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Summary
The substantive issue at the heart of this thesis is identifying the key changes in science and
mathematics mandated by the state, in upper secondary academic education, and seeing the extent
to which these are translated into school praxis, through the perspectives of management and
teachers and, of equal importance, through the organisational and structural reforms taking place at
the level of the school. The reform process is regarded as a complex social phenomenon and like
all top-down educational change has a history of being robustly resisted at the school site. A cross-
national comparative study, between Ireland and Norway, was chosen as it was capable of giving a
broader perspective to the study. Norway was chosen as it was one of the Scandinavian countries —
renowned by their social equity and made popular by PISA. The research was continually guided
by the comparative education field, including the research of Cook, Hite and Epstein (2004),

Arnove (2001), King (2000), Crossley (2000) and Broadfoot (2000)."”

The overarching theme of the study was its exploration of curriculum as a cross-national and
institutional text. Sub-themes included pedagogy and assessment, organisational supports and
structures and teaching as a professional praxis. In the early years of this century all three sub-
themes were inter-related on the basis of the pedagogical paradigm shift, in science and
mathematics education, to teaching for learning taking individual need into account and promoting
self-directed learning and critical thinking. The study considered official policy documents —
policy as text - and the organisational reforms and perspectives of management and teachers —
policy as professional praxis. These were explored using organisational and process dimensions.
This theoretical framework was constructed from a number of models in the literature included
those of Pinar et al (2002), Lingard et al (2001), Hargreaves and Goodson (1996), Snyder, Bolin

and Zumwalt (1992), Bowe, Ball and Gold (1992), Rosenholtz (1991) and O’Buachalla (1988).%"

The research paradigm most suited to this study was the interpretive paradigm but this was
supplemented by a small yet significant quantitative study. A mixed methods approach was taken,
in line with the thinking of Tashakkori and Teddlie (1998, 2003)."*!* This involved a triangulation

of methods: a policy archival study over a forty five year timeframe, from 1960 to 2005, an



exploratory case study in ten schools, five in each country at one snap-shot in time in 2003-2004,
and a reflexive and reflective study by the author. Over nine validity tests were used, by Smith
(1996) and Yin (2003), to assure the reliability and validity of data collection and data analysis.'>'®
Great care was taken throughout the study to use ethical procedures, to ensure that all respondents

gave their informed consent and knew of their right to withdraw at any time. Additional care and

sensitivity was required due to the cross-national comparative nature of the study.

There were three major findings from the study. Firstly, the study shows that while organisational
structures and supports appear necessary, they are not sufficient on their own to empower schools
to implement pedagogical reforms for learning in upper secondary science and mathematics
education. Secondly, the study shows that the majority of management and teachers in these case
study schools, in both Ireland and Norway, were of a traditional mind-set. From the collective
evidence it is clear that, in the early years of policy implementation there is a phase of contestation
by management and teachers. This phase needs to be perceived by policymakers as a prelude to
ownership of the reforms rather than an undesirable aberration. Thirdly, the study shows that
policy directives in science education in Ireland, such as increasing experimental work, using
datalogging and the prospect of a second assessment component, have been tried and tested in

Norway and have not succeeded in improving uptake in the physical sciences or mathematics.

The study supported the theoretical generalization of existing models of the policy process, by
Bowe, Ball and Gold (1992) and the mutual adaptation model of Snyder, Bolin and Zumwalt
(1992).""'® The study was limited in that it did not include the voice of other key actors, such as
policymakers, students or parents. The exploratory nature of the case study meant that, for the
most part, it was limited to raising issues requiring further research. A number of
recommendations were made including the need in Ireland for a science and mathematics policy
into the future and the general need for broader, more horizontal models of inservice education, in
Ireland, Norway and elsewhere, connecting management and teachers into a national grid of
political, professional and intellectual support more appropriate for the continuing education and

professional learning of a teaching force in a knowledge society.
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Chapter One: Introduction
The phenomenon of interest in this thesis is the effectiveness of translating policy from the
rhetoric of state mandated reform to the reality of school-based praxis. It is widely agreed
in the literature that effecting deep change in the school system poses real challenges. It is
also recognised that change is not going to be effectively implemented if it does not have
the overt or at least tacit agreement of management and a sense of ownership by teachers.
The substantive issue at the heart of this thesis is identifying the key changes in science
and mathematics mandated by the state, in upper secondary academic education, and
seeing the extent to which these are translated into school praxis, through the perspectives
of management and teachers and, of equal importance, through the organisational and
structural reforms taking place at the level of the school. A cross-national comparative
study, between Ireland and Norway, was chosen to give a broader perspective. The study
was designed mainly as an exploratory qualitative study making use of a small yet
significant quantitative dimension. The value of an exploratory research approach is the
possibility it presents to identify gaps at the rhetoric-reality interface, make
recommendations and seek out areas for future research. It also gives the possibility of
theoretical generalisation of the policy process, through the use of qualitative techniques,
whereby evidence is provided to formulate a theoretical position that is either similar or

different to the existing literature base.

Chapter One presents some background information about the range of international
studies in science and mathematics that were influencing policy decisions in the early
years of this century. Developed countries were coping with the problem of declining
interest in science and mathematics among upper secondary students at a time when
economies were increasingly dependent on technological innovation and highly skilled

graduates. While there were a range of large-scale international surveys done few

1



comparative studies focused specifically on the problem. While there were a few studies
of this nature in the literature none of them focused exclusively on Ireland and Norway.
This gap in the literature provided an additional impetus for the study. The thesis is
presented as a tapestry of the policy process in science and mathematics education in one
academic programme in upper secondary education in Ireland and Norway. The waft of
the tapestry is premised on the inextricable link between curriculum reform and teacher
reform, as argued by Dalin (1993)." This waft is interweaved throughout by the conceptual
framework of O’Buachalla (1988) which places process and organizational issues at the
heart of the policy process.” While in the latter quarter of the twentieth century and early
years of this century there was an exponential increase in the number of students in post-
16 education this was not accompanied by a similar increase in participation levels in the
physical sciences and mathematics. Concern at the low uptake of students in the physical

sciences and mathematics was an issue in both countries.

1.1 Background and Context for this Study

By the early years of the twenty first century school science and mathematics had
positioned themselves at the epicentre of government policy mainly because of the
perceived connection between education and economic competitiveness across western
European countries, including Ireland and Norway.’ By 2003-2004 Ireland had taken a
lead in Europe for the number of tertiary graduates in the 20-29 year old age bracket for
Mathematics, Science and Technology (MST) per thousand of population.*’ It had
attracted high technology foreign industries because of generous corporation tax
incentives and the availability of highly educated young skilled graduates of science and
technology.® Was it going to be able to retain this competitive edge in the face of a range
of factors including the declining uptake in the sciences and mathematics in upper

secondary education?



At the time International Education Achievement (IEA) studies such as TIMSS 1995
(Third International Mathematics and Science Study) and PISA 2000, 2003 (Programme
for International Student Assessment) focused on scientific and mathematical literacy
levels among 15 year olds.”® Concurrently selecting, attracting and developing quality
teachers began to occupy the minds of policymakers and OECD studies (Organisation for
Economic Cooperation and Development) such as Teachers Matter (2005) suggested that
teachers involved in reforms needed to have a sense of ownership and not just behave as
passive functionaries in the policy process:
Experience from a number of countries indicates that unless teachers and their
representatives are actively involved in policy formulation, and feel a sense of
“ownership” of reform, it is unlikely that substantial changes will be successfully
implemented.’
Large scale international policy-borrowing increased among OECD countries and other
countries studied the model of education in Finland to decipher the conditions that gave it
a lead role at the top of these literacy league-tables.'” Finland, similar to its’ Nordic
neighbours, made a substantial investment in its public schooling matched with similar
investment in the quality of their teaching force. Simola’s (2005) research indicated that
teachers in Finland enjoyed high status, were authoritarian within a collective culture and
pedagogically conservative." She argued that comparative studies should encompass a
historical dimension."> Cherry-picking findings to weave a common yardstick of global
benchmarking, using a type of cognitive Olympics, might prove far more complex than at
first anticipated. Tamir (2004) warned of the complexity of the reform process:
If many of the expectations have not been fully fulfilled, the reasons lie in part in
the naivete of the enthusiasts of the 1960’s, who failed to comprehend the
complexity and the difficulty of the task they had undertaken; and in part the
failure to fully conceptualise the critical role of implementation, namely

dissemination, teacher education and monitoring, and supporting utilization at the
classroom level."



