Analgtrics

HE INTER N Il NAL HNB DK OF
COMPARATVE N ERNATIONAL ISGCES

Béatrice Boufoy-Bastick

VL AND PEDAGUG









The International Handbook of
Cultures of Teacher Education



International Board of Associate Editors

Newsha Ahmadi: Islamic
Azad University, Teheran,
Iran

Fida Atallah: Zayed
University, Abu Dhabi,
United Arab Emirates

Parviz Birjandi: Allameh-
Tabataba’i University,
Tehran-Iran

Ana Bocanegra-Valle:
Universidad de Cadiz, Spain

Antonio Mauricio
Castanheira das Neves:
Federal Center of
Technological Education
Celso Suckow da Fonseca,
Portugal

Georgina Cuadrado-
Esclapez: Universidad
Politécnica de Madrid, Spain

Saadiyah Darus: University
of Kebangsaan, Malaysia

Jelena Davidova: Daugavpils
University, Latvia

Ian Davies: University of
York, England

Rob DeSalle: American
Museum of Natural History,
USA

Irina Direktorenko: Riga
Teacher Training and
Educational Management
Academy, Latvia

Christos Douligeris:
University of Piraeus, Greece
Pamela Fraser-Abder: New
York University, USA

Iria Sobrino Freire:
University of La Corufa,
Spain

Eva Frydkova: University of
st. Cyril and Methodius
(UCM), Trnava, Slovakia

Thelma Gunn: University of
Lethbridge, Alberta, Canada

Petr Hlado: Mendel
University, Brno, Czech
Republic

Lara Jelenc: University of
Rijeka, Croatia

Judith Johnson: Kyushu
Institute of Technology,
Japan

Jeanne Keay: Leeds
Metropolitan University,
England



Hartmut E. H. Lenk:
University of Helsinki,
Finland

Edmundo Litton: Loyola
Marymount University, Los
Angeles, CA, USA

Anne Lockwood: Tara
Anglican School, Australia

Alfredo Rodriguez Lépez-
Vazquez: University of La
Corufia, Spain

Heinz-Helmut Liger:
University of Koblenz-
Landau, Germany

Romualda Marcinkoniene:
Kaunas University of
Technology, Lithuania

Judy A. Meyers: University
of Houston, TX, USA

Patricia Carballal Mifan:
University of La Corufia,
Spain

Theodora Papatheodorou:
Anglia Ruskin University,
England

Debora Castro Pereira: The
Autonomous University of
Barcelona, Spain

Esmeralda Pérez-Gonzalez:
Camino Real Elementary
School, Niederwald, Texas,
USA

Associate Editors

Maria Petraki: The Grammar
School, Nicosia, Greece

Jocelyn Rampersad:
University of the West
Indies, Trinidad and Tobago

Bernard Ricca: St. John
Fisher College, Rochester,
NY, USA

Alberto J. Rodriguez: San
Diego State University, CA,
USA

Eero Ropo: University of
Tampere, Finland

Helen Sanderson:
Independent Education
Consultant, UK

Darren Sharpe: Anglia
Ruskin University, England

Tatiana Sildus: Pittsburg
State University, USA

Kari Sormunen: University
of Eastern Finland

Elizabeth Stoddard: Loyola
Marymount University, Los
Angeles, CA, USA

Miroslav Tudjman:
University of Zagreb, Croatia

Noelene L. Weatherby-Fell:
University of Wollongong,
Australia



The International Handbook of Cultures of Teacher Education

Edward Williams: University Victor L. Willson:
of Michigan - Dearborn, USA  Department of Educational

Psychology, Texas A&M
University, USA



The International Handbook of
Cultures of Teacher Education:
Comparative international issues
in Curriculum and Pedagogy

Béatrice Boufoy-Bastick
Editor

Analytrics
Strasbourg, ]:rance



Analytrics
7 Quai du General Koenig
67000 Strasbourg — France

SOME RIGHTS RESERVED

Copyright © 2011 Béatrice Boufoy-Bastick. Some Rights
Reserved. "The International Handbook of Cultures of
Teacher Education" is licensed under a Creative
Commons Attribution -Noncommercial Share Alike
world-wide usage license. You are free to share - to copy,
distribute, display and perform the work. You are free to
remix, to make derivative works. However, you must
attribute the work in an accepted academic style - e.g.
citing the author(s), editor(s) and publisher. You may not
use this work for commercial purposes. If you alter,
transform or build on this work, you may distribute the
resulting work only under the same or similar license to
this one. See (http://creativecommons.org/licenses/by-nc-
sa/3.0/).

The International handbook of cultures of teacher
education: comparative international issues in curriculum
and pedagogy / Beatrice Boufoy-Bastick, editor.

p. cm. -- (Culture of education series)
Includes bibliographical references and index.
ISBN - 979-10-90365-01-8 (hbk.)

1. Educational anthropology— Handbooks, manuals, etc.
2. Education — curricula — Handbooks, manuals, etc.

3. Education — Study and teaching— Handbooks,
manuals, etc. 4. Educational attainment — Handbooks,
manuals, etc.I. Boufoy-Bastick, Béatrice . II. Series.
III . Tchibozo, Guy, Series ed.

LC189.B68 2011
306.43 —dc23



Contents

International Board of Associate Editors ....c...cceeeeuveerrenneennees ii
Contributing AUthOrs........covveeciirreeicerreenrceereeeneereeenneeereennes xiii
[ =Y - Yol = Xvii

The International Handbook of Cultures of Teacher Education:
Comparative international issues in Curriculum and Pedagogy

Comparative cultural issues across the Science Curriculum

(6 F-1 o1 {1 e U 3
Class Teachers’ Personal Values and Beliefs about Teaching
Physics and Chemistry
Sivbritt Dumbrajs

(61T 1o 1 {1 iy 2N 21
Using Authentic Scientific Studies to Advance Science Teacher
Education and Secondary Science Teaching and Learning in the
Field of Ecology: The Role of Diverse Stakeholders in Science
Education
Janice Koch & Yael Wyner

{00 F=T ] =T 0 35
Engaging Math Students in Scientific Discovery: Reflections on
an Experiment
Andrzej Sokolowski & Robin Rackley

Chapter 4........ e rrenessessenassessesnssssssenes 55
Multiple Representations: An Accessible and Inclusive Strategy
for Facilitating the Construction of Student Mathematical
Knowledge
Limin Jao

- Vii -



The International Handbook of Cultures of Teacher Education

(6 =1 o] £ 21 SO 73
Developing Computational Fluency
Ekramy Mohamed Mersal

(6 F-T o] {1 O < TS 87
Making Algebra More Accessible: How Steep can it be for
teachers?

Diana Cheng & Polina Sabinin

(6111 {1 iy U RPIN 103
Teacher Attitudes and Pedagogy: Cause and Cure of Math
Anxiety
Amelia A. Allen & Harvey R. Allen

L0 F=T ] =T - 2 125
Interactive Web-Based Simulation for Supply Chain Education
Ayman Tobail, John Crowe & Amr Arisha

L0 F=T ] =T O 151
Partnerships and Leadership: Transforming Classrooms through
Technology

Bruce Sheppard & Jean Brown

Comparative cultural issues across the Arts Curriculum

00 F=T ] = e 195
Stakeholders Values, Attitudes and Purposes towards the
Teaching and Learning of a Foreign Language through Drama
Pilar Couto-Cantero & Tanya Ferndndez Maceiras

Chapter 11 .......coiieeiiiiiiiiiiiineicereenenerreneessesssnessessennssssnaes 211
Cognitive Impact of Reading and Listening on Learning English
as a Foreign Language
JaseMoussa-Inaty

- viii -



Associate Editors

Chapter 12.......ccceeeieeiieeeeiireeeneereensneesnensseesesnnssesssenssesseens 225
Impact of Reduction Recasts on Improvement of EFL Learners'
Speaking Ability
Roxana Aminzadeh & Saeideh Entezari

Chapter 13.......cciieeieriieeeciirreeneereensseesnensseesesnsssesssenssesseens 245
How Culture and Socio-Affective Factors Influenced ESL
University Students’ Progress in Listening Comprehension
Rémulo Guédez-Ferndndez

00 F=T ] = e 273
Understanding Student Motivation During Foreign Language
Instruction: A Qualitative Study

Claire Hicks

00 F=T ] = e 301
Teaching English Spelling: Why the problem?
Lesley Ljungdahl

Chapter 16......ccciieeuiiiiiimeiiiiieneieieeneienienessessennssssssenssssssens 325

Digital Humanities and Human Perspectives: The Verb Train - A
Case of Teaching Ancient Greek Verbs at Secondary School
Level

Maria Xesternou

Chapter 17......ciiieeiciiieneiiiieneeieneenesessenesessennssssssensssssens 351
Psychological Aspects and Didactic Model of the Acquisition of
the Basics of Improvisation Art by Students
Spigins Jurijs

Chapter 18......ccciieeureriieenniereeennerreennseereensssessessssessssnssseeees 385
Music and Drama Beyond School: The Case of Madeira Island
Natércia A. Pacheco, Maria José Araujo & NunaTormenta

Chapter 19.......ciiieeieerieeniereeenneerennsscereenssseseensssessesnsssssens 407
Altering students’ motivation in Ancient and Modern Greek
classes through theatre education
Clio Fanouraki



The International Handbook of Cultures of Teacher Education

Chapter 20 ......cceieeeieertenneereeennneereennneereensseesesssseesenssseseees 429
Using Preferred Learning Styles to Improve Attainment in
Physical Education
Dominic Cunliffe

Chapter 21 ........cccceeeeeireennceriennnceeeeennneereensseeessnnssesesenssecsenes 469
Issues and Prospects for Peace Education in Japanese Schools:
An example of teaching materials related to the atomic bomb
Norio lkeno

Comparative cultural issues in Pedagogy

Chapter 22 ........coeeeeeeiieeneerreeeneeeeensneeteensseesssnnssesessnsscsenes 491
Teaching for the Future in Japan: Attempting to Provide
Direction for Passive, Receptive Students in Active, Productive
Classrooms Utilizing an Online Social Network
Thomas Schalow

Chapter 23 ......ccvuiiiiiiiiiiirrnriernnnnnrrsssssssns s sssssssssssnnns 505
Promoting Children’s Participation in Education: Developing a
Culture of Participation
Mallika Kanyal

Chapter 24 .........oeiiiiierciriiercnreeneerreneesesesnessessennsssnaes 529
Attitude and its Effects on Education
AsgharSoltani & Ahmad R.Nasr

Chapter 25 ... e reneessesssnessessennssssnees 541
Addressing Student Satisfaction and Student Motivation in the
Context of Creating a Student-Centred Educational
Environment
Yulia Stukalina



Associate Editors

Chapter 26......cceeveeeeeiieennciiiennneereensneesrensseesesnssesssenssesseens 563
The Impact of Teachers Locus of Control on Students'
Perception of Teachers Within Selected Urban Schools in
Jamaica
Loraine D. Cook

00 F=T ] 7= 2 591
Building Capacity in Secondary Project-Based Instruction
Gail Dickinson & Emily J. Summers

Chapter 28.......ccceeiiiiiiiiiiinnniininiineesssseiineesssss, 613
Moral Judgment Competence Levels in Relation to Personality
Type Preferences
Wajira Nampet

Chapter 29......ccuuciiiiiiiiiiirnnciinninnressssesssnnnseesssssssssssnnns 655
Stories, Games and Emotions in Media-Based Learning
Hans W. Giessen

Chapter 30......cciiiiiiiiiiiiiiieneee e s renessessennsssessenssssssens 681
Sharing a Vision: Improve Readability of Educational Websites
Elizabeth E. Kirk & Jean M. Kiekel

Chapter 31......cciiiiiiiiieiiiiieneiereeneessenessessennssssssenssssssens 699
Values or Technological Efficiency: What is Essential in a
Pedagogical Project?

Maria Apparecida Mamede-Neves

Chapter 32......ciiiiiciireiiireeeie e reneesessenasssessenssssssens 723
Common Values of Young People in a Virtual Community:
Specifics of Social Communication and Fan Activities
Jana Krdtka

(6= 1o ] {1 g 1 IS 737
A European Project: Developing Communicative Competence
and Subject Content through Digital Tools
Lina Sierra Ayala, Piedad Martin Pérez & Maria del Carmen
Sierra Ayala



The International Handbook of Cultures of Teacher Education

References: Seclected Translations ...........cccceevuuueereeeennn. 759
Y T1 =Tt [ Ve [} QN 853
Introductions to our Authors............eeeeeeieiiiiiiiiiinnneneeennan. 859
Introductions to our Associate Eitors ............cccceeiiicnnnne. 887

- Xii -



Contributing Authors

Amelia A. Allen: Felician John Crowe: Dublin Institute
College, New Jersey, USA of Technology, Ireland

Harvey R. Allen: Monmouth Dominic Cunliffe:

University, New Jersey, USA Southampton Solent
University, England.

