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Teaching philosophy of science to
students from other disciplines,
European Journal of Philosophy of
Science, Thematic Issue

Guest editors: Joeri Witteveen & Sara Green (Uni-
versity of Copenhagen)    Description: Philosophy
of science courses are increasingly taught not
only to philosophy students, but also to stu-
dents from other disciplines. While this of-
fers a unique opportunity to engage with other
fields and make philosophy of science relevant
for other target groups, it also calls for reflection
on what and how to teach. Whereas philosophy
of science critically examines the methodological
approaches in other fields, much less attention
has been given to the didactical strategies used
within philosophy of science, and to discussions
of how we, through teaching, can make philo-
sophy of science relevant to other target groups. 
  The aim of this topical collection is for scholars
to reflect on the challenges associated with teach-
ing philosophy of science to non-philosophers
and to discuss ways to overcome these. We es-
pecially welcome contributions that draw con-
nections between philosophy of science and sci-
ence education, and that consider how to improve
learning strategies for philosophy of science. We
encourage authors to reflect on their own experi-
ence with teaching philosophy of science to non-
philosophers in a scholarly way. Questions that
could be addressed by contributions in the topical
collection are not restricted to, but could include
the following:  

• Whatmakes teaching non-philosophy students
different from teaching philosophy students
and how should we (historians and philosoph-
ers) adapt to an audience of practitioners of a

field of study that we are reflecting on?  

• To what extent do the learning objectives dif-
fer when targeting other student groups, and to
what extent do different goals of teaching influ-
ence the selection of topics, teaching formats,
and modes of examination?  

• How can the teaching of philosophy of science
to students in the natural and life sciences be-
nefit from recent developments in integrated
HPS, practice-oriented philosophy of science,
and socially relevant philosophy of science? 

• How can research in science education inform
teaching of philosophy of science – and vice
versa? 

• What pedagogical approaches (such as
inquiry- or case-based teaching) are proved
useful or useless for a successful learning and
teaching experience?  

  Papers submitted to the topical collection should
not exceed 5000 words in total (excluding refer-
ences).     Timeline
Deadline for submitted contributions: Dec 1,
2020
First round of reviews completed: Feb 1, 2021
Deadline for revisions: April 1, 2021   Submit-
ted papers will be peer reviewed following the
journal’s standard, and accepted papers will be
published online on a rolling basis. Please an-
onymise submissions for peer review prior to sub-
mission and chose [Teaching philosophy of sci-
ence] in the drop-downmenu on the ejps submis-
sion page.      Questions about the topical collec-
tion can be addressed to:
Guest editors: Sara Green (sara.green@ind.ku.dk)
and Joeri Witteveen (jw@ind.ku.dk).
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Science & Education, “Science Edu-
cation in the Era of a Pandemic”,
Contributions Invited

Members of our community are facing new ways
of working and some have no work or reduced
work due to illness and/or care responsibilities.
Science & Education considers it important to en-
gage our community in constructive debates about
how science education can contribute to under-
standing and solving the covid-19 crisis. We
aim to make these uncertain and distressing times
purposeful and productive for the research and
learning communities engaged in the improve-
ment of science education through history, philo-
sophy and sociology of science.

More information in the open access Editorial
here.

Sibel Erduran, Editor-in-Chief

unilog 2021 – The 7th World
Congress on Universal Logic,
Kolymbari, Crete, March 28 – April
7, 2021

The congress is being held at the Orthodox
Academy of Crete, Kolymbari.

unilog is a series of events (combining a congress
and a school)  promoting logic in all its aspects:
mathematical, philosophical, computational, se-
miological, historical the relation between logic
and other fields: physics, biology, economics, law,
politics, religion, music, literature, pedagogy, col-
our theory, medicine, psychology, psychoanalysis,

cognitive science, architecture, artificial intelli-
gence, sociology, linguistics, anthropology.

7th universal logic school
The school will have a duration of 5 days: from
March 28 to April 1st 2021 with: – an opening
round table on the topic ”Why study logic?”, 30 tu-
torials, a poster session.

7th universal logic congress
The congress will have a duration of 6 days: from
April 2 to April 7 2021 with invited speakers, con-
tributing speakers, workshops, and a contest.

2nd world logic prizes contest
The 1st World Logic Prizes Contest took place in
Vichy, France, during the 6th unilog in 2018.
This contest is a competition between winners of
logic prizes of different countries.
To the winner is awarded the Universal Logic
Prize.

unilog 2021 is organised under the Aegis of the
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Government of Crete. Crete is an island with a
history of about 5,000 years, the cradle of Western
civilisation, including the Labyrinth, Plato’s cave
and much more.
Everybody is welcome to join and enjoy this won-
derful place.

Details available at https://www.uni-log.org/

Interuniversitary Institute for Sci-
ence Studies (iilp)

The Interuniversitary Institute for Science Stud-
ies (iilp) is an academic institution involving four
universities (http://www.instinterlp.org/) which
supports research projects and other activities re-
lated to social and historical studies on science,
technology, medicine and the environment.

The iilp organises onlinemaster and doctoral pro-
grams (registration has been just open here) and
online talks as part of the seminar series organised
around research programs or particular topics.

Many of these talks are now available at the web-
site.

José Ramón Bertomeu Sánchez, Universitat de
València

Lakatos Award, 2021

Applications are invited for the 2021 Lakatos
Award, with a strict deadline of Tuesday 1
September 2020. The 2021 award will be for a
monograph in the philosophy of science broadly
construed, either single authored or co-authored,
published in English with an imprint from 2015

to 2020, inclusive. Anthologies and edited col-
lections are not eligible. Any person of recog-
nised standing within the philosophy of science or
an allied fieldmay nominate a book. Nominations
must include a statement explaining the nomin-
ator’s reasons for regarding the book prizeworthy.
Self-nominations are not allowed.

Please address nominations, or any requests for
further information, to the Award Administrator,
Tom Hinrichsen, at t.a.hinrichsen@lse.ac.uk.

A Layperson’s Gude to Epidemiolo-
gical Modelling

Quite suddenly, many people came to hear about
scientific models who have never studied science
beyond secondary school. Even less are they fa-
miliar with the relevant philosophy of science.
These newly famous models are epidemiological
models, the models that are being used by govern-
ments and their advisors in their attempts to fore-
cast the evolution of the covid-19 pandemic and
to develop a strategy for dealing with it. These epi-
demiological models have therefore become the
focus of much attention and discussion. Many
tens or hundreds of thousands of people have ex-
pressed views via social media on what the correct
strategy towards covid-19 should be. Yet only a
small minority of those commentators will have
even the first idea of how any of the epidemiolo-
gicalmodelsworks. Thepredictions of somemod-
els have been used to berate governments, even
though those models make extremely dubious as-
sumptions (I am thinking here in particular of the
model used by the ihme at theUniversity ofWash-
ington to make some very alarming and implaus-
ible projections).
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Because understanding epidemiological model-
ling is essential to reasonable participation in
these public debates, the Philosophy & Medi-
cine project at King’s College, London, funded
by the Peter Sowerby Foundation, has produced
a series of videos (and related resources) ex-
plaining how one central epidemiological model
(the sir–Susceptible-Infected-Recovered–model)
works and discussing what the uk government’s
strategy towards textsccovid-19 might be. So far
we have produced three videos:

1. A Layperson’s Guide to Epidemiological Mod-
elling

2. Herd Immunity

3. What is the UK Government’s covid-19
Strategy?

These are available online here.

If there is demand, wemight do a fourth video one
comparing the use of models by different teams of
epidemiologists (e.g. Oxford, Imperial, and per-
haps the ihme too).

We hope that the introductions to epidemiological
modelling will be of use to philosophers of sci-
ence who are not familiar with these particular
models. Scientific models have been an import-
ant topic for philosophers of science. Most often
themodels discussed are from physics, though the
Lotka-Volterra equations from biology are a fa-
vourite too. The sir model may be less familiar,
but is a nice example of a simple model that may
be elaborated in various ways in order to capture
more complicated cases.

Furthermore, philosophers of science can contrib-
ute to the discussions mentioned previously, by
explaining both the value and the limitations of
using models.

Alexander Bird
Peter Sowerby Professor of Philosophy and Medi-
cine
King’s College, London

Opinion Page I: Replicable, Repro-
ducible, and Generalisable: Implica-
tions of Scientific Hallmarks for Re-
search in Education

Norm Lederman
Illinois Institute of Technology Chicago

Illinois
USA

Introduction

As a not so innocent undergraduate student sit-
ting in an animal physiology class (approximately
50 years ago), my professor said prior to a labor-
atory investigation, ‘No matter how controlled the
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situation is with respect to sampling, research pro-
cedures, ambient temperature, ambient lighting,
organism satiety, and all other relevant variables
the rat will do whatever he damn well pleases’. It
was a humorous comment to which my class-
mates ascribed no significant meaning. I was re-
minded of my professor’s comment when read-
ing Alger’s (2020) commentary on the importance
of reproducibility in science in the February issue
of the hps&st newsletter and his brief discus-
sion of the influence of the personalities of rats
and mice on experimental investigations. Indeed,
my professor’s comment was more poignant than
I thought at the time. Additionally, Alger’s discus-
sion is also reminiscent of the 2002 debates about
“scientific research in education (nrc, 2002) and
the formation of the What Works Clearinghouse
(wwc) by the U.S. Department of Education.

The discussion of the hallmarks of scientific re-
search conveniently begins with the idea of ‘ways
of knowing’. As humans we have various ap-
proaches to knowing. Each of the academic dis-
ciplines we encounter are characterised by differ-
ent ways of knowing. That is, each develops know-
ledge in similar, but different, ways. Some of the
more common ways of knowing are appeals to
authority, a priori knowledge, and scientific (also
known as the scholarly approach). Appeals to au-
thority are exemplified by the numerous market-
ing advertisements that state things such as ‘nine
out of 10 doctors say…’ or ‘Linus Pauling says that
vitaminC cures the common cold’ or ‘JohnDewey
says…’

Alternatively, sometimes knowledge is established
through logic. For example, ‘since vitamins are
good, the more the better’ or ‘the more subject
matter knowledge a teacher has, the better they
will be as a teacher’. These are examples of a priori
knowledge and are based on logical connections to

assertions that we have always known to be true.
Finally, there is the category of scientific know-
ledge, which is a systematic, empirically based,
and self-correcting. Furthermore, scientific re-
search generally follows three general forms: de-
scriptive, correlational, and experimental. Educa-
tion, and the social sciences, value and try to ad-
here to the scientific approach to knowing. Hence
the knowledge established by educational research
seemingly should be replicable, reproducible and
generalisable. But is this the case or is it even a
reasonable expectation?

What isMeantby ‘Replicable’ andWhy is it Im-
portant?

In general, replicable refers to the ability of a re-
searcher to exactly, as much as possible, follow the
same procedures (e.g., data collection approach,
instrumentation, data analysis, etc.) in an invest-
igation to see if the same results are obtained.
This does not mean that the specific statistical val-
ues are the same, but rather that the overall find-
ings of rejecting or failure to reject hypotheses are
achieved. For example, do humans with higher
levels of cholesterol consistently exhibit higher
levels of heart disease? If the results of an invest-
igation can be consistently repeated, researchers
have more confidence in the findings.

At the most mundane level, statistical analysis has
a stated level of significance (e.g., .05 or lower),
which means that any probability of .05 or lower
is considered as evidence that the achieved res-
ults are the result of something other than chance.
Alternatively, it can also mean that the signific-
ant results also have a .05 level of probability of
occurring by chance. By convention researchers
have agreed that a .05 probability of results is rare
enough that something other than chance is at
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play. It also means, unfortunately, that if the same
study is performed enough times, significant res-
ults will be achieved most of the time, both signi-
ficant and non-significant results will be achieved.
The researcher does not know from a single in-
vestigationwhether the results achieved are part of
the chance occurrence group or the rare and sig-
nificant group. Consequently, it is essential that
attempts to replicate findings are necessary.