In PISA 2003 Ireland achieved a mean score of 505.4 for scientific literacy, ranking 16" of
forty countries.'* Low achievers were performing relatively well in science while high
achievers were not performing to their potential. The studies indicated similar findings for
mathematics.”” Mid-range test scores were also found for Norway in PISA 2000 while in
PISA 2003 it was ranked at number 17 in mathematics and number 13 in the natural
sciences.'®'” Norwegian researchers became concerned that knowledge of science and
mathematics had declined between 1995 and 2003:

The truth that these two sets of data, to a large degree, both confirm and

supplement each other, and thus give a consistent picture of a problematic situation

for mathematics and science in our country. Some bells are ringing, and we hope

they are being heard! "®
These IEA studies were supplemented by other large scale cross-national studies such as
SAS (Science and Scientists) and ROSE (Relevance of Science Education), enquiring into
pupils attitudes toward science.'”* All studies indicated that science and mathematics had
a deeply-rooted image problem among young people in developed countries. The
compelling results from these international studies and the decline in uptake in the
physical sciences and mathematics brought this issue on to the agenda of government
cabinet tables and took on strategic importance for the Ministries of Education. In Ireland
the then Minister for Education and Science, Michael Woods, T.D., set up a forty-four
person Task Force on the Physical Sciences in October 2000 to research the issue and a
final report was published in March 2002.*"* The need to stimulate the uptake of the
sciences moved onto the national policy agenda and remained there for the duration of this
research study, as indicated in this statement by the Minister for Education and Science,
Mary Hanafin T.D., reporting to Parliament (Ddil Eireann) in 2004:

The numbers taking science have serious implications, not alone with regard to

educational value but also for the economy, particularly with regard to inward
investment of major medical and pharmaceutical companies.”



In 2002 the Minister for Education in Norway, Kristin Clemet, initiated a national
strategy to cohere a number of national organizations to improve the status of science and
mathematics in society and in schools.”” A new comprehensive reform policy
Mathematics, Science and Technology (2005) was formulated as a national strategy,
Realfag Naturligvis (natural sciences, naturally), for strengthening science and
mathematics from kindergarten through to upper secondary education.” Comparisons
may be drawn between this frenzy for new policies in science and mathematics and the
threat felt by Europe and the USA when the USSR launched the space shuttle Sputnik in
1957.%° Fear of being left behind in the space race and the implications for their science
and technological development spurred all western and European countries to engage in
national reforms of their school science and mathematics programmes. These older
academic subjects were presented as abstract theoretical subjects with little consideration
for the conceptual development or motivation of students. The approach taken at the time
ultimately failed to attract students in any significant numbers. Was there a danger of

history repeating itself?

Between 1995 and 2005 an international and comparative research literature review
showed that the policy discourse on science and mathematics was mostly confined to large
scale cross-national surveys. For example, few research studies in the Comparative
Education Review and Comparative Education were concerned with subject matter change
(Mullens, Murnane and Willett (1996); Wolf and Steedman (1998); Jordan and Yeomans
(2003); McEneaney (2003)).7% Only one of these studies was concerned with high school
students. Similarly few comparative studies were concerned with the changing
comparative conception of teaching (Pritchard (1983); Judge (1988); Stephens, T@nnessen
and Kyriacou (2004))." ™ No study inquired specifically into high school science and

mathematics reforms in Ireland and Norway. This thesis aims to fill this research lacuna.



What precisely were the pedagogical reforms, structural reforms and teacher reforms in
science and mathematics upper secondary education? Would using a historical lens, from
1960 to 2005, help illuminate these reforms and identify significant patterns? To what
extent was adaptation of the rhetoric reflected in the perspectives of school management
and teachers? Such key questions were scaffolded by a theoretical framework and from

this research questions were decided. It is to these matters that we now turn.

1.2 Theoretical Framework for the Study

The flow-chart underpinning initial thinking about the theoretical framework shows
progression from an illuminative evaluation of a comparative and international study
delving into curriculum reform through consideration of a range of process and
organizational issues (Figure 1.1). This assists in visualising the various aspects of the
study that need to be considered in the literature review including: the complexity of the
change process, the policy process, and a comparative study of curriculum reform as

subject matter change, teacher reform and organisational reform.

Figure 1.1 Flow-chart underpinning the initial thinking phase for this research study.
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The complexity of the educational change process was highlighted by both Fullan (2000)
and Hoban (2002).*** Fullan (2000) documented the history of reform failure, the social
complexity of change and the need for shared ownership and meaning among all actors in
the process. He highlighted the need for clarity in the policy process:
Clarity (about goals and means) is a perennial problem in the change process. Even
when there is agreement that some kind of change is needed, as when teachers
want to improve some area of the curriculum or improve the school as a whole, the
adopted change may not be at all clear about what teachers should do differently.™
Hoban (2002) used a web model to highlight the complexity of educational change (Figure

1.2)."” This showed the entangled mesh of the change sub-systems including structures,

teaching and learning and teachers’ lives and their work within a socio-cultural context.

Figure 1.2 Hoban’s (2002) web-model indicating the complexity of educational change.

Source: Hoban, Garry F. (2002) Teacher learning for educational change A systems
thinking approach, Buckingham and Philadelphia: Open University Press, 37.



The policy process, as the phenomenon under study, needed to be opened out for a critical
appraisal. Hamilton (1976) argued for a type of illuminative evaluation which he stressed

was more holistic and illuminative than evaluative in the classical sense:

[lluminative evaluation (as this is the term that occurs most frequently) seeks to
open out an educational situation to intelligent criticism and appraisal.™

Bowe, Ball and Gold (1992) used a sociological lens and triangulated the policy process
within three different contexts: policy as influence, policy as text and policy as practice.”
Policy as influence considered the key stakeholders, policy as text referred to the official
documentation that emerged while policy as practice represented policy as implemented in
schools. It is the latter two aspects of this model, policy as text and policy as practice that
this thesis considers. O’Buachalla (1988), whose seminal text Education Policy in
Twentieth Century Ireland explores the interaction of the main organizations and actors
shaping the education system, concluded that the substantive issue at the heart of
education policy may be summarized through consideration of three dimensions: process,

access and structure (Figure 1.3).*

Figure 1.3 O’Buachalla’s (1988) schema for the dimensions of the policy process.
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These dimensions were adapted for this study and presented as process and organisational
dimensions. A fuller explanation is given in Chapter Two. Historically the field of
comparative and international research arose from a blend of the more academically
oriented arena of theoretically informed comparative education and the more applied
practitioner oriented international education.*’ The field moved from largely quantitative
studies in the 1960s to embrace a considerable range of epistemological and theoretical
diversity in the early years of this century. Crossley and Watson (2003) called for a
reconceptualisation of the field that was sensitive to cultural context while arguing for the
need for historical insights for future policy action.* Cross-national comparative studies,
according to Kohn (1989), sought to identify similarities and differences between

phenomena while gaining a better understanding of one’s own system.*

A number of comparative researchers highlighted the complexity of doing comparative
research across national boundaries including: King (2000); Crossley (2000); Broadfoot
(2000); Arnove (2001) and Cook, Hite and Epstein (2004)).** Rust et al (1999) argued
that the comparative researcher is forced to hold the tension of being both a scientist and
social scientist simultaneously.” A comparative study offered the possibility of a broader
perspective, facilitated theory making and showed similarities and differences between
countries as they grappled with similar problems. Ireland was considered as the major
domain of the study and Norway as the minor domain. The focus within this comparative
study is on reforms within the science and mathematics segment of the formal academic

high school curriculum.