Roxana Aminzadeh: Islamic

Azad University, Tehran, Iran Gail Dickinson, Texas State
University, San Marcos, USA

Maria José Aradjo: University

of Porto, Portugal Sivbritt Dumbrajs: SiDu
Consulting, Helsinki, Finland

Amr Arisha: Dublin Institute

of Technology, Ireland Saeideh Entezari: Islamic
Azad University, Tehran, Iran

Lina Sierra Ayala:

Universidad de Alcald, Spain  Clio Fanouraki: University of
Patras, Greece

Maria del Carmen Sierra

Ayala: CEIP “Isabel La Hans W. Giessen, Universitat

Catodlica” Madrid, Spain des Saarlandes,
Saarbrucken, Germany

Martin Bayer, Roskilde

University, Denmark Rémulo Guédez-Fernandez:
The University of the West

Damir Boras: University of Indies, Trinidad & Tobago

Zagreb, Croatia
Claire Hicks: University of

Jean Brown: Memorial Wisconsin-Parkside, USA
University of Newfoundland,
Canada Norio Ikeno: Hiroshima

University, Japan
Diana Cheng: Towson
University, Maryland, USA Limin Jao: University of
Toronto, Canada
Pilar Couto-Cantero:
University of La Corufa, Spigins Jurijs: Daugavpils
Spain University, Latvia

- Xiii -



The International Handbook of Cultures of Teacher Education

Mallika Kanyal: Anglia Ruskin
University, England

Jean M. Kiekel: University of
Houston, USA

Elizabeth E. Kirk: Concordia
University, Chicago, USA

Sanja Kisicek: University of
Zagreb, Croatia

Janice Koch: Hofstra
University, USA

Jana Kratka: Masaryk
University, Czech Republic

Lesley Ljungdahl: University
of Technology, Sydney,
Australia

Tanya Fernandez Maceiras:
Colegio de Fomento
Montespiino, Spain

Maria Apparecida Campos
Mamede-Neves: Institutional
Pontifical Catholic University
of Rio de Janeiro, Brazil

Ekramy Mohamed Mersal:
Alexandria University, Egypt

Jase Moussa-Inaty: Zayed
University, United Arab
Emirates

Ahmad R. Nasr: University of
Isfahan, Iran

Natércia A. Pacheco:
University of Porto, Portugal

Piedad Martin Pérez:
Universidad de Alcala, Spain

Nives Mikelic Preradovic:
University of Zagreb, Croatia

Robin Rackley: Texas A&M
University, USA

Jens Rasmussen: Aarhus
University, Denmark

Polina Sabinin: Bridgewater
State University,
Massachusetts, USA

Thomas Schalow: University
of Marketing and Distribution
Sciences Kobe, Japan

Bruce Sheppard: Memorial
University of Newfoundland,
Canada

Andrzej Sokolowski: Texas
A&M University, USA

Asghar Soltani: University of
Kerman, Iran

Yulia Stukalina: Transport
and Telecommunication
Institute, Riga, Latvia

Emily J. Summers: Texas
State University, San Marcos,
USA

- Xiv -



Ayman Tobail: Dublin
Institute of Technology,
Ireland

Nuna Tormenta: University
of Porto, Portugal

_XV_

Contributing Authors

Yael Wyner: City University
of New York, USA

Maria Xesternou: University
of Peloponnese, Kalamata,
Greece



The International Handbook of Cultures of Teacher Education

- XVi -



PREFACE

THE INTERNATIONAL HANDBOOK OF
CULTURES OF TEACHER EDUCATION:
COMPARATIVE INTERNATIONAL ISSUES IN
CURRICULUM AND PEDAGOGY

Introduction

This series, 'Cultures of Education', offers readers a
cultural lens through which to view issues of common
concern to educationalists worldwide. This volume
puts the seeming vicissitudes of teacher education
under that cultural lens (Allen, Glassman, Riegel &
Dawson, 2011; Boufoy-Bastick, 2003; OECD, 2011).
Educationists who specialise in Teacher Education as
well as both pre-service and in-service teachers who
are interested in re-evaluating and improving their
practice can benefit from the new cultural perspectives
presented in this book. Traditional perspectives focus
mainly on what stakeholders do (Allen, 2003; Burke,
2010; OECD, 2010a; OECD, 2010b). However, this
can be misleading or even irrelevant to success
because people do different things for similar reasons
and do the same things for different reasons. Here we
look at the values, attitudes and intentions of
stakeholders, how these are communicated and
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aligned. Using the new objective lens of
Culturometrics we invite examination and comparison
of different values underpinning similar practices and
examination of the different practices that serve
similar values (Boufoy-Bastick, 2002, 2010a, 2010b,
2012). Through a series of authentic case studies
within teacher education we invite educationalists to
question their own meanings of the contexts
explicated in these studies, to identify the values,
attitudes and intentions of the stakeholders in each
study and to question how these values are
communicated through the research processes that
the authors describe. However, the eddies and flows of
cultural values represented by the authentic case
studies in this book are all influenced by the spread of
global international values to the formal educational
systems in which the studies are embedded (Rivzi, &
Lingard, 2010, Rodriguez, & Sjostrom, 1995; Spring,
2008). Formal education is forever being reformed and
teachers are in the forefront, melding community
cultural values to this continuous change because
children who share the current cultural values of their
formal education system will be their prodigies
(Feinberg & Soltis, 2004; Horde, 2011; Patrikakou,
Weissberg, Redding, & Walberg, 2005; Sahlberg,
2011; Weschler, 2001). How does globalisation impact
formal education systems and how does formal
education most obviously impact cultural values? The
authentic case studies presented in this book illustrate
cultural comparisons at different levels of group
representation and individual teacher and student
inclusion. Some chapters compare and contrast values
across countries; others compare and contrast pluri-
cultural values within a single multi-lingual context.
Other chapters attempt to align subject teachers'
traditional values with those demanded by modern
pedagogy. In this book, we look afresh at the roles of
Teacher Education in changing cultures at the
international level, at the national level, at the school
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level at the classroom level and at the level of
individual children and teachers who through
education are constructing and reconstructing who
they are.

1. Curriculum and Pedagogy - Their cultural
ties

Curriculum and Pedagogy are the two main
foundations of Teacher Education worldwide (Appple,
2004; Cochran-Smith, 2005; Handler, 2010; Stronge,
1997). By Pedagogy we mean the value-laden theories
and methods cultures use for addressing the needs of
formal learning. By Curriculum we mean the specific
application of these methods to the learning and
teaching needs of specific school subjects. Cultures of
education continuously change and today Curriculum
leads the way in moulding the meanings of education
on the global stage (Baker, & Le Tendre, 2005;
Harrison, & Kagan, 2006; Rivzi, & Lingard, 2010;
Spring, 2008; Stein, 2004). The mass reason is a
pressure on formal education systems to fit children's
lives to the needs of economic globalisation through
accountability for work-valued skills (Tchibozo, 2010,
2009a, 2009b, 2009c). These common work-valued
skills influence the increasingly similar school syllabi
and accountability is made visible through increasingly
common skills assessments of increasingly similar
selected abilities. The stage in children's educational
progress at which this pressure is most powerfully
applied is at that moment when most children have to
leave the influence of formal education and are served
to regimes of employment - at the termination of
compulsory education. Success through the education
system is then accredited by school leaving exams
whose essential core abilities mirror the international
league tables - PISA, IAEP-II, TIMSS, INES, IALS,
PIRLS (Eurydice European Unit, 2002; Fuhrmann, &
Beckmann-Dierkes, 2011) - which, from a cultural
perspective, are our educational benchmarks of
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cultural compliance with the global values (Rivzi, &
Walsh, 1998). For the economically stressed who can
fortunately go on to tertiary education there is further
narrowing of the employment curriculum pulse at
Bachelor's and again at Master's graduation. In
cultures with cash-strapped universities the shared
values of employment training now even define their
doctoral programmes.

Teachers and parents of younger children further from
the pressure point have more latitude in creatively
fitting educational requirements to their cultural values
(Alexander, 2001; Cunningham, 1988). We see this
freedom expressed through the wide range of
pedagogic innovations of our primary, elementary and
early childhood level teachers and teacher trainers -
curriculum serves and enriches community cultures.
The younger creative child learns that things are
different; an aeroplane can be many things, and
pedagogy rules. Teachers and parents of older children
closer to the pressure point have less latitude in
retrofitting their cultural values to the given
educational requirements. Here, the philosophy and
meanings of the subject are mined by educationalists
for alignments of cultural values that can be enacted
through improved/approved protocols for teaching and
learning - community cultures serve and can enrich
the curriculum. The creative older student learns a
different difference; the aeroplane can have many
functions and curriculum is king. At the doctoral level,
the personal cultures carried by our graduates can
change the meaning of curriculum and enrich the
world.

2. 'Cultures of Teacher Education': Overview
and progression

Cultures of practice within the two main pillars of
Curriculum are presented first - Science Curriculum

_XX_
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and Arts Curriculum. In these first two sections, the
focus is primarily on aligning stakeholders' values to
the cultural values of the school subject. In
‘International issues in the Science Curriculum' we
start this process with three contributions on cultural
values in teaching science. Chapter 3, on using the
shared values of science and mathematics, gives the
transition to the next three chapters on cultural values
in teaching mathematics. We finish the section with
two chapters showing how technology can be used to
promote values, attitudes and intentions of subject
specialists. Language is a major marker of culture and
so we begin our section on 'International issues in the
Arts Curriculum’ with five chapters dealing with the
different cultural issues involved in the different areas
of language education. Chapters 10 to 12 illustrate
interactions of cultural values when teaching English
as a Foreign Language (EFL) where the target culture
is often not directly accessible. This differs from the
immersion tensions involved in cultural issues of
teaching English as a Second Language (ESL),
especially when EFL students are moved to an ESL
teaching environment, as when French-speaking
Haitian students are taught English in Trinidad which is
the topic of Rdmulo Guédez-Fernandez in Chapter 13.
From our cultural perspective, because language
teaching categories- EESL, EFL, L1, L2 etc. - are
defined by cultural relationships of learners to their
environment, it is effective to compare their respective
teaching methods using this cultural perspective. For
example, moving an EFL learner to an ESL teaching
environment, as Romulo's project has done, can be
viewed culturally by Educationalists as a massive,
valuable and highly applicable upgrade of the
language teaching/learning resources. Immersion
language teaching methodologies, like Subjectivism,
can be similarly analysed as cultural up-grades with
the teacher supporting students to more fluently
negotiate selected identity imperatives (Boufoy-
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Bastick, 2008). However, first language teaching (L1)
has a high curriculum priority in all schools around the
world. Is the language culture of the home sufficiently
different from that of the L1 classroom for second
language identity issues to intrude - as they do with
the presence of class differences in UK schools The
next three chapters, chapters 14 to 16, allow readers
to compare diverse cultural implications of L1 teaching
in French, English and Greek. The section on Arts
Curriculum is nicely rounded by the physical,
attitudinal and aesthetic representations from our last
three contributions on the Performing arts, on Physical
education and on Peace Studies presented in chapters
19 to 21. In our third section 'International issues in
Pedagogy' we look at how the alignment of
stakeholders' underpinning cultural beliefs about
teaching and learning can make or mar our
educational endeavours. The first five chapters,
chapters 22 to 26, look directly at influences on and of
'Attitudes' from the direct encouragement of student
participation to the transference and counter-
transference effects of teacher's attitude on students'
attitudes as benchmarked but Loraine D. Cook's
extended Locus of Control (LOC) studies in Jamaica.
Our optimum teaching outcome in many contexts is
'higher order thinking' which can vary in cultural
meanings from the almost spiritual humanistic
attainment of Abraham Maslow's highest level of 'self-
actualisation' to that of the trained Behaviorist control
of a worker's frontal-lobe executive-function that
alleviates the costly need of management oversight.
Chapters 27 and 28 illustrate a range of cultural
values that contribute to Educationalists' diverse
meanings of 'higher order thinking'. The last five
chapters of the section on Pedagogy, and of our book,
are case studies that look at how alignment of
stakeholders' cultural values can contribute to
successful applications of the tools and techniques of
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Media-Based Teaching - the last chapter reporting a
pan-European project.

3. The Culturometric lens - Stakeholders
negotiating their cultural identities

One of the best ways that readers can get the
maximum benefit from reading this book is probably
to prioritise the chapters that resonate with their
interests. Then to also consider these chapters
through the Culturometric lens by relating the context,
values and communications of the stakeholders with
their own context, values and communications -
compare similarities and differences, learn from the
experiences of others, not by what was done, but by
its cultural meanings to the stakeholders in the
studies. More specifically, readers can read their
selected chapters from the Culturometric perspective
of enabling successful negotiation for
alignment/acceptance  of  stakeholders' cultural
identities. Cultural Identity is defined as 'values in
context'. Successful negotiation of
alignment/acceptance needs three actions, (i)
definition of the context, (ii) definition of the values to
communicate and (iii) calibration of the values
associated with the means of communication -
screaming 'I love you' has a very different meaning
from whispering 'I love you'. Alignment is preferred to
mere acceptance or tolerance of -cultural values
between stakeholders. Tolerance is acceptance of risk
corresponding to low negative or neutral benefit;
whereas Alignment recognises positive mutual benefit.