If you are attempting to see if you are holding a
normal two-sided coin, you could flip the coin 100
times. If the coin is “normal” you would expect
the number of times it lands on one side versus
the other side to be approximately equal. If we get
one side appearing 95 times or higher, we would
conclude that something other than chance has
occurred. However, we could be wrong because
there is a chance, albeit small, that the coin may
land on one side 95 or more times due to chance.
Hence, the importance of have replications of sci-
ence investigations.

This point was stressed by Alger (2020) and we
all stress this to our students in science classes as
well as in our education research courses. So, it
would be appropriate to conclude that replication
is important in science research as well as in edu-
cational research. The one glitch is that in edu-
cational research we are usually studying animate
objects as opposed to inanimate objects and “the
rat will do whatever he damn well pleases.” This
same point is made eloquently by Cziko (1989) in
his discussion of free will. It is certainly true that
inmany areas of science animate subjects are used.
But most of the time the target of interest are mo-
lecules and their interactions. These molecules do
notmakemindful decisions as to how they will re-
spond to a certain condition.

What is Meant by ‘Reproducible’ and Why is it
Important?

Reproducibility is the main focus of Alger’s (2020)
commentary and he discusses the topic in much
more detail thanwill be found here. The concept is
closely related to replication, but slightly different,
for practical reasons. Let us return to the previous
example relating cholesterol to heart disease. Two
different studies may be attempting to answer the
same question. However, it is inevitable that dif-
ferent samples will be used and there also could be
different approaches to the measurement of cho-
lesterol levels as well as the form of the cholesterol
when it was taken into the human system. For ex-
ample, was the cholesterol in the same foods eaten
or was there a variety of foods that lead to the in-
gestion of cholesterol? So, in such cases, the stud-
ies are not replications of each other. Additionally,
the two studies may have handled ‘outliers’ differ-
ently in their data analyses. There are inevitable
differences, but the results may be equivalent and
lead to the same conclusion about the relationship
of heart disease to cholesterol.

Consistency across these studies, as well as oth-
ers, is important and leads to building confid-
ence among researchers, even though the studies
are not technically replications. The same factors
that can impact conclusions reached in replication
studies hold in studies that document reproducib-
ility. As with replication, reproducing findings is
valued in education research, but with important
qualifications, that will be discussed later. In the
end ‘the rat will still do whatever he damn well
pleases’.
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What is meant by ‘Generalisable’ andWhy is it
Important?

The third hallmark of scientific research is gener-
alisability. Quite simply it pertains to how well the
research findings from an investigation apply to
situations extending beyond the current investig-
ation and its context. For example, do the find-
ings of research on cholesterol and heart disease
in Massachusetts apply to samples of individuals
from other locations in the U.S. or other coun-
tries around the world? This is difficult to estab-
lish because of a multitude of extraneous variables
(i.e., variables that affect the results of an investig-
ation that were ignored or were unknown). Cer-
tainly, replication and reproducibility studies en-
hance the ability to generalise findings, but they
do not guarantee it. Generalisability is a corner-
stone of progress in science. It is this hallmark that
lends themost confidence to research findings and
marks the progress of science with respect to one
or more aspects of the natural world. However, it
is difficult to achieve.

Generalisability is more easily attained with inan-
imate objects. Most would agree that gravity func-
tions in the same manner globally. Although the
effects on the earth’s surface differ because of the
earth’s oblate shape, the law of gravitation does not
take a different form in South Africa, Israel, and
in Japan. Animate objects provide another per-
spective, and this is especially true in educational
research. Students vary with respect to gender,
culture, identity, religion, cognitive ability, among
others. Each of these characteristics individually,
or in tandem, impact the success of a particular
curriculum. This is a perennial problem for edu-
cation researchers. Generalisability is generally
valued, but quite difficult to achieve. Addition-
ally, it is important to note that some qualitative

researchers make no claim that their findings are
generalisable, nor do they think that it should be a
goal of their research.

What is the Applicability of Scientific Hall-
marks to Educational Research?

This commentary has provided a general overview
of the concepts of replicable, reproducible, and
generalisable in science. They are related hall-
marks of scientific knowledge and goals of sci-
ence as a way of knowing. However, Alger (2020)
provides a much more tempered view of their im-
portance in science, as well as their necessity. His
view is refreshing.

Since educational research attempts to develop
knowledge in a scientific way it would seem that
the aforementioned hallmarks are important to re-
search in education. Their importance in educa-
tion must be qualified even further. The concepts
are largely positivistic and posit a view of nature
of science and scientific inquiry that is reminis-
cent of the 2002 debates about “scientific research
in education (nrc, 2002) and the formation of the
WhatWorks Clearinghouse (wwc) by the U.S. De-
partment of Education. These debates focused on
what constitutes scientific evidence and the relat-
ive value of qualitative and quantitative research
paradigms.

The film and book titled Never Cry Wolf chron-
icles an actual account of a scientific study de-
signed to document that the decrease in the pop-
ulation of caribou in the arctic was due to wolves
preying on the caribou. Scientific data to docu-
ment this assertion did not exist and the work of
Tyler (i.e, the scientist) was to provide these data
and lead to a plan that would intervene by redu-
cing the wolf population. Upon arrival in the arc-

9



hps&st newsletter april 2020

tic location, it became clear to Tyler that much of
the supplies were not useable in the frigid north.
Nevertheless, the research plan was to kill several
wolves and then investigate the contents of their
stomachs. Tyler did not see any wolves at first so
he began to observe their scat for remnants of cari-
bou. No remnants were found. When he finally
did observe some wolves, he noted that they were
not getting their daily sustenance from consuming
caribou. It was clear that the original premise of
the research was not adequate to solve the original
problem and so he drastically altered the design of
his investigation. He proceeded to observe all as-
pects of thewolves’ behaviour; he tried to integrate
himself as much as possible into the wolves’ daily
lives. He chose to perceive with ‘what worked’.

In the end, Tyler found that the wolves were liv-
ing primarily on rodents. The times that they did
prey on caribou was on the weakest and most dis-
eased members of the heard. In short, the wolves
were actually enhancing the genetic pool of the
heard and helping the future survival of caribou as
opposed to being a menace to their ultimate sur-
vival. The scientist’s change of plans worked. He
was able to answer his research question by find-
ing ‘what worked’.

What this book illustrated was that scientists pur-
sue the answers to their questions in various ways.
These approaches differ within the various sci-
ences and vary even more across the different sci-
ences. There is no single set or sequence of steps
that scientists always follow. There is no single
scientific method or any single approach that can
be used to characterise all of science. The ques-
tions that scientists have guide their research ap-
proaches/design and scientists, within certain lim-
its, do ‘what works’. Much of the tempered view
of science taken by Alger (2020) is echoed in this
book.

Never Cry Wolf and Alger’s (2020) comment-
ary remind me of the policy debates about
scientifically-based educational research in 2002-
2003 (Berliner, 2002; Eisenhart & Towne, 2003;
Erikson & Gutierez, 2002; National Research
Council, 2002; Slavin, 2002; St. Pierre, 2002).
These debates lead to the development of the wwc
by the Department of Education, whose mantra
was ‘what works’. The wwc advocated that edu-
cational research needed to be more scientific and
that the reason we are in a quandary about what
constitutes good practice in educational settings.
It was clear that varyingmethodswere appropriate
in educational research, designs that established
cause were strongly preferred. Underlying the de-
bates was a misrepresentation of ‘what is science?’
This is quite similar to the position of Alger (2020)
that certain attitudes about reproducibility are less
than accurate.

Historically, during the latter part of the 20th cen-
tury, a systematic and concerted effort to study
teaching and learning was undertaken. Research-
ers borrowed from the same models of agricul-
tural designs used inmainstream science. Perhaps
the primary reason for this decision was the cul-
tural status possessed by science and/or the reign-
ing popularity of positivist thinking. Although
this approach to research was virtually the same
as that advocated by the wwc, it provided import-
ant foundational knowledge about teaching and
learning, but it was clearly limited. In depth un-
derstandings of teachers’ thought processes and
how students mediate instructional experiences
were not accessible through such means. Educat-
ors realised that many questions remained, and
new questions had arisen. In their search to find
out ‘what works’, they needed to consider altern-
ative research approaches that worked. The situ-
ation was really no different than what confronted
Tyler and his wolves.
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Educational researchers in all areas began to view
classrooms as systems and cultures. They began
to see the importance of the dynamic interactions
among participants (i.e., teachers and students), as
groups and as individuals. Borrowing from an-
thropology and sociology, educational research-
ers began to research instruction from a totally
different perspective than what was afforded by
the ‘scientific’ agricultural designs (Howe, & Eis-
enhart,1990). The situation is not much different
than the shift from reductionist to systems think-
ing in environmental studies. As a consequence,
there are few today who do not realise the dif-
ficulty in generalising educational research from
one class to another (with the same teacher), let
alone generalising across teachers, schools, states,
and countries.

Interestingly, classroom teachers have known this
all along. Most teachers’ complaints about re-
search findings that failed to resonate with their
local situations were in response to rigorously
quantitative studies that over generalised in defer-
ence to sampling theory. The difficulty, or the im-
possibility, of generalising as is commonly con-
ceived is aligned with Alger’s (2020) as well as
within current thinking by educational research-
ers.

Misconceptions some have about the existence of
a single scientific method aside, there are other
problems with the application of classical exper-
imental scientific research designs to classroom
situations. It is absolutely critical, if one wants
to imply cause, to carefully control or account for
extraneous variables in research. There are prob-
lems, however, when you are dealing with situ-
ations involving living organisms that exhibit vol-
untary or free will and individuals that react dif-
ferently, for a variety of reasons, to the same en-
vironmental conditions/stimuli. Remember my

physiology professor’s rat and how it behaved.

There has been a history of attempts to conduct
carefully controlled experiments in classroom set-
tings. However, the situation becomes so con-
trived that little external validity can be ascribed to
the investigation. Quite simply, the situation is so
deviant from general classroom life across settings
that attempts to generalise to other situations have
become futile at best. Much of the research con-
ducted in ‘laboratory schools’ suffered from this
problem. The research, in and of itself, was fine
for the specific situation, but generalising to other
populations was difficult. Nevertheless, the wwc
would like to pursue this path again, to the degree
that they place little value on designs that do not
attempt to make definitive causal claims.

The wwc, and those promoting that educational
research become more scientific, claim to be
moving educational practices toward a ‘medical
model’. The medical clinical trial has been pos-
ited as the ‘gold standard’. That is, educational
practitioners are asked to seek the results of ‘sci-
entifically controlled studies (like clinical trials)’
to make instructional decisions. To be clear, most
medical research, for ethical reasons, does not fol-
low experimental research models. It is simply
not acceptable to randomly solicit participants
for an investigation and then randomly assign
them to treatments, one of which has potential
harm. In most cases, medical research involves
ex-post facto designs (e.g., heart disease studies,
smoking/cancer studies), which are correlational
by nature.

Surely, many readers will now want to direct my
attention to the plethora of experimental studies
in medicine that involve human models (substi-
tutes for humans in terms of physiology). Surely,
they would say, all of the research done on
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various drugs and medicines began with experi-
mental studies on rats or other mammals with the
only inference being the similarities between the
physiology of the human and the physiology of the
animal being used as a model. In this case, my de-
tractors would be absolutely correct.

However, there is a vast difference between gener-
alising results of experimental medical studies us-
ing human models and generalising experimental
studies in education. The studies with drugs,
medicine, etc., involve inanimate effects in the
sense that what is involved is the interaction of
various molecules within the physiological sys-
tems of the human or human model. In education
we transcend the organic level and have to grapple
withmotivation, free will, emotions, attitudes, etc.

Certainly, inanimate factors influence all of these
human characteristics, but virtually everyone in-
terested in learning beyond a passing curiosity
knows learning to be far more complex. I don’t
know anyone who would currently assume that
using a particular teaching approach with birds
would generalise to human learning. Wasn’t this
the problem that we all had with operant condi-
tioning and the work of behaviourists? When it
comes to complex thinking, human behaviour is
just not that simple. Or it is not simple enough to
allow the high levels of predictability and general-
isability.

