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PREFACE

This booklet contains papers accepted by the program committee of
Discussion group 12 Rethinking doctoral programs in mathematics
education of the eleventh International Congress on Mathematical
Education, ICME11 in Mexico in July 2008.

The discussion group will deal with three overarching themes, one in
each of the three sessions. Each session will have a short introduction,
where background and frameworks are presented. Participants will then
work in small groups and discuss a set of more elaborated issues and
guestions under each theme. Session 1 will focus on The Goals and
Processes of Doctoral Programs in Mathematics Education, Session 2 will
focus on Participants of doctoral programs and session 3 on A vision for
doctoral programs in mathematics education. Questions will include 1)
What are the goals of different programs? 2) Who are the participants?
and 3) Is there a central core of knowledge that doctorates in mathematics
education should possess?

In the booklet we present the background document for the work, the
nine written contributions and an overview of them and the contact
information needed about the contributors to the group.

The booklet has been printed and produced in Riga and we express our
sincere thanks to the University of Latvia.

On behalf of the organising team for DG12 in ICME11

Agnis AndzZans, Dace Bonka, Barbro Grevholm
Editors
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RETHINKING DOCTORAL PROGRAMS IN
MATHEMATICS EDUCATION

Discussion group 12 at ICME11

Barbro Grevholm, University of Agder, Norway
Robert Reys,University of Missouri, USA
Peter Sullivan,Monash University, Australia
Agnis AndZans, University of Latvia, Latvia
Sang Sook Choi-KohDankook University, Korea

Abstract

The is the background document. On the basistb&ipapers were selected and the
work of the discussion group will be organized. Bseussion group will deal with
three overarching themes, one in each of the thessions. Each session will have a
short introduction, where background and framewaaks presented. Participants
will then work in small groups and discuss a setrafre elaborated issues and
qguestions under each theme. Session 1 will focuShenGoals and Processes of
Doctoral Programs in Mathematics Education, Sesdaill focus on Participants
of doctoral programs and session 3 on A vision @wctoral programs in
mathematics education. Questions will include 1pWdre the goals of different
programs? 2) Who are the participants? and 3) kr¢ha central core of knowledge
that doctorates in mathematics education shouldess?

Session 1, coordinator Peter Sullivan
The Goals and Processes of Doctoral Programs inhdiatatics Education

This component of DG 12 will facilitate sharing approaches to
doctoral education in mathematics education adrossirious countries. It
will be analogous to the TIMSS lesson study apgroadth the focus being
doctoral programs, and the researchers being jpamtits in the DG. This
comparison of approaches aims to: - increase utatheling of the diversity
of goals and processes for doctoral study in mastieseducation; - allow
reflection on common elements of the doctoral paowy, and critical
consideration of features that differ; - facilitateentification of the best
features of various programs and support parti¢gpam reviewing their
own approaches; and - provide commonality of urtdadings that will
provide the background for sessions 2 and 3 of B A range of
perspectives on the focus questions below will beght. We welcome
participants from all countries. All participantdivioe invited to prepare, in
advance, written responses to the following quastidrhe following are
some focus questions, with some indicative isshasdould be addressed):
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What are the goals for doctoral programs in yourvemsity? (e.g., is
priority given to candidates learning to researchntributing to new
knowledge, being inducted to academician?) Areiqddr perspectives
privileged on the nature of knowledge, argumergptk, and methodology?
(e.g., are some methods favoured over othershare tultural perspectives
on what constitutes evidence?) What are the exfi@esafor candidates’
background for entry to doctoral programs? (e.tpatwnathematics studies
are expected, what practical education experiesicequired, are there pre-
requisites for prior research?) What is the contentl what is the demand
for coursework? (e.g., are coursework studies cnd,if so what are they,
are they elective, if so from what range of courye8vhat are the
expectations for supervision, of both the super¢®oand the candidate?
(e.g., how many times would the supervisor(s) réadpter x, how many
minutes would supervisors meet with full time studeeach month?) What
are the requirements for the thesis? (e.g., whidteisvord length, are there
specifications for quality, are there alternatitesa thesis, what is the
minimum full time equivalent time for study?) What the process for
examination, and what guidelines are given to eramsP? (e.g., is there a
viva presentation, can examiners confer, is it iptsgo “fail”?) To what
extent is professional and practical knowledge edRi(e.g., are curriculum
or resources development projects considered asalrnative to
conventional research?) Are there differences betwenathematics
education and other education theses, and otheordbtheses? (e.g., are
students directed to a particular topic or can ttlegose, do requirements
for entry vary between programs?) What are the &mpens for
candidatures to participate in the life of the Agcand University? (e.g.,
are there expectations for tutoring, attendancecst required seminars,
mentoring of other candidates?) It is noted thalg@nd processes vary
between institutions, and we are only asking piaditts to report for their
University, not their country The co-ordinator bétsession, Peter Sullivan,
will analyse and synthesise some of the respormethé first session, and
Barbro Grevholm will synthesise others for the secsession.

Session 2, coordinator Barbro Grevholm
Participants of doctoral programs in mathematicsieation

In this session we will focus on the people whotipgrate in the
programs, the doctoral students, the supervisodsteachers of doctoral
courses. What academic and professional backgrosinoisid individuals
admitted to graduate studies aiming at mathematthscation research
have? - What is the case today and how could @haemged? - What kinds
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of problems are linked to recruitment of doctotabdents? - What influence
do the backgrounds have on the outcome of the &dn@a

The doctoral student’s ability to write is crucfar success. How can
this ability be developed systematically during pinegram?

Doctoral students often come with ideas about whato research on.
The choice of research problem is crucial, itsti@tidns and precision is an
important and difficult process. The importancénatiing a burning interest
for what you are investigating is often criticat the doctoral student. What
experiences do we have about these issues?

How can we define new areas for research intemalt? Is there any
common consensus about these new areas? How dosueeethat the
research problems doctoral students choose areargléor mathematics
teaching and learning in school or other educatiomstitutions? What
research problems are supervisors prepared to witiR

Do we have any experience from systematic exchamnggrams for
doctoral students? How can such programs be it u

How are supervisors educated and how can they aeubkir skills?
What education for supervisors do we know aboutatéine the demands
for supervisors in order to be accepted as such?

What do we know about the subtle relation and wmekween student
and supervisor? What degree of freedom do doc®imge in choosing a
supervisor for their degree? What variables infagethem to choose their
supervisor? If there is any barrier of lack of iem in making the decision
to have her/his supervisor, what is it that caukatito happen?

What is the role of supervision and how do we offempetence
development for the supervisors? What are the resipiities of the
supervisor?

Session 3, coordinator Robert Reys
A vision for doctoral programs in mathematics ediga

Background Doctoral programs in mathematics education varatiye
within and across countries. Some doctoral prognagaire K-12 teaching
experience prior to admission. Others require gwke teaching
experience. Still others require no prior teachiegperience. Some
institutions require full-time residence for mulépyears in order to
complete a degree, other programs can be donepamtéime basis and a
doctorate be completed while working full-time imogher position.
Programs also vary greatly in the range and depthathematics content
required, as well as the manner in which reseaochpetence is acquired.
Some view this diversity in programs as a strengthers as an area of
concern. It certainly raises at least one importpmstion: Is there a central
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core of knowledge/experiences that doctorates ithemaatics education
possess? An equally important question is: Shchédetbe a common core
of knowledge for graduates with doctorates in maudiics education? That
is, when someone says they have a doctorate inrematic education, what
is reasonable to assume about the knowledge theseps with respect to
mathematics education?

If the answer to this question “Is there a centake of knowledge that
doctorates in mathematics education possess?éssthen several natural
guestions follow, including: What should constitités common core of
knowledge? Who should decide what constitutes ¢cbiamon core? How
should it be delivered? How should competence ithemaatics education
be assessed? Should there be an accreditation abdrdb programs in
mathematics education?

One could argue that answers to these questionfdvpoavide useful
guidance to doctoral granting institution. Othersymargue that such
information would be too prescriptive, and therefoun the risk of
curtailing creativity and uniqueness currently assed with doctoral
programs in mathematics education.

One vision for the future A vision for the future is that doctoral
programs in mathematics education become more cgene Does this
mean that all doctoral programs in mathematics &titare would be alike?
No, definitely not. Such convergence does not a@elinterdisciplinary
experiences, but it would insure that doctoratesathematics education
would share a common core of knowledge. Unless mnuan core of
knowledge exists, it is hard to justify mathematickication as a discipline
of study.

The Association of Mathematics Teacher Educatoss developed a
document entitled Principles to Guide the Desigd &mplementation of
Doctoral Programs in Mathematics Education that luohed the
identification of core knowledge areas. At the tehis effort provides some
talking points regarding a ‘common core of knowledglf there is
agreement that some refinement of this type ofreffmuld be of value
internationally, then perhaps some plans could hdento move at ICME12
in that direction.
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A SPECTRUM OF DOCTORAL PROGRAMMES
AROUND THE WORLD

Barbro Grevholm

University of Agder, Norway

For the sessions of discussion group 12 about Retly doctoral
programs we have received nine written contribiiowhich have been
distributed on the web page of DG12 in advancethed are now presented
in this booklet for DG12. They represent an inténgsspectrum of doctoral
programmes around the world and this chapter isoat summary of the
nine papers.

From the University of Latvia professors Agnis AadZ and Ega
Ranina report experiences from a program entitled Moddementary
mathematics and didactics of mathematics. In 19&®entary mathematics
was recognised as an independent branch of matiwsmiay Latvia's
Council of Science. Doctoral student must fulfié ttequirements for future
doctors of mathematics. The authors exemplify wWirad of questions that
are recommended for the students. Since 2006 theafaequirements for
receiving a doctoral degree in Latvia include tveparts at international
conferences and that main results must be publishethternationally
reviewed journals, proceedings or paper collectioBx examples of
findings of doctoral students are presented andreates given to them.
The conclusion is that the close integration oftdad studies in didactics
of mathematics with modern elementary mathemat&s fmade a good
service for both and has lead to improvements énetlucation at several
school levels.

The doctoral program in Korea in mathematics edocapresented by
Sang Sook Choi-Koh, was first created in 1996 at@raduate School of
Dankook University of Education. Now there are Hiional and 8 private
universities that run programs in mathematics etiwcaThe purpose of the
programs is to provide society with professional@dors. The curriculum
of the program is described. The prerequisitesefdrance to the program
are a masters’ degree and it is also desirableate teaching experience.
Students need to take courses in education, matlesmaducation,
mathematics, and some optional areas to qualifle @agree must be
finished within 10 years from enrollment. The tisess evaluated by a
committee with five members who are experts in miatitics education.

Barbro Grevholm presents the only existing doctopabgram in
mathematics education in Norway and places it amorograms in the

10
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other Nordic countries and in relation to the Nor@raduate School in
Mathematics Education. An evaluation of the progravhich started in

2002, has taken place but is not yet reported andnaber of important
issues are mentioned that concern the quality aakldpment of the
program. Among worries is the fact that most stislereed more time to
finish the studies than the expected three yeanms. y@ar of course work is
normal in this program and the thesis work leads poublished dissertation,
which is defended in public with opponents from tirgernational

community. The rethinking of the program will besbd on the evaluation
report and the experience gained so far from thet@dents in the program.

Vena Long, Theresa Hopkins and Geri Landry presersuccessful
alternative to the traditional doctoral programdiatance model is used for
the delivery of courses in order to reach the tadeural population. All
types of assignments are possible using the techpah a strategic way.
An innovative residency includes two summers ofrsework each at one
of the participating institutions. This programoals the student to stay on
the job, why completing an advanced degree, stilthe reality of the
classroom. Geographically isolated, disabled amdepbound populations
can be reached with the high quality opportunitieat are used in the
program. In this case creativity, flexibility angternal funding have helped
to overcome tradition and the hesitation of prafess This innovative
program is now ready to be duplicated and replithteothers.

Robert Mayes and Patricia McClurg use complexitgt ancertainty as
drivers for programs in mathematics and scienceatthn. They claim that
‘The proposed Ph.D. in Mathematics Education incoafes cognates and
apprenticeships that will engage the students aactiponers in a
community of STEM scientists, mathematicians, ardlicators. The
primary drivers of complexity and uncertainty mati® an integrated
science approach based in modeling real-world pinena using
mathematics and technology. Graduates of such gramo are uniquely
poised to address pressing needs in K-12 STEM &duacalhere is a
pressing need to move curricula from the currdot @pproach to teaching
mathematics and science as a collection of isolfdet$, to an integrated
approach that coalesces STEM disciplines arountweidd problems.
There is a pressing need to provide preserve asehiite teachers with
professional development that prepares them tohtemathematics and
science through a problem/project based pedagogy ¢mgages and
motivates students by demonstrating the utility safence. There is a
pressing need to develop teacher educators tha¢rema@lturated into the
STEM communities way of knowing (what does it méarDO science or
mathematics) and reflect the central concepts @nséic inquiry and

11
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mathematical problem solving/proof in their praetidcinally, there is a
pressing need to bring educational research iratha of cognition to the
classroom in a way that impacts teacher’s praetimbstudent learning.’

Michaela Regecova introduces us to Doctoral programthe Slovak
Republic. Among the 19 doctoral programs in Cometduiversity we find
since 2006 a program in Theory of mathematics ethrcaThe entrance
interview consists of the two parts written tesattlexamines the basic
knowledge in the field and a personal interviewtty entrance committee.
Two to five doctoral students will enter each yeacording to plans. The
duration of the program is 3 years. The supervismes professors or
docents. The study part is described with exampfesourses given. The
scientific thesis work can be done individuallyinrteams. The student is
also expected to develop abilities to lead protesly teaching and
learning projects and to organize research evatis.degree qualifies for
work with research at university or the Slovak Aeany of Science and at
research institutions, leader of team in variousbfgm fields and in
educational management. There is a wish for thgrpr to compare range
and depth of mathematics content required and tl@ner in which
research competence is acquired and to improveatienal cooperation.

Challenges and a vision for doctoral programs dfered by Robert
Reys in his contribution. He points out, that doatoprograms in
mathematics education vary greatly within and amsuntries and refers
us to reports of such variations. The questiondks & if there is a common
core of knowledge that a person with doctorate athmmatics education
should possess. If the answer is yes, then a nuofilselb questions emerge:

What should constitute this common core of knowétigVho should
decide what constitutes this common core? How shd@ube delivered?
How should competence in mathematics education dsesaed? Should
there be an accreditation of doctoral programs athematics education?
The vision for the future that Robert Reys is pnéisg consists in a wish
that doctoral programs in mathematics educatiomimecmore convergent.
Finding a core of knowledge, which can prepare ascin mathematics
education for diverse careers is challenging.

Filippo Spagnolo describes a program in History avidthematics
Education, History and Physics Education and Hystand Chemistry
Education, which is an international doctoral peogr offered by a
consortium of 14 departments in ltaly, Slovakia,pfiys and Spain. The
construction of the program through courses, seminaorkshops and
visits abroad is described and related to the ipositin the time scale of the
program. The aim of the education is to prepareréuinspectors in the
educational sector and to prepare researchergihisiory and didactics of

12
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mathematics, physics or chemistry. Yearly repartthe Italian Ministry of

Universities are based on four quality parametstsdents’ publications,
reports of experts involved in the project actesti students’ lectures in
national conferences, and in international confeesn The examination
process of the thesis is described in the papdetail. Finally an overview
is given of how many students are involved and whitrey are in the
program. The first Ph Ds in this program will gratkiin the end of 2008.

Peter Sullivan describes some aspects of docta@irgms at two
Australian universities. The goals of the two unsitges for the doctoral
programs are presented and both emphasise knowledgpsion and
research training. The entry requirements are lddtaivith minimal
discipline specific requirements but the overatjuieements are substantial.
The key responsibilities for supervisors at MelaurUniversity are to
facilitate the completion of the graduate reseansbnitor the quality, and
assist graduates to develop transferable skillspgiagare for their careers.
In both universities the length of the thesis nhessubstantial. Six different
options for the Ph D education are presented iitiaddo the traditional Ph
D by thesis. An advisory committee meets regultwljollow the progress
of the students. Finally the examination procestissussed. Peter Sullivan
summarises:

‘The two universities are young in comparison tbeotmajor world
universities. The two programs are distinctive impdasis. There is not a
strong culture of programmatic research, and wttegee are strong groups
of mathematics education doctoral candidatures,ishusually the result of
an active supervisor rather than a coherent program

About the author

Barbro Grevholm

Professor in mathematics education, director of the Nordic Graduate
School in Mathematics Education

Faculty of Engineering and Science

Department of Mathematical Subjects

University of Agder

Serviceboks 422, N-4604 Kristiansand, Norway
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HOW TO MAKE THE FAMILY HAPPY
Agnis AndZans, Liga Ranana

University of Latvia, Latvia

Keywords: Modern elementary mathematics, mathematical learnin
theory.

Introduction

The question mentioned in the title is as old &srttankind itself, and
almost everybody has tried to solve it in his owaywThe “mathematics
education” is also a kind of family, and it alsontabe happy if both
members aren’t equal in their rights and dutiestotdnnately, this is hard
to achieve.

There are 4 types of educators:

In mathematics In didactics
A Strong Strong
B Strong Weak
C Weak Strong
D Weak Weak

In our opinion, those of type C are the most damger they can
convince their students of absolutely wrong thisgseffectively that the
situation becomes totally unimprovable. So the aflenathematics should
in no way be underestimated while preparing thecattuis; unfortunately,
this often happens in traditional study progranw @fachelors, masters,
doctors). Moreover, at our opinion mathematicsuishsa well — organized
discipline, that the didactics of it is almost pegatmined by the inner logic
of the subject; so recognizing this logic in eaepasate case is crucial for
successful teaching.

As for teaching/learning methods, we should rementhat people
themselves are learning almost exceptionally fromngples, and this is
how the teaching/ learning process usually is degah However, it has
been proved in the form of exact theorems in theaecomputer science
(see, e.g., [1]) that the possibilities of obtagngeneral rules from series of
experiments are very limited. So other models derence must be
developed and used.