Dynamics of Cultural Identities is studied using the
philosophy and methods of  Culturometrics.
Culturometrics operationally defines 'Cultural Identity'
as 'values in context' and has various methods to
objectively measure cultural identity in different
contexts. It seeks to empower by its philosophy and
methods that promote 'choice to change' one’s cultural
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identity. Hence, its typology of groups is based on how
easily people can change their criteria of their personal
group membership. How easily could Juliet claim 'I am
a Montague' or Romeo doff his hame or declare 'IT am
a Capulet'. Membership by congenital criteria (race,
seXx, genetic disorders) is less flexible than various
socially determined membership criteria (class,
poverty, divorcee) which are less flexible than criteria
for self-selected group membership (gang, graduate,
customer). Enculturation into these groups is a
negotiation of identity - a consensus of values in
context. Successful research, such as presented in this
book, is similarly this process of cultural identity
negotiation - presenting evidence, within the authority
of the scientific method, to influence values in context
and hopefully change behaviour. The Culturometric
methods are intentionally empowering in that that
they become objective, not through comparison with a
questionable Norm group, but by calculations of self-
reference. Culturometrics also empowers by vesting
authenticity of cultural identity in the consensus of
group members rather than in any external authority.
More can be learnt about Culturometrics by visiting
www. Culturometrics.org, from which this series of
books on Cultures of Education can be freely
downloaded.

4. Cultural perspectives - Selected chapters

The reader needs do only three things to benefit from
this new culturometric perspective: Identify for
themselves - (i) delimitations of the context, (ii)
values, attitudes and intentions of the stakeholders;
and (iii) values associated with the medium of
communication by the stakeholders' cultures. Readers
should do these three things to achieve new
understandings of their selected case studies. Readers
can then benefit personally by comparing with their
own values in context - that is, within their own
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educational contexts comparing the above with their
own Educational cultural identity and those of their
own stakeholders. To facilitate these reader benefits,
our authors have, to varying extents in each chapter,
identified the stakeholders; their values, attitudes and
intentions within the research context; and values
associated by their cultures with the medium of
communication. The authors have also noted where
failure follows misalignment of cultural values and
where success follows congruent communication and
the alignment of cultural values. Some editorial
comments on selected authors' references to success
following congruent communication and the alignment
of cultural values from all three sections on the
Cultures of Teacher Education in this book will clarify
this new cultural perspective for the reader....

4.1. Editorial comments on 'Comparative cultural
issues across the Science Curriculum’

Our opening chapter addressed a common problem
educationalists face globally as the science curriculum
develops from traditional transmission teaching and
passive learning to active investigative learning
(Stavy, & Tirosh, 2000). It can be partially a problem
of teacher confidence. In our opening Chapter, Sivbritt
Dumbrajs discusses teachers’ personal values and
beliefs about promoting investigative learning in the
Teaching of Physics and Chemistry in Finland and
notes the problem that although all class teachers
were interested in physics and chemistry and of the
opinion that their students would react to laboratory
tasks in a positive way, they were sometimes at odds
with those supporting investigative learning. The miss-
alignment of cultural values seemed possibly due to a
lack of confidence in their subject knowledge,
prompting  solutions that supported teachers'
confidence in their content knowledge that was
sufficient for them to deal with the variety of
challenging situations that could arise in investigative

- XXV-



The International Handbook of Cultures of Teacher Education

learning but from which they had been protected by
traditional 'transmission' teaching.

In chapter 2, we address cultural aspects of the
current crisis in science education in the United States.
After a decade of the most oppressive years of
governmental oversight of science (2000-2010) that
we have seen in a long time, science education is in
need of a “shot in the arm” as to how science is
communicated to our children and to the general
public. This dark decade has allowed for the US to slip
and stumble in ways that were unlikely to have been
predicted in the realm of science and technology. The
US now relies on other countries for some of the
technical expertise they require and some of their
once proud and first-rate science programs have now
gone. One of the outcomes of this dark decade is the
lack of thinking about the values that are inherent in a
scientific view of our world. Some of the anti-science
advance during this decade directly counteracts the
values underpinning the scientific method. The
disbelief and disdain for understanding climate change
is one example. Reluctance to rationally examine
programs such as stem cell research is another. In
this chapter, Janice Koch and Yael Wyner, who are
both from the US have attempted to place this
problem in context and to approach the values issue.
Many Educationalists think that understanding how we
disrupt the natural world with our activities should be
an important aspect of American culture. The
environmental disruption produced in the US and in
other countries affects us all. The authors of this
chapter have involved the federal government whose
grant funding made their research possible; the
enlisted teachers and their students; museum
educators whose materials were incorporated into the
curriculum; and school administrators where the
curriculum was implemented. Their project shows how
we can use an Ecology Disrupted model, incorporating
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authentic scientific data, to change values through
understanding how we disrupt the ecology of our
environments.

In Chapter 3,Andrzej Sokolowski and Robin Rackley
from the US, move the discussion to mathematics and
its overlapping value set it shares with investigative
science. These shared values have made mathematics
the queen of the sciences and their necessary
underpinning. In this chapter, our authors show us
how to incorporate these shared values into a
successful practical teaching unit for use in high school
math classes.

In Chapter 7, Amelia and Harvey Allen consider the
perennial problem of maths anxiety. From an
educator’s perspective, this chapter is significant for
all educators because in today’s society there are
students internationally who are not being successful
in math class because they have a phobia towards
numbers, unsecure about their responses, and tend to
shy away from participating in class discussions
because they do not want to be embarrassed by their
teacher. Cosgrove, Shiel, Sofroniou, Zastrutzki and
Shortt (2005) for example give a typical finding that
links “maths anxiety” with poorer performance on the
international PISA mathematics assessment. Anxiety is
a delicate and necessary guide in mathematics. The
niggling anxiety generated by an anomalous pattern
questions and redirects mathematical thought and
progress. However, when we compare the values
propagated by teachers of examination classes with
those of professional mathematicians, it s
questionable that what we are teaching is
mathematics. Somehow the motivating beauty,
aesthetics even the astounding power of application is
replaced with an overload of personally irrelevant
compartmentalised facts and processes, and that
necessary delicate anxiety is drowned by a monstrous
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overwhelmingly debilitating high-stakes fear of failure.
The information provided in this chapter allows an
educator to incorporate strategies that have helped
other students overcome their fear of mathematics. In
doing so, professional development may assist a
teacher to gain different ideas for teaching
mathematics in his or her classroom setting.

Bruce Sheppard and Jean Brown, from Canada, close
our section on science curriculum with a report in
chapter 9 of an extensive four-year investigation of
how partnerships and leadership can transform
classrooms through the use of technology. They
acknowledge the many challenges related to
leadership and implementation of classroom
innovation and note that in spite of the extensive
literature related to the implementation of innovation
in education, it appeared to have had minimal impact
on the actual implementation practices in the schools
and school systems that they had studied. Rather,
implementation appeared to be dependent on the
distribution of leadership and systems alignment
among key partners in respect to values, attitudes,
and purposes of the stakeholders, and so they
underscore the importance of distributed leadership in
cultivating an alignment of values, attitudes and
purposes, and the development of shared visions that
enable innovation.

4.2. Editorial comments on 'Comparative cultural
issues across the Arts Curriculum’'

Pilar Couto-Cantero and Tanya Fernandez Maceiras
from Spain, open our Arts Curriculum section with
their chapter 10 on stakeholders values, attitudes and
purposes towards the teaching and learning of a
foreign language through drama. The chapter explores
and examines how the values promoted through the
research converge with those of the stakeholders. This
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project included teachers with diverse training -
training from North-American and in New Zealand.
This collaborative work among school teachers and
university researchers involved some challenging
cultural alignments as it was carried out in a
multilingual and multicultural context in which at least
three languages and their cultures were taken into
account.

In chapter 19, Clio Fanouraki breaks new ground in a
systematic survey of the effects of theatre frameworks
in the context of Greek education interestingly mixing
the culture of theatre and L1 teaching of Greek.

4.3. Editorial comments on 'Comparative cultural
issues in Pedagogy’

Thomas Schalow, in chapter 22, examines cultural
differences in a Japanese school between the
traditional teacher/learner relationship and the
teacher/learner relationship involved in self-directed
learning. He notes that although self-direction,
motivation, and a desire to learn will be the key
elements that determine success or failure in the
future, these values were difficult for the Japanese
students to embrace. Cultural differences in attitudes
toward learning and traditional expectations about the
role of student and teacher were shown to present
formidable obstacles to the introduction of the new
teaching methods at the heart of this new form of
education. However, whereas other authors, when
faced with the same problem, place the blame with
teacher's lack of confidence in their subject
knowledge, Schalow embeds the problem in the
culture of the wider Japanese society when he notes:

"One of the great lessons to be learned from

globalization is that cultures that readily embrace
change and emphasize their similarities with other
cultures prepare their citizens to feel at ease in the
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broader world, while cultures that stand apart from the
outside world and emphasize differences with the rest of
humanity prepare their citizens to feel at ease only in
the local culture."

He then parallels the general cultural conservative
values with the retention of 'expert status' which
interestingly mirrors the formulation to the same
problem in Finland that is presented in chapter 1:

"In regard to education, it is clear that cultures and
teachers that promote active participation in the learning
process best serve the interests of their students. Teachers
need to abandon their role as “expert,” and embrace their
role as appointed moderator of the educational process.
There is certain to be a great deal of reluctance to
abandon a privileged position, but the disruptive
technologies shaking the educational establishment make
the outcome a foregone conclusion."

In chapter 29, Hans Giessen explores Emotions in
Media-Based Learning in Germany.His argumentation
starts with the fact that so-called ‘authoritarian’
teaching models still predominate in many countries -
in contact teaching in schools as well as in media-
based education. Hans looks for a reason for this. He
finds an explanation in the very traditional
communication model presented by Shannon and
Weaver, a model that many teachers still seem to
consider valid. This model was actually constructed for
other purposes, and interestingly Hans uses
contrasting values to shows how Ilimited and
inadequate it is for teaching processes, especially for
media-based learning. He incorporates his wide

knowledge of different fields of research - Ilike
neurosciences, cognitive and brain research, theories
of (mass) communication, system theory, etc. - to

offer an alternative means to improve learning, media-
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based learning processes in particular: It is the
emotional involvement of learners by including them
in common storytelling and games. This suggestion is
unlikely to surprise those who are experienced
traditional teachers. But Hans delivers an explanation
and a theoretical background for the suitability and
relevance of this method, by using relevant axioms of
a constructionist theory of learning processes and of
hypertext theories. Hans Giessen's broad theoretical
scope leads to new insights which produce a solid
cultural basis for the development of suitable methods
of media-based teaching and learning.

In chapter 31, Maria Apparecida Mamede-Neves draws
on data collected and analysis of their results with
young high school students and their teachers from
public and private schools in Rio de Janeiro, to show
that Brazil today is suffering a change in their cultural
base and in their challenge for the future of their
young people in education. Change and challenge
include rethinking the values involved in the use of
information and communication technologies in
educational projects. The combination of values in this
research involves young people teachers and
government measures and Professor Mamede-Neves
notes that "This combination points to a very large gap
between values, attitudes and effects on the issue of
education on the part of the stakeholders." and finally
she concludes on the necessity of cultural alignment
between the stakeholders for the research to be
successful....

"From all I have researched ... I draw from it the sure
knowledge that, in the field of Education, any proposal,
which is intended to be successfully implemented in any
culture or group, will have to be necessarily oriented by
the comprehension of the specific conditions of the
values of such group and its traditions."
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Having shared cultural values with respondents also
eases access for the researcher. In chapter 32, Jana
Kratka notes how alignment of cultural values between
researcher and respondents contributes to the
researcher's acceptance by a group of respondents.

"I knew the respondents of this study for more than two
years thanks to the discussion forum at www.buffy-
angel.org, which enabled long observation of the group
development in the sense of our similar values, attitudes
and purposes."

Later she gives an example of how shared cultural
values can unite disparate socio-cultural groups:

"They belong to various socio-cultural groups but they
are unified by a number of real-life traumas that drove
them towards the identification with the TV series
characters. In their community they share values,
attitudes and purposes, as loyalty and confidentiality. A
good example of how things go well when two members
of the virtual community share common values can be
the marriage of two fans (who differ in age) from this
virtual community."

Our last chapter, chapter 33, is widely multi-cultural at
the international level. “A European Project:
Developing Communicative Competence and Subject
Content through Digital Tools” uses information and
communication technology as a context for exploring
cultural values throughout Europe. Primary and
secondary school teachers from six European
universities - in Spain, Slovakia, the United Kingdom,
Portugal, Finland, and Turkey - worked together with
the common aim of sharing cultural values. Currently,
the development of communicative competence is
fostered and subject-content knowledge promoted
through the use of digital tools. The methodology
detailed and the materials described are meant to
actively involve both teachers and learners and
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achieve digital literacy while learning language and
subject-matter content.

The authors add:

"This team, though sharing the same common values as
educators, can also add different perspectives to the
project as they come from different geographical,
cultural, personal contexts, they can also incorporate
different pedagogical points of view due to their
academic profiles and their own professional experience
acquired from different situations in education. All this
can benefit and enrich the development of the project.”

They express the cross-cultural benefits thus

" ... the project promotes linguistic diversity as six
languages are involved and used in the project in the CD
in mother tongue and also Culture as one of its aims is
to give student teachers the opportunity to exchange
their own culture with that of host countries, so the
tutors, mentors, teachers and pupils at schools will
benefit from this exchange. Student teachers” mobility
can also increase understanding among educational staff
and young people in Europe, it reinforces tolerance and
respect for other social realities provoking collaborative
and democratic work in student teachers in order that
they can transmit to their pupils the ideas of
collaboration, tolerance and respect for every human
being and for different cultures."

