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Science, superstition, or confidence trick:

Do science educators have too much faith in the experiment?

Abstract

A rigorous experiment is rightly considered an especially informative research tool. But doing rigorous experiments
in education is very challenging.A poorly designed experiment may tell us very little.Yet the literature includes a
vast number of experimental studies in science education. Here | make an argument that:

* Often these are very small scale studies with unrepresentative populations;
* Often the extent of control of variables would not pass for 'fair testing' in a school laboratory exercise;

* There is a sleight of hand commonly used to (mis)apply statistical tests to treat samples as much larger than
they are;

* Sometimes authors draw conclusions contrary to their results; and
 Sometimes inappropriate (unethical) control conditions are imposed on learners for the sake of research.

I will pose, and reflect on, the question of why so many of these flawed studies get undertaken in science
education and published in peer-reviewed journals

The thesis

The thesis | am advancing is that there is a phenomenon to be explained. That phenomenon is that the
science education research literature includes a very large number of studies that are experimental in
nature, but which do not meet the criteria for being valid experiments. Many of these are published in
regional or national journals, but there are plenty in more prestigious journals. Perhaps everybody involved -
authors, peer reviewers, editors - recognise the problem with these studies, and see their findings as purely

indicative - but often that is not the impression given by their framing and phrasing.
| argue that

* Experimental method is often the appropriate approach in seeking new knowledge in the natural
sciences;

* Experimental method is much more challenging in the social sciences;
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* Valid experiments are (at the least) very rare in small-scale studies of teaching and learning;
* Yet, the science education literature includes a vast number of such studies, which do not support

robust conclusions.

This needs explaining! My focus here is on experiments that involve a small number of teachers and

classes...
Indeed, the prototype of this type of study involves

* one class in the experimental treatment condition

* another class being the comparison class

Sometimes both classes are taught by the same teacher, sometime not. Sometimes the classes are not even
from the same school. Other studies may have just two or three classes in each condition.A good many

published studies are of this kind.

Key issues

There is a host of difficulties in doing experimental studies into classroom teaching, and | have published an

account of a number of these in a review for Studies in Science Education. Here | wish to focus on, and

illustrate, a few themes

* Control of variables

* Representativeness and generalisability

* ldentifying independent units of analysis

* Inadequate tests of equivalence

* Rhetorical experiments and unethical controls

* Falsifying conclusions

Control of variables

Now a good experiment involves three classes of variable:

* the thing we are deliberately changing,
* the thing we allow to vary to see if, and if so how, it changes, and

* everything else which could have an effect, and, so, is not allowed to change.

To do an experiment could be seen as in large part controlling all the other things that could effect our
results and confuse the possible dependency of the dependent variable upon our planned intervention. A

poor experiment has a fourth class of variable. These are all the things that should be in the controlled
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category, but which we do not control. Confounding variables confound our study because we logically need

to caveat the conclusions with an 'unless this was due to something else'.

Now, even in the natural sciences, there can be confounding variables, because it is never possible to control
everything that we might imagine could be considered a variable, so, on theoretical grounds, we dismiss such
possibilities as the relevance of a researcher's hair colour or whether they use their left or right eye to look
into the microscope.We use existing theoretical knowledge to judge what we can ignore. Even here, it
sometimes transpires there was a pertinent variable that influences results, but which had been assumed to

be irrelevant, or was even unknown to the researchers.

In the social sciences, control of variables is very much more challenging. For one thing, we usually work in
naturally occurring social contexts, rather than isolate systems for laboratory manipulation. Another major
difference is that physicists and chemists do not have to consider what their research materials think about
them, or expect to happen in their experiments.A piece of alloy, or a solution of an oxidising agent, has no
preconceptions about the outcome of the experiment, and does not have an attitude to the researcher.You

do not need to develop rapport with your test tubes.

Indeed, if you have an active imagination, you can likely think of feasible scenarios when any number of
things could effect the outcomes of an educational experiment such as student learning. | do not think it is

an exaggeration to argue that in the case of an educational experiment:

* we often cannot identify all the variables which might have an effect;
* even when we can identify them, we often do not know how to meaningfully measure them;

* even if we can measure them, we may not have a way of holding them at a constant value.

That need not prevent experimental studies where you have large enough samples that are representative
of a population to be able to assume that statistics can tell you whether any outcomes are unlikely to to be
due to such chance factors.This is a point | will return to. It is a problem, though, in any studies with small,
unrepresentative, samples. And most of the published experiments in the educational literature have small,

unrepresentative, samples.

As one example of the kinds of issues that can arise, | was impressed to read this comment in a research

paper.

"The ambiguous results of research comparing IBSE [enquiry-based science education]
with other teaching methods may result from the fact that often teaching methods used in
the control groups have not been clearly defined, merely referred to as 'traditional
teaching methods' with no further specification, or there has been no control group at all."

The authors had noticed that in many experimental studies the experimental treatment is well defined, but

the control condition is anything but controlled. It is actually laissez-faire, anything goes, as long as the
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teacher avoids the approach being taken in the experimental condition.This seemed a fair point, so | read

on to see how they managed this issue in their own study:

"The teaching method as an independent variable was manipulated to identify its effect on
the dependent variable (in this case, knowledge and skills)...

In the control group, teachers revised the topic using methods of their choice, e.g.
questions & answers, oral and written revision, textbook studying, demonstration
experiments, laboratory work."

It seems that raising an issue which undermines the ability to draw clear conclusions from a study does not

impose a requirement to address the issue in your own study!

Students studying qualitative analysis in school science

hours of instruction studying qualitative analysis mean score on post-test
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What might we conclude?

Now here | present the results | found in a published research study.As you see, three classes were taught
the topic of chemical qualitative analysis for different lengths of time. Afterwards, the average performance
of the students in these classes was found to vary. | wonder what you think we might be able to conclude

from this study?

Now, as you may have guessed, | was not giving you all the details. Here | reveal more. One class had three
lessons in the lab. But that class was outperformed by a class that had five lessons of paper-based learning

activities. The third class, spent three lessons in the lab. and also had the five lessons of text-based activities.

It perhaps seems reasonable to conclude that the class that had both kinds of activity learnt the most. But
what about comparing the first two classes? | would mischievously suggest five lessons can lead to more
learning than three, but the authors thought this was evidence of the superiority of the text-based learning

approach. Presumably, the peer-reviewers and editor were sufficiently convinced.
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But | was not convinced.

Students studying qualitative analysis in school science

School A

-‘“IIIII" —’.

School B

What might we [reasonably] conclude?
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The two classes were taught by different teachers.The two classes were drawn from different schools. They
were considered to be similar schools, but even so. For that matter, the assessment tool was a paper-based
test, so how do we know that if a laboratory-based assessment had been used, the results would not have
been very different? After all, to actually do qualitative analysis, you need to work with real samples and

reagents in a laboratory.

You might feel that | am only stating the obvious. But if it is so obvious, how does such work get published
without strong caveats, and sometimes even in the more prestigious journals. After all, we expect 14 years
olds to do better than this. Arguably, science educators are teaching skills they then fail to display in their

own work.

One of the variables not controlled in that study, was the teacher. Perhaps the two different teachers were
very similar in all relevant characteristics, but that is not very likely. Sometimes the 'teacher variable ' is
'controlled’ by asking the same teacher to teach differently in two different conditions.That is, the teacher is
asked to use two different teaching approaches in different classes. Jig-saw learning here, but computer
simulations there. Or, sadly, more likely, enquiry-based teaching here, and dictation of notes there. More on
that choice later. Or, a teacher is asked to trial a new curriculum module whilst teaching a parallel class

according to the established scheme of work.

This assumes, at least implicitly, the teacher will have the same competence and confidence when switching
to do something different, even when it is novel to them.The same teacher, teaching different classes, is
assumed to have controlled that variable, but | do not find that very convincing. One of the issues is teacher

beliefs, which much research shows often have an effect on outcomes.
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If the teacher is persuaded the experimental treatment is an improvement, or is entirely unconvinced by it,
then that may be enough to make a difference. Even if the teacher simply lacks confidence in their

competence to teach in a different way, then this may make a difference.

It is issues such as this that have led to medical studies adopting double blind conditions in drug trials, so
the neither the patients nor the clinicians administering treatment know whether a tablet or injection
actually contains the substance being tested or not. Of course if one takes double blind protocols too far,

one might run into ethical issues.

| was astonished to read this description of studies where a novel angina treatment was tested by doing

sham surgeries alongside genuine interventions.