All this creates the necessity of research and ystobgrams for
educators in mathematics with strong theoreticalmmanents both in

14
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mathematics and computer science. One of posdiielepts has been made
in University of Latvia, where a doctoral prograviddern elementary
mathematics and didactics of mathematics” has bstablished.

The concept of modern elementary mathematics

It is a tradition that the words "elementary math&os" are connected
with school only. It's not quite correct. Of coyrs® definition in the
mathematical sense is possible. Trying to list geets of elementary
mathematics we include Euclidean planimetry andesteetry, linear
operations with plane and space vectors, scalaydoscalar and vectorial
products, the greatest part of combinatorial geometiementary number
theory, equations and systems solvable in radieddgbraic inequalities,
elementary functions and their properties, the B&stp properties of
sequences and the combinatorics of finite sets.reThare many
mathematicians, however, who include also elemaftgraph theory,
simplest combinatorial algorithms, simplest funaéibequations in integers,
etc. There are parts of mathematics which defingabuld not be included:
we can mention the methods which are effectivelgdusnly by a small
amount of mathematicians as well as methods whielygh used widely,
demand a specific and advanced mathematical fosmali

We can give the following approximate descriptioh elementary
mathematics. Elementary mathematics consists ofthg) methods of
reasoning recognized by a broad mathematical contynas natural, not
depending on any specific branch of mathematics waittkly used in
different parts of it, 2) the problems that candodved by means of such
methods.

Evidently, such a concept of elementary mathemascsistorically
conditioned.

Many new areas of mathematics, especially in thscrdie and
algorithmic parts of it, are still today explorimgementary methods as the
main tool. Obviously it can be explained at leaattiplly with the fact that
the natural questions there have not yet been siduand natural
approaches are therefore effective.

The movement of mathematical contests, especidllynathematical
olympiads, has made an important service to elesmgninathematics.
Becoming a mass activity, the system of math coitipes created a large
and constant demand for original problems on variewels of difficulty.
Clearly school curricula couldn't settle the sitaat and the organizers of
the competitions turned to their own research &eidhere they found rich
and still unexhausted possibilities.

15
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One of important results that originated from thelyfmpiad
mathematics” was the identification of the so ahlggneral combinatorial
methods (mean value method, invariant method, extelement method,
interpretation method) (see, e.g., [2]).

Elementary mathematics was first officially recaggd as an
independent branch of mathematics in 1995 wherl_#teia’'s Council of
Science published the formal structure of scientelLatvia, “Modern
elementary mathematics and didactics of mathenigfiegher MEM/DM)
being one of 12 parts of mathematics. Since theasten and doctoral
degrees are awarded in this area.

We stress especially that with this decision tluadiics of mathematics
is also recognized as a part of mathematics.

The formal structure of the doctoral program

From the formal point of view there is only one twal program in
mathematics in the University of Latvia (the leagstientific/ educational
institution in the country with high internationakputation); it has 8
branches (algebra; differential equations; geometng topology; ...;
MEM/DM). So doctoral students must fulfill the geakrequirements for
future doctors in mathematics. At first, it meahs &xamination in general
mathematics; each student has to select (togethrhis supervisor) 20
guestions out of the list of 92 questions. We diGecharacteristic examples
of questions usually recommended for doctoral sitede MEM/DM:

= Most important axiom systems of set theory: Zerntaimenkel and

Goedel-Bernays systems. Corollaries from the axidrhe axiom of
choice and its equivalents: Zorn’s lemma, Kurataissgrinciple
etc.

= Elements of algebraic and analytical number thedfield of

algebraic numbers and its basic properties. Basfidgsleal theory.
Classical transcendence proofs. Central resultsriome distribution.
Riemann({-function and Dirichlet L-function. Fast algorithnfer
factorization and for primality.

= Combinatorial structures. Elements of enumeratigentminatorics.

Transversals, latin squares, block-schemas, firgeometries.
Generating functions and their algebra. The metbbdecurrence
relations. Moebius inversion function. The orbittheal.

= Ramsey theory. Classical Ramsey numbers and tbeérglizations.

Ramsey-type structural theorems in number theogm$ey type
results in geometry, algebra, mathematical analysisbinatorics.
Classical minimax theorems.

16
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= Classical fast algorithms. Sorting algorithms. Algoms for
arithmetical operations. Algorithms for computinglymomials.
Algorithms for operations with matrices.

= Main formal concepts of algorithm and their basiogerties. Turing
machines, normal algorithms, recursive functionsd atheir
equivalence. Reducibility and its formalizationslg@rithmically
unsolvable  problems, Kleene-Mostowski  hierarchy. eTh
characterization of recursively enumerable setsudin Diophantine
predicates.
= The concept of probabilistic algorithm. ProbabitistTuring
machines, their principal possibilities in set rgition compared
with those of deterministic Turing machines. Adwds of
probabilistic Turing machines and various typesaafomata over
their deterministic counterparts from the comphexidint of view.
= Elements of dimension theory. Small inductive (Memngrison)
dimensionind. Large inductive (Brauefiech) dimensionnd. Layer
(Lebesque) dimensiodim. Dimension of the subsets of Euclidean
space. Basic properties of the dimensions of sefmraetric spaces.
Inequalities between various dimensions. Zero-dsimral spaces.

= Main methods of proving algebraic inequalities. <Slaal
inequalities and their generalizations. Isoperifogtroblem and its
variations. Fast algorithms in the analysis of syt of inequalities.

= General combinatorial methods and their applicatigh concept of
invariant method, mean value method, extremal vaiethod,
interpretation method. Formal deductive systemsseBaof the
systems of functions in the algebra of logic. Ingib#ity proofs in
automata theory. Lower complexity bounds for coratonal
algorithms. Elements of the complexity theory fomputations.

As we see there is a strong stress on the disakgerithmic side of
mathematics. This is explained by the growing rofeit in science and
applications, which must be reflected also in ttiecation on all levels.

Doctoral students must pass also 1) the examinatictheir “narrow
speciality” that requires studies in didactics, tBg examination in the
“second” foreign language.

Since 2006 the formal requirements for receivirg dbctoral degree in
Latvia include only 2 reports on international ceneihces and a quite
smooth demand that the “main results” must be phbti in internationally
reviewed journals/ proceedings/ paper collectiotts dlevertheless, for
doctoral students in MEM/DM the unofficial standasdnot less than 5
conferences and 10 publications of the above tydso at least one
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published teaching aid based on the performed mesda considered as
very welcome.

The main directions of the research

During the last 30 years — both in Soviet period after regaining the
political independence — the education in Latvieefermed almost without
interruption. Generally speaking, it has becomearioolorful” but also,
unfortunately, more sketchy. The great aim to m#ies education more
human than it was in the Soviet period was substitutgdhe aim to make
it more humanitarian. So significant harm was done to the teaching of
exact disciplines at middle and high school, andoas efforts must be
applied now to turn the wheel back. The main tdglesearchers in the area
of mathematical education in Latvia is to find thays how to do it as fast
as possible. It seems that there is no hope torréduthe previous number
of lessons for mathematics (at least at this momesd something
principally new must be found.

Three main directions that are chosen for the rebesre as follows:

1) the integration of teaching various topics om thasis of unifying

ideas discovered in the area of modern elementatii@gmatics,

2) the possibilities provided by ICT and deeper amsthnding of the

nature and role of algorithmics in mathematics,

3) the development of the system of out-of-cladsvities, especially

mathematics contests.

Although each possible doctoral student is offéredelect a topic from
the abovementioned areas, he has a full right sadén urged to come up
with his own proposals.

Some results

There are some findings made by doctoral studemtsanfirmed by the
praxis that have found serious applications in ¢decational system of
Latvia:

1) the classification of the contest problems asidt®n methods within
Latvian-Icelandic project LAIMA (see, e.g., [3] aft),

2) the classification of Internet resources in sthmathematics and
creating a structured survey of them within the viaat Education
Informatization System project during 1997-200%(seg., [5]),

3) the investigation of the possibilities to use thethod of invariants as
the unifying factor in teaching some hard topiee(®.g., [6]),

4) the investigation of the possibilities to usee thmethod of
interpretations as the unifying factor in teachgggmingly different topics
(see, e.qg., [7]),
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5) the investigation of the principal questions whoroblem setting for
math competitions (see, e.g., [8]),

6) the investigation of the possibilities to integr elements of
combinatorics into the curricula for middle gradsse, e.g., [9]).

Conclusions

The close integration of doctoral studies in didacbf mathematics
with modern elementary mathematics has made a geite for both and
has led to real improvements in the education oddhaiand high school
levels.
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THE DOCTORAL PROGRAM IN KOREA
Sang Sook Choi-Koh
Dankook University, The Republic of Korea

Korea underwent 7 times the reforms of school cula since the
establishment of the Republic of Korea in 1948raf/orld War II. They
were controlled by the ministry of education. Aatiog to Korean history
of education, the first teachers” training schoaswounded to provide
agriculture teachers to schools in 1927 through enadation of society.
However, in old days, teachers were grown throumghttaditional way of
apprenticeships.

In further, GDU means The Graduate School of Dankook University.

GKNUE means The Graduate School of Korea National Unityeod
Education.

1. History of the doctoral program

(1) GDU: March, 1996, the first doctoral program tnathematics
education among private universities in Korea. Nibvwre are about 10
national and 8 private universities that run a dadt program in
mathematics education.

(2) GKNUE: March, 1987 (Especially, KNUE was fouddenly for
teacher education in 1985. It played a role of tiedel as a specialized
college for the teacher education program in Kdrea.

2. Purpose

(1) GDU: The Graduate School in Mathematics Edocatvas designed
to provide professional educators for society, ooty with the latest in
educational theories and research techniques, Ibat with the deepest
sense of responsibility as dedicators to mankirehd the followers of
DKU's founding mottoes of 'Truth' and 'Service' &based on the spirit of
humanitarian ideals.

(2) GKNUE: The graduate school for a doctorate oy in
mathematics education was founded to educate caeduple who were
able to play pivotal roles in enhancing the quatifyour education through
in-depth academic training and scholastic rese@rtheory and practice of
mathematics education.
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3. Curricula (GKNUE)

(1) Common Curriculum in Secondary & Elementary Mahatics
Education

Course

code

Math 10-501 Research Methodology in Mathematics Educatic3

Education10-504 Current Issues in Mathematics Education 3

10-505 Mathematics Education Technology 3

Math 10-602 Topics in History of Mathematics 3

10-604 Statistics 3

3

3

Course Credit

10-605 Mathematical Analysis
10-607 Modern Algebra

(2) Curriculum in Elementary Mathematics Education

Course code Course Credit
11-501 Elementary School Mathematics Curriculum 3
Math 11-505 Problem Solving in Elementary School Mathemat 3
Educa- Psychology for Teaching Elementary Sct
- 11-518 4 3
tion Mathematics
11-519 Methods . for Teaching Elementary Scr3
Mathematics
11-520 Assessment for Elementary School Mathematics 3
11-521 Study of _Toplcs for Teaching Elementary Scl3
Mathematics
11-522 Develo_pmg Creativity & Elementary Mathemaw3
Education
11-523 Seminar in Elementary Mathematics Education 3

11-524 Technology & Elementary Mathematics Educatior3
Advanced Topics in Teaching Elemeni

11-525 Mathematics Education 3
Math 11-601 Linear Algebra 3
11-602 Abstract Algebra 3
11-603 Advanced Analysis 3
11-604 Topics in Applied Mathematics 3
11-605 Point set Topology 3
11-606 Topics in Modern Geometry 3
11-633 Combinatorial Topology 3
11-644 Topics in Analytic Geometry 3
11-652 Probability Theory 3
11-653 Statistical Methods 3
Researcl11_801~803Individual Research inElementary Mathemati 3

Education
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(3) Curriculum in Secondary Mathematics Education

Course code Course Credit
Math  12-501 Introduction to Mathematics Education 3
Educa- 12-506 Evaluation in Mathematics Education 3
tion 12-507 Research on Mathematics Teaching Materials 3
12-509 Topics in History of Mathematics Education 3
12-511 Philosophy of Mathematics Education 3
12-515 Problem Solving in Mathematics 3
12-516 Topics in Mathematics Teaching Method 3
12-517 Seminar in Mathematics Education 3
12-519 Theory of Mathematics Curriculum 3
12-520 Mathematics Education Psychology 3
Math  12-601 Topics in Algebra 3
12-602 Real & Complex Analysis 3
12-603 Functional Analysis 3
12-604 Advanced Discrete Mathematics 3
12-605 Topological Space 3
12-606 Algebraic Topology 3
12-613 Advanced Linear Algebra 3
12-627 Advanced Numerical Analysis 3
12-643 Advanced Modern Geometry 3
12-644 Topics in Differential Geometry 3
12-652 Advanced Probability Theory 3
12-653 Advanced Statistical Method 3
12-801-803 Individual Research in Mathematics Education 3

4, Entrance Qualifications for a Doctorate

(1) People who have a master's degree from insideutside of the
country, or people whom the minister of educatiggpraves as being
qualified in the same field of study.

(2) Highly desirable qualifications: Math teachedso have more than 4
years experiences in schools, school inspectongcagidnal researchers,
educational public service employees over level abd educational
administrators in private schools who are approvedhave similar
qualifications by the minister of education, thegident of a university, the
principal of their affiliated school, or the supgendent of their own state
or city.

5. Graduation Qualifications for a doctorate

(1) GDU: They should take at least 45 credits ifjomsaalong with 9
credits in research after passing the foreign laggutest and the
preliminary test.
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(2) GKNUE: They are supposed to earn 60 creditw@jor areas with
more than 6 research credits, after passing tteégiodanguage test and the
preliminary test.

Education Mathematics Mathematics Electives Total
Education
6 12 15 27 60

6. Admitted Period for Graduation

(1) GDU: They should graduate within 10 years fraheir first
enrollment.

(2) GKNUE:

They should graduate within at most 6 years of ®uvorks, otherwise
the dean of the graduate school decides accordinthé committee's
findings when candidates turn in a certain statérgasing the reason for
delay.

7. Foreign Language Test and Preliminary Test

(1) GDU: They are qualified to take the foreign daage (mainly
English) test starting from the second semester dlfteir enrollment and
they are able to take the preliminary test afteythave earned 45 credits in
their major.

(2) GKNUE: They are able to take the foreign largrugest only after
they finish at least 3 semesters of attendance cantygl after they have
earned 51 credits in their major.

The preliminary test for both universities is corspd of 3 fields:
education, mathematics, and mathematics educafibae. Council of the
graduate school provides specific instructions.

8. The period of Course-works and Attendance

(1) GDU: They have at least 2 years for course-work
(2) GKNUE: They have usually 3 years for coursefvand they can
not exceed 5 years for attendance at school.

9. Class Dates

(1) GDU: More than 15 weeks per semester
(2) GKNUE: 30 weeks per year

10. Limit of Credits & Valid GPA

(1) GDU: They cannot take more than 9 credits pernester; however if
a student transfers from a school that allows #@its per semester, then he
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or she may take up to 10 credits per semester. $heyld maintain at least
a B average for graduation.

Score 100-95| 94-90 89-85 84-80 79-75 74-7D 69-.

Grade A+ A B+ B C+ C F

(2) GKNUE: They take at most 10 credits each sesnedt they took
prerequisite courses related to the course, they déhe allowed to take 12
credits. The courses with credits below C+ may aken repeatedly.
Previously taken credits are excluded from theirAGIh screening for
graduation, the average GPA of total credits shda@dbver a BO (see the
table below for GPA).

HAE=g = # 5 A
At ' 97 - 100 4.5
A 84 - 06 4.1
A= 80 - 83 3.8
B+ g8/ - B9 3.4
B0 84 - BB 3:1
B- 80 - B3 2.8
C+ 7= 79 2.4
co 4 - 76 2.1
G = 73 1.8
f 70 0O/9 0.0

11. Doctoral Thesis

A total of members in Committee is 5 : They shob&l experts about
mathematics education ; 3 from student’s own usiterand 2 from other
universities. Some theses are more about didathicaigh experimental
research and some about theory-based researcthémanthe quality of
education.
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A NORWEGIAN DOCTORAL PROGRAMME IN

DIDACTICS OF MATHEMATICS — DOCTORAL

PROGRAMMES IN THE NORDIC RESEARCH
COMMUNITIES

Barbro Grevholm

University of Agder, Norway

Introduction

In the Nordic countries doctoral research studiéthim the area of
didactics of mathematics have long been carriedrodibctoral programmes
for general education or pedagogy. As recent aseri990-ies programmes
in didactics of mathematics were created in Sweatgh Norway. Finland
and Iceland still do not have specific programmes didactics of
mathematics. The first doctoral programme in Norwaydidactics of
mathematics was founded in 2002 at University oflég Earlier (under the
name Agder University College) this institution hddnctioned as a
networking point in mathematics education for afi the academic
institutions in Norway. As the programme in Univgrof Agder has now
been working for a little more than five years amlaation has taken place
this May done by Anna Sierpinska from Concordiavgnsity in Montreal.
In the process of preparing this evaluation the Hdatatics Education
Research Group at Agder (MERGA) had an opportutotyrethink the
doctoral programme based on the experiences stz 2

The time for revision has come and after we recehe evaluation
report careful considerations will be made andd@nges implemented. In
this paper | will discuss some of the issues wendoiumportant in the
development and for possible future changes.

About terminology

In Sweden and the Nordic countries mathematics athrc is called
‘matematikdidaktik’ (or similar words in the diffent languages), didactics
of mathematics, thereby following the German anenEh tradition rather
than the Anglo-Saxon, when it comes to the notiorsweden mathematics
education is translated to ‘matematikutbildninghigh means education in
mathematics, including school level and other Iev&hus there is a risk of
misinterpretations when using the term ‘mathemagitscation’ as a name
for the research field. Here | will use both thes&ons interchangeably.
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The structure of a doctoral programme in Norway

In this section | offer a short description of soaf&racteristic features
of the doctoral programme in didactics of matheasatn University of
Agder. Although Norway is not a part of the Eurapéénion the country
has adopted the so called Bologna system for siingt the academic
education. This means that the bachelor degreelcshake 3 years, the
masters’ degree 2 years and the doctoral educatyears.