Curriculum reform had been reconceptualised as a field of study from the 1980s onwards.
According to Pinar et al (2001) divergent discourses ranged from curriculum as political
text, curriculum as historical text, curriculum as biographical text to discourses relevant to

this thesis: curriculum as comparative and institutional text.” This formed the overarching
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theme of the study. Curriculum reform defined top-down state-mandated changes in the
content and organization of what is to be taught.”’ The study focused on the academic
segment of the formal high school curriculum that is concerned with science and
mathematics. Goodlad (1984) categorized goals for schooling as academic, vocational,
civic, social and personal and noted that academic goals were perceived by pupils,
teachers and parents to be the major goals at all levels of schooling.’” The academic part of
the high school curriculum has traditionally been the access route to university and higher

education:

The evolution of school subjects is an understudied aspect of curriculum. From a
superficial perspective school subjects may be perceived to be stable, immutable,
enduring.”

While policymakers had remained largely silent on pedagogical reform in the twentieth
century this changed from the nineteen nineties and early years of this century. The
western world post-PISA became focused on the need for students to develop higher order
thinking skills and become critical thinkers and self-directed learners. The knowledge
economy demanded it. Public school teachers were being asked to become facilitators of
learning, capable of teaching a diversity of students and giving individual student
feedback. This thinking was supported by the productive pedagogies model of Lingard et
al (2003).”* It was accompanied by the conception of assessment for learning by Black and

Williams (1998).>*

Snyder, Bolin and Zumwalt (1992) presented a model of curriculum implementation based
on three different designs.”® The design most suited to this thesis was the mutual
adaptation model which acknowledged that official guidelines undergo a process of
adaptation inside the school. Studies in the late nineteen eighties and early nineteen
nineties, Goodlad (1984) and Rosenholtz (1991) showed that teachers worked best in

learning-enriched conditions.”® Rosenholtz (1991) developed criteria for classifying
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schools based on the degree to which they proactively promoted teacher learning..” These
criteria were adapted for this study (see Chapter Two). Although teaching as a
professional praxis was contested there was a growing international research movement
progressing this thinking: Hargreaves and Goodson (1996); Fullan (2000); Hoban (2002)
and Darling-Hammond and Bransford (2005).””* Despite this growing movement to build
teacher autonomy there was also, during the early years of this century, a counter
movement to deprofessionalise teaching with monitoring, accountability and increased

national testing at the level of the state.

In conclusion, the change process was perceived as complex and multivariate. Fullan’s
(2000) conception of clarity of goals was required.” The mutual adaptation model of
curriculum implementation proposed by Snyder, Bolin and Zumwalt (1992) was used,
O’Buachalla’s (1988) dimensions of process, access and structure were adapted for the
study, the complexity of teaching was viewed through Rosenholtz’s (1991) framework for
teacher learning while overall the policy process was considered through the lens of Bowe,
Ball and Gold’s (1992) amended model of policy as text and policy as professional
praxis.””* Finally a selection from this literature was made that fitted with the main
research focus for the study. The conceptual models chosen had a number of overlapping
aspects and these were studied and further refined. The outcome was the development of a
novel theoretical framework for the data analysis at both the macro- and micro levels. The
overarching theme for the study was curriculum reform as institutional and cross-national
text. The main focus was on developing teaching for learning underpinned by three sub-
themes: pedagogy and assessment in science and mathematics, organisational changes to
support science and mathematics reforms and teaching as a professional praxis (Figure
1.4). These sub-themes were conceptualised from the study of relevant literature and

stated as follows:
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Pedagogy and Assessment: This sub-theme considers the pedagogical practices
recommended in the reforms in science and mathematics upper secondary
academic education. It is related to teachers’ everyday work and inextricably links

teaching, learning and assessment for the development of a culture of learning.

Organisational Structures and Supports: This sub-theme suggests that the new
learning paradigm, recommended in the science and mathematics reforms, requires
different organisational structures and supports at the level of the school —
facilities, resources, teacher-teacher meetings times — than was required for

previous reforms that supported more teacher-centred forms of schooling.

Teaching as a Professional Praxis: This sub-theme regards the teacher as a
professional learner, within a post-modern conception of the teacher as
professional, and recognises the need for teacher collaboration, pre-preparation for
teaching for individual need, teacher evaluation, both self-evaluation and peer

evaluation, and opportunities for teacher continuing learning and education.

This ensured a theory-driven study was used to support the formulation of research
questions while setting boundaries for the sampling and selection decisions. This aspect of

the study is now considered.

1.3 Research Questions

The research study explores that aspect of the policy process that is concerned with
science and mathematics in upper secondary academic education. The phenomenon under
study seeks to track key reforms as they flow from the state-house to the school-house.
The focus of the study was the interface between the official policy documents coming

from the state to the school and the perception of the management and teachers to the
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reforms coupled with the structural implications of the reforms. The study seeks to
ascertain similarities and differences between the two countries and the level of
congruency found between the rhetoric of policy as text and the reality of policy as
professional praxis as perceived at the management-teacher interface within the school

context.

Figure 1.4 The three sub-themes underpinning the thesis.

Pedagogy and

Assessment
Organisational Teaching as a
Structures and Professional
Supports Praxis

Source: Author.
Generating key questions was an iterative process that was revisited regularly and was not

a simple linear process:

Formulating the questions is an iterative process, the second version is sharper and
leaner than the first, and the third gets the final few bugs out.”’

The study considers five research questions, across each country, at both macro- and

micro-levels in science and mathematics upper secondary academic education:

1. What is the overall shape of the policy process nationally and school-based?
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2. What were the main curricular changes and how were these supported by changes

in pedagogy and assessment?
3. What organizational changes were supporting these reforms?

4. What was the changing role of the teacher with regard to the reforms and in what

ways were teachers given opportunities for continuing professional learning?

5. What types of graduation patterns were found and how many schools and teachers

were in each education system?

Once the key questions were identified the research design and research plan was used to
decide on the most appropriate methodology and the ethics, reliability and validity of

findings. It is to these matters that we now turn.

1.4 Research Rationale, Design, Methodology, Ethics, Validity and Reliability

The research questions set the stage for the research rationale and research plan. The
research rationale was considered from the perspective of the research paradigm used and
the epistemological and ontological assumptions of the researcher. While the research
design involved dividing the study into two sections, policy as text and policy as
professional praxis, the research plan involved selection of the appropriate research
methodology. It also considered all aspects of ethics and quality control and the great care
needed to ensure reliability and validity of the findings. While this section gives an
overview of the research rationale details of the full research literature review, and the

approach taken to all aspects of this research, may be found in Chapter Three.
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1.4.1 Research Rationale

While the latter half of the twentieth century was marked by distinct wars between the
positivist-naturalist divide the early years of this century are marked by a higher level of
tolerance and respect for diversity of research methods. In addition to the three research
paradigms, positivistic, naturalistic and critical theorist, a fourth one has taken shape since
the beginning of the new millennium. This is termed mixed methods research where, as
argued by Tashakkori and Teddlie (1998, 2003), knowledge is positioned along a
continuum between totally objective at one end to totally subjective at the opposite end of
the spectrum.”””' While the positivist or the naturalist may reside at either end of this
continuum there is ample space toward the middle where knowledge may be found in an

intermediary position.