Acknowledgements

We are indeed fortunate to have safe and vicarious
access through these chapters to the extremely varied
rich professional cultural experiences and insightful
commentaries of these multilingual educationalists.
For many authors English is not their first, or second
or even third language; vyet they have made
considerable efforts to share the different cultural
qualities of their educational experiences with our
English readers. In mono-lingual environments one
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social function of language is to judge the educational
level of the communicator and to - perhaps rashly -
infer the same level to the content of their
communication. For example, spoken French can be
learnt without formal education, but written French is
so different that it is a social marker of formal
education. To generalise this inference to judge the
quality of content communicated in a multilingual
context - such as this book - is a gross limitation of
culturally cosseted monolingual speakers. The editors
considered sixty nascent research reports from central
and peripheral world cultures which were ideally fitting
expositions of comparative cultural perspectives on
Teacher Education. However, this publication process
does not offer what our Aussie colleagues call 'a level
playing field'; particularly with regard to equal access
to resources - internet access, time and support for
research, access to the cultural capital of Standard
English, etc. Hence, the thirty-three chapters in this
handbook - each submitted to at least three peer-
reviews for the different qualities of experiences
presented - also stand for the authors of the twenty-
seven chapters who did not have the resources to
meet the numerous rigours and deadlines of this
publication - we must thank them. It is to our
advantage that we find ways of giving them a voice.

Who are the fifty-two authors who have contributed to
this book?

Authors who successfully negotiated the selection and
review processes are listed, with their affiliations, at
the front of the book. Readers who would like a more
intimate introduction to our authors will find brief
BioPics listing interesting background information from
page 859 at the end of the book.
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experience have guided the publication of this book?
The members of the International Board of Associated
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beginning of this book. For those readers who are
interested in the amazing range of academic expertise
that has been graciously and freely given by these
stewards of the Academy, we direct you to their
interesting, and often surprising, credentials from
page 887, near the end of this book.

I would like to personally thank the in-house copy
editors, my post-grad students who helped with the
extensive editing chores, my colleagues worldwide for
their local knowledge and cogent advice, and
particularly my doctoral student Uta Rampersand who
so accurately organised the initial internet
communications on which the success of this extensive
project has subsequently been built.

We must especially also thank our academic publisher,
Analytrics, and our Series Editor Professor Guy
Tchibozo, whose organisations have made this
publication possible. Subsidised hardcopies of this
book have also been made available at cost price for
all researchers, education students, teachers,
academics and specialist educationalists in our global
academic community. These non-profit hardcopies are
available from on-line bookstores and university
bookshops worldwide. Electronic copies of the book, in
colour, have also been made freely available for
multiple download by courtesy of Analytrics. These
copies can be conveniently electronically searched,
quoted, cited and freely used under the 'non-
commercial share alike Creative Commons world-wide
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usage'. This e-book can be downloaded freely from the
resource pages of the publisher's website at:

http://www.analytrics.org/Pages/EESENOtherEventsan
dResources.aspx

Last, and perhaps foremost, we must thank you, our
reader, whose interest has led you to this especially
tailored book and new starting point. We trust as you
now read this, that you can also move forward and
use the Culturometric lens we give you to engender
new visions of how you will enrich our world Cultures
of Education.

Béatrice Boufoy-Bastick
Editor
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of Science

— IAEP-II - International Assessment of Educational
Progress
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— PISA - Programme for International Student Assessment

— SPSE - Study on Performance Standards In Education

— TIMSS - Third International Mathematics and Science
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CHAPTER 1

CLASS TEACHERS' PERSONAL VALUES AND
BELIEFS ABOUT TEACHING PHYSICS AND
CHEMISTRY

Sivbritt Dumbrajs
Mattlidens skola — Espoo, Finland

Sivbritt.Dumbrajs@gmail.com

Abstract

In Finland physics and chemistry are taught as separate
subjects in grades five and six of comprehensive school
since the beginning of 2006. The stakeholders involved in
the curricular change were, besides the National Board of
Education, the directors of education in cities and
communities, class teachers, and subject teachers of
physics and chemistry in comprehensive schools. Some
class teachers participated in workshops organized by
subject teachers in order to prepare for the curricular
change. Teaching units prepared by the subject teachers
formed the base of the workshops. Class teachers had to
grapple with the new paradigm of teaching sciences in an
investigative manner. The interest of this study was: How
and by which means can class teachers be supported in
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their task to give instruction in physics and chemistry. The
participants were interested in physics and chemistry.
However, they did not feel confident about their subject
knowledge. Beliefs, values and goals that describe teachers’
orientation were sometimes at odds with those supporting
investigative learning. All class teachers were of the opinion
that their students would react to laboratory tasks in a
positive way.

Keywords
Class teachers - Science instruction — Investigative learning

Introduction

A new national curriculum came into use in Finland in
the year 2006. According to this curriculum physics
and chemistry is taught as separate subjects in grades
five and six in comprehensive school. Earlier these
subjects had been included in the environmental and
natural studies.

Every teacher in comprehensive school can develop
his or her own curriculum, building on the basic
curriculum published by the National Board of
Education and the more detailed curriculum accepted
by the school, in which every teacher has played a
part in developing. In addition, every teacher has the
freedom to choose the textbooks needed for his or her
class from those made available by different
publishers. All this freedom gives every teacher an
active role in the profession, making them highly
interested in their work and offering them an
opportunity to develop their experiences.

The class teacher education consists of a 5-year
program preparing the teachers to teach students
aged 6-12 years. The education is strongly research-
based and is realized in the university departments.
Class teacher students’ major subject is education.



Attitude and its Effects on Education

Students can choose an intensified course in science
education. However, if they do not, their knowledge of
teaching physics and chemistry may be minimal, as
biology is seen as more important, especially in the
lower grades.

When the new national curriculum came into use,
many class teachers felt that they were not prepared
for teaching physics and chemistry.The research
questions in this study are: How and by which means
can class teachers be supported in their task to give
instruction in physics and chemistry? How can the
teachers respond to the curricular change? How do
they need to change their teaching methods and,
thereby, their understanding of the nature of physics
and chemistry?

1. Method

The director of Swedish education in Espoo suggested
that class teachers would participate in workshops
organized by subject teachers during the school year
2003-2004 in order to prepare for the curricular
change. Teaching units prepared by the subject
teachers formed the base of the workshops. During
the workshops class teachers felt themselves at ease
and expressed their opinions quite freely. Therefore
their recorded discussions may give useful hints about
the support they need and want.

The class teachers were divided into groups of 2-3
teachers each. Discussions during workshops were
audio taped. The recorded text, one for each group, as
giving an account of events was treated as a narrative.
According to Labov’s definition (Labov 1997) a
narrative has an abstract, orientation (time, place),
action (sequence of events), evaluation, resolution
(what finally happened), and coda (return to the
present). We posit an event as a connected sequence
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of utterances. In the present study the text starts by
presenting the background or prior knowledge of the
teachers, and then turns to the performance of an
experiment, thereupon reflection on the results, and
finally  discussion about how to use the
experiment/similar experiments in instruction. In a
broad sense the text can thus be considered a
narrative that describes the development of each
group during the intervention. Below four such
narratives will be presented and analyzed parallel to
each other.

The narrative method brings out features of the
teachers’ thinking and learning needs that may have
been neglected through other methods. Formal rules
of causality can be applied to a sequence of events.
Thus the thick description of the interpretive mode
combines with the rigor of causal generalization
produced by an explanatory mode of inquiry. Some
events may be critical turning points in the process.
An event is called critical when it demonstrates a
significant or contrasting change from previous
understanding, a conceptual leap from earlier
understanding, or a cognitive obstacle (Webster and
Mertova 2007, 77). A critical event is a designation
that depends on the subject of the researcher’s
inquiry. Critical events that are significant and
meaningful can be gathered. The lack of an event can
be just as important as an event happening. In our
study critical events that promote learning were
looked for at each stage of the narratives. Such events
could be unique, illustrative or confirmatory. Critical
events are identified through close analysis of what
teachers say and do. The structure of a critical event
could show conceptualization, preparation and
planning, innovation and creativity, convergence and
consolidation. (Webster and Mertova 2007, 84) In the
processes in the working groups the pattern of a
critical event should be reflected by utterances where
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a participant announces a doubt, a question, or a
curiosity, which we see as a first step of a process of
change.

The audio recording took place in a noisy classroom.
Thus it was not always possible to catch every word of
an utterance. However, in the sense that four different
groups went through the same experiment, the same
procedure, the different stories can be used as
confirmation of each other. Like events disclose the
common background against which the critical events
protrude (Webster and Mertova 2007, 84)

2. The process of change

The participants, altogether 14 teachers, filled in a
questionnaire before and after their first workshop
(Dumbrajs 2005). The participants in general were
interested in physics and chemistry. This conclusion
could be made from the fact that almost all had
studied more than the obligatory amount of these
subjects in upper secondary school (Dumbrajs 2005).
However, they had on average only little experience of
teaching physics and chemistry.

All class teachers were of the opinion that their
students would react to laboratory tasks in a positive
way. They would be curious and interested and they
would have lots of questions. Some teachers would
have liked to get the “right answers” to the
experiments. A problem seemed to be at which age it
would be possible to give the students responsibility
for their own work. Certainly the teacher should test
the experiments beforehand and the parents should be
informed that their children start doing laboratory
tasks.
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2.1. Description of a workshop: Science of heat.
Change of volume of water and air.

Experiments were always supervised by a subject
teacher. The following instruction for one experiment
on science of heat that the class teachers performed
was given:

Material: An empty water bottle of thin plastic with
cork, cold and warm water from the tap.

Instruction: Fill the bottle with hot water so that it
becomes quite warm. Pour out the water. Close the
bottle properly. Put the empty bottle under the cold
water tap. What happens? Then try to warm it under
the hot water tap.

2.1.1. Prior knowledge

In order to find the shared knowledge base in the
group the subject teacher allowed the class teachers
to study the instructions and then asked if these could
imagine what would happen.

Group I:

Teacher 2: So it (the bottle) can make a bang, then?
Group II:

Teacher 4: I read and read ... I considered ...
Group III:

Teacher 8: Yes. That ... that is ... is expansion, yes ...

that this ... it is needed ... later when that air becomes
cold ... then the bottle shrinks ...
Group IV:
Teacher 10: There will be a bang ... there will be a bang

Clearly the subject matter is new to most participating
teachers. Only teacher 8 uses the scientific concept
“expansion”. She also understands that air is of
interest in this experiment, not the plastic bottle. This
is a critical event. From here on group III as being
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enabled to share the thoughts of teacher 8 accelerate
their learning. But also this teacher explains the
phenomenon with the help of every-day-knowledge:
“... when the air becomes cold ... then the bottle
shrinks...” The other teachers plainly admit their
ignorance or even disinterest. Some suggest that
there will be a bang.

2.1.2 Performance of the experiment

Group I does not show a deep interest for the present
experiment. They think that having come to the
conclusion that there will be a “bang” this is all there
is about it. They are quite happy with their surface
knowledge (Marton and Booth 1997, 175) about the
phenomenon. Now they are interested in other funny
effects, like the possibility to get a boiled, peeled egg
into a bottle with smaller diameter, or to put a balloon
on the bottle instead of corking up and see what
happens to the balloon. - Teacher 3 thinks that the
“bang” should take place when the bottle pulls
together.

Group II:

Teacher 6: Is this enough (hot water in the bottle)? Ok.

Teacher 5: Then you need to have the cork ready and
then you pour out the water.

Teacher 6: What? - Shall I pour away this?

Teacher 5: ... pour out ...

Teacher 6: Precisely, when ...

Teacher 5: Pour away the water and cork up the bottle.

Teacher 6: Yes. The cork.

Teacher 5: ... and then ,,,

Teacher 5: Put the empty bottle under cold running
water.

Teacher 6: Ok.

Teacher 4: ... the empty ...

Teacher 5: Yes, it would be this, then

............ (water running) .............

Teacher 4: It becomes triangular now ...

Teacher 6: Yes.

Teacher 5: Then try what happens ... happens when it is
put under hot (running) water ...

............. (water running) ................
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Teacher 6: Here still is ... it looks quite white ...
............. . (bang; crying) ....
Teacher 4: Now it plopped out!

The teachers work collaboratively and take care to
follow the instructions. Their results are reliable and
they feel pleased with their achievements.

Group III:

Teacher 8: Then you must empty it (the warm water
bottle) ... because ...

Subject teacher: Very well. Under cold water.

............ (water running) ..........

TeacheE(r 9: ... (inaudible) ... hops! It begins ... yes ... yes ...
Look!

Teacher 7: ... it like ... shrinks here ...

Teacher 8: Shall I now put it back under hot water?
Wasn't it this still?

Subject teacher: Yes, yes.

........ (bang) ....coceeeureeen.
All together: Ouuuu ....

In this group the teachers feel insecure and need more
interventions from the subject teacher when
performing the experiment. They do not understand
why the warm water should be poured away. Teacher
8 wants to know why. This is an important step in the
process of understanding, forming a critical event at
this stage. The teachers use the concept “shrinking” in
connection to the bottle. Do they understand that the
bottle is not the cause of what happens?