Thus in Norway the doctoral education in genera three year study
with course work and research leading to a writhteysis. The course work
in general is one semester but in the programnaédictics of mathematics
at University of Agder the course work covers owraryof fulltime study.
The prerequisites for study are a master's degreemathematics or
mathematics education and teaching experiences.r@dearch education
leads to a thesis that will be examined by threseérers, and two of them
are external. Examiners must be professors or ofegsor’s level in the
academic system. The examiners read the thesispettlice a written
document, where they classify the work as accepttdldefence or not. If
the work can be accepted after minor revisionsuaestt can get some
months to revise the work and then have it evatuatgain. After the
acceptance the doctoral student is allowed to defka thesis in a public
viva (disputation), where also external personsarétitise and discuss the
content. The examiners act as opponents during pinglic defence
(disputas). The dissertation are published in aarsity series. There is no
national Graduate School in Mathematics EducatiorNorway yet, but
there are plans to start one. On the other haedNtrdic Graduate School
in Mathematics Education (see more below) is siah University of
Agder. University of Agder is at the moment theyoanhiversity that offers
doctoral courses in mathematics education at alaedpasis in the Nordic
countries.

Exemplifying with the programme of University of Agr, it can be
noticed that each doctoral student will get attiéas supervisors (a main
supervisor and a co-supervisor) and an individiiadlys plan is made up
each year, followed by a yearly report to the boabdut the outcome of
each study year. Also supervisors’ reports to tbarth are handed in and
carefully followed up. Two courses are compulsdiyeory of science from
a didactics of mathematics perspective (5 studyntppiand Research
methodology in Mathematics Education course (1%lstpoints). If the
student does not have a course in History of madliemin the masters
education such a course is compulsory at doctevall One or two courses
are running each semester and they normally attiaetioral students from
the whole of Scandinavia.
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It is possible for a student to distribute the estip time over 4 years if
the student takes on a teaching load of 25 % ghtallthe doctoral studies.
The administrative process for the student staitts applying for a stipend,
which is actually a position as a doctoral studanthe university. The
student becomes employed by the university and gktsights of an
employee. The monthly salary is rather good andpthetion includes all
societal rights if the students gets sick or hatake parental leave. After
having received the stipend, the student has ttydppoe taken up in the
doctoral programme and this includes writing a aese proposal (in
collaboration with the two supervisors). There ibaard for the doctoral
programme to advice the faculty board in issuescenring the doctoral
programme. This board evaluates the proposal aitdfifids it good the
student is taken up in the programme.

In the programme six doctoral courses have beeeloeed and they are
offered to students on a regular basis accordiag & the wishes of the
students. A majority of the students work at UiAldhe rest of them have a
stipend at some other university or university egdl and do their work
there. The courses are thus constructed so thattrebe taken as distance
courses with limited time for presence at UiA. Ad#nt working at another
university normally has one of the supervisorseahand the other at UiA.
Students can take courses at other universities afjreement with the
supervisors.

The programme has 24 students taken up in 2008hane are about 15
professors working as supervisors.

In addition to what is offered at UiA the studeheve profited from
extra resources offered by the Nordic Graduate &@cho Mathematics
Education, which started in 2004.

Collaboration in Graduate Schools
National graduate schools

Research areas that are small with only one orstwdents and one or
two faculty members are vulnerable and it is tengptb create cooperation
between institutions. The idea to build Nationah@rate Schools has been
developed in Finland, Sweden, and Denmark. Finlaad first in 1995,
followed by Sweden in 2000 and Denmark in 2005ldfid has repeated
the initiative once, in Sweden it is so far a oimeetactivity between 2000
and 2006. In 2008 UiA together with three partmestitutions has applied
to get a Norwegian Graduate school. Many reasowns haen presented for
having national graduate schools. There is a wishdrease the number of
students finishing in time, a wish to shorten tletual study time (which
normally can be longer than the formally expeciatt}, to offer a richer
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study environment for the students and to offer pet@nce development
for the supervisors. In Sweden an evaluation afidttonal graduate schools
was published in 2006 (Persson, 2006). The repontpout that there have
been some problems, such as lack of knowledge aralitexperiences in
didactical research, inadequate planning and osg#an of the activities,
in some cases insufficient supervisor competeniéigudties to cooperate
and antagonism between different fractions in thigesct fields, financing
problems and so on. The evaluation of the outcame®ore positive. Most
doctoral students have finished in reasonable tiamel supervisors’
competence has developed well. National and intiemedl networks have
been established and are strengthening the opjteetunfor further
development and improvement of research in subgidactics. The
relations to the core subjects have been highlyongd. There seems to be
a promising labour market for the new doctors. &aroints out that when
establishing new graduate schools these experiemeess be taken into
account. There must be adequate supervisor's cempetfrom the
beginning and resources for competence developofestipervisors must
be set aside. Not too many institutions shouldwlived and very good
preparations are necessary for a graduate schdahabion well from the
beginning. All participating institutions must agrabout the aim and goals
of the activities. Common guidelines for studemishditions and financing
must be agreed upon.

The Nordic Graduate School in Mathematics Education

The Nordic Graduate School in Mathematics Educat®orased on
funding from the Nordic Research Academy (NordFprékis a five year
activity during 2004-2009 with the idea that afiiee years the cooperation
built is strong enough to survive by support onhgni the involved
institutions.

I will present the Nordic Graduate School in Matlaics Education, its
aims and some of its activities. The Graduate Sciso® network of about
40 Nordic and Baltic research environments withdgede education in
mathematics didactics. Around 120 supervisors &ddg®toral students are
part of the network in 2008. An account will be gfivof doctoral courses so
far, of seminars for supervisors and of workshap$ summer schools that
have taken place.

The aim of a Nordic Graduate School in MathematiEslucation -
NoGSME

The aim of the Nordic Graduate School as it wasidéec by the
application to NordForsk in 2003 (The Nordic Reshakcademy) is to

29



ICME 11 Monterrey, Mexico, July 6-13, 2008

= support and develop the education of researchemmathematics
education in the Nordic and Baltic countries,
= create constructive cooperation in order to rdisescientific quality
of research in mathematics education,
= give all doctoral students in mathematics educatioraccess to the
activities of the Graduate School
= create cooperation among a greater group of ddcstwdents and
supervisors in order to share experiences and tpptes to
improve the education of researchers.
The utmost aim is to create a network of coopegapartners, who can
continue to collaborate after the five years of tBeaduate School
(Grevholm, 2004a).

Activities in the Nordic Graduate School in Matherties Education

The activities in the Graduate School can be sunsedrin the
foIIowmg points (Grevholm, 2004b, 2005a):

Common courses are created with the added commefenin all
researchers in the Nordic countries and internatiopartners
(Grevholm, 2004c¢)

= Seminar-series in specific research areas are edffeas a
complement to local series and workshops on subjecissues of
main importance (Grevholm, 2005b)

= Competence development for supervisors and exchaafje
experience is offered

= Partnerships and collaboration with distinguishederational
scholars are built

= Creating a database for ongoing work, theses aneater
development work in mathematics education

= Mobility stipends and special financial support @mctoral students
are given.

Courses that have been offered since 2004

The courses offered are of two kinds. Coursesatetiven on a regular
basis at some of the participating universities apen to all doctoral
students in the network. They are advertised eaofester. Other courses
are initiated by the board of NoOGSME. The boardatmrates with some
interested colleagues in one of the participatiniyersities and the course
is constructed and given at that place, with fimargeupport from NoGSME
(Grevholm, 2004d, 2005c). The regular courses sdd&e been given at
University of Agder in Norway. The courses that éndveen initiated by
NoGSME have taken place in Copenhagen Universityingi&w, 2006),
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Denmark Pedagogical University, and Norwegian Ursitg of
Technology, Roskilde University, Umead University danHelsinki
University. One course in Malmd is under constautti Here are the
courses given or ongoing so far:
= Theory of science from a mathematics educationpeetive, UiA
= Meta-perspectives on mathematics and the learnfingathematics
in a technological environment, UiA
= History of mathematics with emphasis on modern eratitics, UiA
= Theoretical aspects of mathematics education witptesis on the
French School, Copenhagen University
= Problem solving in mathematics education, UiA
= Theories of learning and teaching mathematics, UiA
= Research design and research methods in matheneaticstion,
UIA
= Views of knowing and learning: Constructivism aratis-cultural
theory, Denmark Pedagogical University
= Gender and mathematics education, Norwegian Unfyersf
Technology
= Justification of research in mathematics and seiezttucation with
special emphasis on the role of theory in suctification, Roskilde
University Centre
= Research on assessment in mathematics educaticrg Umniversity
= Conceptions in mathematics, Helsinki University
= Mathematical literacies, Malmd University College

Students get travel support to come to the couaselsthey can also
apply for mobility stipends if they want to spendeoor two months at
another Nordic university. The mobility stipend eos real costs for travels
and accommodation.

Summer schools

Summer schools have been offered each year anuarle appreciated
by the doctoral students. The main part of the mnogne is taken up by
work in groups, where each student can get hearelseproject discussed
and commented on. The groups are lead by intemadtexperts in the field,
which is highly appreciated by the participants. ¢xm these experts we
have had excellent and well known researchers wéne hinspired the
students. The friendship and mutual understandivag is built in these
summer schools are expected to be the foundatioriond-standing
cooperation of the students in their coming card&@sevholm, 2004b,
2006b).
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Seminars for supervisors

A crucial component of doctoral education is aneascto good and
experienced supervisors. In order to assist their@mwents in
strengthening the competence of supervisors NoGSBIEorganising
seminars and competence development programmesuf@rvisors. They
have focussed much on quality issues in reseanetagidn and publications
(both papers and theses) (Grevholm, 2006c). NoG3&& built a close
cooperation with the journal Nordic Studies in Mathatics Education
(Nomad) in order to enrich these programmes. Hexesame of the themes
of the seminars given so far:

Quality in research in mathematics education, Quatif theses in
mathematics education,

Supervision of doctoral students, Reviewing of papa mathematics
education, Research programmes in mathematics tolucaCritical
situations in supervision of doctoral students iatmematics education,
Trondheim, Review process of papers for scientjicirnals, Lund,
Outcomes of research in mathematics education Saiehtific profile and
characteristics of journals in mathematics eduaatio

The seminars most often have between 20 and 3i@ipartts and quite
an important network of researchers is growing ftbe meetings that take
place there. International scholars have beenddwand generously offered
from their expertise. Some of the invited researsise far have been Frank
Lester, Diana Lambdin, Uri Leron, Erkki Pehkoneryn@ar Gjone, Carl
Winsléw, Morten Blomhdj, Paola Valero, and Gabrikkiser.

Workshops

NoGSME organises workshops on central researclessstiinterest for
the participants in the Graduate School (Grevh@@07a). The activity
involves both doctoral students and supervisore filst workshop dealt
with classroom research in mathematics educatitie. Second workshop
focussed on research on mathematics textbooks.ekperts here were
Birgit Pepin and Linda Haggarty. Here a Nordic ratwfor research on
mathematics textbooks was created. A third workshropesearch on use of
ICT in mathematics education took place with 25tipgrants and two
invited experts, Luc Trouche and John Monaghan. fiftteworkshop was
on mathematics and language with Heinz Steinbrivej@andia Morgan as
invited guests. A workshop on Justification of sl in mathematics and
science education with special emphasis on the obl¢heory in such
justification was lead by Mogens Niss and it wassely linked to the
corresponding doctoral course. Patricio Herbst was of the invited
lecturers. In the latest workshop about Use of i€mathematics education
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— neither salvation nor catastrophe several Norgsearchers contributed,
such as Mette Andresen, Per Eskil Persson andt@hBsrgsten.

The board of the Nordic Graduate School in Mathentst Education

The board consists of the director, one member feaich of the five
Nordic countries and a representative for the Baftountries. Board
members currently are Barbro Grevholm, director ristér Bergsten,
Sweden, Trygve Breiteig, Norway, Ole Bjorkqvist, nieind, Gudny
Gunnarsdottir, Iceland, Madis Lepik, Estonia, anogéins Niss, Denmark.

The members of the board are not paid for theitkout contribute for
idealistic reasons and as part of their positidnth@ home university. The
board meets about three times a year in connettioother NOGSME-
activities. The board is responsible for the ititi@s and work and has to
report to The Nordic Research Academy once a ydast of the board
members are also active in their national society fesearch in
mathematics education and in national graduatessho

Cooperation with Nomad

NoGSME has close cooperation with the journal NonNatdic Studies
in Mathematics Education. Doctoral students andsugors are invited to
publish in Nomad, and in each issue of Nomad agages are devoted to
the NoOGSME programme and activities (Grevholm, 2006lere they can
publish in their Scandinavian mother tongue or mglish.

International centres of excellence are working gaers

To get support for the application to NordForsloider to get financing
for NOGSME we turned to a number of important intgional centres of
excellence and asked them to write letters of stdpo us. Leaders from
these centres have then been involved in our @ladsactivities in different
ways. The centres we collaborate with are InstioitAdvanced Study, La
Trobe University, Gilah Leder; Concordia Universitinna Sierpinska;
University of Michigan, Hyman Bass and Deborah Bdhiversity 7, Paris,
Michele Artigue; and University of Klagenfurt, Dikték der Mathematik,
Willibald Dorfler.

Another important discussion partner has been Jet€ipatrick, who
is well informed about Nordic conditions relatirg rhathematic education.
He has among other things been a guest profes§&wthenburg University
and the supervisor of some Swedish doctoral stadeili the above
mentioned features of the Nordic Graduate Schoslbeen used to argue
for a Norwegian national Graduate School in MEha application sent in
recently.
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Results and outcomes of the Nordic Graduate School

The activities of the Nordic Graduate School ardding strength in
Nordic research for the future (Grevholm, 2006ehe Tknowledge and
contacts that doctoral students and supervisorgetting from the events
together offer insights that can not be achievednfreading books or by
other means. In the future these links will be int@iat and valuable for the
field of mathematics education. Models of orgargsiesearch education
and supervision can be compared and developedraitfdifideas from one
university can be spread to other places (GrevhBlensson & Wall, 2005).
It is especially important for the Nordic Gradudgehool to build the
contacts with colleagues in the Baltic countries.

Some features in order to strengthen the quality ofesearcher
education

Ninety percent seminars

Mathematics education as a field of research igld@ing in the Nordic
countries but it is still a young area and thera i®eed to assure the quality
of the work and to live up to international expéictas and standards. A
number of initiatives have been taken in ordemisa quality. For example,
both in the Swedish Graduate School and at UiA mrwdy we have
introduced what is called ninety percent seminginés means that when the
student and supervisors agree that there is a ro@dpiusf about 90 % of the
final thesis a seminar is organised. To this sermamainternational scholar,
who is expert in the area of study, is invited. dleshe reads in advance the
90 % finished manuscript and gives constructive arghtive feedback
during the seminar, which is organised as a disjoutaT he intention of the
seminar is to inspire the doctoral student to rgisaity in the final phase of
writing and to get fresh ideas how to improve tligsertation and to be
aware of possible criticism before it is too latbe seminars have proven to
be of utmost value to both the doctoral studentd #re supervisors.
International scholars have generously given frbeirtexpertise in these
discussions.

International studies

Another feature of importance for quality is intational collaboration
and studies abroad. There is an expectation fosstixgents to spend one
semester at another university, thus learning alodifferent academic
institution and meeting other mentors and supersisbhis has functioned
in Sweden, where the programme is often taken fiv@ryears but has been
difficult to realise in Norway within a three yeprogramme. The students
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feel the time pressure too hard for going awaysiach a long period of
time. As compensation we have invited many intéonal scholars to give

seminars at UiA, but this is of course not the samepending time abroad.
We are working on how to improve this feature of teducation.

Internationalisation is also a concern of the Najaep and Swedish

educational authorities (SOU 2004:27). The issumi@rnationalisation is

one that will be handled after the evaluation ef pnogramme.

Models for supervision

Supervision is a crucial part of the doctoral edioca In order to ensure
good and continuous quality in supervision we hdeeided at UiA to have
at least two supervisors. Supervisors move, ge&k eicretire and it is
important that the students are not left in an aliist situation. Joint
supervision and other forms for organising sup@wisnust be considered.
At Luled University of Technology a dynamic modélsmpervision with
many levels have been used and proven successfevi{@m, Persson &
Wall, 2005). The model reflects an apprenticeshgoty for the doctoral
education, which seems to be embraced by many ef stipervisors.
International experiences from work with qualitysafpervision and design
of programmes have been followed closely by the didorcommunity
(Lester & Lambdin, 2003; Schoenfeldt, 2003).

Public defence of the dissertation

A public defence of the dissertation and invitetdinational opponents
is typical of the Nordic doctoral education. It seevery important to have
open discussions, where anyone can question aticiserithe dissertations.
Also the publication of theses, which makes thegessible in libraries to
everyone, is valued in the democratic Nordic s@esetThe publishing of
thesis is the normal situation in Finland and Sweded often is the case
also in Denmark and Norway. Nowadays in additiorth® printed books
with theses there is often also an electronic varsn the internet.

A Nordic Journal for Mathematics Education

The close collaboration with the journal Nordic @as in Mathematics
Education, Nomad, is of great value to supervism doctoral students in
the Nordic countries. This journal is the naturdloice for the first
publications of the students. But many of them grrefther international
journals as ESM, JMTE, IJSME or FLM.
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Crucial or critical issues for the mathematics eduation doctoral
programme in Norway— issues to investigate in thevaluation of the
programme

Supervision in a new research field

Trying to build up and expand a new research figldot an easy task.
The most problematic issue has been that here hatebeen many
experienced researchers, who can function as sgpesvIn Sweden, for
example, many mathematicians accepted to be sspesviwhen the
national graduate school started. Some of thenseshthat they could only
be of help for general matters in the education sordeone else had to do
the actual mathematics education supervision. Bugre actually thought
that they had the expertise (being expert mathemas but amateurs
interested in teaching and learning of mathemati€ius over the years
there has been a number of situations, where tlaedbof the graduate
school had to assist in finding new supervisorderofby using an
international scholar as additional supervisor.oAls happens that the
student and supervisors are not getting alonggoad way and a shift of
supervisor has to be made. This is difficult whert many choices are
available. Thus some supervisors have been usad é&xtreme extent over
some years.

