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1. |HPST Elections

After twenty years of very productive, but informal existence, the IHPST Group has held its first
elections. The following members were elected to the indicated positions on the Council:

President: Michael Matthews (m.matthews@unsw.edu.au)
Past-president: William McComas (mccomas@uark.edu)
President Elect: David Rudge (david.rudge@wmich.edu)
Secretary: Pierre Boul os (boul os@uwindsor.ca)
Treasurer: Robert Carson (rcarson@montana.edu)

Council Members.  Peter Heering (peter.heering@uni-oldenburg.de)
Fanny Seroglou (seroglou@el ed.auth.gr)
Student Member:  Ronald Schulz (rmschulz@shaw.ca)
Members of the Nominating Committee:
Elisabeth Cavicchi  (ecavicch@mit.edu)

Ismo Koponen (ismo.koponen@hel sinki.fi)

Igal Galili (igal @vms.huji.ac.il)

Mark Lattery (lattery @uwaosh.edu)
Programme Officer: Don Howard (dhoward1l@nd.edu)

The committee has arange of policy and other matters to discuss and resolve, and will shortly be
reporting to the group.

2. Science & Education Report
(@) L atest Issue
Volume 17 Number 4 of Science & Education has been published. Its contents are:

LISA MICHELLE MARTIN-HANSEN / First-Y ear College Students Conflict with Religion and
The Nature of Science

DANIEL L DICKERSON, KAREN R DAWKINS & JOHN E PENICK / Clergy’s Views of the
Relationship between Science and Religious Faith and the Implications for Science
Education

SAMSON NASHON, WENDY S. NIELSEN & STEPHEN PETRINA / Whatever Happened to
STS? Pre-service Physics Teachers and the History of Quantum Mechanics

KIRA PADILLA & CARLES FURIO-MAS/ The Importance of History and Philosophy of Sciencein
Correcting Distorted Views of ‘Amount of Substance” and ‘Mole’ Concepts in Chemistry Teaching

WILLIAM W. COBERN & CATHLEEN C. LOVING / An Essay for Educators: Epistemological
Realism Really Is Common Sense

SUBRAMANIAM RAMANATHAN & IMELDA CALEON / From Music to Physics: The
Undervalued Legacy of Pythagoras

BOOK REVIEW: Eric. R. Scerri, The Periodic Table-Its Sory and Its Sgnificance. Oxford: Oxford
University Press, (2007) by Kevin de Berg

The above articles, and all published articles since Volume One, 1992, and al articles that are
currently accepted and ‘in print’, are available on the web via Springer’s journal site:

WWW.Springer.com/journal /11192 .



http://www.springer.com/journal/11191

(b) Subscription Renewal and 2008 Numbers
Volume 17, to be published through 2008, will sustain the high quality of the journal.

Those whose subscription to the print version of the journal expired in 2007, and those wanting a
new subscription, should subscribe as soon as possible. Subscriptions are USD100 (1 year),
USD180 (2 years), USD270 (3 years). For students, retired faculty and scholarsin depressed
economies, the subscription is half of the foregoing. Subscriptions can be effected at

www.ihpst.ord under ‘journal’.

(c) Journal on the Web

The journal Science & Education is now available on the web at: *http://www.springerlink.coml
(then PUBLICATIONS, then S, then “Science & Education’), or more directly at:

www.springer.com/journal/11192% . Or the articles can be accessed directly at:

All articles can be downloaded as pdf files for freeif the individual’s institution subscribes to the
relevant Springer journal package; otherwise they can be downloaded for afee.

Alternatively subscription renewals for printed journals and new subscriptions (USD95 pa, with
discount for students, retired faculty and scholars from depressed economies), can be effected at the

IHPST web site: www.ihpst.org

The Springer siteis now linked to Google, and articles can be searched in Google by typing in
author name and first words of title. This goes direct to the Springer site and the pdf file of the
article.

Approximately 3,000 institutions around the world have subscribed to the on-line version of the
journal, while many institutions have subscriptions to both print and on-line versions.

The on-line version is heavily used. In 2007 there were 37,593 article-downloads from the Springer
site; this was a 60% increase over the 23,584 downloadsin 2006. These figures make Science &
Education one of the most utilised of all Springer education journals.

The web site provides many servicesto researchers:

# The ‘On Line First’ section allows access to all accepted, forthcoming articlesin the journal.
As soon as an article is accepted for publication, atypeset pdf version of it is posted on the
web and can be accessed by individual journal subscribers or by individuals whose
institutions subscribe to a Springer package that includes ‘Science & Education’.

# The Contents of each issue of the journal, back to Volume 1 Number 1in 1992, are
available. These can be downloaded by subscribers and individuals whose institutions
subscribe to the journal. They are also available, at a cost, to non-subscribers.

# Full details of the Editorial Board and Submission process are posted.

(d) Manuscript Submissions
Scholars can submit manuscriptsin file form direct to the journal at:

www.editorial manager.com/sced]
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Thereafter they can check on its progress through the review process. Most submissions are
reviewed by three senior scholars, usually involving a spread of educator, historian, philosopher or
cognitive scientist. The submission site also has a guide to the journa’s format and style
conventions.