It is interesting to note that there was a period of
time in recent history when experimental stud-
ies in learning involving human models was in
vogue. Do you remember the investigations in
which worms or rodents were taught certain skills
and then were sacrificed and fed to other animals
of the same type? This approach was entrenched
in the belief that learning was organic and learn-
ing could be transferred through the transfer of

organic material. Again, the medical model of ex-
perimental research only holds for investigations
involving the inanimate, not such things as com-
plex learning in humans or other mammals.

Conclusions

By now you may have concluded that educational
researchers must be total relativists and would not
admit to any progress in our knowledge of teach-
ing or learning. Nothing could be further from
the truth. We are strong supporters of the value of
both quantitative and qualitative research. My col-
leagues and I also believe that studies with small
sample sizes can be as valuable as studies with
large sample sizes. Themost critical issue is the re-
lationship among the research questions, research
design, and the nature of the data collected.

Research questions should guide design and data
choice. Researchers should pursue “what works,”
and this depends on the question being asked,
not some idealised scientific method that is incor-
rectly purported to be the only method to pro-
duce scientific evidence. In addition, it is critic-
ally important that all researchers remain intim-
ately aware of the assumptions embedded in their
research questions, designs, and analyses and the
implications these assumptions have for results
being replicable, reproducible, and generalisable
to the rest of the world. Such a perspective is con-
sistent with the views of Alger (2020) about the ex-
pectations for scientific knowledge.

Overall, although the intentions of the wwc and
those advocating that educational research be-
come more scientific are admirable, the advocacy
is flawed for at least two critical reasons. There is
a clear underlying (and sometimes not so subtle)
belief that scientific evidence can only be provided

12



april 2020 hps&st newsletter

by causal research designs (aka The Scientific
Method) and that research findings from studies
of teaching and learning can be reproducible, rep-
licable, and generalised freely across contexts and
situations if derived from rigorously controlled
studies scientific studies. In our attempts to en-
hance teaching and learning from systematically
collected empirical evidence let us never lose sight
of the unpredictability and indeterminate nature
of human behaviour (Cziko, 1989).
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Opinion Page II: Is Reproducibility
a Realistic Norm for Scientific Re-
search into Teaching?

Keith S. Taber
Professor of Science Education, University of

Cambridge
UK

In a recent Opinion piece in the hps&st news-
letter, BradleyAlger (February 2020) asked if we

13

https://www.hpsst.com/uploads/6/2/9/3/62931075/2020feboped.pdf


hps&st newsletter april 2020

should be concerned about non-reproducibility in
science. It could be argued that if much scientific
work is not (and, perhaps, cannot be) replicated,
then this might present some kind of existential
crisis for science.

At the risk of reducing a nuanced argument to a
few bullet points, Alger was suggesting that re-
producibility is seen as norm in science, perhaps
sometimes even a criterion for work to be seen
as scientific, and that recent discussions of the
extent to which published studies may resist at-
tempts at replication presented a challenge for the
scientific community. If a substantial proportion
of the studies in the scientific literature cannot be
replicated, then we may seem to be faced with a
choice between downgrading reproducibility as a
criterion for science, or, alternatively, accepting
that there is something very rotten in the state of
the scientific literature.

Alger explored different understandings of repro-
ducibility, and highlighted the implications of us-
ing statistical significance as a basis for claiming
that an experiment gives a positive result. Given
that the conclusions of many studies are based
on inferential statistics, there is an inherent tol-
erance (in the technical sense) for a level of non-
reproducibility that is to be expected across pub-
lished studies, such that the scientific community
should show a level of tolerance (in the psycho-
logical sense) of non-reproducibility of published
results.

Alger’s essay concerned scientific studies; that is,
research in what are commonly termed the nat-
ural sciences. In this essay I wish to complement
Auger’s discussion by focusing on educational re-
search. Education is commonly seen as falling
within the social, rather than the natural, sciences.
However, the breadth of work actually undertaken

in education is very wide – from research in cog-
nitive science that employs laboratory conditions
and adopts strict experimental paradigms; to stud-
ies that deconstruct texts through literary ana-
lyses, or are purely philosophical in nature, and
which are better considered part of the humanit-
ies. This is too great a spectrum to readily consider
as being of a kind (even a ‘social kind’ as discussed
below), and so my remarks here relate to a sub-
categorywithin empirical educational research in-
vestigating classroom teaching. What I have to say
here applies across that category, but the focus will
be taken to be studies on science teaching.

An impression given by the research literature
is that many of my fellow science education re-
searchers, having initially trained in the natural
sciences, consider that the methods of those sci-
ences can be relatively unproblematically applied
to educational research. Consideration of the dif-
ferent nature of natural and social phenomena
suggests that this is not so.

I will argue that research into education cannot
be approached like research in physics laborat-
ories because educational research concerns so-
cial kinds (such as ‘teachers’, ‘classes’, ‘lessons’,
etc.) which do not support the assumptions made
about natural kinds underpinning much work in
the natural sciences. It might also be provocat-
ively suggested that to the extent that research into
teaching is sometimes like some studies in natural
science, this is because some scientific studies fall
subject to the kinds of complexities inherent to
social science research (e.g., inability to identify
all relevant variables; inability to isolate the phe-
nomenon of interest from interactions with its
context), as in the examples of ‘unforeseen imped-
iments to reproducibility’ cited by Alger.

A key purpose, indeed rationale, of educational
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research is to inform teaching. There is a sub-
stantive literature on effective pedagogy in science
teaching, including many empirical studies claim-
ing to test the effectiveness of different teaching
approaches, or reform curricula, or new learning
resources. Many of these studies adopt an experi-
mental approach, or, at least, a quasi-experimental
approach, and then draw conclusions on the rel-
ative effectiveness of some pedagogy or resource
or curriculum innovation, usually based on meas-
ures of student learning gains or changes in atti-
tudes. These studies draw upon the experimental
method used in the natural sciences to compare
outcomes in two or more distinct conditions that
differ in terms of some independent variable. So,
perhaps, in one condition a group of 13-14 year
old students study the topic of acids and alkalis
through co-operative group-work, whilst in the
‘control’ condition a similar group of students is
taught the same topic through what might be (and
often is) termed ‘traditional’ instruction. If stat-
istical analysis suggests that the students in the
co-operative group-work condition show signific-
antly greater learning gains (or shifts in attitude,
etc.) than those in the traditional condition then
researchers conclude that the co-operative group
work condition is superior.

I have suggested these studies draw upon, rather
than adopt, the experimental method used in the
natural sciences, as, although educational exper-
iments are superficially like experiments in the
physical sciences, an engagement with the details
of research designs often raises serious concerns.
There are certainly substantive issues in relation to
generalisability and control of variables.

I have recently undertaken a review of work of
this kind, exploring the methodological and eth-
ical challenges of experimental work intended to
test teaching innovations (Taber, 2019a). The key

ethical issue raised is how learners in ‘control’ or
‘comparisons’ are treated instrumentally in many
studies that pass journal peer review: it may be
perfectly acceptable to set up a control condition
expected to be deleterious when the experimental
subject is a copper wire, or a crystal, or a rivet,
or even a mustard seedling (or indeed, to many
people’s thinking, a rat), but it is a different mat-
ter to set up teaching conditions which can reas-
onably be expected to disadvantage the learning of
whole classes of students attending public schools.
It is not only that many studies actually do this:
it is often made quite explicit in the published re-
ports that this is a deliberate aspect of the research
design.

Here, however, I want to consider some of the
methodological challenges of such work, and how
the nature of what is being studied undermines
notions of replication or reproducibility of stud-
ies. Space here only allows a limited discussion,
and interested readers are referred to the full re-
view article (Taber, 2019a) for further detail.

Natural kinds and social kinds

One very relevant concern that is often ignored in
educational research (and indeed from my read-
ing, often also in psychological research) is the
distinction between natural kinds (Dupré, 1981)
and what have been called social kinds. The no-
tion of natural kinds is based on an ontological as-
sumption: that nature offers us certain regularities
of experience that justify classifying recurrent fea-
tures of our experience as having inherent, essen-
tial, properties. We can class this as gold (which
will therefore have these properties) and that as
phosphorus (whichwill therefore have those prop-
erties); we recognise this, but not that, as an in-
stance of torque. These are dogs, and those are cats.
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Of course, there are limits to this. There is prob-
ably no such thing as an absolutely pure sample
of gold, but we can decide on a level of impur-
ity low enough to be negligible. There is a di-
versity of varieties of dogs, and, since Darwin, we
no longer think that there are absolute boundar-
ies between species or indeed any taxonomic cat-
egories. We may be fairly clear what extant speci-
mens are, or are not, mammals; but go back into
the fossil record, and there will a point where it be-
comes a matter of debate, and indeed, potentially,
scientific controversy.

We can identify a particular strain of micro-
organism that we knowhas certain genetic charac-
teristics that give it particular properties in certain
environments. At the type of writing the world is
suffering from, and responding to, a global pan-
demic. The disease concerned is known as covid-
19, and it is considered to be caused by infection
with a transmissible virus known as sars-CoV-2
(severe acute respiratory syndrome coronavirus-
2). Not only the scientific community, but the
population generally, accepts both that the infec-
tious agent is a virus, and, moreover, that it is a
particular type of virus, indeed a particular type of
coronavirus (sars-CoV-2); and also that one spe-
cimen of sars-CoV-2 is much like another in that
any specimen has the inherent property of being
able to infect human beings leading to the ‘same’
disease.

Even if the layperson has never heard the term
‘natural kinds’, and indeed has no technical know-
ledge about such matters as the means by which
viruses cause disease, they will still have an impli-
cit notion of the natural world such that they have
no difficulty accepting that billions of specimens
of virus particles around the world are causing the
same disease because they are of one kind.

Generally, the subjects of scientific studies are
samples/specimens of natural kinds where it can
either be assumed (i) that swapping the particu-
lar specimen would not change the results, or (ii)
that there is some relevant variation between spe-
cimens such that we should work with a sample
and draw conclusions statistically, so that drawing
a new sample from the same population should
give substantially the same results. If we find a
pure copper rod is a good conductor, then this ap-
plies to all pure copper rods and not just the one(s)
we decided to test. If we find a sample of a vari-
ety of wheat plants grow taller on average when
we provide a phosphorus-based fertiliser then we
assume this will generally apply to other samples
of wheat of that kind.

Often, in science education, we find that learners
have intuitions about the natural world that are
contrary to canonical science and can impede
school learning (Taber, 2009). So, many students
have intuitions contrary to Newton’s first law for
example, and so expect all motion to naturally
come to a stop; or assume the force acting on an
orbiting body acts tangentially to, rather than per-
pendicular to, its instantaneous direction of mo-
tion. Many such ‘intuitive theories’ or ‘preconcep-
tions’, as they have been called, make learning ca-
nonical science more challenging.

However, an informal commitment to objects be-
ing specimens of natural kinds is a common intu-
ition which works to the advantage of teachers of
physics and chemistry. So, learners usually readily
accept, for example, that all protons have the same
amount of positive charge, all samples of copper
wire will conduct electricity, and that all samples
of potassium dichromate will act as oxidising
agents. It is quite common for school laboratory
work to be used to generalise results from a single
run on one sample of materials (usually without
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any explicit attention to the grounds for, or valid-
ity of, making such generalisations), before mov-
ing on in the next lab. session to a completely dif-
ferent practical demonstrating some other prin-
ciple or concept. This approach tends to persuade
most students – if at the same time providing an
unauthentic representation of how science is ac-
tually done.

This same intuition often helps biology teachers,
too, as students do not question that they are
shown models of ‘the’ human skeleton or asked
to label diagrams showing the parts of ‘the’ di-
gestive system. If they learn the function of ‘the’
kidneys then they do not need to ask who’s kid-
neys in particular they are discussing, andwhat al-
ternative functions someone else’s kidneys might
have. However, this common ontological intu-
ition may work against learning about arguably
the most important organising idea in biology –
evolution by natural selection, which shows that
species are not completely discrete, but blend into
one another. That is, to see species as natural kinds
is only approximately or contextually true (for ex-
ample, not when considering geological times-
cales). The assumption that different kinds of an-
imals and plants (and fungi, of course) are separate
fixed types generally works well in most everyday
contexts, but is counter to the insight underpin-
ning much of modern biology (Taber, 2017).