As the access to experienced supervisors was dirttiere was a need to
build competence. This has been tried both in thedsh Graduate School
and in the Nordic Graduate School. The succesdiméed in the first case
because of lack of interest within the group ofesusors. In the Nordic
Graduate School it seems to work well. The edunationew supervisors is
crucial for future survival of the area and we fareussing on getting all the
new doctors to participate, thus fostering the ritugeneration of
supervisors. The quality of supervision is critidal the outcomes and
international contacts and links are of extremeiedlere.

A first national conference on supervision of doatstudents was held
in Sweden in 2003 and some research has beenccamiein this area
(Strémberg, 1979; Stromberg Soélveborn, 1983; Lindd®98). The
international community in mathematics educatios hiso cared for the
issue of supervision (Hart & Hitt, 1999; Leder, 599

Intersubject collaboration

Collaboration between researchers in mathematicsithematics
education and general education has been trietl theaNordic countries
with varied success. In the beginning of the Swedsaduate School there
seemed to be a mini Math War going on. Later thietl away, probably
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because the mathematicians realised that what ve@sg gon is not
dangerous for them, rather contrary. This develagrigeven visible in the
evaluation of the graduate schools in Sweden (Ber&9006).

Issues of format and language in theses

The format of the thesis — monograph or selectibrpapers with
preamble (“kappa”) has been much discussed in thdugte schools. The
tradition from pedagogy is to write a monograph &odh mathematics it is
a selection of published papers with a preamblemist of the students
have been situated in mathematics departments libeg been strongly
influenced to write a selection of papers. From3ha Sweden finished so
far there are only a few “strict” monographs. Onoéhar wrote the licentiate
thesis as a monograph and the second part of #sisths a selection of
papers. Another discussion is how many of the mapwmist be published in
journals before the dissertation. In mathematicerehhas been a
development towards accepting theses where nonéhefpapers are
published. So there has also been shifting of ticadi in mathematics
education. One of the Swedish students had 6 adipapers in the thesis,
and others had only two or three non-published Eape

Another critical issue is the question of languégethe dissertation -
mother tongue or English? In Sweden there has bgamblic debate about
scientific papers written by Swedes in bad Englifhey are claimed to
make fools of themselves internationally. It is o that almost every
non-native English speaking writer is much better expressing fine
nuances in the mother tongue than in English. Bus ialso clear that
writing in English opens for international readeksd later on researchers
must write papers in English anyway. Not using reottongue leads to a
poor scientific language in the local languages putdlications that will not
be read by teachers in school. There are many grdscons to consider
before the decision on language is taken. In thkieis up to the student
and the supervisor and must be taken in each #pea#e taking care of the
circumstances for each student. A student who hasngy difficulties
anyway will have still worse problems if the wrigiris in English. In the
programme in UiA careful discussions are held betwthe doctoral student
and the supervisors before the decision about ehafitanguage is taken.

Financing during and after the dissertation

The sources for financing doctoral studies diffesnf one place to
another. In Sweden and Norway the student must gasenteed financing
for the studies before he or she can be taken w@pdactoral programme.
The state offers a number of doctoral positions e can be positions
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inside specific research projects. The studentrisleyed by the university
for 3-4 years and has legal rights as an employée. salary can be
compared with that of a beginning teacher. Aftee ttlissertation the
position is finished. There is a lack of post doatgositions in didactics of
mathematics and this creates problems for thosewam to go on at once
after the dissertation and qualify themselves b a docent. In Sweden
and Finland this is an academic title for which enest qualify through
research and publications after the doctoral deheesame as Habilitation
in Germany). The normal rule of thumb is to publé&shmuch as a second
thesis. An application must be made to the facaittg the scientific work is
evaluated by external international experts andilalip popular scientific
lecture is given and evaluated by a scholar interotesearch field. Based
on these activities the decision is taken aboutivétg the docent title. In
Sweden the main supervisor of a doctoral studerst rne at least on the
level of docent.

In Norway an academic teacher can apply to be ptednto docent,
based on the scientific production and experiefités position could be
considered to be at the level of a professor inMordic countries.

In the Nordic countries academic studies are fneecosts are paid by
students but all is paid by tax-money. Thus thargabf a doctoral student
can be used entirely for the private consumption.

Vulnerability of small research environments

Another critical issue is the fact that many reskagnvironments in
mathematics education in the Nordic countries amallswith only one or
two faculty members and one or two students. Miffcult to solve the
supervisor problem and to create a vivid and imsgiwork situation in a
community of researchers. One solution for thisiaibn is collaboration
between two or more institutions or to be part afraduate school. The
earlier evaluations indicate that graduate schaods efficient in offering
what the student needs as a complement to a smatbement (Persson,
2006).

Opportunities to finance collaboration in graduatechools or Nordic
networks

Collaboration in networks of graduate schools isareling and helps to
assure quality. But there must be financial researfor such work. In
Finland the graduate school succeeded in gettirgrainuation but in
Sweden so far this has been unsuccessful. Ittisairto find opportunities
to solve this problem. In Norway it remains to leers if the application is
successful. The research environments that have beiét up during the
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time of the graduate schools can very easily be down again if there is
no continuation of the collaboration.

Gender balance

The Nordic communities in didactics of mathemasiesm to be in equal
proportions of female and male students. But ansumgrvisors there is an
overweight of male academic teachers. Continuedkv®rto be done in
order to improve the lack balance among supervisdise Nordic
professors in didactics of mathematics were malmidated until 2003
when suddenly four female professors were appoirAaedther additional
female professor in 2007 almost creates gendental@ this small Nordic

group.

The importance of knowledge of mathematics by doatstudents in the
programme

The fact that the program is situated in a mathesatepartment
indicates that mathematics plays an important raleolid foundation of
mathematics must be part of the bachelor and nsastircation that forego
the doctoral education. In the Swedish Graduateo@cthe emphasis on
mathematics was still greater as doctoral coursemathematics were a
substantial part of the coursework.

The participants in the Norwegian doctoral programre
Doctoral students

Who are the doctoral students in the Norwegian nanogne? Most of
them are Norwegian students with teacher expergeritber on school of
university level, often as teacher educators. Shawe rather long teaching
experience and thus are not so young any more.skaents come directly
from the basic academic education. Many of theesitalhave taken their
masters degree at UiA where an interest for rebelaais been created, and
they later come back to continue the studies atodalclevel. Some students
have academic positions as teacher educators andnapuraged by their
institution to take a doctoral degree in order tdfilf their career at
university. One of the students is a retired sclomoisultant and has much
experience from school development and curriculuavetbpment in
Norway. He is excellent in writing about the Noriag development of
school mathematics over 50 years. Most studentsirar@n age where
family, housing and children are important quediomhus they cannot
easily move, go abroad or change their conditibnag courses demanding
presence at other places than the home univessjtyoblematic. These are
all conditions that influence the opportunitiestie doctoral programme
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and they must be taken into account in the planafragtivities for doctoral
students.

Teachers and supervisors

The supervisors in the doctoral programme haveifft backgrounds.
The average age of the supervisors at UiA is 6isy@ad many have a long
and varied experience as teachers, teacher edsiGatdrprofessors before
they entered the programme. Only one supervisbelisw 50 years of age,
which is problematic for the future of the programniThe research
education of the professors also varies from ma#ities to history of
mathematics and to mathematics education. All atevearesearchers in
didactics of mathematics and have been so for g tone. A few of the
professors have experience from building up prognamand management
of doctoral education. Only a few had experienaamfrsupervision of
doctoral students before the programme startedODR 2and not all had
developed and taught doctoral courses.

The future of doctoral programmes in mathematics edcation in the
Nordic countries

Do we have a critical mass of researchers in awé&eep the activities
alive? How do we ensure quality and endurance afgnams? What
opportunities are there to improve the programnnekia what ways?

Is there a need for more persons in the labour etasith a doctoral
degree in mathematics education? Do we need réseamc doctoral
education in mathematics education? Will societytiome to ask for
research in mathematics education?

There are many questions to inquire into and tryatswer about
postgraduate education in the Nordic countries {@wkn, 2007b). The
cultural and social conditions are similar in theefcountries and problems
are often the same. Also solutions seem to beairaild the public debates
have parallels.

In Norway the doctoral education was restructuredd02 and the Ph D
was introduced to replace earlier degrees. An sgettebate is going on
about how much resources should go into researdhiNanway is lagging
behind the other Nordic countries so far. The numifenew doctors is
increasing though, but many seem to need far lotigrer than the planned
three years. Many universities are worried aboatgfolonged study time
and try to implement incentives to shorten the ptimde.

The government in Sweden has shown great concet dte research
education. It was restructured in 1998 and a #ratluation of the results
was published in 2007 (Hogskoleverket, 2007). Ontame is that the
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students that graduate within a period of five gdaave increased from 16
to 28 % of the population. The number of degreesihereased with 50 %
after the reform and stays at that level. In 1999 @ of the working
population (between 25 and 64 years of age) haattodhl degree and that
increased to 1.0 % in 2005. An investigation in 2@0ok care of specific
guestions about the doctoral time and the timer afraduation (SOU
2004:27). Doctoral education has expanded with ZBetween 1990 and
2000. In Sweden the number of doctoral studentb@ut 13000 (fulltime
equivalents). It would be astonishing if there wace problems in such a
strongly expanding activity. A large generatiorpefsons born in the 40ties
is in the process of retiring and the new academitls a doctoral degree
seem to have a prosperous labour market to enter A8 mathematics
knowledge is seen as one of the tools a citizenrirodern society will need
it seem probable that questions about teachingesarding mathematics to
still larger groups of the population will be inciess. Most governments
realise that we are moving into an internationaliety, where the human
capital resources in the form of education and atenre are the means to
survive and compete internationally through exceléeand growth.
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NordForsk (project number 90969 at University ofd&g for which we are
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Abstract

The traditional mode of completing a Master's pragr and teaching for several
years before entering a doctoral program has not the needs of the profession.
The Appalachian Collaborative Center for Learnidgsessment, and Instruction in
Mathematics, with funding from the National ScieRceindation, created a multi-

institutional, cohort model for doctoral studentsidying mathematics education
with an emphasis on the issues and concerns ofl rareas. West Virginia

University, University of Kentucky, Ohio Universityniversity of Louisville, and

University of Tennessee collaborate in order tovisle courses in mathematics,
mathematics education, research and rural educatidistance education, summer
institutes and an internship prepare students fesearch in the teaching and
learning of mathematics in rural settings.

Introduction

The Carnegie Foundation devoted five years to tildysof the future of
doctoral education. Their work defined the purpofkdoctoral education as
preparing “stewards of the discipline.” Stewardshipbodies not only a
knowledge base, but also a philosophy or set afcipies. The holder of a
doctorate should be capable of generating new ledyd, conserving the
most salient existing knowledge, and transformingpvidedge through
representing and communicating those ideas cleantly effectively to the
benefit of society (Golde & Walker, 2006).

Reys, Teuscher, Nevels and Glasgow (2007) ackngetédhat the
shortages of people with doctorates in mathema#dsication, first
documented a decade ago (Reys, Glasgow, Ragan &<Si2001) is still
hampering the discipline. Approximately half of #leo completing the
doctorate return or remain in their current positidPositions in top
institutions often take from two — three years itb Teacher preparation,
quality research, and policy development suffemftbis shortage.

The traditional mode of doctoral education follothe scientific mode
where students complete a Bachelor's degree duwinigh the best are
guided into graduate work. After completing a M&stea subset of the
previously best are guided toward research and antibctoral program.
This model has created a highly talented supplyredfearchers and
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scientists. However, moving that model to educatie@ates an inexplicable
conundrum. Many doctoral programs in education ireciliree more years
of classroom teaching. This requirement makes sémsihat preparing
future teachers and doing research in teachingl@aching needs to be
grounded in the reality of the classroom. But, iy time potential students
in education have met entrance requirements, thgg hccrued family and
debt. Returning to graduate student poverty isanaalistic option. A full-
time, multiple-year commitment is considered thddgetandard for a
quality program.

Both admission and residency requirements are impeds for many
students. Admission requirements do vary and somgrams admit those
with little or no teaching experience. But, thenonpcompletion of the
degree, these new Ph.D.s often find their employmptions limited in that
some accreditation (NCATE) standards require thpyeparing teachers to
have had classroom experience. Therefore, topptiegrams turn away
highly qualified candidates in order to be fullycesdited. Residency
requirements also vary from program to program iature and
administration. Some programs accommodate part stmdents who are
holding full time jobs and the residency requiremiEnmet by taking x
number of credit hours within a specified periodtinfie. This meets the
letter of the requirement if not the spirit. Theteint of the residency
requirement is focused on spending a significaribdeof time working in a
research oriented environment with researchersveactn the field.
Unfortunately, even for full time students this cdegenerate into time
spent assisting the institution in low cost teaghand tasks other than
research.

Rural areas, with their geographic isolation, mpliesuing an advanced
degree even more problematic. With the nearesteusities often four or
more hours away by car, teachers are unlikely talide to pursue advanced
degrees even on a part time basis. Add to thgtdkerty and lower teacher
salaries, continuing one’s education is beyond dghesp of most rural
teachers. These teachers have an untapped knovidledgef what it means
to be a rural mathematics teacher, and represamtapped partial solution
to the shortage of mathematics educators nationwlidealternative to the
traditional doctoral program was and is neededitiress both the need for
more mathematics educators as well as the diffeultural mathematics
teachers face in trying to pursue an advanced degdxthough distance
education has made inroads in these locationgesidency requirement of
most doctoral programs puts a halt to many teathmsass. Creativity,
flexibility and technology can help reach this yppead pool of potential
mathematics education leadership.
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ACCLAIM

The Appalachian Collaborative Center for LearniAgsessment, and
Instruction in Mathematics (ACCLAIM), with fundinfom the National
Science Foundation, created a multi-institutionahort model for doctoral
students studying mathematics education with anhasip on the issues
and concerns of rural areas. West Virginia UnidgrsiUniversity of
Kentucky, Ohio University, University of Louisvilleand University of
Tennessee collaborate in order to provide coursesmathematics,
mathematics education, research and rural socifdggation. The
coursework and beyond-course experiences were ragbigp meet the
requirements of each institution and to addressgthidelines for doctoral
programs in mathematics education as publishedhky Association of
Mathematics Teacher Educators (2002).

The ACCLAIM program is non-residential with a largertion of the
academic component delivered by distance educafibis. program offers
highly capable and dedicated but geographically ndowstudents the
opportunity to pursue an advanced degree emphgsthim teaching and
learning of mathematics in a rural setting, andoiés so without requiring
them to leave work and family for long periods. d&nts attend intensive
five-week seminars each summer on a university camphe rest of the
coursework is completed via distance educationdth lsynchronous and
asynchronous modes. (See Appendix B)

Admission requires 15 semester hours of graduatéhemmtics,
significant classroom experience, and a passionrdfaal education. The
program of study includes 15 semester hours ofugtedmathematics, 18
semesters hours of mathematics education coursesm@sters hours of
rural sociology/education courses and 12 semestenshof research
courses. The collaboration among the universitiessgstudents access to a
larger mathematics education faculty than wouldabailable through any
individual institution. The funding and the disteneducation model also
allows the program to bring in noted scholars fraenoss the country with
expertise not found in any of the participatingtimsions. For example Dr.
Paul Theobald, who holds an endowed chair in redalcation in Buffalo,
New York, has taught a course for each cohort.

Delivery of courses

The delivery of courses via a distance model waserdgi@l for
ACCLAIM to reach the targeted rural population. Ariety of software
exists to support web-based instruction in both #synchronous and
synchronous modes. Blackboard and WebCT are twormmnial class
management systems. Moodle is open source softthateprovides the
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same kinds of tools: drop boxes for assignmensgudsion boards, posting
of announcements and assignments, grade booksCetdra, E-luminate
and Adobe Connect are frequently used tools for clsgonous
communication. These tools allow for real-time dissions, shared
applications, small group discussions, etc. Stugleah use icons to raise
their hand, applaud, laugh, cry, and answer questi@he instructor can
give students the “microphone,” give them contriohio application such as
a spreadsheet or a dynamic geometry tool or seah to a particular
website. Video is also possible through mini-cams.

ACCLAIM experimented with a variety of delivery mesl but has been
most successful with a combination of an asynclwen@omponent
managed by Blackboard or Moodle and a synchronoogonent mediated
by Centra. The synchronous component is deemedusblsonecessary for
a variety of reasons. To create a virtual classtoaliscussion and
interaction between students and instructor andid®t students is vital to
promote deep thinking and the sharing of ideaseal time. Required
meeting times help students involved in work andifiato stay on task and
on a reasonable timeline. For a cohort model texeed all students must
progress in relatively the same time frame.

Mathematics, mathematics education, research aatiaourses have all
been successfully, delivered via distance learnRarely, however, each
content area has experienced a less than fullyesatid delivery. The
content is not the deciding factor; the teacheN. all professors can adapt
their teaching style and philosophy to the distamoele. Some thought they
had to be available 24/7 and soon found themsedtaly bogged down in
responding to constant and repetitive emails. @spaonded by stopping all
communication midway through the course which cdusenild revolt on
the part of the students. This issue can be reddlygosting questions to a
discussion board where all can see and settingistens “email hours”
analogous to office hours on site. Others usedsimehronous time to
assign a myriad of readings and assignments whefe wnreasonable in
terms of time required to complete. Again a rewsitthe part of students
helped educate some but caused one or two to thypwheir hands in
despair. A quick discussion and comparison withahsite syllabus usually
created a reasonable compromise. A common comgaioing successful
faculty was the challenge of teaching from a stetig position—that is
sitting in front of the computer. Some alleviatdust with a wireless
microphone during discussions but found it is stdtessary to monitor the
screen consistently to know who has their hand ngb \eho may not be
responding at the level desired.
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The students accepted into this program were ghlitalented, highly
motivated students. Their persistence proved tobbth a joy and a
challenge. These students insisted upon learnkmpoted to work hard and
expected the highest quality of teaching. They wertenecessarily gentle in
communicating when their expectations were notdemet. As such, even
mild revolts had to be addressed. The program didcater to student
whims but this dual responsibility—students andgpaon administrators—
helped to insure a quality program.