(e) Copyediting Assistance for Manuscripts from Non-English Authors

The journal publishes many works by scholars whose native language is not English. Copyediting
of these papersis very time-consuming and assistance would be greatly appreciated. The papers
would al be ones that have passed review and are in reasonable linguistic shape, but they do need
refinement. Volunteers would be asked to copyedit no more than one paper per year.

If any folk are ableto assist in this important task, please just send an email to the editor.

3. IHPST Tenth International Confer ence, June 2009.

The University of Notre Dame's HPS Graduate Program and Reilly Center for Science,
Technology, and Values will host the 2009 Tenth biennial IHPST meeting June 24-28, 2009 on the
Notre Dame campus in South Bend, Indiana. It will continue the IHPST tradition of sustained and
serious research being discussed in a collegial and convivial atmosphere.

The Springer Lecture will be given by Robert T. Pennock who is an associate professor in the
Lyman Briggs College and the Department of Philosophy and the Department of Computer Science
at Michigan State University. He received his PhD in History and Philosophy of Science from the
University of Pittsburgh in 1991. Pennock's research focuses on epistemic and ethical values as
they relate to scientific methodology, and also on using the ‘behaviour’ of artificial life to examine
processes of evolutionary change. Heisthe author of Tower of Babel: The Evidence against the
New Creationism (MIT Press, 1999), which provides a critical analysis of the significant
developments in the creationist movement in the 1990's, and editor of Intelligent Design
Creationismand Its Critics (MIT Press, 2001).

Among Pennock’s 2007 publications are articles on ‘Investigating the Emergence of Phenotypic
Plasticity in Evolving Digital Organisms’, ‘Learning Evolution and the Nature of Science using
Evolutionary Computing and Artificial Life’, ‘Models, Simulations, Instantiations and Evidence:
The Case of Digital Evolution’, ‘God of the Gaps: The Argument from Ignorance and the Limits of
Methodological Naturalism’ and ‘Biology and Religion’ the last in the Cambridge Companion to
Philosophy of Biology.

Apart from scholarly pursuits, Pennock is a staunch defender of proper and sound science
education. He was an expert witnessin the critical Kitzmiller et a v. Dover Area School Board trial
of 2005; heis president of Michigan Citizens for Science; and chair of the Education Committee of
the Society for the Study of Evolution; he has long been on the Editorial Committee and areviewer
for Science & Education.

The submission date for conference proposalsis Sunday March 15, 2009. Panel proposals on
thematic topics are welcome; ideally planning for such panels should begin now.

Questionsin advance for the formal call for papers can be sent to the conference chair, Don
Howard, Philosophy Department, University of Notre Dame, (dhoward1@nd.edu).



4. Political Engagement and Philosophy of Science, a Journal Special | ssue
Guest Editor: HEATHER DOUGLAS

In George Reisch’s recent book, How the Cold War Transformed Philosophy of Science, Reisch
argues that the political pressures of the Cold War turned the developing field of philosophy of
science away from a previous pronounced political engagement in its practitioners. He argues that
prior to the onset of the Cold War, philosophers of science in the United States viewed their
endeavour as having both politically important and intellectually significant valences. With the
Cold War, the political aspects of philosophy of science were lost.

In this collection of essays, commentators will address Reisch’s book, providing critical
examinations of its historical thesis, explicating its importance for understanding the history of
philosophy of science, and drawing lessons from it for the current direction of thefield. In
particular, the issues of what constitutes political engagement, what the various forms or kinds of
political engagement are, and which ones should be encouraged for the future of the field, will be
addressed.

HEATHER DOUGLAS/ Philosophy of Science, Political Engagement, and the Cold War: An
Introduction

THOMAS UEBEL / Knowing who your Friends are: The Politics of Logical Empiricism

DAVID J. STUMP/ Pragmatism, Activism, and the Icy Slopes of Logic in George Reisch's Portrait
of the Philosophy of Scienceasa Y oung Field

SCOTT EDGAR/ Logical Empiricism, Politics, and Professionalism

GEORGE REISCH / Three Kinds of Political Engagement for Philosophy of Science

DON HOWARD / Better Red than Dead - Putting an End to the Social Irrelevance of Postwar
Philosophy of Science

All these above articles are available at the following Springer site. They are downloadable free for
individuals whose institutions subscribe to the electronic version of the journal.

5. Worldviewsin Science and in Science Education, a Journal Special |1ssue

This coming special issue of Science & Education will include papers by twelve scholars from
different backgrounds — life sciences, philosophy, neural physiology, history, physics, theology and
education — addressing the important topic of ‘Worldviewsin Science and in Science Education’.
Thisisatimely subject given that so much current discussion, debate and best-selling books are
concerned with the putative Clash of Worldviews’, and within that, the supposed clash of science
and religion.

The lead article is by Hugh Gauch Jrn., Professor of Agriculture at Cornell University and author of
Sientific Method in Practice (Cambridge University Press, 2003). This paper, among other things,
details pronouncements by official scientific organisations on the question of whether science
presupposes distinct worldviews; that is, whether the conduct of science requires specific

epistemol ogical and ontological commitments.