"In the late 1950s and early 60s two different surgical teams...did double-blind trials of a
ligation procedure - the closing of a duct or tube using a clip - for very ill patients suffering
from severe angina, a condition in which pain radiates from the chest to the outer
extremities as a result of poor blood supply to the heart.The surgeons were not told until
they arrived in the operating theatre which patients were to receive a real ligation and
which were not. All the patients, whether or not they were getting the
procedure, had their chest cracked open and their heart lifted out. But
only half the patients actually had their arteries rerouted so that their blood could more
efficiently bathe its pump ..."

Reports based on the accounts of patients and their doctors had previously claimed that angina symptoms
were relieved somewhat by doing some re-routing of blood in the chest though closing off some vessels.
However, the experimental studies found that, actually, those given this procedure showed no more

improvement than patients wheeled into theatre for a sham procedure.

| was less astonished when | sourced the original research papers, as it seems the sham surgery only

involved some superficial incisions made under local anaesthetic. In any case, it is much harder to blind

learners and, especially, teachers to the educational treatment they are assigned to.

Generalisation

Social kinds are also different from natural kinds, in that all pure samples of copper or all E. coli specimens
have much in common - but not all schools, or all classes, or all teachers, or all lessons, have so much in
common. This creates the very big issue in educational research, that what works in one classroom in one
school, does not always work in another school, or even when adopted by another teacher in the same

school.
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Even experiments that are designed to allow us to generalise to populations only tell us that what was
found to be most effective in the research is more likely than not to be effective in the wider population.
But there is diversity in those populations.We know from some of the few very large studies undertaking in
schooling, that what is most effective overall, is not most effective in every context; what is found to be least

effective overall, can have been the most effective approach with some classes.

Knowing what most often works best is still useful. But to do this kind of work well we need not only to
work at scale, but to randomise our sample to conditions, and to either use a random sample of the

population or be confident that our sample is representative of the diversity of the population.
But what are the populations?

A paper title in the natural sciences might refer to a class of star;a superconductor with a specific
composition; a variant of SARS-CoV-2, or some such natural kind. If we look at the titles of papers in
science education, we find these papers seem to be about broad groups - sometimes National groups, but

sometimes they are apparently about 'children' or 'adolescents' or 'primary school teachers' quite generally!

Of course, the participants in such studies can seldom be considered statistically representative of such
broad groups. My point is that we - as authors as well as readers - fall into the trap of generalising, at least

implicitly,

'We studied what (some) |4 year old Australian students knew about natural selection, so
now we know what 14 year old Australian students know about natural selection.'

Again, we would not accept this kind of sloppy thinking from school children.
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Units of analysis

A major issue with many small scale studies is the identification of the unit of analysis to use in statistical
testing. In a true experiment we randomise the so-called units of analysis to the treatments, the conditions.
Sometimes this is possible in education. Perhaps we enrol fifty schools and assign each randomly to an
experimental or control condition. If we can consider the schools to be experiencing the assigned

treatment independently of each other, then this seems fair enough.

But many experiments in education are undertaken with learners as the unit of analysis, and often these are
not individually assigned to treatments, but are members of pre-established classes. Of course, there are
very good reasons why schools would not be happy with researchers coming in and breaking up established

classes to randomise students.

Perhaps the logic here should be that as we cannot meet the requirements for an experiment, we should do
a different kind of study. Often, instead, the logic adopted is that as we cannot meet the requirements for a

valid experiment, we are justified in carrying on regardless and just ignoring that requirement.

If 2 manufacturer of pickled onions was selling jars of vinegar as pickled onions, it is likely their customers
would not be prepared to accept this just because the company was having difficulty sourcing onions.Yet,
readers of research papers are assumed to be less demanding of rigour. Science education researchers often

sell jars of vinegar labelled as pickled onions.

Now, | do not want to give the impression that | do not think there might be circumstances when treating
students within a class as independent units would be appropriate. One has to consider the overall research

design and purpose.

Inferential stats.
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In this hypothetical case, a teacher has read a lot of material about mindfulness, student anxiety, relaxation
techniques, and the like; and suspects that asking students to do two half-hours of meditation each week
would be just as beneficial for their science learning as asking them to do subject-based homework. Being a
science teacher; she tests this idea by randomly assigning students to either a homework condition or a

meditation condition, and at the end of term compares test scores.

Randomisation does not ensure matched groups, rather just avoids any systematic bias. So, how does the
teacher decide if the difference in profiles of scores in the two conditions is just down to chance effects of
who ended-up in each condition? Inferential statistics will allow her to see if any difference in performance

is likely to just be down to chance.

Of course, even if there is a very low probability value, and it is concluded there is a significant difference,
strictly this only applies to this class with this teacher, and perhaps even this topic [...when taught at this

time of year; in this classroom...]? It may be more generally applicable, but we should not assume that.

Here it is reasonable to assume we can treat the learners as independent units of analysis even though they
are from the same class. Here, in effect, the class is the population of interest.Yes, the students will influence
each other in class, but they are all in the same class so those in both conditions are exposed to the same
influences. If the students are off doing homework or meditating individually, and do not collude on the end
of term test, it seems reasonable to assume we have fifteen units of analysis in each condition.That is still a

small sample size, but at least it is more than unity.

In that circumstance, it is not a problem that all the students are taught together in class and no doubt, at

least one might hope, interact during lessons.
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But, if we were comparing between two classes, and one class was assigned to the homework condition and
another to the meditation condition, then it surely does matter. In this situation, we would need to consider
the class as the unit of analysis with one mean outcome score. But, of course, if there are only two classes
in the experiment we are not going to find any difference in outcomes that can be statistically significant.
The only way we can get positive results here, is by pretending that we have a lot of independent outcomes

scores in each condition.

But, that seems like cheating. "Can't you see the onions in the jar?” Perhaps you feel | am wrong. | suspect that,

like me, you may have taught a range of different classes over the years.

* My own experience is that a class has its own character that is emergent, and is not just an aggregate of
the characters in the class.

* My own experience is that parallel classes, or successive cohorts, that are nominally equivalent can
actually be very different.

* My own experience is that the same class can be experienced by different teachers as quite different.

When working in school | sometimes found that one or two students in a class could have a
disproportional influence on the class environment and progress - and that could be either for better or

worse.

But, perhaps your experiences have been different. If you can honestly say that you feel that the attitudes;
progress; learning, of students in classes is not influenced by the rest of the class, and occurs completely

independently of the others in the lessons, then, yes, it is fair to treat the learner as the unit of analysis.

| thought an analogy might be testing a drug that helped blood supply to the extremities where blood
circulation was measured for each digit. That seems sensible if the scores are to be aggregated to give an
overall score for the patient. But It would not make sense to consider blood supply to different digits to be

independent when it is all part of the same circulatory system, being pumped around by the same heart!

Initial equivalence

A very common procedure used in experimental studies is testing for initial equivalence between groups.
This is especially important when there is no random assignment as if there are systematic differences

between groups, then any difference in final outcomes may just reflect differences at the start.

Even if researchers showed there was no difference between groups at the outset, this does not negate
concerns about students in different classes being influenced by the class context and not learning
independently. But leaving that aside, there is a conceptual problem with testing for initial equivalence,
because if researchers were really checking for equivalence between groups at the start of start of an
experiment then they would very rarely find complete equivalence.
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So, imagine two classes we have given what we consider the most relevant pre-test in relation to the study
outcomes to be measured at post-test. Actually these are randomly generated numbers, so there is no
systematic bias in the scores assigned to the students in the conditions.The average score in one class is
about 48, but in the other it is about 54. 48 is not strictly equivalent to 54. If you were appointed to a job
on an annual salary of £54 000, but were only paid £48 000, you would probably not accept the argument
that these two figures are equivalent. But one is seldom going to get precisely the same scores on a pre-test
(even with random numbers, as we see here!) So, the question becomes how close is close enough to be

seen as as good as equivalent. And this is where | think the most common approach is seriously flawed.

Here is a real example.

initial equivalence

"the effect of creative drama-based instruction on seventh graders' science
achievements in the ecology and matter cycles unit ..."

Group At pre-test At post-test
Control 7.63 16.86 significant difference
Experimental 7.91 19.60 significant difference
-significant
non-s'gnican significant difference
difference
when

Results from the Cokadar and Yilmaz (2010) study



https://science-education-research.com

https://science-education-research.com
In this study the experimental group out-performed the control group at the end of the experiment.And
pre-tests were used, so we can compare between pre- and post- intervention, as well as between the two
conditions. Statistical tests tell us that the experimental group did significantly better on the post-test than
it did on the pre-test. But by itself that's not very informative, as even fairly ineffective teaching is likely to
produce some learning. And indeed the control group also showed significant increases between the two
tests, so both conditions seem to bring about learning. However, the statistics also tell us that the
experimental group out-performed the control group at post-test by a difference that was statistically
significant. That means this difference was unlikely to be due to chance effects. But what if the two groups
were starting from different bases? This is discounted because there is a significant difference between

groups at the end of the experiments, when there was no such difference at the outset.