Rust et al (1999) in an extensive literature search of peer-reviewed articles in three well
known journals, in the comparative and international field of study, noted that most
comparative studies did not detail their data collection or data analysis methods.” They
noted the congruency between philosophical underpinnings and researchers positions with

respect to the epistemology of knowledge production and their ontological values:

Ontologically speaking, quantitative researchers tend to argue that reality is
objective and singular, existing apart from the researcher, while qualitative
researchers tend to see reality as being subjective and multiple. Epistemologically
speaking, quantitative researchers tend to claim that they are outside their sphere of
research, while qualitative researchers tend to believe that they are continually
interacting with the subject matter being researched.”

The comparative research field was mostly shaped by qualitative studies although these

were often supplemented by descriptive quantitative statistics:

comparative educators would tend to see reality as somewhat subjective and
multiple, rather than objective and singular. Epistemologically, comparative
educators would tend to interact with that being researched rather than acting
independently and in a detached manner from the content....Even with such an
overwhelming tendency toward qualitative research, it is also clear that
quantitative studies play a minor though important role in the field.”
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1.4.2 Research Design

This study inquired into the policy process through two distinct phases: coarse grain
knowledge about the policy process in each country over an extended timeframe and fine-
grain knowledge about schools in one snap-shot in time in the early years of this century.
The coarse grain knowledge was obtained through an analysis of the official policy
documents, in both countries, from 1960 to 2005. The fine-grain knowledge was found
though an exploratory case study of ten schools, five in each country in 2003-2004.
Comparative education draws from a range of research methodologies to answer critical
questions posed:

Comparative educators are free to draw on those methods of inquiry that seem
most appropriate to them to answer the research questions that have been posed.”

1.4.3 Research Methodology

The macro research study involved an archive study of official policy documents, such as
government publications and parliamentary reports in Ireland (Ddil Eireann) and Norway
(the Storting). The comparative nature of the official document search was facilitated by
access to documents in both Ministries of Education through the internet.”” This
comparative case study research followed the guidance of Crossley and Vulliamy (1984)
and Stake (1994, 1995).””7 This took a number of factors into account including the
potential of exploratory studies, of a cross-national comparative case nature, to generate
insights and extend existing theory. Data collection methods included interview
transcripts, field notes from observations, official documents, questionnaires and official
statistics. Data analysis involved working with the data, organizing it and breaking it down
into manageable units and ultimately synthesizing and searching for patterns. While there

are guidelines for data analysis there are no universal agreed canons and the researcher has
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to use their intellect to communicate what the data reveals. The field notes were written up
immediately after each visit to the school:
After returning from each observation, interview or other research session, the
researcher typically writes out, what happened. He or she renders a description of
people, objects, places, events, activities, and conversations. In addition, as part of
such notes, the researcher will record ideas, strategies, reflections, and hunches, as
well as note patterns that emerge. These are fieldnotes: the written account of what

the researcher hears, sees, experiences, and thinks in the course of collecting and
reflecting on the data in a qualitative study.”

Making sense of large amounts of data involves an interaction with the data that renders it
transformed. Patton (2002) refers to the process as a catalytic conversion:
The inquirer acts as catalyst on raw data, generating an interaction that synthesises
new substance born alive from the catalytic conversion.”
Qualitative inquiry methods provide opportunities to achieve empathy, a type of empathic
neutrality, giving an empirical basis for describing the perspective of others.*' The words
and phrases, in this research study, were divided into coding categories that were related to
the themes driving the study. The evidence emerging was reflected and refracted through
O’Buachalla’s (1988) adapted dimensions of process and organization.*” Even when
research begins within a theoretical framework, a deductive approach, the researcher
finally strives to look inductively at the data for emerging undiscovered patterns and
understandings:
Qualitative analysis is first deductive or quasi-deductive and then inductive (it)
begins by examining the data in terms of ....applying a theoretical framework...
after or alongside this deductive phase of analysis, the researcher strives to look at
the data afresh for undiscovered patterns and emergent understandings (inductive
analysis).*
1.4.4 Research Ethics
Research studies need to be conducted in ways that are ethically sound and cause no harm

to respondents. This involves being aware of the moral and legal dimensions of the codes

of ethics for researchers. For example, the British Education Research Association
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(BERA) publishes ethical guidelines for researchers advising how to conduct educational
research in ways that are not potentially harmful to respondents.** It was necessary to
ensure that all participants in the study were fully aware what the research was about, had
an opportunity as respondents to be fully informed, to be involved voluntarily and to know
of their right to withdraw from the study at any stage. Robinson-Pant (2005) highlights a
number of distinctive ethical issues facing cross-national comparative researchers.” This
required additional sensitivity and sensibility as the researcher was an insider in one
country and an outsider in the other country. Individuals and cultures do not share the
same sensitivities and researchers need to be aware of this lest superficial readings are
drawn from the findings.

1.4.5 Validity and Reliability of Data Collection and Data Analysis Methods

Quality assurance indicators for social science research include reliability and validity of
data and findings. Multiple sources of data, multiple methods and multiple perspectives
were all used, in this study, to enhance the validity and reliability of the data collected and
increase its trustworthiness. Great care was taken to ensure that the findings have validity -
that the research tools were measuring and describing what they were supposed to measure
and describe. The validity of the research instruments was strengthened by the fact that the
areas of focus emerged from the theoretical framework rather than being imposed by the
researcher. Making a claim to knowledge requires that data collection methods and data
analysis approaches are all conducted following a number of research protocols and
subjected to a range of tests and criteria so that reliability and validity of findings may be
assured. In this study the five criteria for validating qualitative research by Smith (1996) -
internal coherence, presentation of evidence, independent audit, triangulation and
member validation - and the four tests advocated by Yin (2003) - construct validity,

internal validity, external validity and reliability - were used to guide this aspect of the
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8. 87 1n addition to these tests this researcher, neither

study and give quality assurance.
believing in unbridled subjectivity nor absolute relativism, sought to reduce researcher
bias through a reflexive and reflective process. These tests and approaches included using
a range of lenses to triangulate multiple perspectives, having a theoretical framework,
using multiple sources of evidence, cross-checking data, having key informants review
drafts of the case report, pattern-building and searching for rival explanations. These are
all dealt with in greater detail in Chapter 3, Section 3.6.

1.5 Limitations of the Research Study

This cross-national comparative study was designed to gather data from two distinct
sources: the official policy documents related to science and mathematics and the case
study school findings, five in each country. While the official policy text analysis was
extensive and conducted over a forty five year time-frame the case study school research
was confined to one snap-shot in time, 2003-2004. The case study was limited in that it
only identified the organizational reforms made, to support the state-mandated changes
recommended, and the perspectives of key policy-gatekeepers, management and teachers.
This micro-level study did not seek the perspectives of other significant actors such as
students or parents. While it sought information about the formal structures for teacher
meetings it did not enquire into the quality of these interactions. The macro study did not
explore policy as influence and seek the national policymakers’ perspectives. These

limitations also point the way forward for future cross-national research studies.

1.6 Layout of the Thesis

Chapter One presents an overview of the entire thesis. It begins with consideration of the
current wave of large scale international studies and how these have led to policy-

borrowing between nations. The theoretical framework for the study is introduced and key
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questions driving the research are identified. Some research considerations, such as
research design, rationale, ethics, methodological decision-making are taken into account.
The ontological and epistemological values of the researcher are briefly considered as are

the steps taken to ensure reliability and validity of findings.