In the social sciences we are not dealing with nat-
ural kinds at all, but what are sometimes called
social kinds. Science teachers, classes of learners,
schools, and the like do not have the degree of es-
sential qualities we expect of natural kinds. What
science teachers have in common qua science
teachers is largely contingent – science teachers
are developed (‘trained’) and not born.

Genuine natural kinds retain their properties re-

gardless of human culture (even if what humans
know of their properties can clearly change). Ar-
guably, a much-used category like acid (or oxid-
ising agent) does not strictly label a natural kind
in the way potassium does (Taber, 2019b). The
potassium concept has changed over time, but the
natural kind, potassium, itself has not. Yet the
acid concept – if indeed there is a single canon-
ical concept, which is moot – has changed its de-
fining properties in ways such that membership
of the category has changed over time. (That
is, not just the range of acids we know of has
changed, but so has which substances should be
considered acids according to different historical
scientific accounts.) This is not a matter of bet-
ter understanding the qualities of a natural kind,
acids, but of chemists redefining the acids concept
to be more convenient – and so shifting the de-
marcation between acid and not acid. However,
those (more genuine) natural kinds subsumed un-
der the broader acid concept (sulphuric acid, eth-
anoic acid, etc.) can be considered to have their
own essential properties.

Social kinds are quite different. What actually
counts as a school is a matter of social con-
vention and can change over time. The same
point can be made of effective teaching. A quiet
classroom where all the students sit at their desks
with their eyes on their textbooks or writing un-
der the watchful gaze of a teacher would have been
seen as a positive indicator in some cultural con-
texts, and a busy, noisy, classroom with students
moving about and interacting in groups while one
of their classmates actively disputes their teacher’s
presented account of some subject matter would
have been seen as unacceptable. This has shifted
over time, but not to the same extent in all national
contexts.
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Is replication overplayed in science?

We all learn that reproducibility is important in
science, and this is indeed so. When it was claimed
that power could be generated by ‘cold fusion’, sci-
entists did not simply accept this, but went about
trying it for themselves (Close, 1990). Over a
period of time a (near) consensus developed that,
when sufficient precautionsweremade tomeasure
energy inputs and outputs accurately, there was no
basis for considering a new revolutionary means
of power generation had been discovered. That
this process took some time reflects something
bench scientists will know, but which does not fit
the popular image of science. It has long been
recognised that there is a tacit dimension to sci-
entific work (Polanyi, 1962), and the formal pub-
lished technical account of a novel experiment is
often insufficient by itself to allow scientists to rep-
licate each other’s work (Collins, 1992). Indeed, it
has been claimed more generally:

In the normal way, scientific phenomena are not
reproducible with great reliability, but this is usu-
ally explained as being a consequence of scientists’
mistakes, or ‘anomalies’, or some anodyne formu-
lation such as ‘gremlins’ or the ‘fifth law of ther-
modynamics’. (Collins & Pinch, 1982/2009, p.
159)

However, it has also been argued that when his-
torical cases of scientific replications are studied,
it is found that, generally, scientists do not spend
a great deal of time trying to precisely reproduce
the published studies of others (at least, not un-
less they have reasons to suspect flawed work),
but actually usually set out to deliberately under-
take a related, but modified, experiment (Shapin
& Schaffer, 2011).

In part, this may relate to the widely discussed

belief that getting published in the most prestigi-
ous journals is unlikely when your paper reports
that you did exactly what was reported in a previ-
ously published study and found entirely compar-
able results. Even if scientists value replication as
a principle, the community awards novelty. Nobel
laureates are not normally cited for their careful
replication studies and contributions to the repro-
ducibility of someone else’s novel findings. How-
ever, this is also related to that assumption about
natural kinds: if one person has carefully obtained
a result with a sample or specimen of some nat-
ural kind, then, as long as they have worked care-
fully using appropriate, well-maintained, and cal-
ibrated apparatus, the reasonable default assump-
tion is that others should get similar findingswhen
working with another sample or specimen of the
same kind (Millikan, 1999). Precise replications
are therefore more likely to be attempted to chal-
lenge, rather than support, published results.

We can (or, rather, should) seldom make such an
assumption in educational research. This class of
14 years old students learning physics cannot be
assumed to respond to our interventions the same
way as that class of 14 years old students learn-
ing physics; this chemistry teacher cannot be as-
sumed to be able to master a new pedagogy as
well as that chemistry teacher; this biology under-
graduate cannot be assumed to have the same in-
tuitions about the natural world as that biology
undergraduate.

To a lesser extent, the life sciences face sim-
ilar issues: even genetically identical individuals
can vary considerably (Vogt et al., 2008) which
is why biologists, where practicable, commonly
use large sample sizes and statistical methods
rather than compare one mouse in condition A
with one mouse in condition B. However, nearly
always biologists are only having to deal with
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physiological variation – and do not have to con-
sider cultural issues, such as social class, cultural
norms, language of instruction, local national cur-
riculum, school ethos, and so forth.

The ideal of random control trials

Social scientists know how to respond to such a
challenge in principle. Perhaps you want to know
whether having students work in pairs will bet-
ter support learning about forces than individual
working of 11-12 year old students. To set up a
study all you need to do is:

1. Define your population of interest – so per-
haps you do not claim your research is about
11-12 year olds per se, but rather about 11-
12 year olds in England (or perhaps 11-12
year olds attending state schools in England,
or perhaps 11-12 year olds attending non-
selective state schools in England, or perhaps
11-12 year olds attending mixed-gender, non-
selective state schools in England, or…).

2. Then you identify the members of that popula-
tion – so, all the 11-12 year olds in England (or
all those attending state schools, or…).

3. Then you select a random sample of the pop-
ulation, large enough for the statistical tests
you intend to apply to be able to potentially of-
fer positive outcomes, and randomly assign the
sample to the two conditions.

Even readerswith no experience of educational re-
search are likely to appreciate that this never hap-
pens. Steps 2 and 3 are clearly non-feasible when
dealingwither large populations of this kind. Even
the issue of the unit of analysis is problematic: un-
less one has the resources to set up experimental

classes in laboratory conditions, one usually relies
on intact classes in schools being assigned to con-
ditions.

Not only do studies rarely draw upon a national
population, but many published studies in decent
journals are based only upon one class being as-
signed to each of two conditions. This usually
means that results can only be obtained by con-
sidering the individual learners as the units of ana-
lysis (even though it is well known that there are
interactions within classes such that the learner
variables cannot be assumed to be changing inde-
pendently).

Despite few, if any, studies approaching proced-
ures including steps 2 and 3 above, it is notable
that both the titles and conclusions of so many
educational studies offer universally generalised
findings about such social kinds as ‘14 year old
students learning physics’ or ‘chemistry teachers’
or ‘biology undergraduates’. Just as the results of
physics experiments carried out on Earth are as-
sumed to also apply in the vicinity of Alpha Cen-
tauri, many educational studies are reported as
though their findings about classes of 14 years old
students learning physics, or chemistry teachers,
or biology undergraduates, would be just as ap-
plicable whether these students or teachers were
based in Oxford, Tehran, St. Helena, or, indeed,
on a planet somewhere near Alpha Centauri.

There are many other complications: such as
choosing between having different teachers in the
different conditions, or assuming that employing
the same teacher for both classes controls for the
teacher effect – as if any teacher is just as effect-
ive in any teaching condition or working with
any class. (Again, the reader is referred to Taber,
2019a for further discussion). Arguably, being a
teacher is a social role, and is enacted interact-
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ively with a particular class: most teachers will
acknowledge that there is a sense in which they
have not been the same teacher across all their
classes. (Just as mischievous schoolchildren tend
to be naughty with some, but not all, their teach-
ers.) This is before it is considered that, unlike the
experimental subjects manipulated in the physical
sciences, teachers and school children’s behaviour
and teaching/learning can be strongly affected by
their expectations about the research they are part
of (Rosenthal & Rubin, 1978). Teachers are reg-
ularly reminded that it is important to have high
expectations of their students as this can make a
substantial difference to classroom outcomes – yet
this factor is seldom mentioned as a caveat in the
published reports of experimental studies in edu-
cation.

Experimental work in the science laboratory can
be useful because it allows identification, control,
and measurement of variables. Educational ex-
periments seldom identify all relevant variables
(as phenomena such as classroom teaching and
learning are very complex, and embedded in di-
verse and very particular contexts), let alone con-
trol or measure them all. That does not make an
experimental study invalid in its own context – but
it raises very substantial barriers to generalisation
from the context to some wider population.

What makes educational work scientific?

This leads me to the question, hinted at near the
outset of this essay, of whether we make our edu-
cational studies more scientific by aping scientific
research. I think that depends what is taken as the
model. A good deal of scientific work is experi-
mental in nature: yet, certainly not all. When ex-
perimental methods are inappropriate or not feas-
ible, then more naturalistic, observational meth-

ods are the more ‘scientific’ approach.

This has been recognised in education as well
(National Research Council Committee on Sci-
entific Principles for Educational Research, 2002).
Unfortunately, some national governments and
funding agencies are seduced by the perceived
gold standard of the randomised control trial
(Phillips, 2005), rather than recognising that when
the conditions needed for rigorous experiments
are not possible, it is better to choose what is vi-
able in the actual fieldwork circumstances that re-
searchers face, rather than look to an ideal that
needs to be so compromised that studies cannot
possibly be judged robust. In educational con-
texts, this will often (certainly not always) mean
that more is learnt from an in-depth case study
of an authentic episode of teaching-learning in a
well characterised and described particular con-
text, than attempts to use small, non-random, un-
representative samples of populations to attempt
to draw general conclusions about ‘what [univer-
sally] works’.

Unfortunately, although these debates are widely
rehearsed in educational research circles, science
education is disproportionally staffed by scient-
ists! Unlike, for example, history teachers or liter-
ature teachers, science teachers (and so, often, sci-
ence teacher educators, and science education re-
searchers) come to educational work with a back-
ground in the natural scienceswhereworkingwith
natural kinds, and the implicit assumptions that
such experimental subjects allow one to make in
undertaking and reporting research, colours how
they think about educational studies.
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Seeking incremental generalisation, rather
than reproducibility, in educational research

Inevitably, the evidence for the effectiveness of
most pedagogic, curriculum, or resource innov-
ations is not based on random control trials un-
dertaken with representative samples of the pop-
ulations that results are claimed to apply to. For
any particular innovation, it is likely the positive
evidence comes from a handful of studies, per-
haps scattered across different types of schools,
different grade levels, different languages of in-
struction, and carried out with somewhat arbit-
rary (rather than random) teachers and classes
where researchers could negotiate access and per-
suade teachers to implement something novel in
that context.

Perhaps, where these scattered studies do report
positive results from a wide range of teaching
and learning contexts we might be encouraged:
something seems to work both in elite schools
and in comprehensives; when taught in Span-
ish, and in Chinese, language contexts; in single-
sex Catholic schools, and in mixed-gender com-
munity schools serving multi-cultural communit-
ies; etcetera. However, we then run into the prob-
lem of publication bias (Franco, Malhotra, & Si-
monovits, 2014): the likelihood that the literat-
ure is systematically biased to report studies that
found significant differences, over those that failed
to obtain ‘positive’ results. With somany variables
at work, we cannot be confident that there are not
just as many unpublished studies, from a similarly
diverse set of unique teaching-learning contexts,
where the innovation did not seem to offer any im-
provement in desired educational outcomes.

This is without considering the contribution of
studies that report those ‘rhetorical’ experiments
I referred to earlier, where the researchers ensure

that the comparison condition by which the in-
novation is judged is a teaching condition widely
recognised as ineffective. This almost guaran-
tees that the experimental conditions, where the
teacher is given special training and the class have
a learning experience notably different from the
norm, will be more effective than the deliberately
humdrum instruction in the control condition,
almost regardless of the actual innovation sup-
posedly being tested.

Despite being quite critical of the state of experi-
mental research in education, I do not think the
situation is hopeless, as long as the community
can become more scientific by better following
the logic behind experimental work, rather than
simply trying to transfer the appearance of con-
trolled laboratory studies into messy social con-
texts where meaningful control is never going to
be possible.