The full text of this paper is available gratis courtesy of the Springer ‘Open Access’ scheme at:

'http://dx.doi.org/10.1007/s11191-006-9059-7 .
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Contents:

HUGH G. GAUCH, JR. / Science, Worldviews, and Education

MICHAEL R. MATTHEWS/ Teaching the Philosophical and Worldview Components of Science

GUROL IRZIK & ROBERT NOLA / Worldviews and Their Relation to Science

MICHAEL REISS/ Imagining the world: The significance of religious worldviews for science
education

COSTASD. SKORDOULIS/ Science and Worldviews in the Marxist Tradition

STUART GLENNAN / Whose Science and Whose Religion? Reflections on the Relations between
Scientific and Religious Worldviews

YONATAN I. FISHMAN / Can Science Test Supernatural Worldviews?

HUGH LACEY / The Interplay of Scientific Activity, Worldviews and Value Outlooks

JOHN LAMONT / The Fall and Rise of Aristotelian Metaphysicsin the Philosophy of Science

ALBERTO CORDERO / Contemporary Science and Worldview-Making

ENRICO RENATO ANTONIO GIANNETTO / Electromagnetic Conception of Nature at the Roots
of the Specia and General Relativity Theories and its Revolutionary Meaning

HUGH G. GAUCH, JR. / Responses and Clarifications Regarding Science and Worldviews

All these above articles are available at the following Springer site. They are downloadable free for
individuals whose institutions subscribe to the electronic version of the journal.

6. Darwinian Anniversary Year, 2009, a Journal Special Issue

The year 2009 is a Darwinian double anniversary: 200 years since Darwin was born (12 February
1809) and 150 years since the publication of On the Origin of Species (24 November 1859). To
celebrate the occasion a special multiple-issue of Science & Education will be published.

Researchers working on areas related to Darwinism and evolution education are invited to
contribute to this special issue. Conceptual, theoretical, empirical or position-based manuscripts are
welcome. Examples of topics may include (but are not limited to) the following:

e Darwinism in the history and philosophy e Evolution and teleology
of science e Research in evolution education
e Darwin's methodology and theorizing ¢ Evolution and the Nature of Science
e Historical treatments of The Origin e Creationism and Intelligent Design
e Darwinism and politics e Cognitive barriersin understanding
e Darwinism and religion evolution
e Current status of evolutionary theory e Rationales and strategies for teaching
e Public understanding and acceptance or evolution when it is controversial
rejection of evolution, especially in non- e Theteaching of evolution in cultures
Western cultures where Darwinism is rejected
e Evolutionary explanations e Other appropriate topics

A number of prominent scholars are contributing invited essays. These include:

David Depew, History, University of lowa: current historical studies of Darwinism.
Thomas Glick, History, Boston University: the comparative reception of Darwinism, with special
attention to its reception in non-western countries.
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Robert Pennock, Philosophy, Michigan State University: research relating to intelligent design and
creationism

Michael Ruse, Philosophy, Florida State University: on Darwinism from a philosophical
perspective.

Mike Smith, Medicine, Mercer University: contemporary science education research relating to the
teaching and learning of evolution.

Paul Thagard, Philosophy and Psychology, University of Waterloo: cognitive and social
impediments to acceptance of natural selection.

Submission Date: December 31, 2008 Anticipated Publication Date:  November, 2009

Manuscripts, with Abstract, should be submitted for review direct to:

Notification of intention to submit and subject matter is appreciated as it assists coordination and
planning of theissue. Questions and inquires should be directed to either of the guest editors:

David W. Rudge Kostas Kampourakis
Biological Sciences & The Mallinson Institute Geitonas Schooal,

for Science Education, Western Michigan Athens,

University, USA GREECE

email: david.rudge@wmich.edu email: kkamp@ath.forthnet.gr

7. Notre Dame HPS Summer Graduate Program for Secondary Teachers

Once again, the University of Notre Dame's History and Philosophy of Science Graduate Program
welcomes secondary school science and mathematics teachers to its intensive summer graduate
program in history and philosophy of science.

This summer two courses will be offerred: (a) The Copernican Revolution and (b) Art and Science.
Both courses will be offered during the week of June 23-27, 2008 on the Notre Dame campus. All
courses in the summer program earn full graduate credit and may be used for recertification
pUrpoSES.

For further information about the courses, registration, and housing, please visit our web site:

thttp://www.nd.edu/~ndhpssum/

If you have questions that are not answered there, please email us at: ndhpssum@nd.edu
Or contact the programme director, Professor Don Howard, Philosophy Dept.: dhoward1l@nd.edu

8. Historic Science Education Curriculum Library

The Donald L. Birdd Historic Science Education Curriculum Library at Buffalo State College,
Buffalo, New Y ork, USA aready holds an extensive but incomplete curriculum collection of:
BSCS, PSSC, HPP, ESCP, ChemStudy, IAC, CBA, IPS, ISCS, SAPA, ESS, SCIS| & Il and
various antique middle and high school science text books from the 1800s to the present.

The library seeks curricular donations which complement the current holdingsin this library. For
information or donations, contact Dr. Catherine Lange: langecl @buffal ostate.edu.
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9. Hong Kong Project for Promotion of Nature of Science (NOS) and Science
Technology and Society (STS)

Teaching resources for infusing NOS and STSE in 12 science topics for senior secondary school
(grade 10 to 12) developed by ateam of Hong Kong science educators can be accessed and

Each resource package consists of teachers’ guides, students’ worksheets, PowerPoint presentations
and the associated video files. The devel opers acknowledge the generous support from the Quality
Education Fund by the Hong Kong SAR government.