Chapter Two presents the full international literature review that supports the thesis. This
shows how the study was first and foremost a cross-national comparative study and shows
the development of the theoretical framework. It gives the overarching theme for the study
and the key theorists that influenced the study. Finally the sub-themes of the study are

developed from an exchange with the relevant literature.

Chapter Three presents the research review for the study and deals in detail with the way
this research study was formulated, designed, planned and executed. The chapter deals
with the full range of research considerations including: research rationale, design,
methodology, ethics, reliability, validity and limitations of the study. The research design
is presented and key research canons and principles that influenced the planning, the
selected methodologies and the triangulation approach are considered. This chapter charts
the great care taken to ensure that ethical issues received their full attention and the tests

used to assure the reliability and validity of data collection and data analysis.

Chapter Four deals with the policy process in upper secondary science and mathematics
education between 1960 and 2005 in Ireland. The study using a historical and interpretive
lens charts the main curricular waves during the time-frame. The findings show lack of
clarity between official documents and methods of assessment. They also show a lacuna in
the policy process with respect to science and mathematics and teacher continuing
education Chapter Five deals with the policy process in upper secondary science and

mathematics education between 1960 and 2005 in Norway. Findings indicate the high
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level of investment in high school education and the emphasis on policy planning. The
national curriculum guidelines emphasise adapted teaching to suit the needs of each
learner. Findings in this part of the study show the challenge inherent in the espoused

policies and the oftentimes inertia of an ageing teaching force.

Chapter Six and Chapter Seven consider the case study findings from each country. These
chapters present the organizational changes being implemented in the schools in 2003-
2004. The perspectives of the management and teachers give an indication of the extent to
which they perceive the reforms to be either minor technical changes or major cultural
reforms. From consideration of the process and organisational dimensions a landscape
emerges of varying organisational investment while management and teachers
perspectives, at that point in time, present a common thread of contestation and traditional
thinking. The similarity between both countries in this regard presents compelling
evidence for the complexity of the social phenomenon that is the policy process and the

challenge this presents to reconceptualise teacher ongoing professional learning.

In Chapter Eight the various aspects of the study are threaded together and subjected to a
comparative analysis based on the theoretical frame for the study. Research questions are
revisited. Similarities and differences between systems emerge and gaps are identified.
The findings assist the theoretical generalisation of two existing models: Bowe, Ball and
Gold’s (1992) sociological model for the policy process and Snyder, Bolin and Zumwalt’s

%% The implications of

(1992) mutual adaptation model of the curriculum implementation.
the study for professional praxis and for policymakers are discussed and some blue-skies

thinking and recommendations are suggested.
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Chapter Two: International Literature Review

This research study is first and foremost a cross-national comparative study in high school
science and mathematics education between Ireland and Norway. The focus of the study is
on pedagogical, structural and teacher reform in science and mathematics in upper
secondary academic education. The main theoretical conceptions underpinnings the
various aspects of this study, the complexity of the change process, the policy process and
a cross-national comparative study of curriculum reform, as pedagogical reform, structural
reform and teacher reform, are each considered in turn in this chapter. This study aims to
add to the epistemological base with regard to the policy process of science and
mathematics reforms and to highlight challenges that remain to be overcome. However
while the study specifically focuses on science and mathematics reforms, it is expected
that the research findings will have wider application and will extend the conceptual
framework with regard to the policy process in general.

The research study was premised on the inextricable link between curriculum reform and
teacher reform as identified by Callan (2006), Nieveen (2005), Leech (2005), Dalin and
Rolff (1993) and Bowe, Ball and Gold (1992)."” Science and mathematics reforms do not
take place in a vacuum. They are curriculum components of a broader landscape and their
implementation is influenced by a number of factors, including the type of teaching
offered, the level of planning that occurs and the structures to support new ways of
teaching. An image of a water bath, with several subsections, may be used to visualize this
aspect of the context of the school-based reform process (Figure 2.1). The school
community with pupils, teachers and management continually interact with each other and
with a number of external agents. These external agents include parents and guardians and

a range of actors from state agencies with responsibility for education. Within this group
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of internal and external actors the zone of influence being explored is the teacher-
management interface (Figure 2.2).

Figure 2.1 Science and mathematics reforms in upper secondary education.
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When policy enters the school through circular letters, inservice events, external agents or
other measures key internal people need to gain ownership of the changes so that they will
be implemented. These key actors include management and teachers. They are significant
gate-keepers for reform: with their support some measure of change can take place,
without their support reform is doomed to failure.

2.1 Cross-National Comparative and International Study

Cross-national comparative and international studies have interested researchers for many
years with comparative education grounded in the theoretical and academic and
international studies based on more practitioner-oriented field studies.’ The curiosity that
underpins the field is the need and desire to learn more about one own’s perspective

through a critical review of what happens in other countries:

To develop a critical stance on one’s own existential world and that of those in distant
lands, as the German philosopher Hegel pointed out over 190 years ago in his Niirnberger
Schriften, one “must make a home in the other.” For Hegel, a proper education would be
impossible without a fully international course of study. Only by knowing other realms of
being, by real and vicarious travel.....can one begin to gain distance on one’s own daily
existence, what is unique about it and what is shared with others.’
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Figure 2.2 Zones of influence within a school-based reform process.
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Crossley and Watson (2003) call for a reconceptualisation of the field so that it becomes
sensitive to cultural context while arguing for the need to gain comparative historical
insights for future policy action.” Comparative education traditionally seeks to identify
similarities and differences between systems while gaining a better understanding of one’s
own education system.” A number of comparative researchers highlight the complexity of
doing comparative research across national boundaries: King (2000); Crossley (2000);
Broadfoot (2000); Arnove (2001) and Cook, Hite and Epstein (2004)."""* Rust et al (1999)
argue that the comparative researcher is forced to hold the tension of being both a scientist

and social scientist simultaneously."

Few research studies in the Comparative Education Review and Comparative Education
were concerned with subject matter change: Mullens, Murnane and Willett (1996); Wolf
and Steedman (1998); Jordan and Yeomans (2003) and McEneaney (2003)."""" Similarly

few comparative studies were concerned with the changing comparative conception of
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teaching: Pritchard (1983); Judge (1988); Stephens, Tgnnessen and Kyriacou (2004).
No study inquired specifically into high school science and mathematics reforms in
Ireland and Norway. The value of research in comparative contexts as argued by
Stenhouse (1975) is in providing insights rather than generalisable laws.” Arnove (2003)
argues that a cross-national comparative study forces the researcher to think in a larger

context:

Comparativists can make their greatest contribution to improve theory and policy
by attempting to introduce as many levels of analysis as possible to portray the
complex interplay of different social forces and how individual and local units of
analysis are embedded in multiple layered contexts.*
The concept of using comparative research to gain a deeper perspective was also argued
by Beauchamp (1998) who, while warning that we cannot borrow from other societies,
suggests that a conscious recognition that there are other ways of doing things can serve to
open our minds in ways that might not otherwise be considered:
Perhaps equally important, however, is the valuable perspective that studying
another education system (or its problems) provides us in understanding our own
system (or its problems). When we step beyond our own limited experience and
our commonly held assumptions about schools and learning in order to look back
at our system in contrast to another, we see it in a very different light.”

2.2 Complexity of Educational Change

Fullan (2000) presented the failure rate of many large-scale reform studies and suggested
that change was not an event but a process and noted the critical importance of winning
the teacher’s heart in the change process.”® He considers the multidimensional and
multivariate nature of change and suggests that it often includes the use of new teaching
approaches, changes in pedagogical assumptions among teachers and supportive
infrastructure. The rhetoric-reality prism used is based on Fullan’s (2000) thinking with

regard to the need for clarity of goals and means in implementation:
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Clarity (about goals and means) is a perennial problem in the change process. Even
when there is agreement that some kind of change is needed, as when teachers
want to improve some area of the curriculum or improve the school as a whole, the
adopted change may not be at all clear about what teachers should do differently.”’
In a study in the Czech Republic Polyzoi and Cernda (2001) used Fullan’s (2000)
conception of educational change to ascertain the extent of change since the Velvet
Revolution in 1989.” Their study recommended an even more dynamic model of
educational change based on a transformative model. Hoban (2002) represented the

complexity of the educational change process through a web-like model showing the

interconnectivity of a range of different competing aspects.”