One of the arguments made in my review (Taber,
2019a) is that even if strict replication is never go-
ing to be feasible in educational contexts, there is
still much value in seeing whether what worked
in one context will also work in another. It is
never possible to entirely characterise something
as complex as a teaching-learning episode embed-
ded in, and entangled with, its particular multi-
layered (classroom, plus institutional, plus cur-
riculum, plus cultural) context – or even to specify
the relevant characteristics of different classroom
teachers observed in different studies (what night
make a difference: age? gender? years of experi-
ence? teacher preparation regime? degree special-
ism? relationship with own parents?…).

There are going to be some teaching or curricular
innovations that will be generally effective when
implemented by enthusiastic and well-prepared
teachers. However, others will quite reasonably
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only tend to be found useful with, say, older stu-
dents, or with higher achieving students, or with
students in countries with a strong Confucian tra-
dition, or in contexts where students have already
mastered the basic skills needed for productive
classroom dialogue, or perhaps only in a particu-
lar educational context that is found on that planet
somewhere near Alpha Centauri.

It is therefore very important to move away from
treating social kinds as if they are natural kinds,
and so expecting that pedagogic or other innov-
ations either ‘work’ or ‘do not work’ and so be
universally worth (or not worth) implementing.
It is possible, however, to make some judgements
about where and when particular innovations are
worth recommending and expending resources
implementing, if instead of focusing on replica-
tion per sewe put the emphasis on profiling gener-
alisation in terms of the range of effective applica-
tion.

This will only be possible when researchers (and
journal editors) recognise the importance of char-
acterising the study context as well as they can for
readers of the research, rather than just reporting
along the lines that the work was undertaken with
15-16 year old students from an urban school in
Melbourne. Efficient programmes of research of
this kind require those planning individual studies
to be able to gauge the variation across previously
published studies. If the literature suggests mixed
outcomes from previous testing, then what is in-
dicated are further tests which can help determine
the kinds of conditions that (do and do not) favour
the effectiveness of the innovation from within the
broad range of populations that have given incon-
sistent outcomes. If, however, the literature sug-
gests something is very widely effective, then fur-
ther tests will be most useful in situations out-
side the scope of existing studies (has it yet been

tested with very young learners, with very disen-
gaged learners, with the gifted, with traumatised
students in migrant camps, with visually impaired
students…?)

Over time, then, such programmes of ‘rep-
lications’ offer an opportunity to build up
an account of the (multi-dimensional) ranges
of effectiveness of different teaching ap-
proaches/curricula/resources. This does rely on
‘negative’ results being published as well as ‘pos-
itive’ results. Knowing the characteristics of con-
texts where some innovation does not seem to be
effective avoids wasting the expenditure of pre-
cious teacher time and other resources imple-
menting something when the available evidence
suggests (we can never be sure of course) it is un-
likely to offer an educational return in a particular
teaching context. Indeed, it is not appropriate to
think of study outcomes as positive or negative rep-
lications, but contributions to building up a profile
of the pedagogic effectiveness of some innovation.
In this context, reporting a poor educational out-
come is as valuable as reporting a good outcome –
as long as we ignore our intuitions about research
studying natural kinds, and sufficiently charac-
terise the particular class of 14 years old students
learning physics, or chemistry teacher, or biology
undergraduate, that the study focuses on.
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Contributions can be sent direct to Michael
Matthews or Nathan Oseroff-Spicer.

Ideally, they might be pieces that are already on
the web, in which case a few paragraphs introduc-
tion, with link to web site can be sent, or else the
pieces will be put on the web with a link given in
the newsletter.

They will be archived in the opinion folder at the
hps&st web site: http://www.hpsst.com/.

PhD Theses in hps&st Domain

The hps&st newsletter is the ideal medium for
publicising and making known submitted and
awarded doctoral theses in the hps&st domain.

The following details should be submitted to the
editor at m.matthews@unsw.edu.au:

• Candidate’s name and email

• Institution

• Supervisor

• Thesis title

• Abstract of 100-300 words

• Web link when theses are required to be sub-
mitted for open search on web.

Vale: Mark Steiner (1942-2020)

Locked down in our homes, like so many around
the world, we, in Jerusalem, and elsewhere in the
philosophical community, are mourning the loss

of a beloved colleague, teacher, friend, and an out-
standing philosopher of science and mathemat-
ics. Mark Steiner, Professor of Philosophy at the
Philosophy Department of the Hebrew University
of Jerusalem, passed away on Monday, the sixth
of April after a relatively short struggle with the
Coronavirus. A week earlier he was still preparing
his classes on David Hume (via Zoom) and pursu-
ing his work onMaimonides, work that continued
to occupy him even during his first days in hos-
pital. That his intense intellectual activity contin-
ued almost to the very end is perhaps some consol-
ation, but at the same time it intensifies the feeling
of loss and untimeliness.

Mark Steiner was a wonderful person, cheerful
and optimistic, outspoken in his critique, but im-
mensely generous in his evaluation of colleagues’
and students’ work. A loving spouse and devoted
father, he was sensitive to the demands of student’s
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personal lives, in particular the demands of moth-
erhood. He not only believed in gender equal-
ity, he practiced it. His terrific sense of humour
made his profound classes and talks extraordinar-
ily witty and amusing.

Born in New York City, Steiner graduated from
Columbia College in 1965 (Summa cum Laude)
and gained his Ph.D. from Princeton University
in 1972. His teachers in Columbia, among them
Isaac Levi, SidneyMorgenbesser, and Charles Par-
sons became lifelong correspondents and friends,
as did his Princeton Dissertation Director, Paul
Benacerraf. He held several prestigious fellow-
ships and grants, including a Fulbright Fellow-
ship in Oxford in 1965-66, a Dibner Fellowship
at MIT in 1997-8, and grants from the National
Science Foundation and the Israel Academy of
Arts and Sciences. He was associate Professor at
Columbia University until 1977, when he moved
to the Hebrew University of Jerusalem, his home
university ever since. Here he became Full Pro-
fessor, Chair of the philosophy department (1989-
1996) and, in the last decade, Editor of Iyyun,
The Jerusalem Philosophical Quarterly. Of the nu-
merous talks he gave at conferences and lecture
tours in distinguished universities throughout the
world, Steiner was especially proud of the connec-
tion he established with Chinese philosophers. In
2013, he gave a two months graduate seminar on
Wittgenstein at the Sun Yat-Sen University and
on other occasions he delivered talks in Beijing,
Shanghai, and Guangzhou

In addition to the many papers he published in
leading philosophical periodicals and collections,
Steiner authored two influential books, Math-
ematical Knowledge (Cornell University Press,
1975) and The Applicability of Mathematics as a
Philosophical Problem (Harvard University Press,
1998). He translated three volumes from the Yid-

dish (adding notes an introduction): Faith and
Heresy, Principles of Philosophy, andAncient Greek
Philosophy, all by Reuven Agushewitz (published
by Yeshiva University Press, 2006, 2008, 2010 re-
spectively). He is the Academic Editor of a trans-
lation into Hebrew of Hume’s A Treatise of Hu-
man Nature, to which he wrote an extensive inter-
pretive essay as introduction (translation by Iftach
Brill, Shalem Press, 2013). In what follows, I will
try to provide a brief survey of some of Steiner’s
major contributions to philosophy.

Making the assumption that ‘most people know
somemathematical truths, and some people know
many’, Mathematical Knowledge raises the ques-
tion of how that knowledge is acquired, howmath-
ematical truths come to be known. Although
in this form, the question has been mostly ig-
nored, Steiner maintains that answers (purpor-
ted answers) could be extracted from some of the
central positions in the philosophy of mathem-
atics. If these purported answers turn out to be
unsatisfactory, or worse, if a philosophical posi-
tion implies that mathematical knowledge is im-
possible, that would count, according to Steiner,
against the position in question. The book con-
sists in an in depth examination of logicism, form-
alism and Platonism from the perspective of their
replies to the question regarding the acquisition of
mathematical knowledge. The examination casts
Platonism in a more favorable light than either lo-
gicism or formalism, but even Platonism, Steiner
argues, is hard pressed when faced with the chal-
lenge of providing an epistemology formathemat-
ics. Ontologically, Platonism is driven by an ana-
logy between the concrete material world and the
abstract realm of mathematics. But whereas the
typical answer to the question of how we come
to know the material world invoke perception, it
is not clear that there is an analogue of percep-
tion that can play the same role in the mathemat-
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ical realm. Epistemically, then, the analogy may
break down. (This worry is the focus of Ben-
acerraf ’s ‘WhatNumbersCould not Be’, Philosoph-
ical Review 74, 47-73). Seeking to retain the ana-
logy, Steiner concludes with a (cautious) defence
of mathematical intuition. Like perception, intu-
ition is not infallible, and does not provide con-
clusive justification, but acknowledging its exist-
ence throws light on how mathematicians (and
sometimes ordinary people) come to ’see’ math-
ematical truths.

Steiner’s commitment to mathematical truth and
mathematical knowledge sets him apart from po-
sitions that construe mathematics as formal, con-
tentless or conventional, and more generally from
positions that drive a wedge between mathemat-
ics and the empirical sciences. Indeed, like Quine
and Putnam, Steiner views mathematics as con-
tinuous with these sciences. ‘Mathematics is a
science, whose methods differ little, in principle,
from those of other sciences. …Mathematics can
be distinguished from the other sciences only by
its subject matter–not on the grounds that it has
none’ (mk, p. 21). Further, he is sympathetic to
the indispensability argument according to which
mathematics is part and parcel of science and is
therefore justified in the very same way that sci-
entific theories are justified, that is, by the truth
of the observation sentences these theories imply.
It would seem that this account of mathematics
provides a different answer to the question of how
we come to know mathematical truths than that
reached at the end of Mathematical Knowledge,
for we could say that the acquisition of mathem-
atical knowledge is no different than the acquisi-
tion of scientific knowledge. Steiner distinguishes,
however, between justification and acquisition.
While it may be true that the indispensability ar-
gument is relevant to the justification of mathem-
atical truths, it does not provide an answer to the

question of how we come to know them.

Interestingly, Steiner’s understanding of mathem-
atics as a science, on a par with other sciences,
led him (towards the end of Mathematical Know-
ledge) to dismiss the problemof the applicability of
mathematics: ‘Only a pseudoproblem, therefore,
lurks in the ‘applicability’ of mathematics to the
world’ (mk, p. 129). As it turned out, Steiner could
not leave it at that. His efforts to come to grips
with the allegedly ‘pseudo’ problem culminated is
another book – The Applicability of Mathematics
as a Philosophical Problem. It’s not (I guess) that
Steiner thought he was completely wrong. Rather,
he realised that there are several different prob-
lems going by the same name and that philosoph-
ical work is required to distinguish between them
and sieve out the ones that had been solved from
those that are still pending. Thus, Steiner argues,
two of the problems often referred to as problems
of the applicability of mathematics–the semantic
problem (of how the deduction from arithmet-
ical theorems to their applications works) and the
metaphysical problem (pointing to the ontological
gap between mathematics and the world) – had
already been solved by Frege. In both cases, the
crux of the matter is that for Frege numerals are
second-order predicates and the laws of arithmetic
are second-order laws which apply to concepts.
The concepts, in turn, are applicable to the phys-
ical world.

It is the unsolved problem of the applicability of
mathematics, however, that occupies Steiner in
this book and it is his response to this problem
that makes this work so daring and original. The
problem can be divided into two: First, how ex-
actly is mathematics applied; in what ways does
it underpin physical theory? Second, what makes
this kind of application work? Steiner takes it to
be an empirical fact that physicists describe the
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world in mathematical language and argues that
in so doing they base themselves on mathemat-
ical analogies. Mathematical analogies, he main-
tains, have become crucial for physics with the ex-
ploration of the atomic and subatomic world. For
it then became evident that as far as its physical
laws are concerned, the new terrain is fundament-
ally different from the old and that in exploring it
physical analogies would be of no avail. Mathem-
atical analogies use laws that cannot be couched
in nonmathematical terms, laws that prima facie
have no nonmathematical meaning. Moreover, in
some cases, the analogies used in modern phys-
ics are completely formal, that is, they are based
on the notation of the theories in question, not
on their contents. Steiner substantiates these
claims in great detail by analysing the develop-
ment of quantum mechanics, quantum chromo-
dynamics, and gauge theory. The abundance of
examples leads Steiner to claim that it is the overall
strategy that we should ponder, not its individual
instances.