Further information is available from Dr. Alice Wong, Faculty of Education, University of Hong
Kong (aslwong@hkucc.hku.hk)

10. Developing Historical Awarenessin University Chemistry Education: A
Case Study from Eindhoven University of Technology

JETSE REIJENGA & GIJSBERTUS de WITH, Eindhoven University of Technology
Contact:: ].c.reijenga@tue.nl

I ntroduction

The knowledge domain of chemistry (and science in general) increases exponentially. In order for
our students (chemists of the future) to cope with tomorrow’s challenges, some historical awareness
of their scientific field is a prerequisite. In addition, nobody will deny that conservation of historical
collections and spaces is essential for preserving the heritage of science. Access to those collections
is naturally as important for both historians and the general public. Students are a specia sub-class
of the general audience, requiring special consideration, because they are the professionals of the
future. Not all practicing chemistsin the forefront of scientific research at present are sufficiently
interested in the heritage of their science. It is here that a clear task for educational institutions of
chemistry presentsitself.

Therole of history and philosophy of science in science education has received increased attention
in recent years. Different expert views have been presented for the field of physics (Galili 2001),
who also paid attention to anticipated institutional difficulties. Historical content of science
textbooks, as determined by checklists, revealed that improvements could be made, also within the
context of teacher education (Leite 2002). The need to use history of science in secondary school
class rooms (Wang 2002) was recognized as well. It was even argued (Solbes 2003) that
introduction of history and sociology of science in class rooms can improve the pupil’s image and
attitude towards science and science teaching, a respectable effort to turn the tide of the negative
image of science.

The current paper addresses this task from the point of view of our Department of Chemical
Engineering and Chemistry at the Eindhoven University of Technology. We will explain our
general campus situation, outline how we addressed the subject of increasing historical awarenessin
the bachelor and master programs for our students and summarize some results. Conclusions and
outlook are finally given in relation to our department’s future curriculum. The views given are the
personal opinions of the authors, and no claim is made that the didactical model presented hereis
also the best option in the context of an arbitrary University elsewhere.
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The Eindhoven campus

The Eindhoven University of Technology (TU/e) was founded in 1956 as the 2™ University of
Technology (then called: Technische Hogeschool, Dutch for Polytechnic) in the Netherlands, next
to the one at Delft (founded 1842). After 50 years of existence, TU/e now has Departments such as
Chemical Engineering & Chemistry, Applied Physics, Mechanical Engineering, Biomedical
Engineering and Mathematics & Informatics. With respect to research output, we are in top-3 of
European Union in terms of publication impact factor

educational innovations and an increased the influx of foreign master students.

With regard to our own department, it should be noted that we combine both chemistry (astaught in
“normal” universities) and chemical engineering, astaught in the 3 technical universitiesin the
Netherlands. In the context of the subject concerned, it is also relevant to note that we do have
neither a History Department nor Humanities in general. There is no science museum. Some
historical collections are present in the Chemical Engineering and Chemistry Department, however,
but they are owned by individual staff members. Significantly, these are not stored in the basement,
but shown in display cabinetsin corridors.

Our curriculum

The department curriculum consists of a 3-year bachelor program and a 2-year master program.
There are three parallel tracks for the latter: process engineering, molecular engineering and
polymers and composites. The didactical model used includes: lectures, practicals, group work, a
term paper, an individual graduation project and an external industrial internship. In every year
there is room for academic competences (chronologically consisting of areader, introductory
lecture, group discussions, plenary conclusions and submission of a mini-essay). Within academic
competences, several areas are incorporated: history of chemistry, history of philosophy, philosophy
of science, methodology of science and chemistry in relation to industry and society.

We are convinced that historical awareness should in fact be awidely accepted notion among all
professional chemists and chemical engineers. Asalogical consequence, it should find part in the
curriculum for our students. Given the situation of our University as outlined above, three different
options can in principle be chosen.

Option 1. One external specialist

An external expert can be hired to give an optional (or compulsory) lecture on the history of
chemistry. There could even be different coursesin each of the 5 years (3+2) of the curriculum. An
even cheaper option would be to call it history of science, and offer it for students of all
departments. Some universities in the Netherlands have chosen this option, but we consider this the
worst one, for several reasons. Asit depends too much on the person presenting these courses, it is
very vulnerable (at retirement the whole system collapses). Moreover there is no embedding
whatsoever in existing curriculum of different departments. If, in addition it is optional and given
for the campusin general, al ingredients are present to guarantee a minimum of retention in the
mind of the future chemist/engineer.