This seems logical, and perhaps the numbers here look quite convincing. But | think, in general, there is a

logical problem here. Let's consider a hypothetical marginal case.

A hypothetical quasi-experiment:

comparing post-[;‘ers:utgc;‘ Z::f-::::::;::;:h::o classes taught i n i ti al
L]
equivalence
P *-
Convincing

treatment

control

in this [extreme]
— hypothetical case

p =006

n.s.
Differences in pre-test scores for the treatment and control groups °
are found to be non-significant (p>0.05).
Differences in post-test scores for the treatment and control groups

are found to reach significance (p<0.05). after Taber, K. S. (2013).
Conclusion: the intervention (treatment condition) leads to better Classroom-based Research and
learning gains than ‘normal' teaching (control condition). Evidence-based Practice:An introduction

(2nd ed.). London: Sage.

nce-education-research.com/research-methods lexperiments/testing-

Here there is a small measured difference before the experiment, and also a small measured difference after

the experiment.

* The difference at pre-test just failed to reach significance.
* The difference at post test just reached significance.

* Conclusion: the experimental intervention made a difference.

But, surely, initial differences can be magnified in subsequent teaching. It is a common phenomena that
differences between learners tend to increase over time. In this hypothetical case, can we really be confident
that initial differences were not a factor? Of course, we might argue that there are more sophisticated

statistical approaches which look at how factors co-vary in a study. Indeed, there are, but my target here is
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the simple test for equivalence that is commonly used in published studies to supposedly establish a level

playing field.

This common approach is to test to see if there is a very unlikely difference between the pre-test measures
in the different conditions. This means that differences which are unlikely to be due to chance effects, but
which are not so unlikely to get a p value below 0.05 are found ‘equivalent'. | do not think this is a sensible

test for equivalence. It is a weak test, and, indeed, inadequate.

* Imagine you were looking for a test to decide if someone should be considered a Saint. How high would
you set the bar?

*  What if you wanted to identify those who should be considered in poverty. Certainly, not having a great
deal of money would be a relevant criterion, but perhaps not quite exclusive enough.

* Maybe you were on a committee that was considering rejecting the permanent re-appointment of a
colleague on probation as their research record was not strong enough. But you should not have

unreasonable expectations.

no convictions for __ case for

serious violence sainthood

personal wealth criterion for
<tlbillioniUS S ============ desperate

dollars poverty

grounds for
_____________ rejecting
tenure

academic not yet
won Nobel prize

p = 0.05 evidence of initial
isti equivalence between
nolstatisticallVa e e e

IS A groups in quasi-
significant difference axperiment

Some situations where stronger evidence would be useful

https://science-education-research.com/researc| p 1g-fe

| think these are similar situations, in the sense that the criteria being adopted are certainly relevant and
perhaps necessarily apply, but are by no means sufficient. In a sense, we are looking at the wrong end of the
distribution.We should be asking how probable we need measured differences to be, not simply excluding

the most improbable.

Here is another real example.
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The effect of predict-observe-explain strategy...

"Forty nine (49) learners (31 males and 18 females) were
from school A and acted as the experimental group (EG)
whereas the control group (CG) consisted of 44 learners
(18 males and 26 females) from school B."

Teaching approach:
Independent — predict-observe-explain
variable (experimental)
— lectures (comparison condition)
Dependent : :
i Learning gains
variable
Controlled Anything oth.er tha.n teaching
. approach which might make a
variable(s)

difference to student learning

hteps://science-education-research. q X razy-experiment/

The study looked to compare between two teaching conditions. | struggle to understand why researchers

think it is acceptable to require teachers to lecture school children, but | will come back to that later. One
thing we might notice is the very different gender composition of classes. Is that relevant? Perhaps it should
not be. In some cultural contexts though, it might be.The two groups are in different schools, which | think
it really troubling in these kinds of studies, as schools vary so much, and in so many ways. But a pre-test was
used, and the researchers claimed that on none of the items did differences between groups reach
significance. This was seen to assure equivalence. From the data given, | prepared this chart showing the

performance on one of the items at pre-test.

The effect of predict-observe-explain strategy...

"The results reveal that there was no significant difference
between the pre-test achievement scores of the CG [control
group] and EG [experimental group] for questions.

The p value for these questions was greater than 0.05."

B correct

B incorrrect

School A School B

htps://science-e ducation-researc| h.com/quasi-ex periment-or-craz y-experiment o/
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We are told that there was 'no significant difference’. Certainly, in both groups most students got the
question wrong. But if this is an equivalent performance in the two classes, then the word ‘equivalent’ means
something very different to its normal sense. Surely, despite the lack of statistical significance, one of these
classes is better placed to build on their level of prior learning than the other? This does not persuade me

of equivalence. This is not an isolated case.This technique is very widely used.

Ethics of control conditions

Another major concern | have with some published studies, is that they seem to be examples of rhetorical
research.That is the study is done to demonstrate what the researchers already expect, indeed believe, and
not in a spirit of open-ended enquiry. | have noticed that many school science practicals undertaken to
demonstrate well-established scientific findings are often incorrectly referred to as 'experiments’, but surely

professional science educators know that genuine experiments have uncertain outcomes?

Of course, if one includes more dubious journals in one's purview, one can find extreme examples where
no doubt the researcher was entirely convinced by their research, but it seems unlikely there was ever any
serious peer review or editorial evaluation beyond checking the publication fee had been submitted. Sadly,

there are now a large number of predatory journals out there.

I've detailed a number of examples of both honest and dishonest nonsense published in such journals on my
website, by which | mean both work which has been submitted in good faith, but which should never have

been published; as well as things that presumably even the authors knew were complete nonsense.

An example of the former is an alternative version of periodic table including a whole raft of new elements

that had previously been missed. An example of the latter was a paper which suggested that deforestation of

the Amazon was a good idea. After some digging around | found the entire paper was a collage of
translations of paragraphs form other published works. Poor translations. 'Deforestation' had been
'poisoning’ in the source. One paper | found basically plagiarised a published study, but simply replaced key
words to make the paper about something else entirely. [A strong clue to the quality of the work was how
the topic of the paper seemed unrelated to its title, and neither seemed related to the remit of the
publishing journal. Actually, it seems the author first stole someone else's work; and then plagiarised his own

plagiarism by making a modified copy of the same paper with a different focus].
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| can only assume that the European Journal of Education and Pedagogy does not use serious peer review as
the paper | have summarised here does not logically show that school grades can be improved by exorcism,

though | strongly suspect the author was genuine enough about the work.That is one of the key points for
rigorous peer review - we can have blind spots in our own work.

It is very easy for qualitative [i.e., interpretivist] studies to become rhetorical. We look for something.We
find evidence. If we believe that enquiry and argumentation are essential to good science teaching; and so
devise an observation schedule based on indicators of enquiry and argumentation; and then observe the

lessons of good science teachers, we are likely to find indicators of enquiry and argumentation.The question
is, so what?
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framework is a weak form of analysis
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If instead, we believed that hesitation and contradiction were essential to good science teaching; and so
devised an observation schedule to spot incidents of hesitation and contradiction; and then observed the
lessons of good science teachers, | suspect we could also find evidence of some level of hesitation and
contradiction. So, what? That's one reason why quantitative, experimental studies have more kudos. Simple
forms of qualitative studies are good at identifying potentially interesting points, but not suitable for testing

substantive hypotheses.

But there is a genre of rhetorical experiments as well.

Progressive/reform Traditional teaching:
teaching: teacher-centred;
earner-centred: can be contrasted with lecture method;
active learning: recipe practicals;

constructivist; passive learning;
enquiry-based; etc. et

for example I

Progressive teaching Continues to be the norm:
approach X has beeen despite research evidence
widely demonstrated to and educational policies,
be more effective than this is how students are
traditional teaching across taught in this educational
2 wide range of contexts context

Rhetorical E| /
experiments

approach X has not yet
been specifically tested
with grade [...] students,

Studying toplc [-..} In experimental study

town [...]
i - ]

1

1

t

(The same teacher may be
ked to teach in both
N
N
N
N
N

Control group - class

(a genre?)
Experimental group - taught with traditional

expenment
s designed
class taught with & compared with teaching approach:
progressive teaching (any progressive elements
approach X excluded for the sake of 3
clear comparison)

These papers usually start by making very strong claims about the merits of constructivism and some
particular pedagogy associated with it. These papers will offer strong, convincing, theoretical arguments why
such teaching is so much more effective than what may be labelled "traditional' teaching (though by now |
would have hoped constructivist-minded teaching would be traditional, but anyway).They then report a
whole raft of prior studies which have shown the superiority of the focal pedagogy in a wide range of

contexts - across geographical locations, age ranges, topics, languages of instruction, school cultures, etc.