Group 1V o o
Teacher 10: Now I think it is ... Yes. It is shrinking.
Subject teacher: Yes I think you should do it (put

the bottle under hot waterg.
............ (water running) ....
............... (bang) ...........
Teachers: Yes, yes! _
Teacher 11: It is funny, being that hard ...

These teachers also use the concept “shrinking”, but
they seem to be ready to consider other possibilities:
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“It is funny, being that hard ..” Teacher 11
demonstrates a willingness to develop and change her
previous understanding. The event might be deemed
critical. The subject teacher now and then confirms the
teachers’ intentions, but her interventions seem not to
be very necessary.

2.1.3 Reflection on results

Group I:
Teacher 1: Well, I suppose that it has to do with the
exl[:(Jjan_sion ... how to say ... rather simply ... warm air or
cold air.

air that needs less place when it is cold.

Teacher 3 connects the knowledge that teacher 1
shares with her to understand the concept of air. A
conceptual leap as distinguishing a critical event takes
place.

Group II:
Teacher 4: It has to do with the air ...
... (inaudible) ...
Teacher 5: ... the molecules ...
Group III:
Teacher 7: Well, it is, I assume, that the molecules in the
air collide with each other and it becomes denser
when it is cold. Smaller.

Teacher 7 might not yet have quite understood the
connection between density and particle movement in
gases! However, she is about to take a conceptual
leap in her understanding.

Group 1V:
Teacher 10: It has to do with the movement ...
Teacher 11: It moves less then ... and then more.

Now, already, the teachers discuss about what
happens to the air molecules, not about what happens
to the bottle. Only group IV does not yet explicitly
mention the concept air.
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2.1.4 Discussion

Group I:

Teacher 3: Yes. Then it is similar to water, also ... That
when it starts
boiling ...

Teacher 1: Yes. Well, this I have also ... this way ... with
the water molecules and this precisely to try to get it
described just in this way ...

Teacher 3: It is very good. Everyone surely understands
this when it starts to get warmer ... (inaudible) ...
when it gets warmer they get more speed

Teacher 1: ... and then that, what I have participated in,
that with the egg, that one has ...

Teacher 3: Just so. You have a peeled egg?

Teacher 1: Yes, a peeled, boiled egg.

Teacher 2: Yes, yes, the top of it must of course ...

Teacher 1: The opening can’t be unlimitedly small ...

These teachers have a lot of knowledge about different
experiments. This was noted already, when they
performed the present experiment. They wanted to tell
about other similar experiments they had come into
contact with. Also they know some concepts;
“molecule” and “expansion” are mentioned during the
reflective discussions. But it seems that the deep
knowledge about these concepts is nonexistent. They
do not want to discuss backgrounds, but go over to
talk about air and how to show that air exists. They
can answer ‘“what”-questions, but not “why”-
questions. They also seem to be unaware of the
behavior of different forms of the same material.
Events that include instances of cognitive obstacles of
significance can also be considered critical for the
process of change.

Group II:
Teacher 5: Was it not called molecules?
é-dﬁj'é-é"cmt-éacher: Can you from this deduce why a warm
air balloon flies?
;I"-é'é"c'ﬁé-rméi':"Like there it is cold and there are active warm
air molecules ... so they will jump upwards ... (inaudible)
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The application of the fresh knowledge about air
molecules is too difficult. Maybe these teachers have
not been able to see the connection between the
concepts density and particle movement in a gas.

Group III:
Subject teacher: One can do a rather funny thing with
this, also ... Instead of this cork ... you do everything: put
it (the bottle) into warm water and pour out the water
and instead of that cork you put on a balloon. One puts a
balloon as cork.
Teacher 7: What happens then?
Teacher 8: It will be blown up ...
Teacher 7: It probably is warmed by that warm air ... the
balloon is warmed.
Teacher 9: If it goes in?
Teacher 7: No ...
... (inaudible) ...
Teacher 9: Is the air warmed again, then?
... (inaudible) ...
Teacher 8: Yesyes. As you said that ...
Subject teacher: ... it becomes cold ... it is sucked in.
Teacher 7: Yes. - Yes.
Teacher 8: Yes. If one puts it under hot water again,
then it will ... then it pops up.
Teacher 7: But it is ... everyone can’t understand this
with ... that ... on the whole that it (the air) exists, but
then also that the air is particles ... it is rather difficult to
understand when one can’t see anything.

Teachers try to find reasons for what would happen to
a balloon. Their common reflections lead them to a
conclusion. There is convergence and consolidation of
their understanding.

Group IV:
Subject teacher: Well ... this can also be done ... be done
in @ more funny way if one has a balloon ... instead of
corking up you put on a balloon. What happens then?
What do you think?
Teacher 12: Yes ... well ... it comes out, I assume ...
Teacher 11: No....
Teacher 12: Yes, wait ... No-no ... it ... it is pulled inside.
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Subject teacher: It is pulled in, yes. It is pulled in. Yes.
Yes. And then, if you then put it under warm water, then
it pops up again.

Teacher 12: Yes.

Also in this group the teachers reach a conclusion by
reflecting collaboratively. They seem to experience
pleasure and acquire new knowledge. They really try
to understand what happens.

I have collected the main features from the class
teachers’ discussions in the four groups in Table 1. The
initial missing content knowledge of the teachers is
protruding. Of course, it is not possible to request the
same content knowledge as from subject teachers, but
these class teachers stand at the same level as their
students (Dumbrajs 2007, 160). They might have
extended every-day-knowledge, they have larger
experience, but this sometimes leads to knowledge,
which is different from scientifically accepted views.
The teachers ask few “why” questions. And they
cannot easily apply what they have learned to new
situations. However, when the first critical event
appears, an increasing flow of new understanding
develops as a consequence of collaborative sharing of
thoughts and intervention by the subject teacher. This
flow is shown in Table 2.

Table :.Summary of class teachers’ discussions.

Expansion of gases

Prior Performance of | Reflection on Discussion
knowledge | the experiment results
Group | |- “bang’ - interventions - expansion - molecules
- what about the (warm orcold |- whenitgets
bang? (hard air) warm they get
bottle) - air exists more speed
- | do not think that | - air needs less | - peeled egg
you getit ... place when it is
cold
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Group Il - collaborative work | - molecules - molecules
moving
(children)
- warm air rises
(but why?)
Group |-expansion |- the bottle shrinks | - colliding - one can't see
l - the bottle - interventions molecules- the | the air particles
shrinks - because .... ? air becomes - the balloon
denser when it is | (why?)
cold
Group |- “bang’ - confirming - movement - the balloon; it
v interventions- “it is is pulled inside
shrinking’- “it is
funny: being
that hard”
Overall |- experience |- experience (4) -air (3) - molecules get
content | (2) - intervention (3) - molecules (2) | more speed
-every day- | - reflective - density (1) when heated
knowledge | thoughts(2) - expansion (2) | (3)
1 - movement, - warm air
- scientific collision (2) rises (but
concept (1) why?) (1)

Table 2.Development of change process.

Critical events

Prior Performance | Reflection | Discussion
knowledge of the on results
experiment
Group | air exists when
molecules get
warm they get
more speed
Group |l
Group Il air expansion why? colliding the balloon
molecules, | instead of a
density cork
Group IV why? why? the balloon
movement | instead of a
of cork
molecules
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2.2. Teaching Methods

The teaching profession has changed a lot over the
years. New ideas, attitudes and values are realized.
When the context of practice is changing, the teachers
are not able to function as competently as earlier.
Reflection on practices therefore forms an integrated
part of their profession. After the workshop some class
teachers discussed their experiences.

Teacher 4: The situation is that one thinks that physics
and chemistry must be so terribly difficult.

Teacher 3: Mm..

Teacher 4: But it is not.

Teacher 3: But surely it is... The discussion, to carry it
out ... that, that the experiment as such, but then to
be able to carry out that ... - After ... after the
presumptions. They can bring forth presumptions,
then it is still, like, free to guess anything.

Teacher 4: Yes.

Teacher 3: All sorts of ideas. But then, when one comes
to that result, one has to formulate it somehow ...
cleverly.

Teacher 1: I think it is partly the idea in primary school
with these discussions. Really, it is not the
experiments as such that are important.

Teacher 4: No. No-no. It is what they experience and the
thoughts that are raised. But it does not matter, if it
would fail completely. It does not matter at all. To
create the train of thought, like ... to highlight ... and
then that one ... is careful not to ... to tell too much.

3. Results and discussion

The class teachers did not feel confident about their
subject knowledge and also felt that they lacked the
time to explore a wide range of materials. Generally,
they did not want to seek help. They preferred ready
units that worked. They thought that subject content
should be expressed in terms that easily can be
conveyed to their students. They asked themselves if
time is used in an effective way if they allow their
students to pursue their own investigations, if the
activities should not be teacher-controlled so that the
students get the “correct” results, and if students

-16-



Attitude and its Effects on Education

really can learn in a self-directed way. Similar
experiences have been quoted by Geelan (1998) from
implementation of innovative teaching approaches in a
mixed community of primary and secondary school
teachers. Beliefs, values and goals that describe the
teachers’ orientation are at odds with those supporting
investigative learning (Volkmann, Abell, and Zgagacz
2005, see also Rice 2005). However, the teachers in
this study themselves clearly enjoy learning by
investigating. Reflection in groups is intense and lively.
Teachers develop and learn change towards a more
active engagement in constructing knowledge. Here
they strongly consider parents’ views and include their
opinions.

The above study is as such not generalizable.
However, hints are given about problems that might
occur, when a curriculum introducing investigative
teaching methods is taken into use. The contexts
within which teachers work, their commitments, and
engagement  with  colleagues, influence their
willingness to change.

Conclusion

Although teacher education subscribes to ideals of
constructive and investigative learning, it is not always
clear how teachers translate these ideals into their
views concerning curriculum design and
implementation. Lay culture norms are strongly
ingrained. Most teacher education supplies a weak
intervention to alter particular views regarding
teaching. An important goal to teacher education
programs ought to be to alter teachers’ beliefs.
However, principles that challenge teachers’ beliefs are
often dismissed by teachers as being theoretical,
unworkable, or simply wrong. As professionals
teachers need to value knowledge, to work with others
in teams in order to achieve common goals, and to
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concern themselves with the well-being of their
students. Focusing and reflecting on such skills and
practices might develop and change beliefs. When the
first critical event appears an increasing flow of new
converging and consolidating understanding evolves.

From the above considerations it can be concluded
that class teachers might be helped by implementation
of the following features in their everyday learning and
teaching process:

1. Teacher teams should be developed to reflect over
practices. Thus an informal learning situation could
be achieved. There would be an array of teachers,
each one with knowledge of a particular kind of
domain or skill. They would together find out about
content knowledge. They would discuss meaningful
goals for their teaching and they could encourage
each other to test innovative teaching approaches.
(Levander and Repo-Kaarento 2004)

2. Expert knowledge and further education should be
available. Class teachers should not be afraid to
ask subject teachers for help. When someone
attends a course for further education, the new
knowledge must not stay with this person, but the
whole team should be informed. Nowadays
expertise is also available on the web. Teams of
teachers at many sites can log in concurrently.
They hear from and interact with a remote
expert/facilitator but then return intermittently to
discuss the topic face to face with people in their
own team. This contextualizes the topic to the local
school site. Thus learning activities are focused
directly on work-related issues (Levander and
Repo-Kaarento 2004, Knight 2002).
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Abstract

This paper addresses the implementation of a
secondary biology curriculum designed to introduce
urban students to the role of scientific authentic data
in drawing conclusions about issues related to ecology
and human impact on the environment. Teachers in
New York City were enlisted to implement two ecology
curriculum modules and provide feedback. The goal of
this pilot-testing was to learn how best to increase
module effectiveness and usability, including how to
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improve the teacher guide, ease of technology use,
and general classroom usability. The stakeholders for
this project included the federal government whose
grant funding made this possible; the enlisted
teachers and their students; the museum educators
whose materials were incorporated into the
curriculum; and the school administrators where the
curriculum was implemented.

Keywords
Science Learning — Environmental Science — Curriculum

Introduction

The objective of the Ecology Disrupted project is to
use resources of the American Museum of Natural
History (AMNH) in New York City to develop and
implement two ecology curriculum modules and pilot-
test them in the classrooms of over sixty New York
City public school biology teachers. The goals of the
modules are to increase student learning of the nature
of science, ecological principles, and personal and
human environmental impacts. The goal of pilot-
testing was to receive teacher feedback on how best
to increase module effectiveness and usability,
including soliciting teacher feedback on how to
improve the teacher guide, ease of technology use,
and general classroom usability. We also solicited
feedback on how to improve student assessments,
activity scaffolding, and student differentiation. We
asked participating teachers for ecology case study
modifications that increase student Ilearning by
enhancing student prior knowledge and by further
contextualizing these units into the daily lives of
students. The result is two curriculum modules that
use authentic scientific research to study ecology and
environmental science in the secondary school biology
course, a significant inclusion in secondary biology.
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Increasing public awareness about the role of human
activities in shaping the environment has led to a
greater interest in offering more environmentally
themed courses at both the high school and college
levels (Edelson, 2007; Galbraith, 2009).
Environmental science is how a more common course
in high schools than Earth Science (Edelson, 2007). In
the past, one of the biggest obstacles to
environmental education in a high school setting was a
lack of prescribed time in the curriculum (Cherif,
1992; Ham & Sewing, 1987). The increasing amount
of time allotted to environmental science at the high
school level in the United States has been a boon to
environmental education, potentially increasing
student understanding of ecology and raising student
awareness of how their own lives impact the natural
world.