Assignments

All of the types of assignments are possible usiteghnology
strategically. Examples of “Investigate/SummaridedDss/Revise Tasks”
include (Burke, 2007) ERMO Summaries. In this atfjvstudents are
assigned to read an article or set of articlesvarig: an “Earn the Right to
My Opinion” summary of the readings. Students readh other's ERMO
summaries and write a critical reflection. More archer feedback is
possible using a discussion board format. Anotyiee bf assignment which
parallels the traditional classroom is “ResearchpePa and Paper
Conferences.” Each student is asked to write aarebepaper for a course.
On a specified date they post their research papedolder set aside for
their group. Critiques are posted and a group dison is held moderated
by the professor.

One of the significant advantages of working witace-bound teachers
in the online environment is access to the livirdpdratory of their
classrooms. This enables students to validate amoiniserate with those in
like positions but also provides insight into classns at different levels
and from different types of institutions. Secondéegchers gain a better
appreciation of what it means to teach mathematicgcond graders—they
usually quite surprised by what 8 year olds can @ommunity college
teachers learn what it means to teach at a reseatore institution. The
initial reaction is one of envy of a teaching loafd? classes yet when the
research responsibilities and expectations are agnwated, most are
appreciative of their 4-5 class teaching load.

Role Playing, Lesson Study and Curriculum reviewd aevelopment
are just a few activities that can be mediated ufho technology.
Sometimes “inquiry” takes on forms not captured bwyr previous
categories of tasks. In the online environmenthvitis shared text spaces
that students can contribute to asynchronousiyt Rrioductive Activity or
Development Tasks progress sometimes more efflgietitan when
students attempt to meet face-to-face. These jadtivities can build
resources for the entire class to access. Professsrthe task and its
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boundaries and contribute start-up resources. Stsidend the professor
contribute to and monitor the development of th&oveces. Again as the
teachers are thoroughly grounded in the classrabese tasks become
more real, more meaningful and more applicable. yAptoduct of this

classroom involvement brings the students in thdsssrooms into the
learning of their teacher. Many have no concegtiglier education. Seeing
learning being modeled and enjoyed by their teacben be very

motivating.

Many of our courses focus on mathematical topiasblem solving
with an exploration of some phenomena and thenpib&ing of deep
problems that challenge everyone in the class weel in both the
synchronous and asynchronous modes. In groups nétudengage in
dialogues and shared strategies. They look to e#tedr for insights and
eavesdrop frequently on the discussions of otheupgg. The professor can
move from group to group monitoring the progressl ahe on-task
behaviors necessary for learning. In addition, ettsl may teach various
segments of the courses, lead a discussion ontigteaor demonstrate a
selected piece of software. Mathematics can be tlaméhe fly” using one
of various peripherals and student-created work lmarshared either via
document camera or through student work generateghi time.

Residency

The traditional residency requirement in doctoralrkvis designed to
ensure a student of at least one year of in deptk im an academic setting
with professors actively engaged in research, tagadnd service. In lieu of
a traditional residency requirement (usually techlty defined as 2-3
semesters of full time enroliment), ACCLAIM has pnégted an innovative
residency which includes two summers of 9 semdsiars of coursework
each at one of the participating institutions ahé tacademic year in
between (third year of the program). During thiagemic year, students are
enrolled in 3 semester hours of internship eaches&an

The internship is based on tl@&&uidelines for Doctoral Programs in
Mathematics Educatignspecifically guideline 6. “Mentored internships
focused on acquiring expertise in collegiate teaghsupervising student
teachers, designing and implementing a researcty stdesigning and
facilitating professional development activities feachers, preparing grant
proposals, and writing papers for publication; “(AK, 2002) Each student
negotiates an individual contract outlining specéctivities selected to add
to their knowledge in the areas of K-16 teachingpesvising student
teachers, designing and implementing a researaty,stiesigning and/or
facilitating professional development activitiesgparing grant proposals,
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and writing for publication. (See Appendix A.) Fexample with respect to
K-16 teaching, a high school teacher would be ddngith observing for
several consecutive days in a primary classrooma imiddle school
classroom, and perhaps, working with a college gasdr to re-design a
syllabus. For professional development, if a sttithed never presented at a
professional meeting, they would be charged wittirgge on the program at
a local or state meeting. If they had presentes sihte meeting, the charge
might be getting on the program of an NCTM regional

The students meet on-line every two weeks to dssther activities and
to share thoughts with respect to a paper addgessie of the areas of
study. Blackboard is used for students to subndirtbompleted activities
and track their progress through their contract.

Summary

Staying on the job, while completing an advancegdree, allows the
student’s theoretical work to remain fully groundiedthe reality of the
classroom and does not further deplete the sudphyathematics teachers.
Such alternatives can supplement existing progrants help alleviate a
critical shortage. The power of technology shoutd be over estimated.
Technology can provide access to help mitigate, gmrhaps not solve,
some of the problems in education. Geographicaliated, disabled, and
place- bound populations can be reached with higality educational
opportunities. Shortages in critical areas can llkviated. However, the
power of tradition and inertia should not be undéneated. University
policies and practices can create huge barriet&pkarly in working across
institutional lines. Professors are often boundraglition with good reason
and reluctant to risk unproven methods and teclesigdowever, creativity,
flexibility, and external funding can help. The ACAIM program is an
existence proof. Duplication and replication argtreteps.
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Appendix A:

INTERNSHIP WORKSHEET
Characteristics of ACCLAIM Internship

Individualized - Individual plans of study will beegotiated for each student by
the end of the Summer Institute, 200x

Instructor of Record:

Mentored - various individuals will assist and sogieach internship including
the ACCLAIM personnel and other professionals i filkld.

Electronically supported - through Blackboard andntta with bi-weekly
discussion sessions and through web based log books

Clock Hours - approximately 90 clock hours is regdifor a 3 semester hour
lab course

Objectives

During the two semesters of internship studentsagijuire expertise in:

k-16 mathematics teaching and the preparation d6Krathematics teachers,

supervising student teachers,

designing and implementing a research study,

designing and/or facilitating professional devel@mtactivities

preparing grant proposals, and

writing papers for publication.

These objectives will be met through observatioeading, reflecting,
conversation, practice, interviews, etc.
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I. k-16 teaching

Observation in classrooms at levels, (elementatigdi®m school, high school,
and/or college) with which you have no recent eiqrnae

Is

Recent Experience Projected plans
1. 1.
2. 2.
3. 3.
b) Read and reflect on critical issues at variewsls
Recent Experience Projected plans
1. 1.
2. 2.
3. 3.
c) Explore the political climate of mathematics eation
Accreditation issues — K-12, Higher Ed
Certification issues — K-12
Impact of rural context in political decisions
Recent Experience Projected plans
1. 1.
2. 2.
3. 3.
d) Consider the role of technology in mathematihscation at the various leve
Recent Experience Projected plans
1. 1.
2. 2.
3. 3

1. Supervising student teachers,

Assist in the evaluation of a student teacher/inter
Mentor a student teacher/intern
Shadow a supervisor of student teachers

Develop/critique the syllabi for mathematics methodurses in the region.

Attend Association of Mathematics Teacher Educatéwnual Meeting
(required)
Recent Experience Projected plans
1. 1.
2. 2.
3. 3.

IIl. Designing and implementing a research study

Capturing potential research
b) Narrowing the questions
c) Developing logical argumentation/literatureiesy
d) Conducting and sharing conversation(s) witleaesher(s)
e) Attending/participating in an ACCLAIM Resear8iimposium
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f) Attending/participating in the Research Presgas (NCTM)

Recent Experience

Projected plans

1. 1.
2. 2.
3. 3.

IV. Designing and/or facilitating professional deveopment activities

a) providing pd activities for colleagues
b) attending/participating in ACCLAIM TE/PD opportities
¢) evaluating on-going pd activities for a schootiepartment

Recent Experience

Projected plans

1. 1.
2. 2.
3. 3.

V. preparing grant proposals, and

a ) being a part of a concept team in a propasatldpment
b) being a reviewer of proposals for a fundingregye
¢) writing and submitting a proposal

Recent Experience

Projected plans

1. 1.
2. 2.
3. 3.

VI. writing papers for publication

answering a call for papers by a professional jalurn
writing an occasional paper for the Rural MatheosaEducator
being a reviewer for a professional journal

Recent Experience

Projected plans

1. 1.
2. 2.
3. 3.
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Appendix B

Tentative Template for 2004
ACCLAIM Cohort

Summer #1 (2004) — Location:

Athens, Ohio
Content Institution  Instructor
3 hours
Mathematics Geometry UK Lee
3 hours
Education/Mathematics Learning/
Education ssessment wvu Mayes
3 hours Rural
Sociology/rural Historical
education perspective OU Howley/Howley
Fall
#1 3 hours — Mathematics
(2004) Education Curriculum  OU Schultz
3 hours Linear
Mathematics Algebra UK Lee et al
Spring
#1 3 hours — Discrete
(2005) Mathematics Mathematics UT
3 hours —
Research Quantitative UK Xin Ma
Summer #2 (2005) Begin residency Location:
West Virginia
3 hours Advanced
Mathematics Algebra wvu
3 hours
Education/Mathematics
Education Pedagogy uT Long
3 hours
Research Qualitative Wvu Webb-Dempsey
Fall 3 hours — Rural
#2 — Sociology/rural Current
(2005) education Status UK Theobald
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3 hours —

Internship/Mathematics

Education Technology  UT Long
Spring
#2 3 hours - History of
(2006) Mathematics Math UK Lee

3 hours —

Internship/Research Research UL Bush

Summer #3 (2006) Complete

residency Location: Louisville
El Math
3 hours from Adv.
Mathematics Standpoint WVU Mays
3 hours Research
Education/Mathematics Trends in
Education MTE UL Bush
3 hours — Rural
Sociology/rural Implications
education for Practice UK DeYoung
Fall
#3
(2006)
3 hours — Adv.
Mathematics Calculus ou Connor
Spring
#3 3 hours —
(2007) Research Design ou Arlie
Adv.
3 hours — Mathematics Studies in
Education ME uT Taylor

Summer #4 - Write Comprehensive
exams/Begin Dissertation
About the authors

Vena M. Long
University of Tennessee, Knoxville, Tennessee, USA
vlong@utk.edu
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COMPLEXITY AND UNCERTAINTY AS DRIVERS
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Introduction

The Science and Mathematics Teaching Center (SM&C)the
University of Wyoming has been collaborating withet College of
Education on revising the Ph.D. program for MathiéesaEducation and
the Ph.D. program for Science Education. Currethidyprograms are under
a college wide Ph.D. in Education which requiresigmificant number of
general education courses (16 hours), an advamseaneh core of courses
(12 hours), and the standard dissertation hoursh(lfs). These required
44 hours of courses leave too little room for inmtbxe cognates in
mathematics and apprenticeship experiences. Westdawing to create a
novel Ph.D. program that integrates concepts ofpdexity and uncertainty
in mathematics and science, integrated sciencenamttlematics cognates,
and apprenticeship experiences in mathematics atidematics education.

Complexity science, computational science, and itivgn science
provide new paradigms for the study of mathemagdsication. First,
complexity science can serve as a driver for bagthematics content and
mathematics education. Two of the most pressingcantplex problems of
our time, energy resources and environmental iseeglire citizens that
can bring an integrated mathematics and sciencpgetive to bear on the
problems, as well social, political, and econonginses. These issues will
provide the context for the study of complexity amdcertainty in our
program. Complexity theories can also be appliethéoscience of learning
systems, accounting for the interactions of mudtipbents, as opposed to
the study of individual components of a system ([Ba Simmt, 2003).
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The field must move beyond efforts to bridge indual learning and social
learning, to trying to understand the emergent sctasm community.
Second, cognitive science provides theoretical tpideings for the
teaching and learning of mathematics. Findingshia field have a major
influence on how the teaching and learning of maiditéecs and science are
viewed. Third, computational science with its foars modeling scientific
phenomena, large data base analysis, and commahtefficiency is
driving efforts at integrating science and mathécsatThe integration of
science with mathematics through modeling shoulgiich K-12 schools in
significant ways, making this an important potentaver for the Ph.D.
program.

Ph.D. programs need to develop future leaders aiftertise in issues
of complexity, uncertainty in modeling, and in igtated approaches to
science and mathematics. At the University of Wymgniwe are revising
our Ph.D. program to include:

Cognates in key areas:

= Mathematics Education Cognate with an emphasisoomptexity,
uncertainty, and rural education;

= Mathematics Cognate with an emphasis on matherhatica
modeling, simulation, and applied algebra;

= Cognitive Science Cognate specializing in matheraatbgnition,
learning theory, and assessment.

Immersion in authentic mathematics education amdhter education
experiences, including:

= Teaching apprenticeship in undergraduate mathesnatiad
mathematics education;

= Qutreach apprenticeship in professional developrieatugh the
Science and Mathematics Teaching Center (SMTC);

= Mathematics education research experiences in thdy sof
teaching and learning complexity and uncertaintyd amral
education;

= Mathematics research experiences in modeling antpatational
sciences, potentially in conjunction with the NCARuper
Computing facility coming to Wyoming.

In this paper we will discuss the components ohsuprogram and why
they are important.

National Trends

Reys, Teuscher, Nevels, and Glasgow (2007) resedrdaurrent
doctoral programs in mathematics education. Theymdothat over half of
the institutions in the United States require alsti pursuing a secondary
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emphasis in mathematics education have a BS/BA ath®matics or
Mathematics Education and over half strongly enaged applicants to
have a master’s degree in one of these areas.nBlitufions in the study
reported that the strongest areas of emphasis imemeatics education
doctoral programs are Research in Mathematics Eodncg®8%), Research
Methods (97%), Mathematics Content (90%), Learniiteories (83%),
Teaching/Professional Development (83%), and Ma#ties Curriculum
(80%). The Association of Mathematics Teacher Ettwusa(AMTE) and
the National Council of Teachers of Mathematics NG established
Principles to Guide Doctoral Programs in MathematiEducation AMTE
& NCTM, 2002) in which they supported the areasofphasis identified
above. They emphasized the need for the mathenwdittent to broaden
and deepen the mathematical knowledge around th&léas in the pre-K-
14 mathematics curriculum and to examine how thmas develop
throughout the curriculum. They recommended théugion of seminars,
clinical experiences, internships, assistantshépgl independent study to
support coursework. The revised Ph.D. program at thiversity of
Wyoming will incorporate these recognized composemtd recommended
approaches. We also wanted to build on the strengftithe University of
Wyoming in the areas of energy and environment. bgus between
energy and environment is complex and uncertamdifgy itself to study
through computational science and mathematical fmgdeOur goal is to
integrate cognates between a Ph.D. in Science Hdocand a Ph.D. in
Mathematics Education, using energy and environnissties as the
context.

Energy and Environment Nexus Driver

By the year 2050 the ever increasing demands fturaaresources,
energy, and water will require two planet Earthssadisfy. Worldwide
issues of natural resource depletion, energy copsam CQ emissions,
climate change, and water shortages will be thesimg scientific problems
of the next generation. A driving force in reseawdh be the resolution of
the natural resources, energy, and environmeris @imfronting the world.
Research addressing this issue will be interdigsgdpy, require the
collection and analysis of large amounts of intetesl data using
technology, and engage scientists and politiciareoimplex problems with
both scientific and social consequences. The realdwenergy-environment
nexus should be a driving force in science and ematiics education
across the K-16 continuum, so we have an educatewbcratic citizenry
that can make informed decisions and one that ppsrtunities in science
and mathematics related careers. We want to crieetevative Ph.D.
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programs in science education and mathematics 8dnagith an emphasis
in energy and environmental education which:

1. develops teacher educators who are leaders inratbeg the concepts
of complexity and uncertainty in mathematics anérsme into the K-
12 classroom;

2. develops researchers addressing the significardarels question:
What is the cognitive capacity of K-12 students develop a
conceptual understanding of issues of complexity ancertainty in
mathematics and science?

To accomplish this we will create an energy-envinent cognate
consisting of a collection of courses where math@maeducation and
science education graduate students apprentice méthematicians and
scientists to develop expertise in energy and enwiental sciences.

The graduate students in this cognate will develgpertise in cutting-
edge science addressing the energy-environmemtakrs they can study
its integration into the classroom at the K-12 leWroblems in this area
require an integrated science and mathematics apprcesupporting
expertise in the collection and analysis of largeadsets, modeling of those
data sets to make predictions, and integratinguress from science and
politics to determine policy decisions. The Hauth&®d of Environment
and Natural Resources (HENR — policy issues inrenment), the School
of Energy Resources (SER — research on energysissné alternative
energy resources), and the Program in Ecology {Rikpertise on diverse
ecological aspects of energy development) at thivddsity of Wyoming
will partner to provide mentoring and collaboratirasearch opportunities
in the interplay of energy and environment. Speseiinars will bring
together graduate students with faculty in educaind the sciences to
explore issues of how energy and environment rebeshould and can
impact K-12 classrooms.

Permeating the STEM classroom from K through 16 uite energy-
environment nexus will require substantial changethe educational
system. This change must include the creation oficula appropriate for
different grade levels, authentic assessment t#sMs measure students’
conceptual understanding, content-based profedsidegelopment that
enables teachers to enact the curricula in meanlinvgdys, and research
into the cognitive development of children with pest to issues of
complexity and uncertainty. The Ph.D. programs vd#velop future
mathematics educators and science educators thaadthess these future
needs.
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Complexity and Uncertainty Drivers

The Energy and Environment Driver provides a canfiexthe principal
themes driving the Ph.D. program: complexity andeutainty. Energy and
environmental research represent two strengthshat Wniversity of
Wyoming, so they are a natural choice as a cofiéexdur university. While
the context may differ depending on a universistiengths, the themes of
complexity and uncertainty can be universal driiersPh.D. programs in
mathematics education and science education. Tthesees lead naturally
to a focus on computational science issues sudargs database analysis
and modeling, as well as technology’s impact inahea of data collection,
visualization, and data analysis. The graduateestisdwill research the
developmental aspects of students exploring coritglexuncertainty,
modeling and scale in mathematics and science. Wdna the
developmental aspects of gathering informationtasgnting and modeling
that information, analysis using technological spaind decision making
when there is a level of uncertainty? What are thgpropriate
developmental levels and learning trajectory fanptexity and uncertainty
across K-16 grade levels?