But, they tell us, no one has yet tested the effectiveness of this pedagogy with, say, |3-14 year-olds studying
the specific topic of the periodic table, in rural schools in South Cambridgeshire. Of course, from everything
that has been reported, there is every reason to think this pedagogy will be effective in such a context. No
sense of Karl Popper's notion of scientists testing bold conjectures, here: we only test dead-cert

hypotheses.

But to make absolutely sure that the experiment works, we compare our preferred pedagogy with a
teacher lecturing a class. There may be some 'discussion’ in the sense of the teacher answering questions,

but we do not allow group-work or any real dialogue, practical work, or access to digital technologies; and
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we restrict written work to exercises at the lower end of Bloom's taxonomy: recall, comprehension, and
some application. The teacher teaches as if any educational thinking post about 1870 never happened.That is

the comparison condition for our theoretically-sound, widely-proven, pedagogy.
| find this utterly unethical. It is unethical in at least two senses.

* Any research which inconveniences people for no good reason, is pointless and so a waste of resource.A
demonstration posing as an experiment falls into this category.
* Asking control teachers to deliberately avoid good practice in their classroom, so to ensure a positive

study outcome, is also clearly wrong.

Control groups

“...was taught using the lesson plan based on the conventional
teaching method. . .which was commonly practised in that school
... in which the teacher dominants [sic], whereas the learners
remain passive” [|JSE]

“the teacher mainly used lecture and discussion [sic?] methods...
The chemistry textbook was the primary source of knowledge in
this group... During the transmission of knowledge...” [RiSE]

“The control group was taught with a teacher-centered
traditional didactic lecture format.Teaching strategies were
dependent on teacher expression without consideration for
student misconceptions. ... students were required to use their
textbooks; students were passive participants...” [|JoS&ME]

And here | have seen quite a few of these studies, including some published in good journals. How come
reviewers do not spot that this is not genuine enquiry, and it is not an acceptable way to treat study

participants? | can only assume we are all blinded by the assumed superiority of the experiment in science.

Falsifying conclusions

My final issue also reflects this idea, in that sometimes authors are so convinced about their expectations

that they fail to observe the logic of their experiment.

The confidence level chosen to determine whether differences between outcomes are statistically
significant is arbitrary. Nearly always, we use a cut-off of 0.05: but there is nothing magical about that value. |

suspect aliens with different numbers of fingers to us may have chosen a different critical value.
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Whatever critical value we choose, the outcome is only an indicator.We are always subject to false positives
where results are found significant, but unbeknown to us are actually due to chance effects; and false
negatives, where results are found to be non-significant despite there being some kind of causal effect too

small to reach significance in small samples.

But, if we are going to use inferential stats, then the conclusions of our experiments, certainly subject to

appropriate caveats, should be determined by the outcomes of the analysis undertaken.

| am going to briefly refer to two papers, one published in each of the two most important chemistry

education journals

A paper in Chemistry Education Research and Practice, reported positive outcomes from a study into a

learning approach, and made a point of suggesting this refuted a previous study which had not found a

significant effect. The whole question of replication is worthy of a talk of its own, but | am merely going to
comment here that it was questionable whether the two studies were similar enough for one to be able to

refute the other.

Results

Table 1 Comparisons between pre-test and post-test

What is compared from pre-test to post-test Outcome
Knowledge of pH (all participants) n.s. (p = 0.419)
Confidence in understanding of pH (all participants) Significant increase (p < 0.001

)
Confidence in understanding of pH (innovation group) Significant increase (p < 0.001)
Confidence in understanding of pH (comparison group)  Significant increase (p < 0.001)
Conceptual understanding of pH (all participants) Significant increase (p < 0.001)
Conceptual understanding of pH (innovation group) Significant increase (p < 0.001)
Conceptual understanding of pH (comparison group) Significant increase [no p value cited]

Table 2 Comparisons between the innovation

What is compared between conditions Outcome

Knowledge before studying n.s. (p = 0.712) [seen as evidence of equivalence]
Knowledge after studying n.s. (p = 0.460)

Increase in confidence in understanding n.s. [no p value cited]

Understanding before studying n.s. (p = 0.384) [seen as evidence of equivalence]
Understanding after studying n.s. (p = 0.068)

The study presented a range of results, comparing pre-test to post-test, and between the experimental and
comparison groups.The two groups were considered equivalent at pretest, for the familiar reason that the
differences were not so different as to reach statistical significance. My interpretation of a p value of 0.384 is
that the differences between the two groups probably were NOT due to chance effects, but | think | have

already said enough about that.

But surely that is not really important in this study, as there was not a significant difference between the two
groups dfter the intervention.Any differences in scores between the two groups were not sufficiently

unlikely so as be considered statistically significant.
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So, in terms of the experimental design set out before collecting data, this is a negative result.
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There is certainly nothing wrong with reporting a negative result, and indeed there is strong belief that
research literature is distorted by a bias towards authors submitting, and journals preferentially publishing,
positive outcomes. But, these authors are claiming to refute a study that did not find significant differences
by having carried out another study that ALSO did not find significant differences. Here the negative result is

imply ignored when presenting the study conclusions as being positive outcomes.

Sadly, having noticed this, | felt it necessary to write up a comment - which to be fair to the journal, was

published. Again, we would not accept this kind of sloppy work from school children.

For my final example | turn to the other top chemistry education specific journal, the Journal of Chemical
Education published by the American Chemical Society, whose journals are, according to the American

Chemical Society itself, at least, 'most trusted'.

This is based on a figure showing results reported in a study in the Journal of Chemical Education. After

2017, the researchers modified their medicinal chemistry course, by implementing what they called
'Student-Centred Team-Based Learning Teaching Method', and, as you can see, student results improved

thereafter.
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v A Publications A paper in J.Chem.Ed. reported

“...our results suggest that the SCTBL method is an effective
way to improve teaching quality and student achievement."
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redrawn from Li, Ouyang, Xu & Zhang, 2022 in Journal of Chemical Education

You will notice | have failed to include any numbers on this figure, which is disingenuous of me, because the
original did include the numbers. And with the numbers we see that we are viewing a graph with a
truncated axis. That is a perfectly valid technique used to emphasise differences, but | wondered if here they
might have over-emphasised the differences? They are just focusing on a small range of values.And if |

present the whole graph as it might have been drawn, the change seems less impressive.

...and compared to the full range

“...our results suggest that the SCTBL method is an effective
way to improve teaching quality and student achievement."

et 79.8
=
"the average score
Ot = showed a constant
upward trend, and a
corparmenc 8012 steady increase was
found"
Coparmani 80.34

"Average scores of the medicinal chemistry course in the
control group and the experimental group."

https://science-educ: ch.c [ \g-research-:

Perhaps some of you are used to marking student work, and perhaps you feel your marking is entirely
objective and very precise. But, given how cohorts shift from year to year, | really do not think average
course scores to two places of decimals are meaningful. We would not accept this from school children. So, |

have reworked their results:
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cohort mean assessment score (2 s.f.)
2017 80
2018 80
2019 80
2020 80

But even if | am being too fussy, and you think this level of precision can be justified, we might wonder how
such small differences led to a statistically significant outcome. Of course, they did not.The authors did the
analysis, and reported there was no significant difference between the scores before and after the new
approach was implemented.Yet, these authors felt they could ignore this analysis and reach a positive

conclusion.

Falsifying research conclusions!?
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Presumably the peer reviewers, and the editor, thought this was fine. | think this goes completely against

proper scientific practice.