Option 2. Everyone teaching
The second option would be if each and every staff member, in each of his lecture series, would

devote significant time to an historical perspective of his own specialization. Depending on the
field, some would have to start chronologically in the 17" century; more recent specializations
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would need less time for an historical angle. Personally, the authors would favor this approach. In
the field of analytical chemistry, the 1% author would have liked to start with mentioning the early
experiments of Friedrich Kohlrausch (1840-1910) and Mikhail Tswett (1872-1919) and the later
ones by Arne Tiselius (1902-1971) and Archer J.P. Martin (1910-2002). Looking back at the earlier
work of the latter (resulting in the Nobel Prize for chemistry in 1952) one can say that he was one of
the first (bio)chemists working with chemical engineering unit operations, afact illustrative for the
need of scientific analogiesin historical context.

In the field of materials science, the 2™ author often refers throughout the courses to anecdotes of
which quite afew are given in the short biographies and footnotes in his recent book on structure
and thermo-mechanical behaviour (de With, 2006). A more systematic review for the mechanics
would probably begin with scientists like I saac Newton (1642-1727), Jean le Rond d’Alembert
(1717-1783), Thomas Y oung (1773-1829) and Joseph-L ouis Lagrange (1736-1813).
Thermodynamics would start with Nicolas Carnot (1796-1832), Hermann von Helmholtz (1821-
1894) and Rudolf Clausius (1822-1888). For materials James Clerk Maxwell (1831-1879) and
Franz Ernst Neumann (1798-1895) immediately come to the mind.

Alas, this second approach in practice would not work either, for two main reasons:

e Regrettably most staff members are unable to put their field of sciencein historical
perspective, even for a student audience;

e Moreimportantly, many staff members are unwilling to devote time to history, because they
want all of the allotted lecture time (and preferably more) for the benefit of outlining how
their specialization will change the lives of future generations.

Admittedly, it does become increasingly difficult to teach the engineers of the future in rapidly
expanding fields of science, resulting in the need for lifelong learning.

Option 3. Academic competences

The bottom-line of our approach chosen is best summarized in stating that creating historical
awareness is not the same as teaching the history of chemistry in a series of lectures by an expert
historian. Historical awarenessin our view is an essential academic competence, best taught in an
interactive, hands-on setting using the didactical model of practice-by-doing. In thisway, itis
embedded in our curriculum and different staff members, some of them rotating, are involved in all
5 years of the Ba-Ma curriculum. The reason for doing so is exactly the same, as the one used for
teaching laboratory safety: integrated in actual lab work, rather than as a theoretical lecture concept.
We would even go as far as stating that also ethics should be taught in a likewise practical manner,
instead of attending a lecture course. Historical awareness is aso the best way to make students
familiar with the time dimension of science, both backward and forward, and its implications of
their future career, where innovation and life-long learning are the key-words for successful science
and engineering.

The practical realization in the 3 bachelor yearsis organized as follows. In the 1% semester, students
are given areader to study. Two afternoons are planned consisting of plenary introduction,
discussion in groups, results of which are written down and discussed in final plenary meeting. In
the second semester student also make a mini-essay on arelated subject, and a guest speaker
delivers alecture on asubfield of chemistry or chemical engineering, from a company background,
and in ahistorical perspective. In asomewhat later stage of implementation, and to improve
attention in the first semester, it was decided to have the student write a one-page essay, the subject
of which to be chosen from the topics discussed. Three years after introducing the previously
mentioned academic competences in the bachelor, it has been decided to introduce similar activities
in the master programs, starting in September 2007. Prior to that, there have been a few isolated



initiatives introducing historical aspects in the master program: afew term papers and a multi-
disciplinary group project.

This paper presents three approaches of introducing historical aspects into the curriculum: academic
competencesin year 1, project work in year 4, and aterm paper in year 5.

A. Academic Competences examples

In the example given, the reader provided to the students consisted of an historical overview about
photography, from a chemical point of view (Sheppard, 1927). In subsequent discussion groups,
students addressed a number of statements, one of them being the following citation:

"The history of photography and the history of chemistry are, naturally, closely parallel. The
relationship is much closer than between physics and photography. ” (Sammis, 1941)

Elaborate discussions resulted, because all involved realized that the statement given was not just a
binary question. The discussionsin the groups seemed to follow different roots, for example the
historical role of optics, relative to chemistry, the definition of chemistry and physics (now and in
the past), research specialization throughout the centuries, what does “PhD” mean, even up to topics
such as “why did | choose to study chemistry” and the archetypal difference between atypical
chemist and likewise physicist. The purpose of these discussionsis learning to discuss, use
arguments, distinguish between facts and opinions, and realize there’s usually 2 or more sidesto a
medal. If, after meaningful discussions, the students find the question of the original citation
irrelevant or even stupid, so be it, as long as there are meaningful discussions about historical

aspects.

Another example of an historical caseisthat of the life and works of Fritz Haber (1868-1934),
based on the article “Friend of Foe of Mankind” (Perutz, 2000). Discussion items in that case were
some of Haber’s career decisionsin the light of the fact that he enabled both large scale
manufacture of artificial fertilizers but also stimulated advancesin chemical warfarein WW 1. It
was not surprising that professional ethics proved amajor discussion point in that case. To give an
example, consider the following fact: it is highly likely that Haber’s wife committed suicide
because of her husband’s involvement in chemical warfare, and that Haber left home the day after,
to serve on the east front.