Why should this strategy work? As the title of the
book indicates, grasping the depth of the question
is no less important than answering it. Accord-
ing to Steiner, mathematics is anthropocentric!
It is guided and defined by human criteria of
beauty and convenience, attributes to which the
world ‘out there’ is supposedly utterly indiffer-
ent. On this account of mathematics the success
of mathematical physics is indeed mind boggling.
Why should the world accommodate our idiosyn-
crasies? Mainstream philosophy of science is nat-
uralistic, that is, it denies homo sapience a priv-
ileged standing in the universe. Giordano Bruno,
Copernicus and Darwin, we are told, heralded
the naturalistic message and modern astronomy
and cosmology further confirm it. Steiner, how-
ever, begs to differ. The universe, he believes ‘is
(or rather: appears to be) an intellectually “user

friendly” universe, a universe which allows our
species to discover things about it’ (p. 8). The ap-
plicability of mathematics thus provides strikingly
new support for Divine grace. Hence, also, ‘the
importance of the enterprise of scientific inquiry
from a religious point of view’ (ibid.).

Let me now say a few words about some of
Steiner’s philosophical papers. In the years follow-
ing the publication of Mathematical Knowledge,
Steiner turned his attention from the notion of
knowledge to the notion of explanation. Not-
ing that mathematical proofs, even when equally
valid, can vary dramatically in explanatory force,
he sought to find out what it is that makes a proof
explanatory. Having shown that simple answers
such as generality and abstractness won’t work,
he proposed that ‘an explanatory proof makes ref-
erence to a characterising property of an entity
or structure mentioned in the theorem, such that
from the proof it is evident that the result de-
pends on the property’ (‘Mathematical Explana-
tion,’ Philosophical Studies, 34, p. 143). To sup-
port this claim Steiner goes over various proofs in
different areas of mathematics, the most familiar
of which is perhaps the proof of the Pythagorean
Theorem based on the characteristic property of
the right triangle–its decomposability into two tri-
angles similar to each other and to the whole.
While there are other proofs of the theorem, none
of them passes Steiner’s test for explanatory im-
port. This paper has spawned an ever growing lit-
erature about mathematical explanation itself and
about the relation of mathematical explanation to
scientific explanation, (For more on these devel-
opments, see Paulo Mancosu’s entry ‘Explanation
in Mathematics’ in the Stanford Encyclopedia of
Philosophy).

In ‘Mathematical Realism’ (Noûs 17, 1983, pp.
363-385) Steiner addresses the question of realism
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in mathematics, comparing it with the question of
scientific realism. In both areas, he contends, the
key is independence. If the same physical term
(property, quantity) plays an essential role in two
independent theories, there is good reason to see
the entity referred to by this term as real. And
similarly for mathematics. The number π is a sa-
lient example: its independent appearance in two
different areas of mathematics, geometry and in
analysis, attests, according to Steiner, to its reality.
From early on, Steiner was intrigued by Wittgen-
stein’s philosophy of mathematics. Though crit-
ical of several of Wittgenstein’s ideas, Steiner was
attracted to the view that mathematical rules de-
velop out of empirical generalisations ‘hardened’
into fixed rules. Steiner expounded this posi-
tion both as a novel interpretation of Wittgen-
stein’s later philosophy of mathematics and as a vi-
able understanding of mathematics, one that ties
mathematics to the empirical world.

Steiner had a long-standing interest in Jewish
philosophy. His earliest work was on non-
canonical figures like R. Israel Salanter (1810-
1883), the founder of the Musar movement, in
whose writing he identified a novel version of
virtue ethics. As part of his impressive know-
ledge of rabbinics which he pursued throughout
his life, Steiner was also an accomplished scholar
of Maimonides’ halakhic, or legal, writings. But
in the last decade Steiner ‘discovered’, as he put
it, Maimonides the philosopher and his Guide of
the Perplexed and over the last three years was
deeply engaged in its study. He was especially
interested in Maimonides’ metaphysics (e.g., his
conception of God, divine unity and incorpor-
eality, and the nature of divine knowledge), its
ramifications for idolatry and freedom of action,
and the relation between the philosophical views

put forth in the Guide and in Maimonides’ legal
code, the Mishneh Torah. He also explored un-
canny parallels between Hume’s physics in the
Treatise and the physical theory of the Kalam as
presented by Maimonides and implications for
our understanding of possibility and imaginabil-
ity (including contemporary work on this topic
by, e.g., Charles Parsons. At the time of his un-
timely passing, he was deeply engaged in explor-
ing Maimonides’ acquaintance with the great Is-
lamic critic of the falasifa (Aristotelian philosoph-
ers), Al-Ghazali. Although their relation is a
topic of current live debate, Steiner was focus-
ing on surprisingly unexplored sources for Mai-
monides’ arguments concerning creation, caus-
ation, and immortality. And philosopher that
he was, Steiner, unlike most other contemporary
Maimonides scholars, was most interested not in
what Maimonides believed, but in whether he had
the arguments that would justify his claims. Three
papers on these subjects have been published in
the last three years; additional manuscripts will
hopefully be prepared for publication in the near
future.

Writing these notes was a painful experience, but
at the same time it had a therapeutic effect in
giving me the illusion of being able to continue
the conversation, a conversation that went on for
several decades and ended, traumatically for me,
when Mark called from hospital but could no
longer talk.1

Yemima Ben-Menahem
The Hebrew University of Jerusalem

1I am grateful to Carl Posy for reading these notes and correcting a number of infelicities and to Josef Stern for writing
the section on Steiner’s engagement with Jewish Philosophy.
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Recent hps&st Research Articles

Principia: An International Journal of Epistemo-
logy (Vol. 23, N. 3., 2019)
Special Issue: Laws of Nature: Metaphysics
and Epistemology
Guest Editors: Bruno Borge & Renato Cani

History and Technology (Vol. 35, N. 4, 2019)
Special Issue: Biology and Technology Re-
framed: Historiographical Reflections and
Opportunities
Editors: Amy Slaton & Tiago Saraiva

Synthese (Vol. 197, Issue 3, March 2020)
Special Issue on Philosophical Methods (first
13 articles)
Editors: Anne-Maria A. Eder, Insa Lawler &
Raphael van Riel

Akgun, S., Kaya, E. (2020). How Do University
Students Perceive the Nature of Science?. Sci-
ence & Education.
doi:10.1007/s11191-020-00105-x online first

Allchin, D., & Werth, A.J. (2020). How We Think
About Human Nature: The Naturalizing Er-
ror. Philosophy of Science. doi:10.1086/708707
just accepted

Beveridge, A. (2020). Thomas Szasz: An
Appraisal of His Legacy. The British
Journal of Psychiatry, 216(4), 236-236.
doi:10.1192/bjp.2020.13 [Book Review]

Chen, Y. (2020). Dialogic Pathways to Man-
ageUncertainty for Productive Engagement in
Scientific Argumentation. Science & Educa-
tion. doi:10.1007/s11191-020-00111-z online
first

Davis, I. M. (2020). Antoni van Leeuwenhoek
and measuring the invisible: The context of
16th and 17th century micrometry. Studies
in History and Philosophy of Science Part A.
doi:10.1016/j.shpsa.2020.03.004 online first

Eliyahu, E.B., Assaraf, O.B.Z., & Lederman, J.S.
(2020). Do Not Just Do Science Inquiry, Un-
derstand It! The Views of Scientific Inquiry
of Israeli Middle School Students Enrolled in
a Scientific Reserve Course. Res Sci Educ.
doi:10.1007/s11165-020-09925-x online first

Gandolfi, H.E. (2020). “I Didn’t Know How
That Could Come to This Curriculum”:
Teacher’s Growth Through the Develop-
ment of Materials About Nature of Sci-
ence. Journal of Science Teacher Education.
doi:10.1080/1046560X.2020.1730049 online
first

Heering, P., Keck, J., & Rohlfs, G. A. (2020).
Laboratory Notes, Laboratory Experiences,
and Conceptual Analysis: Understanding
the Making of Ohm’s First Law in Electri-
city. Ber. Wissenschaftsgesch. 43, 7-17
doi:10.1002/bewi.201900019

Holtz, P., & Odağ, O. (2018). Popper was
not a Positivist: Why Critical Rationalism
Could be an Epistemology for Qualitative
as well as Quantitative Social Scientific Re-
search. Qualitative Research in Psychology
doi:10.1080/14780887.2018.1447622

Höttecke, D., Allchin, A. (2020). Reconcep-
tualizing nature‐of‐science education in the
age of social media. Science Education.
doi:10.1002/sce.21575 online first

Najami, N., Hugerat, M., Kabya, F. et al.
(2020). The Laboratory as a Vehicle for En-
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hancing Argumentation Among Pre-Service
Science Teachers. Science & Education.
doi:10.1007/s11191-020-00107-9 online first

Ochiai, H. (2020). Understanding mo-
lecular structure requires constructive
realism. Foundations of Chemistry.
doi:10.1007/s10698-020-09362-8 online first

Peters, U. (2020). Values in science: assess-
ing the case for mixed claims. Inquiry, 1-
12. doi:10.1080/0020174X.2020.1712235 on-
line first

Ruhl, C.P. (2020). “It’s better to forget phys-
ics”: The Idea of the Tactical Nuclear Weapon
in the Early Cold War. Phys. Perspect.
doi:10.1007/s00016-020-00251-3 online first

Siani, M., Yarden, A. (2020). “Evolution? I
Don’t Believe in It”: Theological Tensions Sur-
rounding the Implementation of Evolution in
the Israeli Curricula. Science & Education.
doi:10.1007/s11191-020-00109-7 online first

Stadermann, H.K.E. & Goedhart, M.J. (2020).
Secondary school students’ views of nature
of science in quantum physics. Inter-
national Journal of Science Education.
doi:10.1080/09500693.2020.1745926 online
first

van Dongen, J. (2020). In Europe. Phys. Perspect.
doi:10.1007/s00016-020-00252-2 online first

Recent hps&st Related Books

Blockley, David (2020). Creativity, Problem Solv-
ing, and Aesthetics in Engineering: Today’s En-
gineers Turning Dreams into Reality. Dordrecht:
Springer. isbn: 978-3-030-38257-5

“This book illuminates what engineering is and how
it relates to other disciplines such as art, architec-
ture, law, economics, science, technology, and even
religion. The author explains, from an intrinsic
as well as descriptive perspective, why engineering
is essential for our collective well-being, and how,
like medicine, it is undertaken by people, and for
people, to improve the human condition. He brings
out the ’magic’ of engineering practice as well as
addressing the darker aspects such as warfare and
the misuse of the internet. A too commonly held
view assumes that the practice of engineers is a cold,
purely quantitative and wholly technical enterprise
of applying know science, and devoid of creativity
or aestheticism.

In 2013 the United States National Academy of En-
gineering launched a campaign called “Changing
the Conversation, Messages for Improving Public
Understanding of Engineering” with four messages
to impart about engineers: that they make a world
of difference; are creative problem solvers; that they
help shape the future, and are essential to health,
happiness, and safety. In this volume, Professor
Blockley incorporate these messages into an en-
gaging exposition of engineering accomplishment
in all of its evolving diversity, from the technician
to the academic research engineer, illustrating the
continuum of thinking and purpose from the fixer
of the gas boiler to the designers of the A380 and the
iPhone.” (From the Publisher)

More information available here.

