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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
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
vitamin C cures the common cold’ or ‘John Dewey

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,
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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?

Whatis Meant by ‘Replicable’ and Why 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
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-
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ficant and non-significant results will be achieved.
The researcher does not know from a single in-
vestigation whether 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
in many 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
not make mindful decisions as to how they will re-

spond to a certain condition.
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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 than will 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.

What is meant by ‘Generalisable’ and Why 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 the most 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
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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
What Works 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-
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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 the wolves’ 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.
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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 varying methods were 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 in mainstream 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.

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-

€rs.

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
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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

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

with motivation, 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
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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. The most 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

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, Bradley Alger (February 2020) asked if we

8

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
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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-
category within 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

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
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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 (which will 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 know has 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 covip-
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 (sArRs-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.
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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 Newtons 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

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 offen 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, and what 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-

11



HPS&ST NEWSLETTER

MARCH 2020

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
(That

is, not just the range of acids we know of has

of the category has changed over time.

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.

12

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 precautions were made to measure
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
& Schafter, 2011).

In part, this may relate to the widely discussed
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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-
tully using appropriate, well-maintained, and cal-
ibrated apparatus, the reasonable default assump-
tion is that others should get similar findings when
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

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 readers with no experience of educational re-
search are likely to appreciate that this never hap-
pens. Steps 2 and 3 are clearly non-feasible when
dealing wither 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
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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-
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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 sciences where working with
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.

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 so many 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
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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 se we 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
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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 different ap-

proaches/curricula/resources. This does rely on

of effectiveness teaching
‘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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