COMPLEXITY: Why complexity as a driver? The energy-environment
nexus is a non-linear complex adaptive system avitimber of diverse and
independent agents, including scientific, sociaid goolitical, that are
constantly changing and interacting with each othEnvironmental
challenges such as climate change and the loswdiérsity display non-
linear response, long range correlation, and difbgum through
significant fluctuations leading to extreme evef@anziani, 1999; Hallam
& Funasaki, 1999; Hull & Falcucci, 1999; Jorgens&f99; Giampietro,
Mayumi, & Pastore, 1999, Svirezhev, 1999). Complescience provides a
theoretical framework for studying such complexmie systems (Kelly,
1994; Waldrop, 1992, 1996; Wheatley, 1999). Complgstems are non-
linear, meaning that a small perturbation may caukege effect (butterfly
effect), a proportional effect, or no effect at &bmplex systems are open
in that they are far from equilibrium, but they oba over time in ways that
can influence future states and therefore may m@emergent phenomena.
The Ph.D. program will endeavor to have studentsenfoom viewing the
natural world through a machine-like reductionigirgpective where a
complex system is understood by taking it apart axamining the
components, to a complexity science view whereettame a number of
diverse and independent components constantly afgrand interacting
with each other. Studying only the components @&rgy and environment
in isolation produces an incomplete understandfithewhole. Complexity
science suggests that the natural tendency in gmolsblving of breaking
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down the problem into parts and solving a simplebfem is not sufficient
for complex problems. A better approach to soldngiplex problems is to
implement multiple approaches and then gradualiff 8ime and attention
towards those things that seem to be working best.

Davis and Simmt (2003) of the University of Albehave turned the
lens of complexity onto learning in mathematicsisTprovides a dualistic
use of the complexity science perspective; not @iy mathematics and
science driven by issues of complexity, so is #aching and learning of
science and mathematics. They are researchingpiieation of principles
of complexity to the teaching of mathematics. Camrplystems are
adaptive and emergent. They define how a complatery adapts in a
Darwinian evolution manner, changing its own stuuet and how it is
emergent in that it is composed of and arisesénctirimplicated activities
of individual agents. The central thesis of theorkvis that mathematics
classrooms are complex systems in and of themsedystems which are
adaptive and self-organizing. The contrast betweenent theories of
knowing, such as constructivism, with complexitgdhes of knowing is
striking. The constructivist epistemologies are uked on particular
phenomena, such as an individual’'s or group’s caogon of knowledge.
But complexity science

is concerned with a range of nested learning systemhich
includes the co-implicated processes of individsa@hse-making
and collective knowledge-generation. We might bay complexity
science is more a meta-discourse, useful for repditross
theories that are concerned with different levelsagpects of
complex nested learning systefPsavis and Simmt, 2003).

This view implies that we must move beyond effadsbridge the
phenomena of individual and social learning; froomstructivism to trying
to understand the emergent classroom communitg. dur goal to take a
complexity science view of the learning and teaghifi mathematics and
science in our programs.

UNCERTAINITY: Why uncertainty as a driver? The energy-
environment nexus, as in many other areas of mattiesnand science,
requires that decisions be made with an acceplabét of uncertainty. The
theoretical framework of uncertainty analysis idevant to the Ph.D.
programs’ desired outcome of students working withcertainty in
mathematics and sciendéncertainty analysisaims to quantify the overall
uncertainty associated with the response as atrebuincertainties in the
model (Sayers, Gouldby, Simm, Meadowcroft & Hal02). Uncertainty is
divided into natural (aleatory) variability whiclefers to the randomness
observed in nature and knowledge (epistemic) uaicgyt which refers to
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the state of knowledge of a physical system anchbikty to measure and
model it. In science knowledge is often capturecbugh an imperfect
model or theory, causing the boundary between ahtamd knowledge
uncertainties to blur and change over time. Analysi knowledge
uncertainty has three key components: define wkatiricertain in the
modeling process (sources of uncertainty), defioe o quantify output
uncertainty consequent on the sources of unceytaamd define how to
condition the uncertainty estimate as data on mpdsldicted variables
become available. Students studying the energy-@mvient nexus will
examine large data sets, create a conceptual madel represent it
guantitatively with a graph or equation, and fipathplement a procedural
model that will provide quantitative predictions bdot, 2002; Beven,
2001). The model may not be an accurate matherhaliszription of the
physical processes, so it is subject to three riffe forms of knowledge
uncertainty: process model uncertainty (all modmis an abstraction of
realty and so have inherent error), statisticatri@hce uncertainty (error in
estimating the population from a sample), and sttaéil model uncertainty
(multiple models may fit the data equally well otke sample, so which is
best for extrapolations/interpolations). Mathernsdticand statistical
guantitative aspects of modeling large data seté @ an enduring
understanding that is valued as a student outcortfeiPh.D. programs.
Analyzing complex problems in the energy-environtnegxus requires
modeling large sets of data. There are a numbdéargé, natural sciences
data bases available for students to analyze sschVarld Data Center
System: NOAA'’s National Geophysical Data Centerul8er, CO; Water
Events Worldwide: United Nations Educational Sdfemtand Cultural
Organization; Global Change Master Directory: Gadd&pace Flight
Center; and Global Resource Information Databaseited Nations
Environment Program — Sioux Falls, SD. The analgdighe data will
require both quantitative and qualitative methoisluding developing
mathematical models to use for studying trendsraaking predictions.

Integrated Science — Computational Science Driver

The types of complex environmental, energy dgwelent and
related issues facing society today simply canmoadidressed by any one
traditional discipline or approach, and they canmetresolved by basic or
applied science alone. In response to this andecelaroblems identified by
the National Science Board (NSB, 2000), the Nati@w@ence Foundation
(NSF) convened the NSF Advisory Committee for Eowinental Research
and Education. This committee’s report entitf€@bmplex Environmental
Systems: Synthesis for Earth, Life, and Societythin 2F' Century”

62



DG12: Rethinking doctoral programs in mathematics education

(Pfirman, S. and the AC-ERE, 2003) presents a ehgé “...to develop
environmental synthesis to frame integrated inseiglinary research
guestions and activities and to merge data, appesacand ideas across
spatial, temporal, and societal scales. An esdeydid of this process is the
effective communication of scientific informatiomodels, and conclusions
to and among researchers, educators, studentsjrcesand industrial
managers, policy makers and the public.”

These recent NSF reports directly relate to théweald complexities
and uncertainties associated with analysis and geament of any energy-
environment project or policy, which can be amolmg most complex and
difficult issues facing society today. As such,sihekinds of projects and
policies demand an interdisciplinary approach, emzassing the traditional
disciplines of the physical, natural and sociakesces; mathematics and
statistics; law and politics (and more). This Phdgbogram will integrate
graduate students into an interdisciplinary mixeadlty in use at the
University of Wyoming to conduct cooperative coudsdivery and research
in the Haub School of Environment and Natural Reses) the new School
of Energy Resources and the Program in Ecology.

The Haub School of Environment and Natural Resau(E&IR) strives
to prepare students to address societal compleaitg uncertainty
associated with estimating environmental respotsemnergy development
scenarios, ENR coursework and research strategesauproblem-based
learning” approach, wherein student teams, guidgdfdzulty mentors,
attack a highly complex and seemingly intractaldal-world project or
policy problem and complete a major integrated sssent of the project or
policy consequences. A graduate capstone experieam@® research
opportunities will bring students and faculty frodisparate disciplines
together, serving as culminating experience fodestits in their preparation
as practitioners and educators.

Several of the modern integrating approaches tol deth the
complexities and uncertainties of major energy-emment projects and
policies that are used in these courses and résgmojects include the
following: conceptual modeling of complex sciencadamanagement
options for understanding the key drivers of envinental responses to
energy development alternatives (Henderson and iQ'Ne®04); risk
analysis models for estimating rate functions withaction-response
networks in energy-environment systems provided the U.S.
Environmental Protection Agency in 1998; adaptivenagement strategies
for handling major uncertainties inherent in eneegyironment project
tradeoffs, including staged development (e.qg. iglaotl field development),
monitoring of environmental and economic responsesl altered next-
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stage development strategies; and collaborativeatiun and involvement
strategies for engaging decision-makers, staket®ldaed the public in
project and policy related decision making from tl&&ouncil on
Environmental Quality in 2006.

Cognition Driver

The research program for the Ph.D. will focus omgnitive science
related to the learning and teaching of compleaitg uncertainty in STEM
disciplines. Cognitive science is the interdiseipty study of mind and
intelligence, embracing philosophy, psychology,ifiaial intelligence,
neuroscience, linguistics, and anthropology. Theotétical framework for
cognitive science includes:

= computational models analogous to mental operations
complementing psychological experiments on dedactiv
reasoning, concept formation, mental imagery, andlagical
problem solving

= linguistic approach to identify grammatical prinep that
provide the basic structure of human language

= neuroscience focus on the nature of the brain amat wegions
are involved in mental imagery and word interpietat

= cognitive anthropology using ethnographic methagexplore
culture influences in cognition

= The expert-novice cognitive research is influentralcognitive
science

We want to develop graduate students with the dgptEcbe experts in
cognitive science in the area of STEM disciplinBse program of study on
complexity and uncertainty will incorporate cogwitiand affective analysis
of how students develop such reasoning across SdiEdiplines and across
the divide of high school and college. A focus awhstudent cognitive
misconceptions of complexity and uncertainty depednd methods of
addressing those issues will be studied. Curregmitive science theoretical
approaches about how the mind works will be incoafea into the study,
including mental representations interpreted asnébrlogic, rule-based
systems, concept schema and scripts, analogiesolem solving, and
visual and spatial imagery.

Graduate students will engage in research on ehmldr cognitive
development in the area of complexity and uncetyain science and
mathematics across the K-12 grade continuum. A omeapt of the field
internship will be the engagement of a cohort ofeegch scholars in a
common research agenda focused on children’s ¢egrdevelopment in
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this area. This development will encompass studetidity to model
complex problems, critical thinking, reasoning, coumication, and
problem solving processes. Cognitive science rekewadll be brought to
bear on what energy and environment topics areogpijpte on varying
grade levels and on the learning trajectory for potational science and
mathematical reasoning that support this scienceumber of questions
related to the complexity and uncertainty conceplisbe of interest. What
impact will integrating issues of complexity andcartainty into the science
and mathematics classroom have upon student’dyatlicritically reason
about and solve complex problems? What is the Ilenfelcognitive
processing that can be elicited across the K-18nsei and mathematics
curriculum by engaging students in large databasearch and technology-
based data gathering? How do we promote concepiu@érstanding of
science and mathematics through the study of codtpland uncertainty?
What is the affective impact of engaging studentsthe real-world
problems of complexity and uncertainty? What is timpact on student
achievement gaps in science and mathematics fogrsedsed populations
in an integrated science and mathematics approddfessing complexity
and uncertainty?

The focus on complexity and uncertainty in mathéesaand science
education carries with it questions of developmleatal conceptual ability
of students across the K-12 continuum. Graduatgestis will need to be
versed in cognitive science in order to study thigstion. Efforts by
psychologists to understand the acquisition of raifie knowledge and
knowledge about scientific method, though reflegtirariety in theoretical
orientation, have illuminated important factors fine development of
scientific understanding. One such factor is tHe od prior knowledge of
the domain which has been shown to figure impadstantthe formulation
of questions and hypotheses (Klahr, Fay & Dunb@831 Penner & Klahr,
1996; Schauble, 1990; 1996). Another is the abititglistinguish between,
and to coordinate, theory and evidence (e.g., KkaBunbar, 1988; Kuhn,
Amsel & O’Loughlin, 1988). Carey & Smith (1993) lawoted that many
students do not recognize that science is fundathgrd theory-building
endeavor. Another factor that may influence theettgyment of scientific
reasoning is awareness of one’s own thinking; resardies in children’s
“theory of mind” have suggested important developtak changes that
may bear on this element (e.g., Chandler, Halle®dkol, 2002). Several
lines of research have converged on the charaatieniz of children as
moving from a view assuming straightforward, sepdmased knowledge in
which truth is an easily obtained objective to awiin which science is
admitted to involve active interpretations of deliately staged
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experiments, mental manipulations, and theories., (iframeworks for
knowledge that may yet contain uncertainty) (Ca&ySmith, 1993;

Grosslight, Unger, Jay & Smith; 1991). Thus, chalds understanding of
models as a scientific tool undergoes significanange. These known
factors in the development of scientific thinkinglwe taken into account
(maybe even treated as aspects of manipulationdorantheasured
outcomes) in activities fostered by the proposexdjam.

Apprenticeship Drivers

The graduate students will develop personal anfepsmnal skills by
engaging in a professional apprenticeship modekyTWill work as a
community of scholars on issues of complexity andceutainty in
mathematics and science education. As memberseotdmmunity they
will attend seminar series focusing on STEM redeard education issues.
They will complete a research project and predentésults at a regional or
national meeting. They will submit a state andoval grant supporting the
dissemination of their research and broadeningnifsact. The grants will
provide for continued research on complexity andeutainty in science K-
12 classrooms, as well as the development of alaicThe cohort will
publish papers in STEM education in collaboratiathwaculty in science
and education.

STEM RESEARCH PROJECTS (at pre-dissertation stage)lhe
doctoral cohort will engage in integrated matheosaéind science research
internships with University of Wyoming mathematitsaand scientists in
the areas of energy, environment, and computatieci@nce at the pre-
dissertation stage. They will participate in themewous seminars offered
through HENR, the PIiE, and SER, which invite nagioand international
speakers to the University of Wyoming. In collabama with HENR and
SER, the graduate students will participate inseaech and policy project
on energy and environment. They will have the opputy to interact with
the internationally renowned board of advisors tfie HENR. They will
also have opportunities to collaborate with math#éizas and scientists
working on modeling projects with the National Ganfor Atmospheric
Research (NCAR), including use of the new superpager to be built in
Wyoming.

STEM EDUCATION - Preservice Teacher Apprenticeship:
Graduate students will partner with College of Eation faculty to
integrate complexity and uncertainty in mathematiosl science into the
professional development of K-12 pre-service teschéNith recent
education reforms focused on a socially-relevairnee curriculum and
incorporation of exciting discoveries and applica$i, the role of scientists
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in teacher professional development has becomempanat (Drayton &
Falk, 2006). In pre-service science teacher dewvedop programs it is
believed that integrating scientific experiencesndiit the field “by
exposing them [students] to the leading-edge tegtlas/technologies.”
(Bloch, 1990, p. 841).

Most programs involving mathematicians or sciestiand teachers
working in collaboration are limited to sporadicpexiences for both
groups, with management and control mostly exechoyetthe invited higher
education faculty member. There have been diffengays in which
scientists have been involved in science teachecagin programs. For
instance, a scientist and science teacher teanh tedesson (Anderson,
1993; Wier, 1991), or participate in summer int@ips that include
meetings during the following year. This proposal driented towards
establishing a new model in mathematician-sciestisgnce teacher
collaboration. In our program, both pre-service amdervice teachers are
engaged in addressing issues related to energgrannment. Experts in
the field and researchers (i.e., graduate studestigntists) assist pre-
service teachers during their junior and seniorsgieghis is a crucial stage
in the mathematics and science teaching certifingpirogram because it is
when pre-service teachers incorporate their conkmotwledge into the
planning, implementation and assessment of teachitlearning before
their residency semesters and full-time careerss phrtnership effort is
also significant because mathematics and sciencecagats, as
recommended by the National Research Council’sdstals, are to seek
connections with other groups of practitioners imitthe local, national and
international community. Therefore, there is evigethat highlights (1) the
merit of this collaboration, especially from tharstipoint of the value of
pre-service teachers’ involvement in research eepees, and (2)
mathematics and science teachers gain great uadénsg of the scientific
enterprise and its features (i.e., uncertainty) connection to science
teaching (Cunningham & Helms, 1998; Helmer, 1997).

The scientist (graduate student)-pre-service seiégmcher collaborative
work in this proposal is focused on features sushuacertainty and
complexity of the scientific knowledge as centrélaacteristics of the
scientific practice. This is a valid framework thasearchers (Bowen, 2004;
Roth, 1995; Varelas, House, & Wenzel, 2005) hawslus understand and
associate the practice of science in educationtiings. The finished
science products, as reported in science textb@wksnot the only pictures
we want our pre-service science teachers to poruray show in their
classrooms. They need to tell their student not dwhere we are not
(knowledge of science) but also how we get themsokedge about
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science)” (Wandersee, 1992, p. 428). Science isiraah endeavor and
builds a type of knowledge that is durable butdaéwe. These are features
that translate into attitudes educators observehéir classrooms; human
curiosity oftentimes has resulted in scientific dthroughs as scientists
wonder about reality or practice their problem-gudv skills to tackle
phenomena in nature. This approach to scientistisei teacher connection
highlights the goal of our STEM teacher educatign“belping science
teachers challenge and refine their ideas aboohiegand learning science
and learn how to learn from experience” (Bryan &Rbp. 137).

STEM EDUCATION — Outreach Teacher Apprenticeship: The
graduate students will also work with teams of Ktd@chers, scientists and
mathematicians, and science and mathematics edsicatoan outreach
internship lead by the Science and MathematicsHiegecCenter (SMTC) at
UW. The internship will place them in a leadershgde in providing
professional development for teachers in the fielthe professional
development theme will be complexity and uncertaiissues in energy,
environment, and computational science. Partne ksehools in Wyoming
that are teaching environmental and energy issut®iclassroom (Journey
School, Jackson; Star Lane Academy, Casper) willesas partners in
research on student development of understandingiplexity and
uncertainty in science and mathematics.