This is leaving aside such a comparison only makes sense if we think subsequent cohorts can be considered
equivalent. The authors did not even use a weak test of equivalence of the kind | have discussed earlier,
because they did not use any test of equivalence. That just assumed that the 40 students admitted to the
course each year could be treated as equivalent. It was also clear from details in the paper that there had
been some necessary modification in the assessment process in moving to the new teaching approach.This
may have only effected a minor component of the final score, but that seems relevant when they think they
are measuring to a hundredth of a percentage point. | just cannot see how peer reviewers thought this was

okay.
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So, | wrote to the editor about it. | was told my comments could be considered for publication if |

submitted them as a formal submission. So, | did. Apparently, the editor initially asked three reviewers to

read my submission.Two thought it should be published. One thought some changes were needed before it
could be published. Now, | have been a journal editor;, so | am pretty clear how | would respond to that
review profile as an editor. But this editor was unsure.The editor then asked a fourth person, who thought
the comment should be rejected. And so it was. | was told | could prepare a resubmission, but that if | did so
it would be better to focus on general issues and not the specific paper | wanted to critique.That, of course,

would have been a completely different article. | must admit to having been shocked by this outcome.

In conclusion

We are scientists, or we like to think we are, and scientists do experiments. | know from my time working

in science teacher preparation that, generally, science graduates tend to think experiment is the method of

choice when we ask them to undertake small-scale enquiry into their teaching.

*  Perhaps our scientific training so promotes the merits of experimental procedures that science
educators have an implicit bias that is strong enough to overcome any concerns about features that
invalidate so many educational experiments of this kind.

*  Perhaps our scientific education leads us to think that the world can be organised into natural kinds
such that one copper wire of a certain gauge is assumed to be able to stand for any other copper wire
of the same dimensions; and so one teacher, or one class of fifteen-year-olds, can stand for any other?

*  Perhaps the scientific mindset that objectifies the natural world is so strong that we see people as
experimental subjects that respond to our treatments without regard to the inter-subjective nature of
our interactions with them and what they might think of us and our experiments?

*  Perhaps this is also why we tend to see classes as arrays of individuals and forget that people in groups

interact and influence each other.

| would suggest that when a valid experiment is possible, it is usually to be preferred. But if we cannot do a

valid experiment, we should not do an experiment at all.

* An invalid experiment is not scientific, and is a waste of valuable resource - including researcher time
and participant goodwill.

* Aninvalid experiment carried out by a researcher undermines their claim to be a competent scientist.

So, what does the science education community's propensity for publishing invalid experiments in its journals say

about us collectively?
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Abstract:

A rigorous experiment is rightly considered an especially informative research tool. But doing rigorous experiments in education is very challenging. A poorly designed experiment may
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tell us very little.Yet the literature includes a vast number of experimental studies in science education.

Here | make an argument that:

* Often these are very small scale studies with unrepresentative populations;

* Often the extent of control of variables would not pass for ‘fair testing’ in a school laboratory exercise;
*There is a sleight of hand commonly used to (mis)apply statistical tests to treat samples as much larger than they are;
* Sometimes authors draw conclusions contrary to their results; and

* Sometimes inappropriate (unethical) control conditions are imposed on learners for the sake of research.

I will pose, and reflect on, the question of why so many of these flawed studies get undertaken in science education and published in peer-reviewed journals.
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Thesis

Experimental method is often the appropriate approach in
seeking new knowledge in the natural sciences;

Experimental method is much more challenging in the
social sciences;

Valid experiments are (at the least) very rare in small-
scale studies of teaching and learning;

Yet, the science education literature includes vast number
of such studies, which do not support robust conclusions.

This needs explaining!

The thesis | am advancing is that there is a phenomenon to be explained. That phenomenon is that the science education research literature includes a very large number of studies that
are experimental in nature, but which do not meet the criteria for being valid experiments. Many of these are published in regional or national journals, but there are plenty in more
prestigious journals. Perhaps everybody involved - authors, peer reviewers, editors - recognise the problem with these studies, and see their findings as purely indicative - but often that is
not the impression given by their framing and phrasing.

| argue that

* Experimental method is often the appropriate approach in seeking new knowledge in the natural sciences;

* Experimental method is much more challenging in the social sciences;

* Valid experiments are (at the least) very rare in small-scale studies of teaching and learning;

* Yet, the science education literature includes a vast number of such studies, which do not support robust conclusions.

This needs explaining!
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The focus here is on experiments that involve a small
number of teachers and classes...

...the prototype being
one class being in the experimental treatment condition
another class being the comparison class

Other studies may have just two or three classes in each
condition.

A good many published studies are of this kind

My focus here is on experiments that involve a small number of teachers and classes...

Indeed, the prototype of this type of study involves

+ one class in the experimental treatment condition

+ another class being the comparison class

Sometimes both classes are taught by the same teacher, sometime not. Sometimes the classes are not even from the same school.
Other studies may have just two or three classes in each condition.

A good many published studies are of this kind.
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Key issues

Control of variables

Representativeness and generalisability
Identifying independent units of analysis

Weak tests of equivalence

Rhetorical experiments and unethical controls

Falsifying conclusions

There is a host of difficulties in doing experimental studies into classroom teaching, and | have published an account of a number of these in a review for Studies in Science Education [*].
Here | wish to focus on, and illustrate, a few themes

+ Control of variables

* Representativeness and generalisability

* ldentifying independent units of analysis

* Inadequate tests of equivalence

* Rhetorical experiments and unethical controls

* Falsifying conclusions

[* Taber, K.S. (2019). Experimental research into teaching innovations: responding to methodological and ethical challenges. Studies in Science Education, 55(1), 69-119. doi:
10.1080/03057267.2019.1658058
https://science-education-research.com/publications/papers/experimental-research-into-teaching-innovations/]
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Control of variables
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Key issues

Control of variables Independent variable - the thing we
change in different conditions/treatments
(the conjectured ‘cause’)

Dependent variable - what we measure
as an outcome (the expected ‘effect’)

Controlled variables - what we hold the
same (anything that is expected to effect
the dependent variable)

Now a good experiment involves three classes of variable:

* the thing we are deliberately changing,

* the thing we allow to vary to see if, and if so how, it changes, and

* everything else which could have an effect, and, so, is not allowed to change.

To do an experiment could be seen as in large part controlling all the other things that could effect our results and confuse the possible dependency of the dependent variable upon our

planned intervention.
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Key issues

Control of variables Independent variable - the thing we
change in different conditions/treatments
(the conjectured ‘cause’)

Dependent variable - what we measure
as an outcome (the expected ‘effect’)

Controlled variables - what we hold the
same (anything that is expected to effect
the dependent variable)

Confounding variables (anything that could
effect the dependent variable, but which we are
not able to control)

A poor experiment has a fourth class of variable. These are all the things that should be in the controlled category, but which we do not control.
Confounding variables confound our study because we logically need to caveat the conclusions with an ‘unless this was due to something else’.
Now, even in the natural sciences, there can be confounding variables, because it is never possible to control everything that we might imagine could be considered a variable, so, on

theoretical grounds, we dismiss such possibilities as the relevance of a researcher’s hair colour or whether they use their left or right eye to look into the microscope.VWe use existing

theoretical knowledge to judge what we can ignore. Even here, it sometimes transpires there was a pertinent variable that influences results, but which had been assumed to be
irrelevant, or was even unknown to the researchers.
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https://science-education-research.com/research-methodology/experiments/

In the social sciences, control of variables is very much more challenging.
For one thing, we usually work in naturally occurring social contexts, rather than isolate systems for laboratory manipulation.
Another major difference is that physicists and chemists do not have to consider what their research materials think about them, or expect to happen in their experiments.A piece of

alloy, or a solution of an oxidising agent, has no preconceptions about the outcome of the experiment, and does not have an attitude to the researcher.You do not need to develop
rapport with your test tubes.

https://science-education-research.com/research-methodology/experiments/
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Box 4.1

Just some of the factors that may feasibly impact on educational outcomes

Student characteristic Teacher characteristic Classroom/school context

— : Some of
« hair colour * age « size of screen/board
* height . gend?r . « arrangement of furniture these
«gender « teaching experience * type of floor covering
« birth-date « level of qualification » number of windows seem
« handedness * main teaching subject « size of windows
« religious faith « other subjects regularly o direction windows face Prett)l
«first language taught « closeness of classroom to road .
*1Q * degree background « setting of school (e.g., urban, Unllkely
« learning style(s) « hair colour rural, etc.)
« personality style « eye colour « proportion of students receiving to have
«eye colour « height free school meals
« use of eye glasses « religious affiliation * management structure of school an
« use of hearing aid « political affiliation « status of school (academy, free ﬁ;
« parental income + regional accent school, church school, local efrect...
« parental education (highest ¢ handedness authority school etc.)

qualifications/years of college) « 1Q « number of pupils on role
« parental employment status ¢ seniority in school « level of staffing but
« number of older siblings « years working in the * class size ce
* number of younger siblings present school * teaching assistants supporting hOW can
ea twin? « professional development  teacher
« parental criminal record opportunities taken « turn-over of staff we be
*gang member « marital status « admissions policy

« professional disciplinary e« exclusions policy sure?
history
« weekly alcohol intake
© - trom: Taber, K. 5. G013 © Research ana Practice: An ). London: Sage

Indeed, if you have an active imagination, you can likely think of feasible scenarios when any number of things could effect the outcomes of an educational experiment such as student
learning.