The topics mentioned above provided an example drawn mainly from atechnical and societal point
of view, respectively. In generally it was tried to divide the topics over these two view points. Other
topics discussed were:

o Polywater (Allen 1973): fraud or the way science should act?

e Limitsto growth (Meadows 1972): will science and technology prevent that world perishes
before 2100?

e From atom to molecule (Vekemans 2004): could the controversy between the atomic weights
and equivalent weights have resulted much earlier in a solution?

e Electrolytic dissociation (Berg 2003): why was the competing theory of Armstrong defended
and defendable for such along time against the Arrhenius theory?

Although the emphasis for each of the topicsis obvioudly different, in al cases technical and
societal aspects arise. Regarding the time dimension, in all cases presented the students have been
faced with the fact that the answer to questions such as the ones given may be different at different
pointsin time or in adifferent context.



B. Group work example

Project group work isacompulsory unit (8 ECTS) in the Master’s degree. Every project has a
unique subject, ranging from feasibility studies, prototype designing (build and/or test), scenario
studies, business plans or combinations thereof (http://www.ifp.tue.nl/). Here, we outline just one of
the many subjects from the past. A project was carried out by a group of students (originating from
the Netherlands, Chinaand Portugal). The group was coached by atutor, a PhD student from
France. Aim was to investigate sustainability of photographic image carriersin historical context in
the period between 1800 and 2000. In short, the purpose of sustainability can be described as

follows:

Sustainability seeks to provide the best options of a process/product in relation to human and
natural environments for both present and future generations. (Brundtland, 1987)

Resources were books from the libraries, texts from the internet and importantly avisit to the
excellent photography museum in Antwerp (hitp://www.fotomuseum.bel), Belgium with alarge
collection of old cameras and conserved images from the 19" century history of photography. From
the composition of the project group one may conclude that the group’s challenges were not limited
to photographic history, but also of amulticultural nature, another educationa goal. The project
outcome was a website (http://students.chem.tue.nl/ifp12). The sustainability was determined using
the Eco-99 concept of aLife Cycle Analysis LCA (van den Berg, 1995 and Goedkoop &
Spriensma, 2001). The Eco-99 value of a product/process quantitatively takes into account all
materials and energy used. The lower the Eco-99 value, the more sustainable a product or process
can be considered. A high contribution for example can be due to depletion of fossil fuels, energy-
intensive production methods, recycling problems and poisonous materials. The results of the study
indicate that sustainability of the photographic image carrier has enormously improved during the
past two centuries, although it is unlikely that sustainability has ever provided an important driving
force for innovation. This observation in itself is significant. The sustainability concept in historical
context proved an excellent binding factor to increasing historical awarenessin a subject as
multidisciplinary as photography. One might even argue that sustainability is by definition all about
historical awareness of science, society and natural resources

Another example of amultidisciplinary project isthe following: agroup of Eindhoven students,
designed, constructed and tested a solar energy refrigerator driven by a Stirling engine, in
collaboration with a US company and another group of students at the National University of
Singapore (Reijengaet a, 2003).

C. Term paper examples

There were two reasons to elaborate on group results mentioned above. First, due to the complexity
of the LCA methodology the results are only semi-quantitative. More importantly, the results are
potentially interesting for a broader perspective and audience. Keywords were: sustainability,
chemistry, photography and historical context. One of the students participating in the group
mentioned, Almerinda Monte from Portugal, decided to make a6 ECTS optional term paper.
Resources for her work, in addition to the Antwerp museum were 30 books (e.g. Hirsch, 2000) and
journal articles and 25 internet sources. Several of the latter were excellent, for example the website
of the Daguerreian Society (http://www.daguerre.orgf). Internet may have a bad reputation for
containing agreat deal of pseudo-science or worse, but it should be emphasized that many museums
have excellent virtual counterparts on the internet, such as the one about Nicéphore Niépce
(http://mww.nicephore-niepce.comi). Obtaining detailed quantitative information about chemical
ingredients of all image carriers, including their manufacture and processing was a significant

amount of work. The techniques investigated are a representative selection of the many discoveries
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in the history of photography since the early 1800’s. The technigues chosen are those invented by
Nicéphore Niépce (1827), Louis Mande Daguerre (1837), William Henry Fox Talbot (1840),
Frederick Scott Archer (1851), Richard Leach Maddox (1871), George Eastman (1935) and also
includes CCD (from late 70’s).

Bearing in mind that the boundaries were set around the image carrier, the trend over the past 200
years can be summarized as followed: Technical innovations have been driven by the need for

lower costs and better specifications (film speed, color depth, resolution and miniaturization). At the
same time, but as a secondary result, the Eco-99 indicator for sustainability hasimproved a million-
fold. We then changed the boundary conditions to include only the camera. Sustainability
deteriorated dramatically in time, largely due to increased complexity and hundred-fold decrease in
expected lifetime.

The generalized conclusion from the previous example would be that there is need for a broader
view on technical innovations, and for placing them in historical perspective.

More details on the photography example can be found in the book resulting from this term paper
(Monte 2007), or by contacting the corresponding author. The sustainability theme as a common
denominator has also been successfully used for other term paper subjects as well, e.g.
sustainability of food preservation in historical perspective.