This paper explores two major themes in science
education: (1) The importance of teaching students
about ecological function (2) the significance of
teaching science to students through the use of real
scientific studies. Science educators need to teach
what they know about science, along with the various,
specific ways these facts came to be and the variety of
methods and techniques that scientists use to explore
the diverse phenomena in the world—that is, the
process of knowledge construction as it's actually
practiced rather than the common stereotype of a
singular scientific method. A group of scientists and
science educators developed ecology curriculum
modules that use electronic media and authentic
scientific data.

Science educators since the 1960s have recognized
the need for bringing authentic scientific practice into
the science classroom. Originally, this recognition took
the form of new curriculum written to influence the
type of instruction. The goal of the new curricula was
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to bring science practice to schools by designing
materials that asked students to develop science
process skills like making observations and
hypotheses, designing experiments, and collecting
data. The thrust of the reform was very teacher
centered. Improve the curriculum and the students
will learn (Duschl, Schweingruber,&Shouse 2007). In
the past 15 years there has been a growing
recognition of the importance of student prior
knowledge and experience for influencing science
learning. Therefore, today’s recommended
instructional practices seek to build on students’ prior
knowledge and conceptual understanding (Bransford,
Brown, & Cocking, 2000). Teachers need to actively
engage students in the process of science and guide
students to reflect and discuss their explanations.

1. The stakeholders

Ecology Disrupted is the title of a United States
federally funded project which seeks to develop unique
curriculum resources that can be pilot tested in the
field and that can enhance science learning. The
authentic scientific research which informed the
curriculum modules was selected from the American
Museum of Natural History (AMNH) situated in New
York City. These data are prepared for the public in
the form of electronic media called Science Bulletins.
These media present an overview of contemporary
scientific studies published in peer reviewed scientific
journals. One set of stakeholders are the technology
developers at the AMNH who were clearly thrilled that
their Science Bulletins would find a larger audience
amongst high school biology students. The officials at
the museum were also supportive of the project as
they were co-principal investigators and received a
portion of the funding. The authors were important
stakeholders who designed the curriculum from these
modules and engaged researchers in exploring its
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efficacy. They also implemented the field testing of the
curriculum modules and were invested in testing their
hypotheses about using authentic scientific data to
teach ecology. The most significant group of
stakeholders was the 29 high school biology
teacherswho were recruited to test these curriculum
modules in their classes. For their efforts, they
received remuneration and membership to the AMNH.
High school administrators were asked to support the
professional development time required to train
teachers to use these modules. They had to consent to
the necessary classroom release time and to the
authors visiting their classrooms. This latter group of
stakeholders was a “deal-breaker,” for without their
cooperation, it would have been difficult to work
directly with the teachers. The school administrators
who consented to be part of the Ecology Disrupted
project had to be convinced that these modules would
serve their goals for student learning in high school
biology and their subsequent achievement on the
standardized tests. Finally, the students were
unwitting stakeholders since, in the end, it is their
understanding of ecological principles that was the
most important goal of the project.

2. Ecology disrupted theoretical framework

By using real life studies of environmental systems
replete with electronic media, the Ecology Disrupted
method creates curriculum modules for secondary
school science that seek to transform the major
themes of environmental science classrooms,
environmental issues and ecology into the language of
conservation biology. In this method, students learn
about the importance and complexity of normal
ecological processes by studying what goes wrong
when people disrupt them (environmental issues). Just
as geneticists study mutated genes to discover gene
function, secondary school ecology students would
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learn the complexity of fully functioning ecosystems
from studying human caused disruptions
(environmental issues) in ecological processes.
Harkening back to the writings of Leopold, by
examining the human role in ecological communities
(environmental issues), we can learn to appreciate
“the integrity, stability, and beauty of the biotic
community” (ecological function). We may then “see
land as a community to which we belong” and “begin
to use it with love and respect.”

In order to best “see land as a community to which we
belong” the Ecology Disrupted approach uses daily life
to connect environmental issues to ecological
principles. The use of local environmental issues has
already been shown to engage a diverse range of
students about the increasing human impact on nearly
all of the Earth’s environmental systems (Pfirman&
National Science Foundation Advisory Committee for
Environmental Research and Education [NSF AC-ERE],
2003; NSF AC-ERE, 2005), nurture the development of
civically engaged citizens (Bjorkland& Pringle, 2001;
Hungerford, Litherland, Peyton, Ramsey, & Volk,
2003; Science Education for New Civic Engagement
and Responsibility, 2011), and add a new and vibrant
dimension to environmental science curricula
(Bouillion& Gomez 2001; Eliam, 2002; Johnson,
2004; Gardenmosaics, 2011). The Ecology Disrupted
approach seeks to bring some of the excitement and
engagement of local environmental issues to the
formal classroom setting by using daily life to connect
ecological principles to environmental issues. Linking
everyday behaviors to environmental issues increases
student understanding of specific environmental issues
like climate change (Cordero, Todd, & Abellera, 2008).
Further linking daily life to ecological function can help
students discover the hidden interconnectedness of
basic ecological principles (Elder, Coffin, &Farrior,
1998; Thomashow, 2002; Johnson, 2004; North
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American Association for Environmental Education
[NAAEE], 2011). For example, teenagers from the
northeast United States are well versed in the perils of
Lyme disease but most students are ignorant of its
connection to fragmented habitats and disrupted food
webs. By placing Lyme disease in its ecological
context, students can deepen their understanding of
the causes of Lyme disease, and habitats and food
webs, its related ecological principles (Elder et al.,
1998; Bransford et al., 2000; Thomashow, 2002). This
approach will help students develop a deeper
understanding of sustainability and of environmental
issues and ecology and also help them learn that no
matter where they live, they are part of an ecological
system whose principles, and disruptions, affect their
daily lives.

3. Using published scientific data in the
ecology disrupted method

Conservation biologists have accumulated decades of
information that illuminate the effect of humans on
ecological function. These data can be transformed
into formats that can be understood and manipulated
by high school students using the Ecology Disrupted
approach to help students learn about both the human
impact on the natural world and about normal
ecological function. Compelling, interesting and
educationally accessible lessons can be developed
from these real science examples, to explore
ecological principles that are the foci of secondary
classroom instruction. This paper describes two case
studies that transform environmental issues from
published studies into the language of ecology, a topic
specifically addressed in a classroom setting. Both
case studies use real scientific data and media
produced by the American Museum of Natural History
(Biobulletins Snapshots;
http://www.amnh.org/sciencebulletins/biobulletin/inde

-27 -



Cultures of Teacher Education: International issues in the Science Curriculum

x.html) to link daily life to environmental issues and
basic ecological principles. Currently, environmental
issues are usually classified as separate units of study
from ecological principle units in science textbooks and
in district and state scope and sequence guidelines
and frameworks. By segregating these topics into
different units or semesters, these textbooks and
districts are missing an opportunity to use
environmental issues to understand ecological
principles, for environmental issues are simply the
result of human disruptions of normal ecological
function. Just as geneticists use disrupted genes,
mutations, to understand gene function, ecology
students would learn from using disrupted ecological
function, environmental issues, to understand the
complexity of functioning ecosystems. Explicitly linking
environmental issues to the ecological function that
they disrupt is potentially transformative for
understanding ecology and environmental science. A
new paradigm of 21 century science, sustainability,
already links daily human actions to environmental
issues (Dennison, 2008). Our Ecology Disrupted
approach of using case studies on daily life to link
environmental issues to ecology, defines the
sustainability paradigm to include ecology.

3.1 Highways and bighorn sheep:

The first example is based on 2005 conservation
biology research published in Ecology Letters that
shows that highways bisecting the Sierra-Nevada
Mountains block the movement of bighorn sheep, and
leads to inbreeding (Epps et al., 2005). As formulated
this example is not appropriately formatted to bring
into a secondary school classroom in a contextualized
manner. The media developed around this research in
fact was not originally intended for the classroom
setting, but was produced in order to bring up to date
content into the Museum’s exhibition halls. The
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Museum also posted the media online, so that a
teacher interested in sharing this story can download
it and show it to her students. However, the story in
and of itself acts as a barrier for bringing it to the
classroom. It is a stand-alone entity, unrelated to the
topics of the classroom. Therefore, we reformulated
the scenario established by the scientific research
using the Ecology Disrupted method. In this case, we
used the scientific research and results of the research
to ask what goes wrong when people disrupt habitats
(the ecological principle that is the focus of classroom
units) in unexpected ways.

This methodology has the added benefit of linking
daily human life (highways and transportation, in this
case) with the ecological principle (habitats). Students
must use source material and scientific data from the
published study to investigate the question, "How
might being able to drive between Los Angeles and Las
Vegas in just four hours put the bighorn sheep at
risk?”Students are provided with maps of the
mountain habitats and roadways in this region of
Southern California. They measure the distances
between mountaintops and take note of the location of
roads. They then study the genetic data of the sheep
populations (names for the mountaintops they inhabit)
and they can see that certain big horn sheep
populations have very few choices for mating and the
resultant offspring show genetic weaknesses that
threaten their viability.

They then watch and analyze other Museum produced
media stories to connect this question to other
instances, where people have disrupted habitats in
unexpected ways. The goal of this example is to
encourage students to recognize the complexity of
ecological function and the variety of daily behaviors
that can have negative impacts on ecosystems and
habitats. It is the hope that recognizing the
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environmental impact of mundane daily activities will
help students understand how their behavior impacts
the natural world and lead them to be more
environmentally responsible citizens.

3.2 Salting icy roads and water quality:

The second example is based upon data from a long-
term study that shows that salt added to roadways to
melt ice causes freshwater streams to become
progressively saltier (Kaushal et al., 2005). As in the
previous example, we use the scientific scenario to ask
what goes wrong when people disrupt an ecological
principle. In this case, we are concerned about
unforeseen consequences to changing abiotic factors.
Like in the bighorn sheep example, we link daily life
(snowy roads) with the ecological principle (abiotic
factors). Students must use source material and
scientific data from the published study to investigate
the question, "How do snowy and icy roads put the
Baltimore area’s water supply at risk?”The source
material contains seasonal salinity data that shows the
g/ml of salt present in fresh water streams and rivers
in urban, suburban and forested areas. Students then
graph each of these sets of data and study the ways in
which areas with dense roadways contribute more salt
to the environment in snowy and icy winters than
areas that are suburban or forested. As in the previous
example, the students then watch and analyze other
Museum produced media stories to connect this
question to other instances where people have
disrupted abiotic factors in unexpected ways.

4. Conclusions: conservation biology as a
tool to expand student stakeholders' sense
of personal agency

The goal of this project was to help secondary science
teachers embrace the possibility that biology curricula
could integrate ecological principles using every day
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experiences and authentic scientific data. The teachers
who piloted these modules demonstrated that student
learning occurred and that there was enthusiasm and
interest in making these connections and bringing
secondary biology curriculum to life. Currently, new
testing on modules that incorporate teacher
modifications, enhancements and suggestions further
refine the content of the curriculum. The process of
implementing the pilot modules engaged participating
teachers in authentic professional development
through a shared web site, email lists and discussion
groups. The electronic and material resources of the
AMNH motivated these urban teachers to reach
beyond the standard curriculum to enhance student
understanding of ecological principles. The modules
themselves motivated the students to think about
what scientists study and how the unintended
consequences of daily life impact their environment.
The teachers reported many levels of success in field
testing this module, including, but not limited to using
the electronic media as a hook to engage students in
abiotic factors that impact ecosystems. The authors
had a lot of data on which to base their conclusions
that this approach to teaching ecology works in terms
of student understanding and their potential for future
action.

These resources will be made available globally by this
project’s end. This approach is a straightforward and
useful technique for developing educational materials
that provide classroom teachers with an obvious
methodology for bringing ecological discoveries into
the classroom, thereby helping the students to
reframe their understanding of their community to
include the natural world. We hope that the Ecology
Disrupted model encourages students to understand
the complexity of ecological processes and the role of
human behavior in disrupting ecosystems, thereby
leading students to be more environmentally aware
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and perhaps to be more environmentally responsible.
The hope is that students can see themselves as
posing alternatives and becoming part of the solution.
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Abstract

The purpose of scientific discovery is to infer regularity in
experimental observations. The regularity can be verbalized
qualitatively or can be quantified using mathematical
apparatus. Learning through scientific discovery is classified
as a self-directed form of knowledge acquisition (De Jong &
Joolingen, 1998). Can this type of learning, predominantly
applied in science classes, be induced in a math class? What
are the rewards for the learner? What are the roles of the
stakeholders—students, teachers, parents, and curriculum
policymakers—in this method of teaching and learning
math? Are math teachers adequately prepared to lead their
students through the stages of scientific discovery? These
are some of the questions that this study attempts to
answer. New technologies open the gate for experimenting
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with new teaching strategies and allow for integrating
virtual scientific learning environments and mathematics to
quantify the outcomes of the experimentations. Through
this type of integration, we formulated an exemplary
instructional unit for trigonometry students. The students
found the lessons utilizing simulations very attractive, and
they highly praised the learning effects. They claimed that
this virtual world makes abstract mathematical equations
tangible and retainable longer. The unit is described in
detail here for use in high school math classes.