I do not think it is an exaggeration to argue that in the case of an educational experiment:
* we often cannot identify all the variables which might have an effect;

* even when we can identify them, we often do not know how to meaningfully measure them;
* even if we can measure them, we may not have a way of holding them at a constant value.
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That need not prevent experimental studies where you have large enough samples that are representative of a population to be able to assume that statistics can tell you whether any
outcomes are unlikely to be due to such chance factors.This is a point | will return to.

It is a problem, though, in any studies with small, unrepresentative, samples. And most of the published experiments in the educational literature have small, unrepresentative, samples.

https://science-education-research.com/research-methodology/research-design/sampling/
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Control of variables

“The ambiguous results of research comparing IBSE [enquiry-based science
education] with other teaching methods may result from the fact that often
teaching methods used in the control groups have not been
clearly defined, merely referred to as ‘traditional teaching methods’ with no
further specification, or there has been no control group at all.”

So, how did they respond to this challenge?

As one example of the kinds of issues that can arise, | was impressed to read this comment in a research paper.

The authors had noticed that in many experimental studies the experimental treatment is well defined, but the ‘control’ condition is anything but controlled. It is actually laissez-faire,
anything goes, as long as the teacher avoids the approach being taken in the experimental condition.
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Control of variables

“The ambiguous results of research comparing IBSE [enquiry-based science
education] with other teaching methods may result from the fact that often
teaching methods used in the control groups have not been
clearly defined, merely referred to as ‘traditional teaching methods’ with no
further specification, or there has been no control group at all.”

So, how did they respond to this challenge?

This seemed a fair point, so | read on to see how they managed this issue in their own study.
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Control of variables

“The ambiguous results of research comparing IBSE [enquiry-based science
education] with other teaching methods may result from the fact that often
teaching methods used in the control groups have not been
clearly defined, merely referred to as ‘traditional teaching methods’ with no
further specification, or there has been no control group at all.”

So, how did they respond to this challenge?

“The teaching method as an independent variable was manipulated to identify
its effect on the dependent variable (in this case, knowledge and skills)...

In the control group, teachers revised the topic using methods of
their choice, e.g. questions & answers, oral and written revision, textbook
studying, demonstration experiments, laboratory work.”

https://science-education-research.com/experimental-pot-calls-the-research-kettle-black/

It seems that raising an issue which undermines the ability to draw clear conclusions from a study does not impose a requirement to address the issue in your own study!

https://science-education-research.com/experimental-pot-calls-the-research-kettle-black/
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Students studying qualitative analysis in school science

hours of instruction studying qualitative analysis mean score on post-test

— s e o ]

— 25— 7
I - — - B

What might we conclude?

Now here | present the results | found in a published research study.

As you see, three classes were taught the topic of chemical qualitative analysis for different lengths of time. Afterwards, the average performance of the students in these classes was

found to vary.

| wonder what you think we might be able to conclude from this study?
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Students studying qualitative analysis in school science

hours of instruction studying qualitative analysis mean score on post-test

Red - lessons based on laboratory exercises

Green - lessons undertaking DARTSs [text-based] activities

What might we conclude?

Now, as you may have guessed, | was not giving you all the details. Here | reveal more.

One class had three lessons in the lab. But that class was outperformed by a class that had five lessons of paper-based learning activities. The third class, spent three lessons in the lab.

and also had the five lessons of text-based activities.
It perhaps seems reasonable to conclude that the class that had both kinds of activity learnt the most. But what about comparing the first two classes?

I would mischievously suggest five lessons can lead to more learning than three, but the authors thought this was evidence of the superiority of the text-based learning approach.

Presumably, the peer-reviewers and editor were sufficiently convinced.

https://science-education-research.com/shock-result-more-study-time-leads-to-higher-test-scores/
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Students studying qualitative analysis in school science

School A

Elell]l — -

paper-
based
test

-mcherlllll» —_—

School B

What might we [reasonably] conclude?

But | was not convinced.
The two classes were taught by different teachers.
The two classes were drawn from different schools. They were considered to be similar schools, but even so.

For that matter, the assessment tool was a paper-based test, so how do we know that if a laboratory-based assessment had been used, the results would not have been very different?

After all, to actually do qualitative analysis, you need to work with real samples and reagents in a laboratory.
You might feel that | am only stating the obvious. But if it is so obvious, how does such work get published without strong caveats, and sometimes even in the more prestigious journals.

https://science-education-research.com/shock-result-more-study-time-leads-to-higher-test-scores
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Science - key stage 3

Key stage 3

) o and science education
Working scientifically = researchers

Through the content across all three disciplines, pupils{should be taught to:

- Hnianc '.II CSuUIvuvI IO uon Iy QUIGIHIUNIV o IUVVIU\.‘HG aliu univuciowaniun Iy

= select, plan and carry out the most appropriate types of scientific enquiries to test
predictions, including identifying independent, dependent and control variables, where
appropriate

= 11ea annrnnriata tarhniniiae annaratite and matariale Ainirina fialdwnrl and laharatans

After all, we expect |4 years olds to do better than this.

Arguably, science educators are teaching skills they then fail to display in their own work.
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Key issues

Control of variables
Where ‘the teacher variable’ is
controlled by asking the same teacher to
teach differently - different pedagogy /
different materials - it is (usually implicitly)
assumed the teacher will have the same
competence and confidence when
switching to do something different, even
when it is novel to them!

One of the variables not controlled in that study, was the teacher. Perhaps the two different teachers were very similar in all relevant characteristics, but that is not very likely.
Sometimes the ‘teacher variable ’ is ‘controlled’ by asking the same teacher to teach differently in two different conditions. That is, the teacher is asked to use two different teaching
approaches in different classes. Jig-saw learning here, but computer simulations there. Or, sadly, more likely, enquiry-based teaching here, and dictation of notes there. More on that choice

later. Or, a teacher is asked to trial a new curriculum module whilst teaching a parallel class according to the established scheme of work.

This assumes, at least implicitly, the teacher will have the same competence and confidence when switching to do something different, even when it is novel to them.The same teacher,
teaching different classes, is assumed to have controlled that variable, but | do not find that very convincing.
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Key issues

Control of variables
Where ‘the teacher variable’ is
controlled by asking the same teacher to
teach differently - different pedagogy /
different materials - it is (usually implicitly)
assumed the teacher will have the same
competence and confidence when switch
to do something different, even when it is
novel to them!

In medical trials, where possible, double blind procedures are used,
so that neither patient nor clinician knows who gets the placebo.

One of the issues is teacher beliefs, which much research shows often have an effect on outcomes.

If the teacher is persuaded the experimental treatment is an improvement, or is entirely unconvinced by it, then that may be enough to make a difference. Even if the teacher simply lacks

confidence in their competence to teach in a different way, then this may make a difference.

It is issues such as this that have led to medical studies adopting double blind conditions in drug trials, so the neither the patients nor the clinicians administering treatment know

whether a tablet or injection actually contains the substance being tested or not.
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In medical trials, where possible, double blind procedures are used,
so that neither patient nor clinician knows who gets the placebo.

"In the late 1950s and early 60s two different surgical teams...did
double-blind trials of a ligation procedure — the closing of a
duct or tube using a clip — for very ill patients suffering from
severe angina, a condition in which pain radiates from the chest to
the outer extremities as a result of poor blood supply to the
heart.The surgeons were not told until they arrived in the
operating theatre which patients were to receive a real ligation
and which were not.All the patients, whether or not they were
getting the procedure, had their chest cracked open and their
heart lifted out. But only half the patients actually had their
arteries rerouted so that their blood could more efficiently bathe
its pump ..."

https://science-education-research.com/is-your-heart-in-the-research/

Of course if one takes double blind protocols too far, one might run into ethical issues. | was astonished to read this description of studies where a novel angina treatment was tested by
doing sham surgeries alongside genuine interventions.

Reports based on the accounts of patients and their doctors had previously claimed that angina symptoms were relieved somewhat by doing some re-routing of blood in the chest
though closing off some vessels. However, the experimental studies found that actually those given this procedure showed no more improvement than patients wheeled into theatre for a

sham procedure.

| was less astonished when | sourced the original research papers, as it seems the sham surgery only involved some superficial incisions made under local anaesthetic. In any case, it is
much harder to blind learners and, especially, teachers to the educational treatment they are assigned to.

https://science-education-research.com/is-your-heart-in-the-research/
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Generalisation
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Key issues

How do we know that the results of an
experiment can be generalised beyond the specific
teacher/students/classes...involved?

