce around
different perceptions of the nature and purpose of the school curriculum. Goodson
(1993) describes these three traditions as the high-status academic tradition and
the lower-status utilitarian and pedagogic traditions. These traditions are not fixed
and have changed as perceptions around the value attached to different forms of
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knowledge have evolved. Broadly speaking, the academic tradition concerns itself
with high-status content, which is presented in the theoretical and abstract and is
readily evaluated through written examination. The academic tradition was seen
as the preserve of the ablest students who were destined for the learned professions
and high-level administrative or commercial positions. The utilitarian tradition
was principally concerned with more practical forms of knowledge that are not as
readily evaluated by written examination. Practical forms of knowledge, including
numeracy, literacy, and commercial and technical education, were seen as appropriate for those destined to nonprofessional occupations. The pedagogic tradition
is one in which education is not seen as preparatory for career paths; rather, it is
concerned with how children learn and emphasizes inquiry, discovery, and the use
of activity-based teaching strategies.
Understanding the context of educational change in the 19th century is important because it connects the evolution of science education to contemporary school
science, a subject firmly entrenched in the academic tradition despite nearly 50
years of reform efforts that echo the pedagogic tradition. The subject we see today,
the ways in which it is predominantly taught, and the privileged position that it
holds in schools is very much the product of a persistent push to raise the status
of science. It was this drive for high status that has shaped both science education
and the appearance of the first science departments at the turn of the 20th century.
These developments continue to impact the life and work of contemporary science
departments and chairs.
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The development of science as a school subject cannot be readily grasped without
also understanding the development of science as we know it, which happened
in the first half of the 19th century. During this time, natural philosophy in the
tradition of Galileo transformed into what we now recognize as science. In 1831,
the British Association for the Advancement of Science (BAAS) was formed with
the intention of professionalizing science, and it institutionalized many of the features we now take for granted. A driving force behind BAAS was William Whewell
(1794–1866), who was active in promoting the superiority of the “pure sciences”
over the technological applications of science—a status divide that continues to
this day. A key strategy was to increase the status of the natural philosophers working in universities. To this end, Whewell coined the term scientist in 1834. A decision was made in the early days of BAAS to partition the annual meeting into
the disciplines, a decision that still shapes the structure of contemporary science.
Both Galilean pure sciences of physics and chemistry were included, as were the
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“applied” sciences of botany, zoology, and geology. Biology was not included
because it was considered a practical pursuit, valuable only when it “contributed to
useful ends, such as the extermination of insects destructive to timber in the dockyards” (Layton 1973, p. 21). The status of biology only increased as its utilitarian
potential developed, and it began to claim disciplinary rigor through the efforts of
scientists such as Pasteur and Koch. It was not viewed as a hard, empirical science
until the 1960s, when molecular biology gave the discipline a unifying, quantifiable
basis (Goodson 1993). The success of BAAS in raising the status of both science and
the scientist served as a model for the 1848 formation of the American Association
for the Advancement of Science (AAAS).
With their new disciplinary structures, the newly professionalized universitybased scientists set about boosting the status of scientific knowledge and the
resources available to them as scientists by appropriating both disciplinary content
and access to the disciplines. As we have seen, a discipline that seeks to possess
high-status must concern itself with content that is presented in the theoretical and
abstract and is readily evaluated through written examination. Layton (1973) sums
up how this drive for high status was achieved:
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A necessary, although by no means sufficient, requirement for this
remarkable surge of intellectual activity was the introduction into
scientific thought of conceptions of which there were no directly observable
instances. … The application of mathematics to the description of nature
was a further vital step in the growth of modern science. (p. 168)
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In addition to this abstraction and narrowing of the scientific discourse, science
became divorced from any technological application: “Advocates of scientific education took care to distinguish it from technical instruction, and to emphasize its liberal
and academic value rather than its industrial and commercial utility” (McCulloch,
Jenkins, and Layton, cited in Hodson 1988, p. 145). Remember, for knowledge to have
high status, it could not be “immediately useful in a vocation or occupation” (Eggleston 1977, p. 25). An important link between this effort to raise the status of science
and science education was the 1839 establishment of the German chemist Liebig’s
laboratory at the University of Giessen. Brock (1975) has identified this date as the
starting point of modern science education, as Liebig’s move established the ideal
of the research school in which research and inquiry were pursued as ends to themselves. Hodson (1988) writes that Liebig’s laboratory “provided the concept of ‘pure
laboratory science’ which was to dominate school science curricula, especially for the
more able child, throughout modern times” (p. 141) . In pushing to raise its status,
pure laboratory science allowed science to become abstracted and separated from
the everyday experience of the ordinary person. This separation is exemplified in the
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case of natural history, which shifted from a “study of nature not books” utilitarian
pedagogy to the disciplines of botany and zoology with their “technical and required
laboratory work that was exacting and precise” (Sheppard and Robbins 2007, p. 201).
The power of the newly professionalized science in shaping the purposes of
science education is illustrated by the fate of the ideas of the Reverend Richard
Dawes. Dawes was an influential early science educator who believed that science
education should help all students to observe, reflect, and reason. The science curriculum, according to Dawes, should encourage students to consider science in
the context of their everyday life and from there move toward explanations of “a
philosophic kind” (Layton 1973, p. 41). As Dawes stated:

ow

In subjects of this kind, and to children, mere verbal explanations … are
of no use whatever; but when practically illustrated … by experiments,
they become not only one of the most pleasing sources of instruction, but
absolutely one of the most useful. (Report of the Committee of Council on
Education for 1847–8, vol I, 12–18 cited in Layton 1973, p. 42)
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To this end, he instructed the teachers in his schools in both content and the utilitarian value of science as it applied to life. His most influential book, Suggestive Hints
Towards Improved Secular Instruction, was first published in 1847 and ran to six editions. It became the prescribed text for teacher education, with the Irish National
Board presenting a copy to all trainee teachers (Layton 1973). In stark contrast to the
academic tradition, the heart of Dawes’s work was a belief that scientific knowledge
should “work in a manner which engaged the intelligence of children of the labouring poor, of whom it had previously been taken for granted that they should have ‘no
business with anything where the mind is concerned’” (Layton 1973, p. 43).
However, Dawes’s ideas and practices were no match for the growing status and
power of the newly professionalizing science, and over time the influence of Dawes
receded. Diminished, but not forgotten, his pioneering work can still be seen as the
foundation on which subsequent reform efforts have been built. General science in
the early 20th century, science as inquiry, and the Next Generation Science Standards
(NGSS; NGSS Lead States 2013) all share the same commitment to experience as a
strategy for developing explanations and the need for science teachers to be skilled
in both science and pedagogy. Importantly, the work of Dawes was also the precursor to our contemporary understanding of the role of the chair as both curriculum
expert and instructional leader.
The high status that science had achieved by the middle of the 19th century had
important implications for the resourcing of schools. Achieving high status brought
with it the capacity to acquire and retain resources and also limit access to the new
scientific profession: Science was “linked to the university elite, a largely upper
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