2.3 Macro Policy Process

The macro policy landscape involves a range of actors including policymakers and key
stakeholders in a political and professional process. Rust and Blakemore (1990) consider
the extent to which corporatist political theory, theories of the state, explain the types of
educational reforms in Norway, England and Wales.” They found that while the model has
shortcomings it helps explain the approaches countries use for educational reform. The
macro policy process has been studied using sociological and historical lenses by
O’Buachalla (1988), Bowe, Ball and Gold (1992) and Young (1998).”* O’Buachalla
(1988) argued that the substantive issue at the heart of education policy may be
summarized through consideration of three dimensions: process, access and structure.™
This schema was adapted and situated within a socio-cultural context: process issues were
retained while access and structure dimensions were subsumed into organizational issues
(Figure 2.3). The process dimension considers such aspects as pedagogy and assessment

while the organisational dimension considers the range of practical scaffolds provided.
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Figure 2.3 Adaptation of O’Buachalla’s (1988) policy dimensions.
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Bowe, Ball and Gold (1992) used a sociological lens and presented the policy process as
triangulated within three different contexts: policy as influence, policy as text and policy
as practice.” It is the latter two aspects of this triangular model, policy as text and policy
as practice, renamed policy as professional praxis, that this thesis considers. Ball (1998)
and Young (1998) present curriculum as a selection from culture and argue that each

syllabus is dependent on the intellectual climate of the day.” "’

2.4 Micro Policy Process

While at macro level there are governments, Ministries, a variety of stakeholders and
international influences like OECD and United Nations Educational, Scientific and
Cultural Organisation (UNESCO), at the micro level there are local agencies involved
and ultimately the school, school leadership, teachers, parents and pupils.™*’ By the early
years of this century schools were being mooted as autonomous units of educational

change and given higher levels of responsibility with respect to management and
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administration. Schools were expected to deliver social change and academic achievement
to an increasing diversity of pupils and become communities of learners while being
subjected to increased levels of monitoring and public accountability through different
models of evaluation. Bowe, Ball and Gold (1992) argue that management and teachers do

not approach policy as mere conformists:

Practitioners do not confront policy texts as naive readers, they come with
histories, with experience, with values and purposes of their own, they have vested
interests in the meaning of policy. Policies will be interpreted differently as the
histories, experiences, values, purposes and interests which make up any arena
differ. The simple point is that policy writers cannot control the meanings of their
texts.”

Researchers of school based reform, Brooke-Smith (2003), Senge (2000) and Hargreaves

and Evans (1997), argue for the need to develop a vision and practice that would empower

the school community to lead learning.*'*

Similar to Le Chatelier’s Principle in chemistry
which states that during a chemical reaction a system when disturbed seeks to return to
equilibrium. When top down school-based curriculum change is responded to the school
system adapts in ways that often return it to a stable unchanged equilibrium. Schools as
institutions have been remarkably resistant to change and as socio-political-cultural
organizations their traditions are organised in ways that resist change even when society
and policymakers deem these changes to be worthwhile and necessary.

Hargreaves and Evans (1997) recognize that mere mechanical obedience to reforms does
not sow the seeds necessary for the type of intellectual adventure, and the development of
a more questioning culture among staff, needed to raise standards and quality in schools.*
The collaborative nature of the way teachers’ need to work has been identified by Dalin
and Rust (1996) when they refer to the need for a critical mass to sustain a vision of

education.” The essence of change in schools will be their capacity to develop both

teachers and students as learners:

28



Good teachers are also good learners. Better learning among pupils in classrooms
comes about when there are strong professional cultures of teaching in staffrooms.
So to say that we must include teachers in change and help strengthen the cultures
that bind them to their colleagues is not to be romantic or sentimental about
teachers; it is to face up to the realities of teaching and how teachers change for the
better.*
Hargreaves and Hopkins (1991) argue that time for teachers to learn is a key issue and is a
balance that needs to be achieved if schools are to embrace change.” Time as an issue is
also mentioned by Stoll, Earl and Fink (2003) who argue that protected time needs to be
set aside for this type of professional learning by teachers.” This thesis considers the
learning environment created inside the case study schools through a range of
organizational issues, including the protected time for teachers to meet and evaluate their

teaching both individually and collectively.

2.5 Curriculum Reform

Curriculum reform was reconceptualised as a field of study from the 1980s onwards.
According to Pinar et al (2002) divergent discourses ranged from curriculum as political
text, curriculum as historical text, curriculum as biographical text to discourses relevant to
this thesis: the overarching theme of this research is curriculum as comparative and
institutional text.” Curriculum reform defined top-down state-mandated changes in the
content and organization of what is to be taught.” In this study the rhetoric of reform was
studied as policy as text using an interpretive lens from 1960 to 2005. Researchers in
cross-national comparative education argued for a historical approach to assist a

disciplined inquiry and lead to deeper understanding:

Contemporary history is of major importance to contemporary curriculum makers
because it enables us to understand and to put into perspective, curriculum
initiatives in the past. Studies of curriculum history provide information about past
patterns and priorities. They enable us to undertake disciplined inquiry.”

This study is concerned with science and mathematics subjects in the academic part of the
high school curriculum. Goodlad (1984) categorized goals for schooling as academic,
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vocational, civic, social and personal and noted that academic goals were perceived by
pupils, teachers and parents to be the major goals at all levels of schooling.” The academic
part of the high school curriculum has traditionally been the access route to university and
higher education. This study considers four subjects in this category: physics, chemistry,

biology and mathematics:

The evolution of school subjects is an understudied aspect of curriculum. From a
superficial perspective school subjects may be perceived to be stable, immutable,
enduring.”

2.5.1 Models of Curriculum Implementation

Curriculum was developed centrally in Ireland and Norway. This means that decisions
were taken at departmental level as to what was to be taught, how it was to be assessed
and, in some instances, how it was to be taught. Snyder, Bolin and Zumwalt (1992)
presented a model of curriculum implementation based on three different designs: the
fidelity perspective, the enacted perspective and the mutual adaptation perspective.™
While the lines between these may at times be blurred they present three different
ideological positions which affect the conception of what constitutes knowledge, the role
of the teacher and the process of change. The fidelity perspective seeks to research the
congruence between the official intended curriculum and the implemented curriculum in
the classroom and to locate the factors that hinder or facilitate this process. Knowledge is
perceived as originating in outside experts and the process of change is viewed as a linear
one. Success is indicated when teachers passively receive the reform and implement it as
originally planned. Within the fidelity perspective the socio-cultural context of the school

is largely ignored.

The enacted curriculum perspective may be regarded as the diametrical opposite of the
fidelity perspective. Using this perspective teachers and students move centre stage and
are described as curriculum makers. Outside agents are there to provide stimulus while
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evaluation is viewed as developmental rather than controlling. Teachers work with the
curriculum and an enacted curriculum is developed collectively through professional
dialogue. The agents of change are the teachers, and their tacit knowledge is elevated in
this perspective, while the role of the external specialist-scholar is underplayed.