Conclusions and Outlook

We have outlined different options for increasing historical awareness among students of chemical
engineering and chemistry at our department. On the one hand, historical aspects are considered
essential academic competences, and included as such in the academic competence course that is
part of the compulsory program. In the bachelor curriculum, 3 ECTS units are reserved for that.
Future master program will include 6 ECTS of academic competences. Interactivity and hands-on
practice-by-doing are key elementsin the didactical model.

Resources for activities mentioned in this paper were manifold: historical collections in museums or
those owned by individual university staff members, journals, books, internet resources and even
virtual museums.

Next to this, it has been shown that the optional part of our master curriculum offers ample
opportunities for incorporating historical aspects into contemporary chemistry education. Finally,
two important aspects are worth mentioning:

First, it helpsto have a common denominator linking past with present and future science. Ours was
sustainability, but there are other options, such as innovation (generally applicable in science) or
advantages/disadvantages of scale (specifically important for chemical engineering). Second, in our
opinion, every teaching scientist has the moral obligation to put his area of specialization in
historical (and societal) perspective.
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11. Book Notes

Robert Nola and Gurol Irzik: 2005, Philosophy, Science, Education and Culture, Springer,
Dordrecht. 1SBN 1-4020-3769-4; 488pp.
(Reviewed by Michael Ford and Peter Machamer, University of Pittsburgh)

Philosophy of science and science education are
distinct fields of scholarship that we believe can and
PHILOSOPHY, SCIENCE, should be drawn upon for developing sound
pedagogy for science learning. Nolaand Irzik’s
MY h Philosophy, science, education and culture (Springer,
CULTURE 2005) is one of the more recent books to attempt a
productive integration of work in these fields.

Science & Technology Education Library

Robert Nola and Giirol Irzik Nolaand Irzik aim primarily to remedy the
undesirable implications of constructivist ideology
and how they affect science teaching. The concernis
that if we encourage students to “make sense” of
scientific ideas from their personal perspectives or
“construct” in their own terms, there is a danger that
students will get it wrong. They seem to believe that
the constructivist position provides no normative
constraints on what is right or wrong and set out to
provide such constraints.

@ Springer

Nolaand Irzik offer amore precise diagnosis of this problem in terms of students’ unreliable basis
of belief, that is, unreliable personal reasons for deciding how to “make sense” or “construct”
knowledge. Their recommendation isthat students be taught to adopt areliable basis of belief, as
exemplified by the basis of scientific knowledge according to philosophers of science. Part Il of
their book is the presentation of this philosophy of science. It is surprisingly dated and somewhat
tersein its presentation of the positions. Later they claim there is alegitimate form of ‘unity of
science’ and such athing as the scientific method (p. 408). Many non-constructivist philosophers
of science today would dispute such claims and embrace a version of integrative pluralism.
(Mitchell 2002).

More generally, Nolaand Irzik want to argue for something called “Critical Inquiry.” Critical
Inquiry is offered as atheory of learning and also as a pedagogical theory. We find thisan
intriguing example of mixing apples and oranges—employing a philosophical notion for productive
educational purposes. However, alack of clarity regarding which role Critical Inquiry should fill
unfortunately prevents a clear understanding of Nola and Irzik’s position, as do some general
ambiguities about nature of Critical Inquiry and its relation to their version of philosophy of
science.

In amodest effort to bridge some issues in psychology, education, and history and philosophy of
science, this review addresses two areas of educational research that might help us evaluate Nola
and Irzik’s proposed Critical Inquiry. The first addresses the role of Critical Inquiry asa
psychological |earning mechanism through which students decide to accept a belief. The second
involves therole of Critical Inquiry asamodel of pedagogy. In both cases, points of contact with



educational literature enable conceptual distinctions between epistemol ogical and conceptual
understanding and how they are theorized to support learning and pedagogy in science.

A driving concern of constructivism has been to highlight empirical evidence of psychological
constraints. Most centrally, teachers often assume that clear didactic explanations, or “telling,” is
sufficient for student understanding, but data show that it isnot. Studentsin fact often
misunderstand the most clearly presented explanations. Both theory and evidence suggest that the
reason behind thisis that students understand new information through the conceptual organization
of ideasthey aready have. This concern with “prior knowledge” has subsequently driven research
by science educators towards identifying student misconceptions and ways of helping students
reorganize their concepts to reflect those accepted in science.

Nolaand Irzik embrace a learning theory in which students learn all scientific ideas through Critical
Inquiry, where Critical Inquiry parallels processes of scientific discovery. Inthisway, Nolaand
Irzik accept ageneral ban on “telling.” Their learning theory is ‘recapitulationist’, where
newcomers psychologically recapitul ate the processes of scientific knowledge generation in order to
learn. As others have noted, recapitulationist learning theories are unworkable for a variety of
reasons. For example, students today have a different set of cultural, conceptual, and technol ogical
resources than did the scientists who initially generated scientific knowledge. Because students
begin with a historically different set of resources, what they need to do to learn must also be
substantialy different. Yet, thereis clearly not enough time--even in alifetime, let alone in school
time--to recapitulate with any accuracy the discovery processes that generated scientific knowledge
over hundreds of years.