Recruiting, Retention, and Diversity

If the graduate students are to become leaders athematics and
science education around the country, it is impdrthat they be broadly
representative of diverse ethnic, racial, and caltbackgrounds, gender,
non-traditional students and international studemds comprehensive
recruitment plan will be developed with special éagis on locating
prospective students from these underrepresentmepgr The President’s
Advisory Council on Minorities’ and Women'’s Affaiwas established at
UW to provide funding for diversity-related actieis and to support
recruitment and retention efforts. Additional funglito support recruitment
of these five graduate students will be sought fithim source which is
available throughout the year.

A team of University of Wyoming faculty who are Idanic, Native
American and African American from across campugehaet and agreed
to take a lead role in recruiting and mentoring emepresented graduate
students for the program. They include ProfessoEdticational Studies,
Dr. Francisco Rios; Director of American Indian @as, Dr. Judith Antell;
Director of African American Studies, Dr. Graciewson-Borders; Director
of Chicano Studies, Dr. Ed Munoz; Director of Emytent Practices and
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Affirmative Action, Dr. Nell Russel; and Professof Secondary Science
Education, William Medina-Jerez.

Students will be recruited from within the Univeysof Wyoming and
from other universities, as well as potential snidewho are working in
professions. Recruitment will start at UW with afl the science-related
departments and College of Education to identifyeptial candidates
among their students completing bachelors and msadégyrees. In addition,
presentations will be made to the McNair Scholarcampus (a graduate
school preparation program at UW for low income dinst generation
college students) as well as students who havécipated in the federally-
funded TRIO Math Science Initiative at UW, the SuemnResearch
Apprentice Program (SRAP) and the Minority Engitegr Program.
Partnership programs such as the one that UW hak @&hanghai
University to train undergraduates in the scienedisalso be contacted. We
will collaborate with the Graduate School and aietsrof UW academic
departments and programs in their outreach effadisiding the Minority
Student Recruitment program. Recruitment from otheiversities will
focus on Minority-Serving Institutions (HistoricgllBlack Colleges and
Universities, Tribal Colleges, and Hispanic-Servifgstitutions); large
public universities with good minority recruitmemrograms, such as
UCLA, the University of Michigan, and the Univessibf Texas at Austin;
private colleges and universities that do an ezoeliob of enrolling a
diverse student body, such as Harvard, Stanfordsléyen, and Yale
Universities; majority institutions with large mirty enrollments, such as
Arizona State University; and intervention programith good track
records, such as the Meyerhoff Program at the UWsityeof Maryland (a
program that focuses on highly able African-Amemisaudents who aspire
to become leading research scientists and engineeseme may be
interested in a career in teaching in higher edoachtFaculty and staff will
also contact science and education departmentsiargities that do not
offer PhD programs in their specific areas andthskn to recommend good
candidates.

Specific strategies for identifying and attractinmembers of
underrepresented groups who are working in vargmisnce-, education-,
environment- and energy-related professions inclggeuiting at various
conferences, advertising in their publications amebsites, and sending
direct mail. Organizations will include the Socidty the Advancement of
Chicanos and Native Americans in Science, the Acaeriindian Science
and Engineering Society and its college chaptet)\&t, the Society of
Hispanic Professional Engineers, the National Aission for Multicultural
Education, and the National Science Teachers Aasogiand its affiliate
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Association for Multicultural Science Education. €Tlgraduate program
opportunity will also be advertised to teachersrentty teaching in the
sciences in Wyoming and the region.

A Summer Research Institute for Graduate Studeiitsbes held with
the express goal of recruiting underrepresentedestis for the doctoral
program. The institute will introduce prospectiiedents to STEM and
STEM education faculty, allowing them to explorentoon research
interests and examine labs. The prospective stsdeifit also meet with
faculty to discuss issues of support and mentodhdghe University of
Wyoming. The University has strong student supgpoups and student
services. The graduate students will have mentods aalvisors who will
have been provided with special training. A speermaphasis will be placed
on involving the graduate students in researchfepsional societies and
the intellectual life of the university.

The University of Wyoming will provide a rich expence for students
from diverse backgrounds. The graduate studentswatk with highly
diverse urban public schools in Denver as well @salrtribal schools in
Wyoming as part of their program. UW has well-ebsiled relationships
with schools in both areas that have been a patieotducation program
for all teacher-education candidates for many yedaigersity is supported
and encouraged through the UW President’'s Advigwyncil, the Ethnic
Studies Program, Martin Luther King Days of Dialegithe Women's
Study Program, and the nationally renowned Shefgndposium on Social
Justice. In addition, the University of Wyoming hasew initiative, the
Social Justice Research Center, which will provgladuate students
additional mentoring and research support.

Summary

The proposed Ph.D. in Mathematics Education incags cognates
and apprenticeships that will engage the studestgpractitioners in a
community of STEM scientists, mathematicians, ardlicators. The
primary drivers of complexity and uncertainty maeti® an integrated
science approach based in modeling real-world phena using
mathematics and technology. Graduates of such gramo are uniquely
poised to address pressing needs in K-12 STEM &duacalhere is a
pressing need to move curricula from the currdot @pproach to teaching
mathematics and science as a collection of isolfget$, to an integrated
approach that coalesces STEM disciplines arountwedd problems.
There is a pressing need to provide preserve asehiite teachers with
professional development that prepares them tohtemathematics and
science through a problem/project based pedagogy ¢mgages and
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motivates students by demonstrating the utility safence. There is a
pressing need to develop teacher educators thatrema@lturated into the
STEM communities way of knowing (what does it méarDO science or
mathematics) and reflect the central concepts @nséic inquiry and
mathematical problem solving/proof in their praetidminally, there is a
pressing need to bring educational research iratha of cognition to the
classroom in a way that impacts teacher’s praetncbstudent learning.
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DOCTORAL PROGRAMS IN SLOVAK REPUBLIC

Michaela Regecova

Comenius University, Slovakia

Key words: Study plan, study and scientific part, common cofe
knowledge, thesis

Slovakia is a young European country (establishneénthe state in
1993) that is still in progress. During the 15 yeaf our history changes
were introduced in all areas of the society inalgdihe education.

At the Faculty of Mathematics, Physics and Infoiogatf Comenius
University there are 19 PhD study programs inclgdiheory of mathematics
educationthat was accredited by Accreditation Commissio2d@e.

Graduates or students of the last study year oMéaster, Engineer or
Doctor (previous form of PhD study) university sgud any study program
can apply for PhD study at the Faculty (generaligyt are fresh from
college, rarely persons from practise). In the mpgibn the following is
given by the applicant: the study programme, tagficissertation thesis,
supervisor and form of PhD study (daily form, wéth stipend, or external
form). The topic of dissertation thesis is chosgnili®e applicant from the
list of dissertation theses topics for applicantsRhD study.

The entrance interview consists of two parts:

a) Written test examining the basic knowledge &nfibld.

b) Personal interview by the entrance committee.isltaimed at
attestation of the applicant's preconditions foDRtudy in the selected
field, a more detail specification of the supervisgroposal and the topic
of dissertation thesis and discussion on applisaathception and plans and
his/her scientific program.

The assumption for the nearest future is to adniil 3 applicants of
doctoral study per year (it depends on financiabueces and on personnel
capacity at Faculty).

Duration of daily post-graduated study in Slovakiat least three years
(humanitarian and social science’s educational rarng) and at most four
academic years (natural science’s educational prog)y. Duration is at
most 5 years in external form.

The PhD study at Faculty of Mathematics, Physicd &rformatics
consists of thetudy partandscientific part Educational programs dheory
of mathematics educatiaontain study and scientific parts in ratio 1:2eT
study plan of each PhD student is compiled by tigewisor that manage
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himself periodicity of meeting with PhD student ardrking-out of his/her
thesis. The choice of research problem depends goeement between
supervisor and PhD student. In study prograheory of mathematics
educationwe prefer research problems that could be usefukécondary
teaching (analysis of different subjects in secontizaching, implementation
of ICT in teaching/learning process, motivatioreducational process, way of
increasing effectiveness of teaching/learning pscg. In Slovak Republic
the supervisors have to be appointed professatsaants.

The study partof the PhD study consists especially of the lexgur
seminars and of individual studies of the literafuwhich is related to PhD
thesis. Lectures and seminars are usually endédexam. Individual study
of scientific literature can be divided into theaghs and is ended by tutor
who gives the students the appointed amount ofitstethe study part is
focused on a survey of mathematical and pedagegssahological
disciplines and on intimate knowledge of areastedl&o subject of doctoral
thesis that the PhD student has to acquire. Afteliess the student should be
able to enlarge and deepen knowledge acquired froathematical
disciplines of wider fundamentals of the study pemg — Mathematics
Education, pedagogic-psychological disciplines &l &s the methods of
guantitative analysis (special statistical metho#tg/she obtains new and
deeper knowledge concerning utilization of ICT amelw trends in the
teaching/learning process and he/she learns towiahem. He/she adopts
methodology of work with scientific library and fpadical literature and by
utilizing Internet sources. He/she will manage tesent the results of
his/her work at domestic as well as internatiomaldemic conferences.

The current subjects in study parts are Theory ida®ical Situations,
Didactical software in Teaching of Mathematics,dfginology and Cognitive
Psychology, Multidimensional Relations of Didactied Mathematics,
Didactical Engineering, The experiment in Didacbé®athematics. There is
a core for coursework studies, but particular mashgike statistic analysis
with using of CHIC) and theories (like Theory ofdactic Situations) are
privileged.

The scientific partof the PhD study consists of individual or teamiwvof
the PhD student, which is bound to the theme ofdissertation. In the
scientific part of study the students are led wklap and evaluate scientific
information, to adopt the standard methods and $asfrscientific research
process, to interpret and present results of th@rk at national and
international conferences. After the studies thelestit should be able to
apply theoretical skills to problem solving in salcipractice, to
communicate with experts, to specify and analyzeirtlschool praxis
problems and suggest them model solutions and tp héth their
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implementation. He/she should be able to formuiathematical problems,
projects and other forms of activation tasks fardshts and contribute to
the development of scientific discipline relatedhainathematics education,
but also within the school subjects’ relations.

In addition to theoretical knowledge and practiskills and abilities the
PhD student should be able to lead on a profedsidenel the
teaching/learning process in first level universgucation (Bachelor’s), to
participate in organizing student’s scientific waihd students’ symposiums
(including international ones), that are touchedhi® branch problematics,
to organize scientific research events, includingnés with international
participation, to involve and lead students of lowaiversity level to the
actual scientific problems in the branch and eifety present his/her
results using modern ICT tools.

To all forms of doctoral study the credit systenajplied. One credit is
a base value of student work, and in PhD studyai defined equivalently
as in bachelor’'s, master’s and doctoral studieand#rd activities during
academic year represent 60 credits. AssessmenhDfsRidents contains
study part (lectures, seminars...), creative dgtivin scientific field
(publications, scientific work...), leading of theaching/learning process at
university and working-out of PhD thesis. To finisthe PhD study
successfully both in internal and external form dias to get at least 180
credits including credits of his/her doctoral tlse$?hD student can ask for
the authorization process of thesis' defence whaythdr supervisor
recommends thesis' acceptance and student has5@etrédits during
his/her studies. Requirements for the thesis iecligh level analysis and
synthesis of knowledge and adequate overview ehtit literature (minimally
100 and maximally 160-220 pages of thesis). Thest@tation of the
committee for the defence of doctoral thesis isapined by a Common
specialization committee (nationwide committee) cading to its
chairman’s suggestion.

The graduates of specializatidiheory of Mathematics educatiare
qualified for the following positions: research -edagogic position at
University, research position at Slovak Academyoience and at research
institutions, leader of a team concerned with ayppions (e.g. Methodical
centre) and manager of Education department. Reaticn of PhD students
in the life of the Faculty after their study is Id@ years ago Dean of the
Faculty ensured each doctoral student to stay atlfyain position of
assistant lecturer, but in this time it is hard dwese of low financial
resources). Candidates leave the school and oftetoigpad or in commercial
sphere.
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Accredited PhD study programheory of Mathematics educatian
Slovakia is very young. Therefore the position dDPstudents in labour
legislation is often changing and some particulathuds and theories
prevail in common core of knowledge. Also there difeerences between
mathematics and mathematics education thesis dangotal mathematicians
because they refuse the existence of scientificipanathematics education.
For that reason | consider as the most importamtgtiestion of common
core of knowledge that could help us to decreadkereices between
countries in PhD students” competences, to conthareange and depth of
mathematics content required and manner in whisbareh competence is
acquired and so to improve international coopenatio
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DOCTORAL PROGRAMS IN MATHEMATICS
EDUCATION—CHALLENGES AND A VISION

Robert E. Reys
University of Missouri, USA

Background

Doctoral programs in mathematics education vanatfyewithin and
across countries. Some doctoral programs requit@ keaching experience
prior to admission. Others require collegiate t@aghexperience. Still
others require no prior teaching experience. Sarsstutions require full-
time residence for multiple years in order to costpla doctorate, other
programs can be done on a part-time basis and @rdte be completed
while working full-time in another position. Stilbthers can be done
primarily via distance learning. Programs also vgmatly in the range and
depth of mathematics content required, as wellh@srhanner in which
research competence is acquired. Institutions geegtly in the number of
faculty members as well as the number of gradudtelests. Some
institutions have only 1 or 2 faculty members intinematics education,
whereas other institutions may have more than t0Itfa members. Some
institutions graduate several new doctorates ewergr, whereas other
programs graduate one doctorate in mathematicsaidncevery couple of
years. Many different variations in doctoral pregiezm have been reported
(Reys & Kilpatrick, 2001; Reys & Dossey, 2008).

Some people view this diversity in doctoral progsams a strength,
others as an area of concern. It certainly raigefeast one important
question: Is there a central core of knowledge/ggpees that doctorates in
mathematics education possess? An equally impgogiastion is: Should
there be a common core of knowledge for graduatiéls eoctorates in
mathematics education? That is, when someone bayshave a doctorate
in mathematics education, what is reasonable tanassabout the
knowledge they possess with respect to mathemedigsation?

If the answer to this question “Is there a cent@ke of knowledge that
doctorates in mathematics education possess?”ds tiien several natural
guestions follow, including:

What should constitute this common core of know&ig

Who should decide what constitutes this commonZore

How should it be delivered?

How should competence in mathematics educatiorséesaed?
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Should there be an accreditation of doctoral pnogran mathematics
education?

One could argue that answers to these questionfdvpoavide useful
guidance to doctoral granting institution. Othersymargue that such
information would be too prescriptive, and therefaun the risk of
curtailing creativity and uniqueness currently assed with doctoral
programs in mathematics education.

A vision for the future

A vision for the future is that doctoral programs mathematics
education become more convergent. Does this mean &l doctoral
programs in mathematics education would be alik@? d&finitely not.
Such convergence does not exclude interdisciplirexgeriences, but it
would insure that doctorates in mathematics edoicativould share a
common core of knowledge. Unless a common corenofedge exists, it
is hard to justify mathematics education as a pis@ of study.

The Association of Mathematics Teacher Educatorseldped a
document entitledPrinciples to Guide the Design and Implementatidn o
Doctoral Programs in Mathematics Educatiothat included the
identification of core knowledge areas. Their cdrewledge elements
included, mathematics content; learning theory; hmiadatics curriculum,
research, technology, assessment, and history tfiematics education.
Policy and diversity have been other topics thaehzeen recommended for
inclusion in the core of knowledge of doctoratesnathematics education.
While a list of ‘core knowledge’ may never be umsadly supported, it at
least provides some talking points for those wheeheesponsibility to
develop and shape doctoral programs in mathemegiasation. If there is
agreement that some refinement of this type ofrefimuld be of value
internationally, then perhaps some plans could bdento move at ICME-
12 in that direction.

Ideally a core of knowledge will prepare doctoraidents for their
career as mathematics educators. This goal isecttatlg when the range of
diverse career directions are considered. For ebeamhile the majority of
doctoral graduates in mathematics education taksitipos in higher
education, other graduates take positions as Kldg&smwom teachers, and
mathematics supervisors. Still other graduates emgployed by test
development companies and textbook publishers. Hvese employed in
higher education assume a range of teaching rejildies, that may
include teaching mathematics content courses amgwhdérom
undergraduate to graduate courses in mathematigs, teaching
undergraduate and graduate courses in mathematicsateon. This wide
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range of career options underscores the difficuitydesigning doctoral
programs in mathematics education that adequatelyapes everyone for
their potential employment. Clearly designing a cwn core of knowledge
for such diverse careers represents a signifiaahtantinuing challenge.
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"HISTORY AND MATHEMATICS EDUCATION,
HISTORY AND PHYSICS EDUCATION, HISTORY AND

CHEMISTRY EDUCATION” . A PARTICULAR
INTERNATIONAL DOCTORATE

Filippo Spagnolo

University of Palermo, Italy

The Research Doctorate (PhD) in "History and Didactof
Mathematics, of Physics, and of Chemistry", attheversity of Palermo,
is offered in collaboration. The colleggio is corapd of members of the
following departments, who gather on-line. Thisemmiational doctorate is
offered between the following academic centres:

= CIRE (Inter-departmental Educational Research @entdniversity

of Palermo)

= Department of Mathematics and Mathematics Applice]

University of Palermo
= DIFTER (Department of Physics and Technologies)iversity of
Palermo

= Department of Inorganic and Analytical Chemistrynikérsity of
Palermo
Department of Mathematics (University of Bologna)

Department of Physics (University of Bologna)
Department of Chemistry (University of Bologna)
Department of Mathematics (University of Catania)
Department of Mathematics (University of Pavia)
Department of Algebra, Geometry and Mathematics cation
(University of Bratislava, Slovakia)
Department of Mathematics (University of Nitra, ®i&ia)
= Department of Physical Sciences (University of Nap#ederico
1]
= Department of innovation and Didactic Training (iamsity of
Alicante, Spain)

= Department of Education (University of Cyprus)

The program is offered as a full time one. Tdwtorandis for which
candidates receive a 50 % scholarship, precludiégifte employment.
There is generally a single supervisor; there cantlo supervisors
depending on the nature of the thesis and the ggpaf the supervisor.
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The involved discipline sectors

1. MAT/04 (Complementary Mathematics). This sectmcludes
research competence related to foundations, historg didactics of
mathematics, and also concerns the developmenhrafvative teaching
methods and technologies, as well as aspects ofhematics
(complementary mathematics and elementary mathesn&fttm a higher
point of view) necessary for their treatmént.