The mutual adaptation perspective accepts that a curriculum reform will be adapted within
the school and recognises the complex socio-cultural milieu within the school. The
researcher seeks to identify ways in which the reform is adapted within the system. The
agents of change are regarded as an amalgam of external policymakers, management and
teachers. Knowledge is found both with external and internal agents of change. The
teacher, using this perspective, is indeed a curriculum maker, but within the confines of
specified national guidelines. This research study most closely resembles a mutual
adaptation perspective. McLoughlin (2004) argued that mutual adaptation is a necessary
step in school-based reform and not an undesirable aberration and contests that reform
needs the tacit agreement of management before teachers wholeheartedly engage with the

55
process.

2.5.2 Post-16 Science Education

At the beginning of the 21" century key stakeholders, policymakers and researchers
seemed to be in broad agreement that science needed to be taught in new and interesting
ways, relevant to the life experience of young people, using innovative teaching
methodologies and ICT as a pedagogical tool. If science teaching was to develop a spirit
of enquiry and the development of a scientifically literate population then it clearly needed
science teachers to become advocates for change. The traditional essentialist epistemology
of science education regarded science as a body of facts and the teacher as a subject
specialist with expertise to unlock these facts. There was little need for dialogue or debate

or connectivity to the socio-cultural world the student inhabited. From the nineteen
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eighties onwards new conceptions of science teaching began to be explored and a number
of researchers promoted a constructivist model of science education, most notably: Driver
and Bell (1986); Sjoberg (2000); Fensham (1988); Osborne (2002); Lemke (1990) and
Leech (2005).™*"
If a technical-rational approach is used then pure science devoid of application, rich in
fact, hypothesis and theory is all that is required. However, if a broader view is shared
then science within a socio-cultural context is important as is science for all. The last
fifteen years have shown the playing out of this debate. Science context and socio-cultural
perspectives, as argued by Millar and Osborne (1998), had now firmly entered the agenda:
The science curriculum can appear as a ‘“‘catalogue” of discrete ideas, lacking
coherence or relevance. There is an over-emphasis on content which is often taught
in isolation from the kinds of contexts which could provide essential relevance and
meaning. Insufficient emphasis is given to showing the tremendous intellectual
achievement such ideas represent, and how they have transformed our conception
of ourselves and the world we inhabit.*’
The STS movement, Science, Technology and Society, was introduced in the nineteen
nineties and early years of this century and aimed to present science through real life
narratives with exemplars from technology and society. A number of new resources were
produced to promote the STS approach including the The Salters Approach (1990-1992)
by the Science Education Department of the University of York.” While reform in Ireland
specified that thirty per cent of each of the science syllabuses at upper secondary was to
include STS exemplars it stopped far short of offering an STS approach to the teaching of
science. Information Communications Technology (ICT) enhanced science learning was
also promoted. Data-logging was introduced in Norway in the nineteen nineties and in
Ireland in the early years of this century. However, by 2001 OECD findings indicated that
the use of ICT as a pedagogical tool in science teaching and learning was not

widespread.” Data-loggers as electronic measuring devices, measured a number of

variables, including temperature, pressure, pH, and light level, and read experimental
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findings directly into a computer giving a real-time graph of the results. The use of data-
loggers took the drudgery out of collecting data and drawing graphs and left the
experimenter more time to discuss and critically analyse findings. It moved practical work
away from lower order into the higher order thinking skills of reflection and analysis.
During the process of completing this research study this researcher had an opportunity to
work directly with the national biology support service to support the regional
development officers working with teachers. The project resulted in the development of
resources and gave an insight into the possibility of teachers as collaborative curriculum
makers leading learning.”” As a partner in a Comenius 2.1 European Commission project
for the development of science teachers the researcher had an opportunity to understand
the complexity of the reform process and the need for a dialogical approach.®
In conclusion reform waves in science education from 1960-2005 charted a change from
traditional essentialist epistemologies to more constructivist and eclectic thinking. The
reforms invited greater relevance, using an STS perspective, more hands-on experimental
approaches and greater use of ICT enhanced learning. Atkin and Black (2003), after a
lifetime involved in science education, concluded that the influence of the teacher was of
paramount importance to the development of quality school science:
we have come to believe that it is the teacher themselves and their vision,
thoughtfulness, beliefs, and abilities that overshadow virtually everything else. It is
what they do with students in the classroom that is at the heart of the condition of
science education during any period. Do they help students understand the major
ideas as well as the evidence that supports them?...Do they create settings wherein
students begin to fathom their own capabilities to understand and engage in
scientific activity? Do they provide timely assistance as students begin to grapple
with complex ideas? In short, do they teach complex scientific phenomena in an
intellectually honest manner?®’
2.5.3 Post-16 Mathematics Education

There is tacit agreement among international mathematics educators that it is important

that every student study mathematics as part of a school’s core curriculum. According to
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Romberg (1992) there is less agreement on what mathematics should be reflected in a
school curriculum.” Mathematics education reform in the western world followed a
similar story to that of science education reform, changing from a largely essentialist
epistemology to more constructivist, problem-solving approaches within a socio-cultural
context. This change in philosophy mirrored the change in society at large as it moved
from an industrial to a knowledge-based society. Society had less need of a passive and
disciplined workforce and greater need for people who were willing to grow, think and
work collaboratively in teams.
Research by Boaler (1997), involving three hundred mathematics students during a three
year longitudinal ethnographic study, indicated that students did better when teaching was
more open and loosely structured.”” Girls in higher streams did better when teachers made
efforts to assist with communication, linking concepts explicitly and meaning making:
(in one school) the teachers were quite radical in their reconstruction of school
mathematics and this seemed to produce an alleviation, or even eradication, of
mathematical anxiety and underachievement amongst girls. Importantly, they
achieved this by changing the mathematics pedagogy and epistemology, not the
girls.”
In Ireland in the 1960s, when policymakers wanted students to have access to the beauty
of mathematics they mistakenly thought that mathematics with no context would present
intellectual fulfilment for all. It was soon realized that beauty was in the eye of the
beholder and mathematics with no context did not have mass appeal.
Reforms in the Netherlands through the pioneering work of the Dutch mathematician Hans
Freudenthal (1984) introduced relevance and problem-solving into school mathematics, a
movement that became popularly known as the RME movement (real mathematics
education).”” The RME movement in mathematics may be compared with the STS
movement in science education as both are attempts to bring science and mathematics into

real world socio-cultural contexts. Reforms in mathematics education in general suggested

a change from transmission of knowledge to stimulation of learning. The focus moved
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from a subject-centred classroom, using a transmission pedagogy, to a learner-centred
classroom using constructivist pedagogy. Jarowski (1994) argued that using the latter
approach mathematics teaching became a highly skilled and time-consuming process:
It is hard work for a teacher to create an appropriate ethos in which mathematical
activity and talk take place, and where each person’s thoughts are respected; to
create activities which encourage pupils own mathematization and its articulation;
and to listen and respond to pupils’ talk in ways which are designed to achieve the

mathematical objectives for a lesson.”