Keywords

Mathematics Learning —-Inductive Reasoning-Physics
Simulations

The concepts of mathematics are derived by abstraction from direct
experience of the physical world, from the generalization and
reflective abstraction of previously constructed concepts, by
negotiating meanings with others during discourse, or by some
combination of these means.

—Paul Ernest

1. Inductive Reasoning as an Effective
Teaching Method

Although inductive reasoning produces multiple
learning outcomes, this teaching method is rarely
applied in mathematics classes traditionally taught
deductively. Is there an opportunity for applying this
teaching method to immerse math students in a wider
range of its applications? It seems that in reference to
rich scientific contexts led by the process of scientific
experimentations, inductive reasoning can be more
widely exercised. Reasoning is a thought process that
involves  judging, inferring, generalizing, and
comparing. Among the many types of reasoning,
inductive reasoning is one of the most commonly
utilized across all subjects and grade levels (Joyce,
Weil, & Calhoun, 2009). This type of reasoning has
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vast applications in engineering and is believed to
produce high learning outcomes (Prince & Felder,
2006). What are the possibilities of applying this
teaching method in mathematics in order to immerse
students in a scientific content where the applications
of mathematics and discovery of scientific relations via
mathematics tools will be the leading theme? We
suggest that by utilizing easily adoptable virtual
experiments, inductive reasoning can be more widely
exercised in mathematics classes.

Implementing this discourse in high school not only
enhances the learning objectives of high school
mathematics curriculum but also encourages and
prepares students to enter the field of engineering,
where the skill of inductive thinking is key to success.

Inductive reasoning, or induction, leads to a general
law (statement) derived from specific cases. This
bottom-up approach draws inferences  from
observations in order to make generalizations.
Instructional units involving inductive teaching usually
contain four stages (Joyce et al., 2009): focus,
conceptual control, inference, and confirmation. In
order to parallel this approach with scientific
discovery, we modified it by adding a leading stage:
problem statement. Thus, our approach contains the
following five stages:

1. Problem statement involves forming a question
that students answer while working on a given
experiment.

2. Focus is building (collecting) data and asking
students to study the attributes of the data set
and formulate the hypothesis.

3. Conceptual control (analysis) is classifying the
facts and identifying patterns of regularity.

4. Inference is forming a generalization (a pattern
or law) about the relations between the collected
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facts that leads to acquiring a general
(mathematical) equation or function.

5. Confirmation is verifying the derived model in
new (physical) circumstances conducted through
testing the inference and further observations.

Inductive reasoning as an instructional method allows
for encompassing factual information in an
environment that the student retains and can easily
apply in other subjects. Students are placed in the role
of scientists who actively construct new knowledge
from observation and abstraction. By exercising
inductive thinking, practitioners learn to select
information based on scientific validity. By exercising
thistype of inquiry in math classes, they learn how to
integrate the knowledge of both science and
mathematics. This skill will allow them to mathematize
new natural phenomena.

2. Why Utilize Physics Simulations?

Mathematics classrooms, traditionally, are not
designed for conducting scientific experiments.
Considering this logistical factor, for our experiment,
we established criteria for selecting a scientific
environment that was highly adaptable to any
mathematics classroom and that did not demand
additional funding. Based on these criteria, we decided
to use a virtual scientific environment in the form of
physics simulations. From the wide range of scientific
simulations available, we selected physics simulations
provided free online by the Physics Education
Technology Team (PhET) at Colorado University at
Boulder. These simulations may be run online or
downloaded and used for non-profit educational
purposes without permission from the University of
Colorado. A substantial body of recent research on the
use of PhET simulations and student achievement may
be accessed from
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http://phet.colorado.edu/new/research
/index.php.

Due to their primary purpose of enhancing the
teaching of physics, biology, and chemistry, these
simulations underline the scientific nature of the
phenomena. Respectively, mathematics tools such as
functions or the Cartesian coordinate system are not
visible to students. We considered these factors as
advantageous. We intended for students to analyze,
search, and embed appropriate mathematical
representations to be able to describe assigned
phenomena. Thus, albeit virtual, these simulations
presented great contexts for inducing scientific
discovery in mathematics classes.

While working on the virtual labs, students can state
hypotheses, observe scientific processes, take
measurements, and construct and validate derived
mathematical models. The inputs of the experiments
can be progressively modified, and new responses can
be predicated and further verified. This dynamism
encourages students to experiment and
simultaneously immerses students in the process of
scientific discovery. With the aide of graphing
technology, derived abstract mathematical
embodiments can be effectively validated. Research
conducted by PhET (Finkelstein et al., 2004) proved
that the simulations can be substituted effectively for
even real laboratory equipment in physics classes. Due
to these findings, we hypothesized that these
simulations could be used to enhance the process of
mathematical modeling and provide a reach field for
exercising inductive reasoning in math classes.

3. Structure of the Activity

Following is a stem of the instructional unit that we
created for our experiment. It discusses how the
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simulation “Wave on a String” can be utilized to
exercise inductive reasoning in a trigonometry class.
The key stages of inductive reasoning are highlighted.
Practitioners can work independently in front of the
computer, or the simulation can be displayed on a
screen and the instructor can guide the students
through the process of inductive reasoning while the
students analyze prepared screenshots of respective
stages of the process. We suggest that for students
who are not accustomed to this novice learning
environment, the former class setting is more
appropriate. The role of the instructor is to stimulate
the process and offer suggestions if needed. Students
are the primary stakeholders in the experiment, and
for many, it may be the first such encounter. Being
able to conduct and analyze a scientific experiment in
a mathematics class may seem an exciting yet odd
task for many of them. Thus, we believe that they
need to feel encouraged and supported when they face
obstacles.

3.1. Introduction of the concept and
demonstration of the simulation

The teacher opens the simulation at
http://phet.colorado.edu/teacherideas /view-
contribution.php?contribution_id=326 and

demonstrates its features, concurrently focusing the
students’ attention on the shape of the string while it
transmits the mechanical energy. Figure 1 displays an
exemplary interface of the environment. The wave can
be generated by various methods: manually by
producing single pulses and automatically by using an
embedded oscillator. These options can be exercised
by checking the respective mode shown above the
icon “Reset” in the following screenshot.
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1 tension |Rulers
— T

Figure 1: General demonstration of the features of the
simulation.

The teacher might direct students’ attention to
frequency and amplitude of the generated wave, as
these two physical factors reflect directly fundamental
parameters needed in the process of formulating a
sinusoidal function. The teacher addresses students’
questioning of the high irregularity of the produced
wave and demonstrates the effects of various damping
factors on the energy transmission. Damping factor
indicates the amount of inefficiency of the medium in
which the energy is transmitted. Although including
this factor was appealing to us, initially, we set it to be
negligible to sustain regularity of data. Furthermore, in
order to eliminate wave reflections, we suggest
checking the "No End” icon located on the right side of
the above screenshot.

3.2. Problem statement

In this stage, the teacher presents the problem
statement: Can a sinusoidal function be applied to
model motion of energy on a string? The students
write their hypotheses and support the predictions.
Students will refer to irregularity of the wave as a
main concern. This concern is valid, but it can be
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overcome. The phase of removing this obstacle will be
discussed during the stage of gathering information.

3.3. Focus/gathering information/stating
hypothesis

Since the purpose of scientific discovery is to infer
regularity in experimental observations, the instructor
uses another feature of the simulation: generating
regular pulses by turning on an embedded rotating
oscillator. This feature can be activated by selecting
the “Pulse” option located above the "“Reset” icon
shown in Figure 2.The pulse represents half of the full
cycle of a periodic motion. The students might still be
doubtful of whether a trigonometric function that
contains positive and negative pulses, using the
language of physics, can be applied to properly
describe what is observed.

Avom:

tension R
W i T =
Amplitude  Pulse Width  Damping low high Show Help

Figure 2: Reducing irregularity of the wave motion

Students will be anxious to see what another option of
generating waves called “oscillate” can produce. The
teacher might ask for their predictions and then
display the result. The purpose of this scaffolding
elimination of extraneous variables is to amplify to
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math students the scientific nature of
experimentation. At large, as we stated, the
elimination should allow an emergence of inferences. A
high interactivity of this simulation makes this process
possible. A regular wave produced by a generated
oscillator is displayed in Figure 3.

51 29 | o tension Rulers
- Times

—r— Wr—m— o,
Amplitude  Frequency  Damping low high ‘Shmh'llclpl

Reset IS »

pause/play  step

Figure 3: Further wave modifications.

The wave, depending on the selected frequency, can
contain multiple wavelengths.

3.4. Analysis/conceptual control

In order to quantify the outputs of the experiment,
some measuring devices are necessary. Devices such
as the ruler and the stopwatch are embedded in the
simulation. They can be conveniently utilized to
quantify the magnitudes of parameters that will be
further used for a construction of sinusoidal function.
During this stage, students focus on identifying and
measuring the parameters, which are period (or
wavelength), amplitude, and vertical shift of the wave.
These parameters will be used to mathematize the
wave.
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Figure 4: The process of quantifying the parameters of the
wave.

An alternative method of quantifying the parameters is
providing students with copies of the screenshots and
asking them to measure the parameters using a
metric ruler. We found that when asked, students
preferred this method of data acquisition.

3.5. Generalization of the analysis

This stage, during which students transfer measured
parameters to formulate mathematical abstraction, is
critical in the process of function construction. In order
to assist them, the teacher might offer a review of
properties of sinusoidal functions in the form of
multiple-choice questions. Following are samples of
such questions.

A general form of a sinusoidal function is by
. (21
t)=Asin| — |t.
0= asin(2%)

Select the quantity that represents the average time of
one full cycle of the wave.
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A. frequency (f) B. amplitude (A) C. period (T) D.
general time variable (t)

Select the quantity that represents the maximum
vertical position of the wave as measured from the

rest position.
A. general time variable (t) B. height of wave (
f(2)) C. amplitude (A) D. period (T)
Select the quantity that represents the dependent
variable of this function.
A. amplitude (A)B. vertical position of wave ( f(¢)) C.
general variable (t) D. period (T)
After students complete this assessment, the teacher
verifies their responses. There is one element of this
experimentthatrequires clarification. In trigonometry
textbooks, for instance in Stewart(2006) or
Sullivanand Sullivan (2009),periodic motion is usually
represented by a function that models the vertical
position of the oscillating object in the function of time

y=f(t),or more SpeCificaHYy(t):ASin(%]t. In this

experiment, students will mathematically describe an
observable wave that has two dimensions: vertical and
horizontal. In order to mathematize this physical
wave, a modification of the general equation is
needed. There are two options that the instructor can
choose from: students can parameterize the motion,

i.e., they can find ¥=J() and x = f(1), o they can
express the vertical position of the wave in the
function of its horizontal position,yzf(x)' The second
option is more appropriate, as parametric equations

are usually studied later in the course of trigonometry.
The mathematical model that students are then going

. (2
to apply isy:Asm(Enjx, where Ax represents the

wavelength of the wave, traditionally called period in
trigonometry, and represents the horizontal position
of the front of the wave. The modification of the
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general form can be easily verified and is presented in
Sokolowski, Yalvac, and Loving (2011). On another
occasion, the teacher might refer to this experiment
and demonstrate more sophisticated techniques of
wave description through harmonic analysis, called
Fourier analysis.

3.6. Verification and confirmation of the derived
model

The stage of validity of the derived model is very
important in the process of mathematical modeling.
The learner will seek an assurance that his/her
constructed mathematical representation reflects the
behavior of the system and, more specifically, the
anticipated dependence of isolated variables. When
working on typical textbook paper-and-pencil
problems, this element is omitted because either the
physical representations of the experiments are not
provided or, if they are provided, they are presented
in a static form. The availability of the dynamic, highly
interactive simulation and the physical embodiment of
the wave provide a great opportunity for contrasting
the observed path of energy motion with the graph of
its mathematical model. Students can use a graphing
calculator or any technological device that converts an
algebraic function into a graph. If graphing technology
is not available, students can verify the model the old-
fashioned way—using a table of values. For example,
for a given horizontal position (x), in cm, students
might calculate the respective vertical position (y)and
then construct a respective graph. They would then
verify whether their handmade graphs corresponded
with the ones from the snapshot of the simulation.
However, after utilizing the highly interactive virtual
environment, students may not be excited about using
this old-fashioned method of verification.
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Further testing confirms that the model is adequate,
not only in the given conditions but also in a modified
environment. Samples of questions that will have
students verify or modify the model are presented
below.

1. Suppose that the x-axis—the draggable reference
(dotted) line—is moved 30 cm below the string.
Which parameter of the derived function
changed?

2. wavelength B. vertical transformation C. period
D. horizontal compression

3. Construct an equation for the new
function:

4. Due to modified frequency, there are twice as
many waves observed on the string now. Which
parameter of the sinusoidal function changed?

A. amplitude B. vertical transformation C.
period D. horizontal compression

5. Construct an equation for the new
function:

6. Suppose that the maximum height of the wave
increased by 10 cm as compared with the one
used in the experiment. Which parameter of the
wave changed?