2. FIS/08 (Didactics and History of Physics). Itlides the expertise
necessary to study the history of physics, starfimgn the origins of
physical ideas and those necessary to study thelajewent of didactic
methodologies. The expertises of this sector alsacern historical,
epistemological and didactical problems relatedthe foundations of
classical and modern physics.

3. History and Chemistry Education. It includes &xpertise necessary
to study the history of chemistry, starting frone thrigins of chemistry
ideas and those necessary to study the developméndidactic
methodologies.

The last 40 years of research in the field of histf Mathematics, of
Physics and of Chemistry have contributed to dedpenbond between
historical-epistemological paths of mathematicalnaapts that are
correlated with several experimental works on legyih teaching situations.

Courses, Program, Seminars, Workshops

VISITS

COURSES SEMINARS WORKSHOPS ABROAD

Preliminary Thematic
description of the| indications, titles
courses’ program and anticipated of
and indication of | predictable times

the duration

I YEAR| 1) History and 1) “International | At least one per| 1 month (af
Epistemology of research in  |year regarding or]  least)
Mathematics and Didactics of of the themes

History and Mathematics” (10| treated in the

! The disciplinary sectors are those also recogriizetthe Italian university system.

For example: “Matematiche Complementari” (Code MAYQs a disciplinary sector for
“Mathematics Education, History of Mathematics, &amenta of Mathematics, Mathematics
Elementary”; Code FIS08, “Physics Education, Higtafr Physics” is another sector, etc.

2 The ltalian and German tradition of the "Elemepntitathematics from a higher point of
view" go back to the end of the "800. There alssteke "Encyclopedias of the Elementary
Mathematics from a higher superior point of viewdrh the beginnings of the '900.
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Epistemology of
Physics or History,
and Epistemology]

of Chemistry;

2) Didactics of
Mathematics end
Didactics of
Physics or
Didactics of
Chemistry;

3) History of
Sciences

Days) or “The
International
research in
Didactics of
Physics” or “The
International
research in
Didactics of
Chemistry” .
2) Monographic
courses of History
of Mathematics (1
Days) or
Monographic
courses of History
of Physics (10
Days) or
Monographic
courses of History
of the Chemistry

courses.

subjects of the
thesis: Cognitive
Psychology,
Experimental
Pedagogy,
Neurosciences etc

(10 Days).
3) Monographic
courses of
Epistemology (10
days).
Il 1) Computer 1) Cognitive At least one per| 1 month (af
YEAR | technologies for | Sciences also frorfyear regarding or|  least)
scientific the point of view of of the themes
communication; | Neurophysiology| treated in the
2) Philosophy of (10 Days) courses.
Sciences. 2) Tools and
methods for
communication: the
role oftechnologied
(10 Days)
1 Layout of the Seminars defined At least one per| 1 month (af
YEAR | Doctorate Thesis| according to the |year regarding or|  least)

of the themes
treated in the
courses.

(10 days).
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The Theory of Didactic Situations, the study ofatitic obstacles, of
epistemological obstacles, of misconceptions, etegarding the single
scientific concepts have allowed the understandofgwell focused
communicative tools that also represent today dapte results outside the
scholastic world; for example, scientific population in general and
museums’ communicative activity, etc... Disciplinagommunication
represents today a basic element to be able teegond the boundaries of
Science on the one side and to deepen the episigital contributions on
the other.

All the students follow the courses of History aBitlactics of the
Mathematics, History and Didactics of the Physicsl &istory of the
Chemistry. Actually, up today no student of Chemjisias participated, and
it is for this that courses of Didactics of the @h&try are not activated,
while the history of the chemistry is an obligateourse for everybody.

These courses concern the first year. The secaadiyenore devoted to
thematic seminars, concerning the subject thestbeftudents. The third
year is devoted to the thesis.

Expected graduate destinations

PhD graduates in "History and Didactics of Matheasatof Physics and
of Chemistry" are prepared for the following occlipas:

a) preparation of future’s inspectdia the educational sector that deal
with teaching / learning in training agendies

b) preparation of researchers in the History andlablics of
Mathematics, of Physics and of Chemistry.

Such sectors include disciplines that are taughtlasters’ Degree in
Education both for Primary and Secondary School.

Quality parameters

For a PhD student, to learn to write a researclepap know how to
answer to the referees and to prepare reviewsdat#c papers of others is
very important.

The Italian Ministry of the University asks, forexy year of the PhD
course, the scientific production of the sindtgtorandis

Quality parameters are defined by:

% In Italy there are inspectors of disciplines: iespr of mathematics and physics, etc.
Currently the preparation of the inspectors is base the epistemology and didactics of the
dicipline.

“ For example, regional Institutes of educationakegch. In ltaly there are institutes that have
national and international contacts and they déal the formation of the teachers in service.
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1) PhD students’ publications of papers in natiomatl international
journals;

2) Reports of experts involved in the project atigs;

3) PhD student’s lectures in National Conferences;

4) PhD student’s lectures in International Confeesn

At the end of every year, PhD students and teachieostook part in the
activities have to prepare an evaluation report.

The evaluation parameters regard the effectiveagfise seminars, the
transferability of the experience to products ofseach, and the
involvement of teachers and students.

The teaching staff establishes from year to yealadic activities
according to the financial situation. We provide-lme didactic activity,
construction of a common web site, video conferemaetings, on-line
forums between students and teachers, publicatioanoon-line journal
managed by the PhD students with scientific sup@mi by at least 2
members of the doctoral board.

The consortium’s web site is established on theesenf the Department
of Mathematics, University of Palermo, managed ey GRIM (Research
group in the teaching of Mathematics).

http://math.unipa.it/~grim/dott_ HD_MphCh/dott_HDdiex.htm

The meetings can be held in one of the Universimtres of the
Consortium and also in video conferences. We alswvigle on-line
meetings with the college staff. Every meeting hent certified through
signatures. For on-line meetings we draft minuted are sent to all the
other members of the consortium.

Doctoral thesis

Every PhD candidate presents a thesis that musigbgped with a
report of the thesis advisor (assumption of thessponsibility) and then
certified at majority by the teaching staff.

The candidates, by mutual consent with his thedigsar, present their
thesis to the teaching staff. The staff appoirteard of referees (at least 5)
selected among members of the teaching staff Bot@ltside according to
the subject. The referees draft a maximum 3 pgpertrevith deadline fixed
by the teaching staff. If three referees out okpress a completely negative
judgement, the thesis cannot be discussed foritla¢ éxamination. If the
judgment is positive with only some remarks, thedidate will have to
modify parts to address the referees’ observatiétiter these possible
further corrections the thesis can be approveddiscussion. There is no
established limit regarding the number of pagethefthesis. The size of the
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thesis depends on the introduced hypotheses, ométieodology and on
the way according to which the conclusions are dedu

The staff appoints a board of at least 6 membetsm@st 2 not
belonging to the staff) that will examine the firediting and judge the
discussion of the thesis.

The students' origin

Each student can choose one specialization of tlked®urse. After the
courses of epistemology, methodology of researatiidactics and history
of the sciences (1° year) he/she directs his/hutystoward the didactics of
the discipline or the history of this (2° and 3%y Naturally the students,
since the first year of the study course, alreaalyehan oriented research
project that they could also change in timetable.

The students can be graduated in Mathematics, &hysi other
scientific disciplines.

We already are at the third year and, at the erti®fyear, we will have
the first PhDs. The following chart synthesizesdhbtual situation.

Students XX Cycle

Students XXI Cycle

Students XXII Cycle

2005-2008 2006-2009 2007-2010

1 History of 3 Didactics of 3 Didactics of Mathematics
Mathematics Mathematics 2 Didactics of Physics

2 Didactics of

Mathematics

3 Didactics of

Physics

3 Graduated in 1 Graduated in 1 Graduated in Mathematics
Mathematics Mathematics 3 Graduated in Physics

2 with Master

1 Graduated in Physics

Degree in Educationl Graduated in Econom

for secondary schog
(age 11-18) in
Mathematics and
Physics (2 years po
graduate school)

B with Master Degree in
Education for secondar
school (age 11-18) in
d¥lathematics and Physi
(2 years post graduate

1 Graduated in Engineering

Y with Master Degree in Educatig
for secondary school (age 11-18
Mathematics and Physics (2 yea
post graduate school)

CS

school)

Stable connections with other doctorates of the ceprtium

For the preparation of the PhD students the exahangh other

in

experiences is very important. Besides the stagesther university
structures, some stable connections can be servidnitshappened with the
doctorate in Mathematics Education of Slovakia.
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Since 1999 there are connections with the Univwerstomenius" of
Bratislava (Slovak Republic). Exchanges of studeimntsaverage a month
long, have taken place. Theses have been presamgddiscussed in
English until 2005 in Bratislava and those of Halistudents are at the
following web addresses:

http://math.unipa.it/~grim/tesi_it.htm

PhD students’ research activities have also beeourdented by
mathematics education research journals managedthby respective
research groups:

1. “Quaderni di Ricerca in Didattica (Mathematieon)”:

http://math.unipa.it/~grim/menuquad.htm

2. “Acta Didactica Universitatis Comeniae — Mathéios :

http://www.ddm.fmph.uniba.sk/ADUC/index.html
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DOCTORAL PROGRAMS AT SOME AUSTRALIAN

UNIVERSITIES

Peter Sullivan

Monash University, Australia

The following describes some aspects of doctoralgfams at two
Australian universities with which | am familiar.n&re are no specific
requirements related to mathematics education datet® that are different
from the overall requirements. The following deles the goals of the
programs, the requirements for entry, the supemisprocesses, the
requirements for the thesis, alternates modes wipteting the doctorate,
and the examination process.

Goals

The comparative goals of the doctoral programslaseribed as:

candidates for doctoral programmes will make a iBagamt

contribution to knowledge and demonstrate the dapse carry out
independent research (Monash);

graduates who demonstrate academic leadership,eaisiog
independence, creativity and innovation in theseach work. In
addition, professional doctoral studies provide aabed training
designed to enhance professional knowledge in ciadis area, and
encourage the acquisition of a wide range of ads@rcansferable
skills. A thorough grasp of the appropriate methodizal

techniques and an awareness of their limitationsstmbe

demonstrated, together with an ability to commuteiceesearch
findings effectively in the professional arena amén international
context (Melbourne).

On one hand, the stated emphasis on knowledgei@reaind on the
other hand, on research training.

Entry

For Monash University, the entry requirements dra students meet
the University’s minimum academic and English laaggi proficiency entry
requirements. The website lists the minimum academguirements for
entry into a higher degree by research as:
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Ad

includes a research component in the fourth yemadihg to an
honours degree at H1 or H2A levet,

a course leading to a masters preliminary quatiicaat a level
rated by the relevant department, faculty and cdtemi as
equivalent to an honours class | or IIA dege,

a masters degree in a related discipline, includingignificant
research component, at least equivalent to an &listr honours
degree (a full-time year of research and an exainthesis). It is
normally expected that a minimum grade of H2A hasrbobtained
for the research thesis or project.

mission into professional doctorate programmey aigo involve a

formal interview, and applicant must have at ledistee years of
professional experience.

At

As

Melbourne University, the entry requirements tat:

Applicants are normally required to have compleaedeast a four-
year honours degree at H2A standard from an Auestrainiversity,
or a qualification or combination of qualificationensidered by the
RHD Committee to be equivalent. For particular ilikices
applicants are also required to complete, at amogpiate level, a
Graduate Management Admissions Test (GMAT) or adGage
Record Entry (GRE) test.

The completed degree must be in an area that évamel to the
intended PhD, including sufficient specialisationcls that the
applicant will have already developed an understandand
appreciation of a body of knowledge relevant toitiended PhD.
Applicants are normally required to have completedresearch
project/component that accounts for at least 25%eif year’s work
at 4th year or at Masters level. Graduates of itepaofessional
degrees at the University of Melbourne, includin@B85, BVetSci,
LLB, BPhysio and BEng are deemed to have met #tsirement.
(Other evidence of research ability may include dpmng a
sustained policy document, conference presentatianscles in
professional journals, etc).

Applicants must also meet the University’s Englighoficiency
standards.

you can see there are minimal discipline specdguirements, but

the overall requirements are substantial.

Supervision

At Melbourne University, key responsibilities ofpgrvisors include:

Facilitating the timely completion of graduate rash
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= Monitoring the quality of research in progress

= Knowing the relevant policy frameworks and requiests for

graduate researchers

= Assisting graduates to develop transferable skilisl prepare for

their careers

Supervisors are members of the academic staff wine hrelevant
research and supervisory experience and a congjragtive participation in
research. All supervisors must be appropriatelylifiggh and the normal
expectation is that supervisors will have a PhD.

There is a two-stage process for inducting new excéd staff and new
supervisors. All academic staff new to the Univgrsif Melbourne must
attend a one-day orientation programme which iresual one hour session
on the policy and procedures of postgraduate sigienv In addition, staff
without recent postgraduate supervisory experiemeerequired to attend a
half-day workshop on postgraduate supervision. nitéece at these
sessions is verified and recorded on staff HR @sor

At Monash University, there are three levels of eufsion: sole
(100%); main (75%)/associate (25%); joint (two sups®rs at 50% each).
To be a sole or main supervisor of doctoral stuglargtaff member needs to
have supervised four students to completion, sugedv students to
completion at another university, or completed suger training at
Monash University.

To be an Associate supervisor of doctoral studersisff member needs
to have a Masters degree, but may not currently thectoral student. To be
a supervisor of Masters or Bachelors of Educatidanpurs) students, in
any capacity, a staff member needs to have a Madégree.

The primary supervisor must be a member of thearsity’s academic
staff who has appropriate research experience amwbnéinuing active
involvement in research. Honorary members of stafieritus and adjunct
professors may also be appointed as main supesyipoovided that they
are undertaking teaching and research responigbititxpected of a member
of the university’s academic staff.

In both cases, the doctorate is predominantly divithually supervised
study, like an apprenticeship, and while guidanee awvailable, the
responsibility for the quality of the doctorate very much with the
supervisor.

Thesis requirements

At the University of Melbourne, the length of thesis varies with each
discipline, with 80,000 words being the norm. Thestis should not exceed
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100,000 words (or equivalent) without special apptdrom the Research
Higher Degrees Committee.

At Monash University, the length of the thesis megry across
disciplines but will normally be 80,000 words, anil not exceed 100,000
words. (In relation to the EdD: doctoral-level gniepresent 25% of the
work requirements and a thesis component of uf100D words.)

In both cases, the length of the theses is sulistant

Alternatives

In response to changes to postgraduate educattuglhr about by the
electronic revolution, and the necessity to cateistudents from a diversity
of cultural and educational backgrountéonash has introduced flexibility
in doctoral programmes, including candidature bfycaimpus or external
mode. The prominence of the traditional PhD byithissinferred, but other
options include:

PhD based upon published or unpublished papers;

PhD with coursework component - within the traditib framework, a
PhD with formal coursework seeks to widen a cartdideknowledge base,
to place the specialised research project withioreader context, and to
enhance the candidate’s research skills genenallg. possible, in some
academic units, to take up to the equivalent ofntidiths of full-time PhD-
level coursework as an element of the PhD reseamogramme. In these
circumstances, a slightly shorter thesis may bengitdd;

PhD in speciality of Visual Arts - The Faculty oftAand Design offers a
PhD programme where the core of assessable woak iexhibition (or
equivalent). Documentation supports and comments upe work and
seeks to explain its contribution to human cultuendeavour and
knowledge. A three-unit coursework component presica theoretical
framework;

PhD in speciality of Music Composition - The Fagultf Arts offers a
PhD programme in which the work submitted for exzatibn consists of a
composition portfolio, a critical commentary of Wween 20,000 to 25,000
words, and concert programme notes of the candédatasical work. At
least 50% of the music submitted for examinationsimbave been
performed publicly;

PhD in speciality of Creative Writing - The FacuttiArts offers a PhD
programme in which the assessable work is a piétieeocandidate’s own
creative writing, together with an exegesis whidacps the work in
context. The program is by 100% research;

Joint masters / PhD programmes - The Faculty ofcktion offers a
joint programme in two discipline areas: the MPsy€lounselling)/PhD
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and the MPsych (Education and Development)/ PhDrelhyetwo degrees
may be undertaken during a four year postgradesiarch programme.

Professional doctorates are also availablbjch combine research,
coursework and in some cases professional worlkéinguexperience.
Predominantly research-based, professional doetrdbcus on the
improvement of professional practice: Doctor of Eation (EdD); Doctor
of Psychology (DPsych); Doctor of Public Health P Doctor of
Business Administration (DBA); Doctor of Juridic8cience (SJD); and
Doctor of Information Technology (DIT).

Progress of the candidature

At Melbourne University students have an advisoommittee that
meets regularly throughout the candidature. At Mbn@niversity, there is
a single formal process for confirmation of cantlide.

The examination process

At Monash, the formative evaluation of progressigsthe confirmation
of candidature which takes place after the firstryef enrolment. Progress
reports are conducted on a yearly basis.

At the conclusion of the candidature, the heachefaécademic unit first
consults with the supervisor with regard to the esuof possible examiners,
and supervisors should ensure that candidates aresulted. Two
examiners, external to the University, are nomidat€andidates are
advised of the names of the examiners. Examineesl n@ complete the
examination within eight weeks.

There is a similar process at the University of deirne. Confirmation
of candidature for doctoral students takes plader ahe first year of
enrolment. All doctoral students complete annuagpess reports.

A distinction is made between the examination aflitional PhDs and
those incorporating art works: where a thesis stasif creative works and
a dissertation, and where the creative work compionmcludes
performance or exhibition of visual art works, #rexaminers may be
nominated from within Australia, and at least orighe three examiners
appointed must be from interstate.

There is now some discussion on whether the presefs assessing
creative works might well apply to practically arted study.

Summary

The two universities are young in comparison toeptmajor world
universities. The two programs are distinctive mpdasis. There is not a
strong culture of programmatic research, and wttegee are strong groups
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of mathematics education doctoral candidatures,ishusually the result of
an active supervisor rather than a coherent program
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