Representativeness and generalisability

Can the participants in small-scale educational
experiments be considered to be samples from
identified populations?

If so, can they be considered representative
samples?

Social kinds are also different from natural kinds, in that all pure samples of copper or all E. coli specimens have much in common - but not all schools, or all classes, or all teachers, or all
lessons, have so much in common.This creates the very big issue in educational research, that what works in one classroom in one school, does not always work in another school, or
even when adopted by another teacher in the same school.
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(Random
assignment)

Specified population of interest:
eg.
* 14-15 year-olds studying natural selection
* chemistry teachers in Turkey

« secondary schools in New South Wales

* engineering undergraduates

« female school students on biology field trips

Innovative
treatment

Control
condition

& &

_Compmd uslni
inferential statistics

Statistical
generalisation

Conclusion of study:

Keith S Taber ©2019 inference
Aftr Taber, 2019, Figure . Statistical generalisation

hetps://science-education-research.com/research-methodology/research-design/sampling/

Even experiments that are designed to allow us to generalise to populations only tell us that what was found to be most effective in the research is more likely than not to be effective in
the wider population. But there is diversity in those populations.We know from some of the few very large studies undertaking in schooling, that what is most effective overall, is not
most effective in every context; what is found to be least effective overall, can have been the most effective approach with some classes.

Knowing what most often works best is still useful. But to do this kind of work well we need not only to work at scale, but to randomise our sample to conditions, and to either use a
random sample of the population or be confident that our sample is representative of the diversity of the population.

https://science-education-research.com/research-methodology/research-design/sampling/
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From article titles in IJSE

... Arabic-Speaking Students ... Jordanian Preservice
Primary Teachers ... 16-17-year-old students ... 16 year-
old Swedish science students ... Students...in Indonesia
... Students ... adolescents ... Pre-Service Teachers ...
Greek University Students ... Schoolchildren ...

... High School Biology Students
... US Middle-Level Students ... Advanced Level Biology
Students ... Culturally Diverse Undergraduate
Researchers ... Turkish upper primary level pupils ...
grade 7 students ... Elementary Education Preservice
Teachers ... Students...in Taiwan ...

... college students ...

But what are the populations? A paper title in the natural sciences might refer to a class of star;a superconductor with a specific composition; a variant of SARS-CoV-2, or some such

natural kind.

If we look at the titles of papers in science education, we find these papers seem to be about broad groups - sometimes National groups, but sometimes they are apparently about

‘children’ or ‘adolescents’ or ‘primary school teachers’ quite generally!

Of course, the participants in such studies can seldom be considered statistically representative of such broad groups.
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These are not by any means all experiments, and
the papers vary in the extent to which they

(a) describe the specific sample from which data is
collected

(b) suggest generalisation to the ‘populations’
implied in titles

but I suggest this does give an indication of how we
easily think of such social kinds as if they were
natural kinds where discovering of the ‘essence’
allows us to know about all members of a group.

My point is that we - as authors as well as readers - fall into the trap of generalising, at least implicitly.

‘We studied what (some) 14 year old Australian students knew about natural selection, so now we know what |4 year old Australian students know about natural selection’
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Science - key stage 3

Key stage 3

) o and science education
Working scientifically = researchers

Through the content across all three disciplines, pupils{should be taught to:

mni I’.II VVGIHHITGHIWD
= apply sampling techniques.
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Again, we would not accept this kind of sloppy thinking from school children.
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Units of analysis
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Key issues

Identifying independent units of analysis

At what level can we
assume our sources of
data have been subjected
to the experimental/
control treatments
independently of other
units?

A major issue with many small scale studies is the identification of the unit of analysis to use in statistical testing.
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Intervention treatment imposed by researchers
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'Experimental designs may be categorised as true experiments, quasi-experiments and natural experiments' Taber, 2019, Figure 1, p.84.

? units

True experiment of

analysis

two
Quasi-experiment u n its Of
analysis?

two
units of
analysis?

Natural experiment

https:/science-education-research.com/research-methodology/experiments/

In a true experiment we randomise the so-called units of analysis to the treatments, the conditions. Sometimes this is possible in education. Perhaps we enrol fifty schools and assign
each randomly to an experimental or control condition. If we can consider the schools to be experiencing the assigned treatment independently of each other, then this seems fair

enough.

But many experiments in education are undertaken with learners as the unit of analysis, and often these are not individually assigned to treatments, but are members of pre-established
classes. Of course, there are very good reasons why schools would not be happy with researchers coming in and breaking up established classes to randomise students. Perhaps the logic
here should be that as we cannot meet the requirements for an experiment, we should do a different kind of study. Often, instead, the logic adopted is that as we cannot meet the

requirements for a valid experiment, we are justified in carrying on regardless and just ignoring that requirement.

If a manufacturer of pickled onions was selling jars of vinegar as pickled onions, it is likely their customers would not be prepared to accept this just because the company was having

difficulty sourcing onions.Yet, readers of research papers are assumed to be less demanding of rigour. Science education researchers often sell jars of vinegar labelled as pickled onions.

29
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Inferential stats.

Students in the same class
assigned randomly to undertake
either | hour of private study in
the subject or one hour of
meditation per week for one term

Does this impact end of term
assessment scores!

‘ Homework

condition
Meditation

- condition

How likely is any difference in
outcomes due to chance
factors?

If unlikely (p<0.05) we consider
the different significant

(for this context)

Now, | do not want to give the impression that | do not think there might be circumstances when treating students within a class as independent units would be appropriate. One has to

consider the overall research design and purpose.

In this hypothetical case, a teacher has read a lot of material about mindfulness, student anxiety, relaxation techniques, and the like; and suspects that asking students to do two half-hours
of mediation each week would be just as beneficial for their science learning as asking them to do subject-based homework. Being a science teacher, she tests this idea by randomly

assigning students to either a homework condition or a meditation condition, and at the end of term compares test scores.

Randomisation does not ensure matched groups, rather just avoids any systematic bias. So, how does the teacher decide if the difference in profiles of scores in the two conditions is just

down to chance effects of who ended-up in each condition? Inferential statistics will allow her to see if any difference in performance is likely to just be down to chance.

Of course, even if there is a very low probability value, and it is concluded there is a significant difference, strictly this only applies to this class with this teacher, and perhaps even this

topic! It may be more generally applicable, but we should not assume that.

30
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Inferential stats.

‘ condition

. condition

n=15

Homework

Meditation

n=15

Here it is reasonable to assume we can treat the learners as independent units of analysis even though they are from the same class. Here, in effect, the class is the population of interest.
Yes, the students will influence each other in class, but they are all in the same class so those in both conditions are exposed to the same influences. If the students are off doing
homework or meditating individually, and do not collude on the end of term test, it seems reasonable to assume we have fifteen units of analysis in each condition.That is still a small

sample size, but at least it is more than unity.

31
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In that circumstance, it is not a problem that all the students are taught together in class and no doubt, at least one might hope, interact during lessons.

But, if we were comparing between two classes, and one class was assigned to the homework condition and another to the meditation condition, then it surely does matter. In this
situation, we would need to consider the class as the unit of analysis with one mean outcome score.

But, of course, if there are only two classes in the experiment we are not going to find any difference in outcomes that can be statistically significant. The only way we can get positive
results here, is by pretending that we have a lot of independent outcomes scores in each condition.

But, that seems like cheating.“Can’t you see the onions in the jar?”
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Do you agree:

A class of students comprises a set of independent learners

The attitudes/attainment of a student in a class is not influenced (directly or
indirectly) by other students in the class

A teacher’s teaching (at a particular level, for specific curriculum content)
does not change from one class to another

If the same teacher teaches the same topic to two different classes using
different instructional approaches, the only pertinent difference is the
pedagogy used.

Perhaps you feel | am wrong.

| suspect that like me you my have taught a range of different classes over the years.

My own experience is that a class has its own character that is emergent, and is not just an aggregate of the characters in the class.

My own experience is that parallel classes, or successive cohorts, that are nominally equivalent can actually be very different.

My own experience is that the same class can be experienced by different teachers as quite different.

When working in school | sometimes found that one or two students in a class could have a disproportional influence on the class environment and progress - and that could be either

for better or worse.