Cowles, Henry M. (2020). The Scientific Method:
An Evolution of Thinking from Darwin to Dewey.
Cambridge, MA: Harvard University Press.
isbn: 978-0-674-97619-1

“Henry Cowles has produced an extremely rich his-
tory of the idea of ‘the scientific method.’ He re-
counts its eventful life from the crucial period when
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modern science took shape, tracing the influences
of many diverse intellectual trends such as Darwin-
ism and pragmatism. This is a unique and exem-
plary blend of philosophical and historical schol-
arship, with pertinent lessons for the troubled re-
lationship between science and politics today.” –
Hasok Chang

“The idea of a single scientific method, shared
across specialties and teachable to ten-year-olds, is
just over a hundred years old. For centuries prior,
science had meant a kind of knowledge, made from
facts gathered through direct observation or de-
duced from first principles. But during the nine-
teenth century, science came to mean something
else: a way of thinking.

“The Scientific Method tells the story of how this
approach took hold in laboratories, the field, and
eventually classrooms, where science was once
taught as a natural process. Henry M. Cowles re-
veals the intertwined histories of evolution and ex-
periment, from Charles Darwin’s theory of natural
selection to John Dewey’s vision for science edu-
cation. Darwin portrayed nature as akin to a man
of science, experimenting through evolution, while
his followers turned his theory onto the mind itself.
Psychologists reimagined the scientific method as a
problem-solving adaptation, a basic feature of cog-
nition that had helped humans prosper. This was
how Dewey and other educators taught science at
the turn of the twentieth century–but their organic
account was not to last. Soon, the scientific method
was reimagined as a means of controlling nature,
not a product of it. By shedding its roots in evolu-
tionary theory, the scientific method came to seem
far less natural, but far more powerful.

“This book reveals the origin of a fundamental
modern concept. Once seen as a natural adapta-
tion, the method soon became a symbol of science’s
power over nature, a power that, until recently, has
rarely been called into question.” (From the Pub-
lisher)

More information available here.

Lee, Edward A. (2020). The Coevolution: The En-
twined Futures of Humans and Machines. Cam-
bridge, MA: The mit Press.
isbn: 978-0-262-04393-9

“Are humans defining technology, or is technology
defining humans? In this book, Edward Ashford
Lee considers the case that we are less in control
of the trajectory of technology than we think. It
shapes us as much as we shape it, and it may be
more defensible to think of technology as the res-
ult of a Darwinian coevolution than the result of
top-down intelligent design. RichardDawkins fam-
ously said that a chicken is an egg’s way of making
another egg. Is a human a computer’s way of mak-
ing another computer? To understand this question
requires a deep dive into how evolution works, how
humans are different from computers, and how the
way technology develops resembles the emergence
of a new life form on our planet.

“Lee presents the case for considering digital beings
to be living, then offers counterarguments. What
we humans do with our minds is more than com-
putation, andwhat digital systems do–be teleported
at the speed of light, backed up, and restored–may
never be possible for humans. To believe that we
are simply computations, he argues, is a “dataist”
faith and scientifically indefensible. Digital beings
depend on humans–and humans depend on digital
beings. More likely than a planetarywipe-out of hu-
manity is an ongoing, symbiotic coevolution of cul-
ture and technology” (From the Publisher)

More information available here.

Mazzotti, Massimo (Ed.) (2020). The History of
Science. Abingdon, UK: Routledge.
isbn: 978-0-415-74441-6
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“Science is one of the main features of the con-
temporary world, and shapes our lives to an extent
that has no precedents in history. Yet science as
we know it today is the outcome of contingent so-
cial processes, and its global success is far from self-
explanatory. How did it happen? How did science
emerge in history and became the most authoritat-
ive source of knowledge available in latemodern so-
cieties? This set of volumes addresses these crucial
questions through a selection of exemplary public-
ations spanning antiquity to the present day. The
reader will find an effective survey of the best schol-
arship in this rapidly growing field, and amap of the
main revolutions as well as the long-term continu-
ities that have characterised our understanding the
world and our attempts to control it.

The collection brings together areas of inquiry that
have become increasingly distant and specialised,
such as the history of antique science or Cold War
studies, within broader narratives of the making
of the modern world. They also reassess the tra-
ditional assumption of the exclusively Greek and
Western origins of modern science, situating relev-
ant knowledge, practices, and artefacts within the
global networks that sustained them: in ancient as
well as inmodern times. The gatheredmaterials ad-
dress key historiographical issues, such as the rela-
tionship between science, magic, and religion; the
role of science in nation-building processes; and
the relationship between science and technology.”
(From the Publisher)

More information available here.

McEvoy, Rory, & Betts, Jonathan (Eds.) (2020).
Harrison Decoded: Towards A Perfect Pendulum
Clock. Oxford, UK: Oxford University Press.
isbn: 978-0-198-81681-2

“The essays in this fascinating book effectively chart
the progress of an extraordinary experiment, con-

ducted over decades but with a recent, and very re-
markable outcome” – James Nye, The Antiquarian
Horological Society Chairman

“Combining historical context, technical details
and experimental information, this well-illustrated
edited collection describes the challenges as well as
the delights of historical reconstruction.” – Patricia
Fara, Emeritus Fellow of Claire College, Cambridge

“The authors provide a wonderful vindication of a
native genius, following the original work of Mar-
tin Burgess. They give us an explanation of an al-
ternative technology to the one accepted for the past
300 years, when it comes to the design of a mech-
anical precision timekeeper.” – Anthony Randall,
Winner of the Tomplon Medal from The Clock-
maker’s Company

“This authoritative and accessible collection of es-
says tells the fascinating story of [the great clock-
maker John Harrison], and how Harrison’s en-
igmatic and astute eighteenth-century account of
high-reliability pendulum motion and timekeeping
was at last vindicated.” – Simon Schaffer, University
of Cambridge

More information available here.

Mercelis, Joris (2020). BeyondBakelite: Leo Baeke-
land and the Business of Science and Invention.
Cambridge, MA: The mit Press.
isbn: 978-0-262-53869-5

“The Belgian-born American chemist, inventor,
and entrepreneur Leo Baekeland (1863–1944) is
best known for his invention of the first synthetic
plastic–his near-namesake Bakelite–which had ap-
plications ranging from electrical insulators to Art
Deco jewellery. Toward the end of his career,
Baekeland was called the “father of plastics”–given
credit for the establishment of a sector to which
many other researchers, inventors, and firms inside
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and outside the United States had also made signi-
ficant contributions. In Beyond Bakelite, Joris Mer-
celis examines Baekeland’s career, using it as a lens
through which to view the changing relationships
between science and industry on both sides of the
Atlantic in the late nineteenth and early twentieth
centuries. He gives special attention to the intellec-
tual property strategies and scientific entrepreneur-
ship of the period, making clear their relevance to
contemporary concerns.

“Mercelis describes the growth of what he terms
the “science-industry nexus” and the developing in-
terdependence of science and industry. After ex-
amining Baekeland’s emergence as a pragmatic in-
novator and leader in scientific circles, Mercelis
analyses Baekeland’s international and domestic IP
strategies and his efforts to reform the US patent
system; his dual roles as scientist and industrial-
ist; the importance of theoretical knowledge to the
science-industry nexus; and the American Bakelite
companies’ research and development practices,
technically oriented sales approach, and remuner-
ation schemes. Mercelis argues that the expansion
and transformation of the science-industry nexus
shaped the careers and legacies of Baekeland and
many of his contemporaries.” (From the Publisher)

More information available here.

Merchant, Carolyn (2020). The Anthropocene and
the Humanities: From Climate Change to a New
Age of Sustainability. New Haven, CT: Yale Uni-
versity Press. isbn: 978-0-300-24423-6

“From noted environmental historian Carolyn
Merchant, this book focuses on the original concept
of the Anthropocene first proposed by Paul Crutzen
andEugene Stoermer in their foundational 2000 pa-
per. It undertakes a broad investigation into the
ways in which science, technology, and the human-
ities can create a new and compelling awareness of
human impacts on the environment.

“Using history, art, literature, religion, philosophy,
ethics, and justice as the focal points, Merchant
traces key figures and developments in the human-
ities throughout the Anthropocene era and explores
how these disciplines might influence sustainabil-
ity in the next century. Wide-ranging and access-
ible, this book from an eminent scholar in environ-
mental history and philosophy argues for replacing
theAge of the Anthropocenewith a newAge of Sus-
tainability.” (From the Publisher)

More information available here.

Niaz, Mansoor (2020). Feyerabend’s Epistemo-
logical Anarchism: How Science Works and its
Importance for Science Education. Dordrecht:
Springer. isbn: 978-3-030-36858-6

“This book argues that the traditional image of Fey-
erabend is erroneous and that, contrary to com-
mon belief, he was a great admirer of science. It
shows how Feyerabend presented a vision of sci-
ence that represented how science really works. Be-
sides giving a theoretical framework based on Feye-
rabend’s philosophy of science, the book offers cri-
teria that can help readers to evaluate and under-
stand research reported in important international
science education journals, with respect to Feye-
rabend’s epistemological anarchism. The book in-
cludes an evaluation of general chemistry and phys-
ics textbooks.

“Most science curricula and textbooks provide the
following advice to students: Do not allow theories
in contradictionwith observations, and all scientific
theories must be formulated inductively based on
experimental facts. Feyerabend questioned this
widely prevalent premise of science education in
most parts of the world, and in contrast gave the
following advice: Scientists can accept a hypothesis
despite experimental evidence to the contrary and
scientific theories are not always consistent with
all the experimental data. No wonder Feyerabend
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became a controversial philosopher and was con-
sidered to be against rationalism and anti-science.
Recent research in philosophy of science, however,
has shown that most of Feyerabend’s philosophical
ideas are in agreement with recent trends in the 21st
century. Of the 120 articles from science education
journals, evaluated in this book only 9% recognised
that Feyerabend was presenting a plurality of per-
spectives based on how science really works. Fur-
thermore, it has been shown that Feyerabend could
even be considered as a perspectival realist. Among
other aspects, Feyerabend emphasised that in order
to look for breakthroughs in science one does not
have to be complacent about the truth of the theor-
ies but rather has to look for opportunities to ‘break
rules’ or ‘violate categories.’” (From the Publisher)

More information available here.

Nielsen, Michael (2020). Reinventing Discovery:
The New Era of Networked Science. Princeton, NJ:
Princeton University Press.
isbn: 978-0-691-20284-6

“Reinventing Discovery argues that we are living at
the dawn of the most dramatic change in science
in more than three hundred years. This change is
being driven by powerful cognitive tools, enabled
by the internet, which are greatly accelerating sci-
entific discovery. There are many books about how
the internet is changing business, the workplace, or
government. But this is the first book about some-
thing much more fundamental: how the internet
is transforming our collective intelligence and our
understanding of the world. From the collaborative
mathematicians of the Polymath Project to the am-
ateur astronomers of Galaxy Zoo, Reinventing Dis-
covery tells the exciting story of the unprecedented
new era in networked science. It will interest any-
one who wants to learn about how the online world
is revolutionising scientific discovery–and why the
revolution is just beginning.” (From the Publisher)

More information available here.

Taber, K. S. (2019). The Nature of the Chem-
ical Concept: Constructing chemical knowledge in
teaching and learning. Cambridge: Royal Society
of Chemistry. isbn: 978-1-78262-460-8

“The features of chemistry that make it such a fas-
cinating and engaging subject to teach also con-
tribute to it being a challenging subject for many
learners. Chemistry draws upon a wide range of ab-
stract concepts, which are embedded in a large body
of theoretical knowledge. As a science, chemistry
offers ideas that are the products of scientists’ creat-
ive imaginations, and yet which are motivated and
constrained by observations of natural phenomena.

“Chemistry is often discussed and taught largely in
terms of non-observable theoretical entities – such
as molecules and electrons and orbitals – which
probably seem as familiar and real to a chemistry
teacher as Bunsen burners: and, yet, comprise a
realm as alien and strange tomany students as some
learners’ own alternative conceptions (‘misconcep-
tions’) may appear to the teacher.

“All chemistry teachers know that chemistry is a
conceptual subject, especially at the upper end of
secondary school and at university level, and that
some students struggle to understand many chem-
ical ideas. This book offers a step-by-step ana-
lysis and discussion of just why some students find
chemistry difficult, by examining the nature of
chemistry concepts, and how they are communic-
ated and learnt. The book considers the idea of
concepts itself; draws upon case studies of how ca-
nonical chemical concepts have developed; explores
how chemical concepts become represented in cur-
riculum and in classroom teaching; and discusses
how conceptual learning and development occurs.
This book will be invaluable to anyone interested in
teaching and learning and offers guidance to teach-
ers looking to make sense of, and respond to, the
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challenges of teaching chemistry.” (From the Pub-
lisher)

More information available here.