A. amplitude B. vertical transformation C.
period D. horizontal compression

7. Construct an equation for the new
function:

3.7. Conclusions of the experiment

During this part, students conclude their hypotheses,
share their thoughts about the experiment, and
suggest ways of modifying or improving this novice
way of math knowledge acquisition. Students’
suggestions might constitute a valuable resource for
lab improvements. They might point out elements that
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seem insignificant from the teacher point of view but
which might improve the flow of the lab when used.
For instance, during our experiment, in the first
author’s classroom, a student stated that it was not
clear in what units, cm or mm, the wavelength should
be expressed. This information was then included in
the general outline for the experiment. Another
student suggested including the damping factor and
consequently generating a function with decreasing
amplitude. The second suggestion was included,
though with an initial hesitation. This inclusion
surprisingly resulted in extremely positive student
responses. Students were thrilled when they could
construct, with some instructor assistance, and
observe on their graphing calculators functions that
resembled exponentially decreasing wave amplitude
such as illustrated in Figure 5.
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Figure 5: The process of generating wave with decreasing
amplitude.

To accomplish this, students were asked, after general
discussion, to first mathematically describe the change

of amplitude using A(x)=¢", and then to incorporate
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this amplitude function in the general trigonometric
model. This process incorporated a product of two
different functions rarely applied in mathematics.

4. Stakeholders’ Roles in Facilitating
Discovery Learning in Math Classes

What are the roles of the stakeholders—the students,
the teachers, the parents, and the curriculum
policymakers—in facilitating discovery learning in math
classes?

In our experiment, the students found the lessons
utilizing simulations very attractive, and they highly
praised the learning effects. They claimed that this
virtual world makes abstract mathematical equations
tangible and retainable longer. Encouraged by the
positive feedback, we used other virtual experiments
to enhance not only the teaching of trigonometry but
also other mathematics sections such as polynomial
and transcendental functions. These simulations were
also used in calculus classes to show students dynamic
applications of the concepts of derivatives and
integrals. It might be of importance to mention that all
calculus students in our experimental study groups
took the advanced placement calculus exam in 2009
and 2010, and all passed the rigorous exams. In
addition, they exceeded the national means by more
than 100% in all main calculus sections. Independent
t-tests also proved the statistical significance of these
results. We believe that the virtual physical world and
applications of mathematics to understand the world
helped the students achieve this success. These
results support the findings of research conducted in a
South-Central Texas high school by Sokolowski and
Walters (2010), which revealed that mathematics
students not only appreciated the new learning
environment but that it helped them deepen their
understanding of math concepts, as evidenced by
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higher achievement on standardized tests, especially
in areas pertaining to applying math to real-life
situations.

Parents need to realize how changes in society have
resulted in generating different needs for their
children’s education. Learning mathematical tools in
isolation from real-world applications no longer meets
the demands of modern society. Students need to
experience application of the tools in order to
appreciate the meanings.

The instructor in such learning environment stakes the
role of a facilitator. The instructor’s purpose is to offer
encouragement and informative suggestions to
students while placing them in the roles of scientists
actively constructing mathematical representations for
selected variables. The purpose of immersing the
students in scientific discovery is not only having them
acquire new knowledge but also having them apply
that knowledge across other subject areas. In our
experiment, the purposes of both the instructor and
the students were paralleled. The instructor was able
to walk the students through the guided inquiry with
the intention of applying the properties of sinusoidal
functions to formulate a concise mathematical form of
the scientific system, and the students benefitted not
only from the positive effect on their test scores but
also from being exposed to a practical application of
abstract math concepts in physics. They experienced
the importance of learning mathematical concepts
because these concepts advanced their understanding
of the world that they live in.

There is also a role for curriculum policymakers,
particularly in encouraging and promoting this type of
learning environment. Inductively organized lessons
require careful preparation, often encompassing
multiple academic areas. The union of various
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academic contents must be carefully designed so that
the focus is placed on mathematization. Any obstacles
might discourage the learner. The aim of the inquiry is
placed on having the learner integrate the knowledge
of science and math with an adherence to the
principles of both subjects. However, it is important to
keep in mind that teacher and student science
background may be limited. In our experiment, for
instance, we did not expect the students to know that
the amount of transported energy depends on the
wave amplitude, which is a core element of physics
curriculum, nor was the math teacher expected to
discuss this dependence with the students. These
extensions are presented to students in their physics
classes. We carefully planned the instructions to avoid
such interactions with pure physics contexts. These
concepts, though, could constitute independent
student explorations.

Will a math teacher of average experience and
professional background be willing and able to prepare
instructional support of such lessons and implement
the lessons to his/her school practice? Research
conducted by Sokolowski and Gonzalez y Gonzalez
(2012) showed that mathematics teachers are very
interested in implementing activities in which
simulations can be used as a context supplement. The
concern that they expressed was a lack of training that
would familiarize them with the stages of conducting
such activities. Thus, we strongly suggest organizing
professional development sessions for math teachers
to help them prepare, experiment, question, and
appreciate this new learning environment before
deciding to implement it. Curriculum policymakers
might be involved to help math teachers obtain the
necessary training. There might occasionally be some
unpredictable events that occur during the lab that
might challenge the math teacher. Our experience has
shown that students easily become engaged in such
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activities, and this ignites their curiosity to know more
about the physical aspects of the presented
phenomena. A math teacher might not feel
comfortable responding to questions that do not apply
to his/her domain of expertise. Thus, providing
supplementary materials with answers to typical
student questions, pooled by teachers experimenting
with such learning environments, is also suggested.

Finally, placing such activities in math curriculum
requires detailed consideration. Are the students
familiar enough with the properties of involved
functions to be able to apply them? Can they handle
evaluation of these functions and interpret the results?
This cognitive knowledge must be possessed by the
students and verified beforehand.

We would like to encourage the readers of this
manuscript to utilize this lesson in their school practice
and share with us their observations.
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Abstract

The National Council of Teachers of Mathematics urges
teachers to create an environment where students learn
mathematics with understanding. The use of various
representation forms, which help students to make
connections and communicate their mathematical
understanding, is an effective strategy to make students’
construction of mathematical knowledge most effective and
meaningful. This case study determined how an elementary
mathematics teacher in Western Canada used multiple
representations in her Grade One classroom. Findings based
on qualitative data from interviews and classroom
observations show that the teacher uses multiple
representations to scaffold student  mathematical
understanding. By exposing her students to different
representation forms, the teacher made the learning of the
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material more accessible to students with different learning
styles and ability levels.
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Constructing knowledge - Elementary education -
Mathematics education — Multiple representations -
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Introduction

Construction of knowledge has been studied by
psychologists and educational theorists for many years
(e.g., Alagic, 2003; Piaget, 1995; Vygotsky, 1978).
Researchers have examined how students learn and
highlight strategies and environments that students
should experience in order to make their construction
of knowledge most effective and meaningful (e.g., De
Bock, Deprez, Van Dooren, Roelens, & Verschaffel,
2011;Mevarech&Kramarski, 1997; Van de Walle& Folk,
2005; Vygotsky, 1978).

True understanding occurs when a student is able to
use what they know and apply it to new situations
(Perkins, 1993). A student demonstrates
understanding by “being able to carry out a variety of
actions or performances with the topic by the ways of
critical thinking: explaining, applying, generalizing,
representing in new ways, making analogies and
metaphors” (Alagic, 2003: 384). For this reason,
teachers must create situations where students are
given the opportunity to show their understanding in a
variety of situations to ensure that they are
successfully constructing knowledge. Students with a
deep understanding of concepts are able to grasp
subsequent concepts more efficiently (Alagic, 2003).
Students of this nature will be more successful in their
academic career and beyond. Instilling in students the
goal of deeper understanding is to prepare them for
the future.
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The National Council of Teachers of Mathematics
(NCTM, 2000) urge teachers to create an environment
where students learn mathematics with
understanding. Research shows that multiple
representations is an effective teaching strategy to
foster student mathematical understanding (e.g.,
Alagic, 2003; Panasuk, 2010; Suh& Moyer, 2007).
This paper is a case study of a teacher who
participated in a larger study about professional
development for elementary mathematics teachers
(McDougall, Jao, Kwan, & Yan, 2011). I use this case
study as an example of one teacher’s beliefs about
multiple representations and how she integrates them
into her teaching practice. I will also recount one
specific lesson that incorporated multiple
representations. Although this paper does not focus on
student outcomes, this narrative of a teacher’s use of
multiple representations and her emergent
understanding of the influence of this teaching
strategy on student engagement is valuable to our
understanding of the construction of knowledge.

1. Theoretical framework

When constructing new knowledge, students make
sense of new information by linking new and existing
knowledge (Vygotsky, 1978). The student refers to
“strategies, tactics, or principles that are already in
memory and compare[s] the problem at hand with
problems that have been solved before”
(Mevarech&Kramarski, 1997: 367). Thus, exposing
students to a variety of teaching tools early in their
education will help them in future studiesby giving
them more options to which to compare the problem
at hand.

Students are naturally most comfortable with concrete

ideas over those that are abstract. In mathematics,
when first exposing students to new ideas, getting the

-57-



Cultures of Teacher Education: International issues in the Science Curriculum

students to interact with concrete tools (such as
manipulatives) can ease them into the concept and
develop the basic connections needed for them to
progress to abstract ideas and the use of more
complex mathematical language (Reys, Suydam,
Lindquist, & Smith, 1998). It is a step-by-step
progression as learning does not happen
instantaneously and takes time to develop. If concrete
tools make learning accessible and the use of abstract
mathematical language demonstrates deeper
knowledge, it is important to incorporate each into a
mathematics lesson. The inclusion of various modes
for the purpose of communicating an understanding of
knowledge is called multiple representations.

1.1. Multiple representations

The NCTM (2000) states that students should “create
and use representations to organize, record, and
communicate mathematical ideas; select, apply, and
translate among mathematical representation to solve
problems; and use representations to model and
interpret physical social and mathematical
phenomena” (p. 67). The NCTM’s representation
standard states that representations can be used to
strengthen a student’s mathematics conceptual
understanding and their ability to communicate
mathematical principles. It is mentioned that
representations are both a means of processing as
well as a format of showing a product.

The work of Lesh, Landau and Hamilton (1983)
highlights five representation forms that teachers
should use in their teaching: real life experience,
manipulative models, pictures or diagrams, spoken
symbols and written symbols. The combination of
using all of these representation forms, along with
encouraging the students to make connections
between the types of representations, deepens
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mathematics understanding. When a student is able to
demonstrate their knowledge using all of these forms,
it shows that the student has a secure understanding
of the material.

Representation forms <can vary in levels of
abstractness. Using multiple representation forms
provides a chance for a group of students with diverse
ability levels to become engaged. Students can choose
to use the representation form that is most meaningful
to them and can move to higher levels of
understanding wusing increasingly complex forms
(Alagic, 2003). Teachers can also use this fact when
they are assessing their students. If a student chooses
a simpler representation, chances are the student has
a more basic understanding of the concept.

Bruner (1966) declared that students need three
levels of engagement to build a complete
understanding of a mathematics concept. The first is
enactive, where students use manipulatives and other
concrete materials to construct their understanding.
The second level is iconic, where students represent
their understanding using pictures and graphs and the
final level is symbolic, where the students use
numerals to represent what they know.

Similarly, Dienes (1960) created levels that students
move through to create a thorough mathematical
understanding. He created five levels in total: free
play, generalization, representation, symbolization and
formalization. During free play, students work with
physical materials and manipulatives to discover
basics about the concept. In generalization, the
student notices patterns and commonalities and then
takes these ideas to be represented by images in the
representation level. Next, the student describes their
representation using mathematical language and
symbols. Finally, they create a set of rules and
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algorithms to match their understanding of the
concept.

With both structural levels set by Bruner and Dienes,
one can imagine them to be rungs on a ladder, where
the first rung (level) is the most basic and the upper
rungs are most abstract. In both structures, the first
level involves the use of concrete material, often in
the form of manipulatives.By scaffolding the forms and
guiding students to see the progressive lean towards
abstract representation forms, students may be able
to make the connections more easily (Alagic&Palenz,
2006).

2. Method

2.1. Research context

This case study is drawn from a larger study
examining peer coaching as a mode of professional
development for elementary teachers looking to
improve their mathematics teaching practice
(McDougall, Jao, Kwan, & Yan, 2011). The participants
of the School Improvement in Mathematics study
(McDougall, 2009) used the Ten Dimensions of
Mathematics Education conceptual framework
(McDougall, 2004) to focus their professional growth.
The Ten Dimensions of Mathematics Education
framework enables teachers to focus on key areas that
will generate higher levels of student achievement
(e.g., McDougall, 2004; McDougall, Ross, & Ben
Jaafar, 2006).

Dimension 5, Constructing Knowledge, focuses on the
variety of instructional strategies and effective
questioning techniques used by teachers. Teachers
should use these practices as they elicit mathematical
thinking. As my study investigated the types of
teaching strategies used to help students construct
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mathematical understanding, I focused on those
teachers working with Dimension 5 as part of their
professional growth.

2.2. Methodology

Case study research was conducted (Stake, 1995),
focusing on a Grade One teacher and the teaching
practices and strategies that she uses to elicit student
mathematical understanding. A series of interviews
was conducted to further examine emerging themes
uncovered from the data. The initial interview was
general in nature whereas subsequent and final
interviews asked more detailed questions specific to
the area of study and relevant to the emerging
themes. Questions were also asked to fin