2.6 Teacher Reform and Continuing Professional Learning

The role of the teacher in upper secondary post-16 education, according to the official
documentation and research literature, changed considerably in the period 1960-2005. By
the end of this study the debate about the extent to which teachers were in fact
professionals was being played out in reports (OECD 1998, OECD 2005) and in the
international literature: Day (2002); Sugrue (2004) and Darling Hammond (2005).7"
Furlong et al (2000) define the professional as a person with a high degree of autonomy,
who takes responsibility and works within a collective culture.”® Stenhouse (1975)
liberated teachers from their role as functionaries of the state through his curriculum
development movement in the UK which had a profound effect on thinking across the
western world.” The teacher was invited to become an interpreter of curriculum and an
architect of change. The connectivity between curriculum reform and teacher
development, viewed through the research of Stenhouse (1978) and Skilbeck (1990), led
to the formation of a richer conception of teaching including school-based curriculum
development.®”®

The role of the teacher was further enhanced in the nineteen eighties through Schon’s
(1983, 1987) conception of the teacher as reflective practitioner.”" The changing

conceptions of teaching as a professional praxis and the teacher as professional learner

were increasingly presented as a panacea for successful change in knowledge societies. By
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the end of this research study in 2005 there was no broad agreement within the
international literature on the precise meaning of teaching as a profession. Although the
term was contested there was a growing international research movement progressing this
thinking including Hargreaves and Goodson (1996); Fullan (2000); Hoban (2002) and
Darling-Hammond and Bransford (2005).*+"

Hargreaves and Goodson (1996) suggest that there are five discourses with regard to
teacher professionalism — classical, flexible, practical, extended and complex — and they
propose a sixth discourse, post-modern professionalism.”™ The characteristics of these
discourses overlap but they differ in the way they perceive the knowledge-practice
relationship. The classical model is based on formal propositional knowledge, residing in
experts, and supports a type of professionalism that merely seeks to have clarity with
regard to standards of professional practice. The flexible discourse considers the
collaborative nature of teaching and focuses on the development of school-based and local
learning communities. Knowledge is developed through collaborative practice in local
contexts. Practical professionalism construes knowledge as within practice and
emphasizes opportunities for reflection and discourse to make tacit knowledge explicit.
The extended professional, as opposed to the restricted professional, not only sees their
role within their classroom but embraces a community of learners and shares
responsibility for development planning and continuing learning. Complex
professionalism regards teaching as characterized by high degrees of work complexity

with collective planning and many forms of assessment and evaluation.

They suggest a new conception of professionalism which they term postmodern
professionalism and which displays seven characteristics.”” These seven characteristics
include increased opportunities to exercise discretionary judgment and to engage with the

moral and social purpose of teaching, commitment to collaborative cultures and
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heteronomy - where teachers work openly and collaboratively with colleagues - a
commitment to care and service, a search for continuous learning and the creation of high
task complexity. Hoban (2002) presents this complexity of learning for teachers in his
web-like model of what teacher professional learning entailed.” The model shows a
myriad of aspects including the need for an action learning approach over a sustained time
frame and used to support the conceptual basis of this aspect of the study (Figure 2.4).
Darling-Hammond and Bransford (2005) present a separate vision of professional practice
through the conception of the teacher working within a democratic community with access
to three different types of knowledge: knowledge for teaching, knowledge of the subject

and knowledge of learners (Figure 2.5).”'

Several large scale school studies show that teachers work best in learning-enriched
conditions that favour collaboration and time for teachers to develop as learners. Goodlad
(1984) studied thirty eight schools, both elementary and high schools, and presented a
picture of the daily reality of teachers’ lives as their conditions of work drained energies
and promoted routine rather than creative teaching.” Rosenholtz (1991) studied seventy
eight elementary schools in Tennessee and identified four social organization variables
that related directly to teachers’ learning opportunities: shared goals and information
between teachers and principals (management) and opportunities for collaboration,
evaluation and learning.” She categorised schools as learning-enriched, learning
impoverished and moderately-impoverished interfaces depending on the opportunities
provided for teachers to learn. These categories were adapted and used in the exploratory
case study research in this thesis (Table 2.1). Knowledge for teaching and the requirement

of a specialized knowliedge occupied the minds of researchers and policymakers alike

from the mid nineteen nineties onwards.
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Figure 2.4 Hoban’s (2002) model of teacher professional learning.
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Figure 2.5 Darling-Hammond and Bransford’s (2005) conception of teaching as a
professional practice.
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Cochran-Smith and Lytle (1999) describe a model of teacher education that stretches in a
continuum from knowledge for practice, to knowledge in practice to knowledge of
practice.” Knowledge for practice proposes that knowledge for teaching is formal and
resides with experts and is a body of propositional knowledge that teachers need to be
told. Knowledge in practice proposed that knowledge is constructed by teachers in the
contexts of their classrooms and schools through a process of systematic
reconceptualisation of their practice. Knowledge of practice proposes that knowledge is
contested and problematic and focuses on teachers as transformative agents in their social
communities where they engage in continuing action learning to generate knowledge from
practice. Sugrue (2002) argues that the knowledge-practice relationship may be a blend of

aspects of this model.”

Edwards, Gilroy and Hartley (2002) suggest that the debate ranges from an objective view
of knowledge to a subjective view of knowledge with Schon’s model of reflective practice
being an alternative model chosen in the absence of other acceptable models of knowledge
for teaching.” They suggest a contextualized model, which uses a both-and approach to
knowledge and allows fluidity rather than the more traditional either-or conception of
knowledge.”” In a historical study of the changing paradigms in teacher education, from
the 1950s to the 2000s, Cochran-Smith and Fries (2005) propose three different
constructs.” They constructed these as problems, in the same way that social science
researchers use the term problem to explore the issues, questions and conditions of a topic
of concern to the education community. Teacher education from the 1950s to the 1980s
was perceived as a training problem, from the 1980s to the 2000s as a learning problem
and from 1995 to the 2000s as a policy problem.” They suggest that all three constructs
overlap but that one construct becomes the dominant discourse during the timeframe

explored.
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Table 2.1 Teachers’ opportunities to learn within the social organisation of schools based
on Rosenholtz’s (1991) categories.

Variable Learning-enriched Learning-impoverished | Moderately
schools schools improverished schools

Formal ongoing Formal mechanisms in No formal mechanism Some formal

information exchange place in place mechanism in place

between principal

(management) and teachers
e.g Head of e.g Head of e.g Head of
Department/other Department/other Department/other

Formal Opportunities Time-Tabled and Not Time-Tabled Time-Tabled and

for Collaboration Resnlac Jare il

Evidence Substantive Evidence No Evidence Some Evidence

of Evaluation

Culture Ongoing Ongoing Ongoing
Self-Evaluation/ Self-Evaluation/ Self-Evaluation/
Peer-Evaluation/ Peer-Evaluation/ Peer-Evaluation/
Whole School Whole School Whole School
Evaluation Evaluation Evaluation

Continuing Opportunities Access to Inservice No Access to Inservice | Some Access to

For Teachers” to Leatn Education/Teacher Education/Teacher Inservice
Networks/School- Networks/School- Education/Teacher
Based Curriculum Based Curriculum Networks/School-
Development Development Based Curriculum

Development

When teacher education was conceived as a training problem teaching was viewed as a
technical transmission activity and professional development of teachers was reduced to
behaviour modifications. In the 1980s there was a call for well-educated teachers and a
Task Force on Teaching as a Profession was set up by the Carnegie Forum on Education

and the Economy.'” Efforts were made to codify the professional knowledge base of
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teachers and teaching was perceived as an intellectual, decision-making and professional
activity. Teachers’ ongoing learning was central to this vision:

the emerging agenda (was) to produce knowledgeable professional teachers who
were learners, leaders, and school reformers.'"'

Globalization of the world economy and high achievement gaps among an increasing
diversity of pupils led to the construction of teacher education as a policy problem. Public
interest from the mid nineteen nineties onwards focused on teacher quality and
accountability. Studying teacher education as a policy problem proved more difficult. For
example, separate studies by Darling-Hammond (2000) and Walsh (2001) reached very
different conclusions and their critics cited their separate allegiance to different reform
agendas.'” Nonetheless teacher education programmes serve a number of purposes
including improving teachers’ knowledge of subject matter, pedagogy and professional
. 103
pra('nce.
Darling-Hammond and Bransford (2005) argue that teachers need to have an awareness of
four key areas: knowledge-centredness, assessment-centredness, learner-centredness and
community-centredness.'” They present teaching as high task complexity and use the
metaphor of the orchestra conductor <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>