Valles, Sean A (2019). Philosophy of Population
Health: Philosophy for a New Public Health Era.
Abingdon, UK: Routledge.
isbn: 978-0-367-35862-4

“Population health has recently grown from a
series of loosely connected critiques of twentieth-
century public health and medicine into a the-
oretical framework with a corresponding field of
research–population health science. Its approach is
to promote the public’s health through improving
everyday human life: afford-able nutritious food,
clean air, safe places where children can play, liv-
ing wages, etc. It recognises that addressing con-
temporary health challenges such as the prevalence
of type 2 diabetes will take much more than good
hospitals and public health departments.

“Blending philosophy of science/medicine, public
health ethics and history, this book offers a frame-
work that explains, analyses and largely endorses
the features that define this relatively new field.
Presenting a philosophical perspective, Valles helps
to clarify what these features are and why they mat-
ter, including: searching for health’s ”upstream”
causes in social life, embracing a professional com-
mitment to studying and ameliorating the stagger-
ing health inequities in and between populations;
and reforming scientific practices to foster humility
and respect among themany scientists andnon- sci-
entists who must work collaboratively to promote
health.

“Featuring illustrative case studies from around the
globe at the end of all main chapters, this radical
monograph is written to be accessible to all schol-
ars and advanced students who have an interest in
health–from public health students to professional
philosophers.” (From the Publisher)

More information available here.

Watson, Katherine D. (2019). Medicine and
Justice: Medico-Legal Practice in England and
Wales, 1700-1914. Abingdon, UK: Routledge.
isbn: 978-1-472-45412-6

“This monograph makes a major new contribution
to the historiography of criminal justice in England
andWales by focusing on the intersection of the his-
tory of law and crime with medical history. It does
this through the lens provided by one group of his-
torical actors, medical professionals who gave evid-
ence in criminal proceedings. They are themeans of
illuminating the developing methods and person-
nel associated with investigating and prosecuting
crime in the eighteenth and nineteenth centuries,
when two linchpins of modern society, centralised
policing and the adversarial criminal trial, emerged
and matured. The book is devoted to two central
questions: what did medical practitioners contrib-
ute to the investigation of serious violent crime in
the period 1700 to 1914, and what impact did this
have on the process of criminal justice? Drawing
on the details of 2,600 cases of infanticide, murder
and rape which occurred in central England, Wales
and London, the book offers a comparative long-
term perspective on medico-legal practice – that
is, what doctors actually did when they were faced
with a body that had become the object of a crim-
inal investigation. It argues that medico-legal work
developed in tandem with and was shaped by the
needs of two evolving processes: pre-trial invest-
igative procedures dominated successively by cor-
oners, magistrates and the police; and criminal tri-
als in which lawyers moved from the periphery to
the centre of courtroom proceedings. In bringing
together for the first time four groups of special-
ists – doctors, coroners, lawyers and police officers
– this study offers a new interpretation of the pro-
cesses that shaped the modern criminal justice sys-
tem.” (From the Publisher)
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More information available here.

Wilson, Ross J. (2020). Natural History: Herit-
age, Place and Politics. Abingdon, UK: Routledge.
isbn: 978-0-367-24412-5

“The concept of ‘natural heritage’ has become in-
creasingly significant with the threat of dwindling
resources, environmental degradation and climatic
change. As humanity’s impact on the condition of
life on earth has become more prominent, a dis-
cernible shift in the relationship between western
society and the environment has taken place. This is
reflective of wider historical processes which reveal
a constantly changing association between human-
ity’s definition and perception of what ’nature’ con-
stitutes or what can be defined as ‘natural’. From the
ornate collections of specimens which formed the
basis of a distinct concept of ‘nature’ emerging dur-
ing the Enlightenment, this definition and thewider
relationship between humanity and natural history
have reflected issues of identity, place and politics
in the modern era.

“This book examines this process and focuses on the
ideas, values and agendas that have defined the rep-
resentation and reception of the history of the nat-
ural world, including geology and palaeontology,
within contemporary society, addressing how the
heritage of natural history, whether through mu-
seums, parks, tourist sites or popular culture is used
to shape social, political, cultural andmoral identit-
ies. It will be of interest to scholars and practition-
ers within heritage studies, public history, ecology,
environmental studies and geography.” (from the
Publisher)

More information available here.

Wragge-Morley, Alexander (2020). Aesthetic Sci-
ence: Representing Nature in The Royal Society of

London, 1650-1720. Chicago, IL: Chicago Univer-
sity Press. isbn: 978-0-226-68086-6

“The scientists affiliated with the early Royal Society
of London have long been regarded as forerunners
of modern empiricism, rejecting the symbolic and
moral goals of Renaissance natural history in favour
of plainly representing the world as it really was. In
Aesthetic Science, Alexander Wragge-Morley chal-
lenges this interpretation by arguing that key figures
such as John Ray, Robert Boyle, Nehemiah Grew,
Robert Hooke, and Thomas Willis saw the study of
nature as an aesthetic project.

“To show how early modern naturalists conceived
of the interplay between sensory experience and
the production of knowledge, Aesthetic Science ex-
plores natural-historical and anatomical works of
the Royal Society through the lens of the aesthetic.
By underscoring the importance of subjective ex-
perience to the communication of knowledge about
nature, Wragge-Morley offers a groundbreaking
reconsideration of scientific representation in the
earlymodern period and brings to light the hitherto
overlooked role of aesthetic experience in the his-
tory of the empirical sciences.” (From the Pub-
lisher)

More information available here.

Authors of hps&st-related papers and books
are invited to bring them to attention of
Paulo Maurício or Nathan Oseroff-Spicer for
inclusion in these sections.

Coming hps&st Related Confer-
ences

May 11-14, 2020, Sixth International Conference
on the Nature and Ontology of Spacetime. Al-

36

https://tinyurl.com/te262qf
https://www.routledge.com/Natural-History-Heritage-Place-and-Politics/Wilson/p/book/9780367244125
https://www.press.uchicago.edu/ucp/books/book/chicago/A/bo46479577.html
mailto:paulo.asterix@gmail.com
mailto:nathanoseroff@gmail.com


april 2020 hps&st newsletter

bena, Bulgaria.
More information available here.

May 13-15, 2020, Public Engagement with Sci-
ence, Workshop. University of Cincinnati
Details: https://ucengagingscience.org/workshop/.

May 15-16, 2020, Public History of Science Con-
ference, Railway Museum, York, UK
Details available here.

June 8-12, 2020, Philosophy of Biology at the
Mountains (pobam), Workshop, University of
Utah.
Details available here.

June 16-17, 2020, InternationalWorkshop onDis-
ciplinary Identity: Insights from the History and
Philosophy of Chemistry. Hebrew University of
Jerusalem, Israel.
Details available here.

June 17-19, 2020, Fourth International History of
Physics Conference, Trinity College Dublin
Details available here.

June 29 – July 3, 2020, Objects of Understand-
ing: Historical Perspectives on Material Arte-
facts and Practices in Science Education. Europa-
Universität, Flensburg, Germany.
Inquiries at OoU-conference@uni-flensburg.de

June 29 – July 1, 2020, Measurement at the Cross-
roads 2020 – Measuring and Modeling. Milan,
Italy.
More information available here.

June 30 – July 2, 2020, 7th annual conference of the
International Association for Philosophy of Time.
Barcelona, Spain.
Inquiries at iapt7barcelona@gmail.com

July 1-3, 2020, ‘STEMM and Belief in Diverse

Contexts: Publics, Praxis, Policy and Pluralism’,
Stellenbosch, South Africa
Details available here.

July 2-4, 2020, 4th International Conference on
Science and Literature, University of Girona,
Spain.
Details at: http://icscienceandliterature.com/

July 7-10, 2020, Society for Philosophy of Sci-
ence in Practice (spsp) Eighth Biennial Confer-
ence, Michigan State University, USA
Details available here.

July 8-11, 2020, British Society for History of Sci-
ence Annual Conference, Aberystwyth Univer-
sity, Wales.
Information at: http://bshsaberystwyth2020.info/

July 9-11, 2020, 6th International stem in Educa-
tion Conference, Vancouver, Canada.
Details at: www.stem2020.ubc.ca

July 15-17, 2020, 8th Integrated History and
Philosophy of Science Conference (&hps8). Vir-
ginia Tech, Blacksburg VA.
Information: Lydia Patton (critique@vt.edu) or
Jutta Schickore (jschicko@indiana.edu)

July 21-23, 2020, 24th Conference of the Inter-
national Society for the Philosophy of Chemistry.
Buenos Aires, Argentina.
More information available here.

July 27-31, 2020, Summer School on “Open sci-
ence”: ambivalences and tensions – New bor-
derlands between science, technology and society
(Donostia-San Sebastian, Spain.
Details available here or
Lilia Bolz (lilia.bolz@humtec.rwth‐aachen.de).

August 10-14, 2020, Bayesian Epistemology: Per-
spectives and Challenges. mcmp, lmu Munich.
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Details available here.

August 18-21, 2020, easst + 4S Joint Conference,
Prague
Details available here.

August 31 – September 3, 2020, European Society
for History of Science Biennial Conference, Bo-
logna
Details available here.

September 9-11, 2020. The 8th Congress of the
Society for the Philosophy of Science. University
of Mons, Belgium.
Details available here.

September 14-19, 2020, 39th annual symposium
of the Scientific Instrument Commission, London
Details available here.

October 8-9, 2020 Conference on Science & Tech-
nology Education, Porto, Portugal
Details available here.

October 8-11, 2020, History of Science Society
Annual Conference, New Orleans
Details available here.

November 19-22, 2020, Twenty-Seventh Biennial
Meeting of the psa. Baltimore, Maryland
Details available here.

July 4-8, 2021, ihpst 16th International Confer-
ence, University of Calgary, Canada
Details from Glenn Dolphin:
glenn.dolphin@ucalgary.ca.

July 25-31, 2021, 26th International Congress of
History of Science andTechnology (dhst), Prague
Information: https://www.ichst2021.org/

September 20-22, 2021, ‘Developing Mario
Bunge’s Scientific-Philosophical Programme’,
Huaguang Academy of Information Science,

Wuhan, China
Details from Zongrong LI 2320129239@qq.com.

July 24-29, 2023, 17th dlmpst Congress, Univer-
sity of Buenos Aires Information: Pablo Loren-
zano, pablo@unq.edu.ar.

hps&st Related Organisations and
Websites

iuhpst – International Union of History, Philo-
sophy, Science, and Technology

dlmpst – Division of Logic, Mathematics, Philo-
sophy, Science, and Technology

dhst – Division of History, Science, and Techno-
logy

ihpst – International History, Philosophy, and
Science Teaching Group

narst – National Association for Research in Sci-
ence Teaching

esera – European Science Education Research
Association

asera – Australasian Science Education Research
Association

icase – International Council of Associations for
Science Education

unesco – Education

hss – History of Science Society

eshs – European Society for theHistory of Science

aha – American History Association

isheastme – International Society for the History
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of East Asian History of Science Technology and
Medicine

bshs – British Society for History of Science

epsa – European Philosophy of Science Associ-
ation

aahpsss - The Australasian Association for the
History, Philosophy, and Social Studies of Science

hopos – International Society for the History of
Philosophy of Science

psa – Philosophy of Science Association

bsps – The British Society for the Philosophy of
Science

spsp – The Society for Philosophy of Science in
Practice

ishpsb – The International Society for the His-
tory, Philosophy, and Social Studies of Biology

pes – The Philosophy of Education Society (USA)

The above list is updated and kept on the hps&st
website here.

hps&st-related organisations wishing their web
page to be added to the list should contact assistant
editor Paulo Maurício (paulo.asterix@gmail.com)

The newsletter is typeset in XeLaTeX.
The font is Minion Pro.
The cover image is used with permission from
https://pixabay.com/, free for commercial use.
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