Although “telling” is not sufficient for conceptual understanding, it is not wise to impose a general
ban on didactic information in science classrooms. Indeed, it seems clear that scientists, and all of
us, learn from didactic information. We do not need to learn everything through the processes that
originally generated knowledge. Y et, we must keep in mind something else—that scientists are
better prepared to learn from didactic information in science than non-scientists. 1n away,
scientists seem to be “primed” to understand new information in science. Recent educational
research has recently focused on thisissue. For example, a program by Schwartz and Bransford
(1998; Bransford & Schwartz, 1999) has explored “preparation for future learning” through a series
of experimental studies that show that preparation for didactic information can influence what one
learnsfrom it. If preparation for didactic information makes a difference, we might ask ourselves
what kind of preparation would provide students the fundamental resources for understanding
scientific ideas?

Historically, literature in science education has suggested a distinction between fundamental and
more peripheral understandings about science. Dewey (1916), for example, was concerned with a
“basic disciplinary” understanding, Schwab (1962) with “structure of disciplines,” and more recent
researchers have identified epistemology as afundamental organizing feature of subject matter
understanding (e.g., Elby & Hammer, 2001; Sandoval & Reiser, 2004). These formulations,
unfortunately, remain considerably vague and require both theoretical precision and empirical
examination. Oneideato pursue isthat scientists know the epistemological basis of scientific
knowledge because they have a “grasp of practice” (Ford, in press), which tells them what kind of
thing scientific knowledge is, the authority by which it becomes accepted, the reasons behind
confidencein it and its limitations, and what one can and should do with it. Subsequently,
understanding practice may prepare scientists for accessing, understanding, and using didactic
information in science. Future research might further articulate this possibility and subject it to
empirical test.



According to Nolaand Irzik (2005), Critical Inquiry, in fact, is about providing students with
appropriate reasons for their beliefs. However, notice a subtle but fundamental difference between
the direction of educational research outlined above and Nola and Irzik’s theory. According to Nola
and Irzik, new knowledge should always be learned through Critical Inquiry, as the process of
scientific discovery serves as a model for the process of learning. In contrast the above formulation
posits understanding the epistemological basis of scientific knowledge as a resource for learning
subsequent information, even when the process of learning is not related to processes of scientific
discovery. Learning may very well occur through processes of interpreting didactic information,
which is perhaps more effective when some awareness of scientific practice supportsit.

In addition to learning theory, Critical Inquiry also seemsto play arole of pedagogical theory. As
noted above, Nola and Irzik are understandably concerned with the danger that under constructivist
teaching, students may come away misunderstanding scientific ideas. To illustrate how Critical
Inquiry serves as aremedy, Nolaand Irzik cite dialogues between Socrates and Lachesin Laches
and the Slave Boy Meno. Y et from these examples, it seems clear that Critical Inquiry isnot a
psychological mechanism of learning—neither Laches nor the Slave Boy subject their own ideas to
Critical Inquiry. Rather, they react to questions posed by Socrates. Essentially, Socrates subjects
their ideas to challenges in precisely the places that they need work, and it is worthwhile noting that
Socrates knows where these places are because he already knows more than they do about the
subject. This seems necessary, because without knowing more about courage in one case and about
geometry in the other case, Socrates’ questions would be far less convergent on errors. Given this,
it is unclear whether and how Laches and the Slave Boy could themselves engage in Critical
Inquiry. From these examples, it seems like Critical Inquiry is dependent upon contributions from a
more knowledgeabl e other, from outside the challenged individual’s mind. Thus Critical Inquiry
emerges as potentialy viable as a pedagogical technique, but not as a learning theory.

For amore elaborate vision of what Critical Inquiry as pedagogical technique might look likein a
science classroom, consider the literature on “teaching for conceptual change.” This longstanding
pedagogical technique involves reacting to sound diagnoses of student misconceptions by
challenging those misconceptions in precisely the places they need work. As an example, acommon
student misconception is that objects weigh less when in avacuum. A teacher might design a
material demonstration to show that, in fact, objects do not weigh lessin a vacuum than they do
under normal atmospheric conditions (Minstrell, 2001). Such instruction does not merely “tell”
students the correct idea, (although there is no reason not to) but also provides direct challenges to
beliefs that are known to obstruct student understanding. Students are challenged to use their ideas
to explain these observations, and because their ideas are insufficient to do so, such experiences
motivate conceptual change. Because students are confronted directly with waysin which their
ideas are insufficient, “teaching for conceptual change” parallels the key ideain pedagogy by
Critical Inquiry as exemplified by the Socratic dialogues cited by Nolaand Irzik.

“Teaching for conceptual change” is a considerably developed pedagogy, not only regarding
specific misconceptions and the instructional experiences designed to meet them, but also in terms
of agenera principles. Posner, Strike, Hewson, and Gertzog (1982), for example, drew on the
history of science in positing general principles that govern conceptua change, both in scientists
and in students. Scientists and students change their conceptual systems only when they become
dissatisfied with their present systems and the new system isintelligible, plausible and fruitful.
Thisrational model of theory change has since been elaborated and studied as a “conceptual change
model” (Beeth & Hewson, 1999), which continues as a framework of constructivist pedagogy, but
with normative constraints provided by acceptable knowledge claims.



Given the important support that history and philosophy of science has provided for science
education, it is clear that as a community we should continue to explore and elaborate on productive
connections between these scholédids.
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