But, perhaps your experiences have been different.
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Do you agree:

A class of students comprises a set of independent learners

The attitudes/attainment of a student in a class is not influenced (directly or
indirectly) by other students in the class

A teacher’s teaching (at a particular level, for specific curriculum content)
does not change from one class to another

If the same teacher teaches the same topic to two different classes using
different instructional approaches, the only pertinent difference is the
pedagogy used.

If so, then it is reasonable to treat learners as independent units of
analysis

If not, then mean class outcomes should be used as units of data for
any statistical comparisons

If you can honestly say that you feel that the attitudes; progress; learning, of students in classes is not influenced by the rest of the class, and occurs completely independently of the
others in the lessons, then, yes, it is fair to treat the learner as the unit of analysis.
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cf. Testing a drug that improves
blood circulation to the digits

Given experimental drug Given placebo

units of analysis:

n=20? n=20?

Images by No-longer-here from Pixabay

| thought an analogy might be testing a drug that helped blood supply to the extremities where blood circulation was measured for each digit. That seems sensible if the scores are to be
aggregated to give an overall score for the patient. But It would not make sense to consider blood supply to different digits to be independent when it is all part of the same circulatory
system, being pumped around by the same heart!
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Initial equivalence
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Key issues

Where we cannot randomise to
conditions, we can always pre-test
to check that there are

no pre-existing differences
between groups

Weak tests of equivalence

But usually, that is not what
researchers actually do.

A very common procedure used in experimental studies is testing for initial equivalence between groups.This is especially important when there is no random assignment as if there are
systematic differences between groups, then any difference in final outcomes may just reflect differences at the start.

Even if researchers showed there was no difference between groups at the outset, this does not negate concerns about students in different classes being influenced by the class context
and not learning independently.

But leaving that aside, there is a conceptual problem with testing for initial equivalence, because if researchers were really checking for equivalence between groups at the start of start of
an experiment then they would very rarely find complete equivalence.
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equivalent?

So, imagine two classes we have given what we consider the most relevant pre-test in relation to the study outcomes to be measured at post-test.

Actually these are randomly generated numbers, so there is no systematic bias in the scores assigned to the students in the conditions.
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equivalent

48 (47.96)

54 (54.16)

as good as equivalent?

48 + 54

The average score in one class is about 48, but in the other it is about 54.

48 is not strictly equivalent to 54.

If you were appointed to a job on an annual salary of 54 000 pounds, but were only paid £48 000, you would probably not accept the argument that these two figures are equivalent.

But one is seldom going to get precisely the same scores on a pre-test (even with random numbers, as we see here!) So, the question becomes how close is to be seen as as good as

equivalent.And this is where | think the most common approach is seriously flawed.
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initial equivalence

"the effect of creative drama-based instruction on seventh graders' science
achievements in the ecology and matter cycles unit ..."

Group At post-test
Control 16.86
Experimental 19.60

Results from the Cokadar and Yilmaz (2010) study

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

He is a real example to make clear hat these tests are about.

In this study the experimental group out-performed the control group at the end of the experiment.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/
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initial equivalence

"the effect of creative drama-based instruction on seventh graders' science
achievements in the ecology and matter cycles unit ..."

Group At pre-test At post-test
Control 7.63 16.86 significant difference
Experimental 7.91 19.60 significant difference

non-significant
. & significant difference
difference

Results from the Cokadar and Yilmaz (2010) study

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

And pre-tests were used, so we can compare between pre- and post- intervention, as well as between the two conditions.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/
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initial equivalence

"the effect of creative drama-based instruction on seventh graders' science
achievements in the ecology and matter cycles unit ..."

Group At pre-test At post-test
Control 7.63 16.86 significant difference
Experimental 7.91 19.60 significant difference

non-significant
. & significant difference
difference

Results from the Cokadar and Yilmaz (2010) study

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

Statistical tests tell us that the experimental group did significantly better on the post-test than it did on the pre-test.

But by itself that’s not very informative, as even fairly ineffective teaching is likely to produce some learning.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/
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initial equivalence

"the effect of creative drama-based instruction on seventh graders' science
achievements in the ecology and matter cycles unit ..."

Group At pre-test At post-test

Control 7.63 16.86 significant difference b
ut

Experimental 7.91 19.60 significant difference

non-significant
. & significant difference
difference

Results from the Cokadar and Yilmaz (2010) study

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

And indeed the control group also showed significant increases between the two tests, so both conditions seem to bring about learning.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/
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initial equivalence

"the effect of creative drama-based instruction on seventh graders' science
achievements in the ecology and matter cycles unit ..."

Group At pre-test At post-test
Control 7.63 16.86 significant difference

et ut
Experimental 7.91 19.60 )’ significant difference

non-significant
. & significant difference
difference

Results from the Cokadar and Yilmaz (2010) study

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

However, the statistics also tell us that the experimental group out-performed the control group at post-test by a difference that was statistically significant.

That means this difference was unlikely to be due to chance effects.

But what if the two groups were starting from different bases?

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/
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initial equivalence

"the effect of creative drama-based instruction on seventh graders' science
achievements in the ecology and matter cycles unit ..."

Group At pre-test At post-test
Control 7.63 16.86 significant difference

et ut
Experimental 7.91 19.60 Y significant difference

non-significant
& significant difference

difference
when

Results from the Cokadar and Yilmaz (2010) study

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

This is discounted because there is a significant difference between groups at the end of the experiments, when there was no such difference at the outset.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/
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initial equivalence

"the effect of creative drama-based instruction on seventh graders' science
achievements in the ecology and matter cycles unit ..."

there was a significant increase in the attainment of students in the
experimental condition after instruction

but there was alsoa significant increase’in the attainment:of studentsin the
control condition after instruction

but there was also a significant higher attainment’of-students in the
experimental condition after instruction over the control condition

when there was not a significant higher attainment of students in the
experimental condition over the control condition before instruction

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

This seems logical, and perhaps the numbers here look quite convincing.

But | think, in general, there is a logical problem here.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

46 Appendix - Science, superstition, or confidence trick.key - 4 May 2023



A hypothetical quasi-experiment:
comparing post-test to pre-test scores in two classes taught

bealelralgssialoln initial
equivalence

p=0.04
*
Convincing
control . .
in this [extreme]
wpreen hypothetical case

7

Differences in pre-test scores for the treatment and control groups °
are found to be non-significant (p>0.05).
Differences in post-test scores for the treatment and control groups

are found to reach significance (p<0.05). after Taber, K. S. (2013).
Conclusion: the intervention (treatment condition) leads to better Classroom-based Research and
learning gains than 'normal’ teaching (control condition). Evidence-based Practice:An introduction

(2nd ed.). London: Sage.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

Let’s consider a hypothetical marginal case. Here there is a small measured difference before the experiment, and also a small measured difference after the experiment.
The difference at pre-test just failed to reach significance.
The difference at post test just reached significance.

Conclusion: the experimental intervention made a difference.

But, surely, initial differences can be magnified in subsequent teaching. It is a common phenomena that differences between learners tend to increase over time. In this hypothetical case,
can we really be confident that initial differences were not a factor?

Of course, we might argue that there are more sophisticated statistical approaches which look at how factors co-vary in a study. Indeed, there are, but my target here is the simple test

for equivalence that is commonly used in published studies to supposedly establish a level playing field.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/
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initial equivalence: ...

statistically s St B 5501, 63 s ot 0 SO 6 213 16508
significant
difference,
i.e., p<0.05
len!

I 1

I

I o ale .

1 measured initial differences at =0.84
: N e.g., p=0.

, levels unlikely to occur by

I
I
T

chance (i.e., p<0.5)

A

0.0 0.5 1.0
>

Probability of measured initial
differences between groups
occuring (if due to chance events)

e.g,p=0.21
(p>0.05, but not a probable
outcome by chance)

Figure 2 from Taber, 2019: Evaluations of equivalence between different groups should be more rigorous than simply excluding differences

reaching statistical significance.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

This common approach is to test to see if there is a very unlikely difference between the pre-test measures in the different conditions.

This means that differences which are unlikely to be due to chance effects, but which are not so unlikely to get a p value below 0.05 are found ‘equivalent’.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/
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Fair analogies?

Some situations where stronger evidence would be useful

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

I do not think this is a sensible test for equivalence. It is a weak test, and, indeed, inadequate.
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case for

sainthood '

Some situations where stronger evidence would be useful

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

Imagine you were looking for a test to decide if someone should be considered a Saint.
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no convictions for case for
serious violence

sainthood

Some situations where stronger evidence would be useful

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

How high would you set the bar?
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case fh

sainthood

no convictions for
serious violence

criterion for
desperate

poverty

Some situations where stronger evidence would be useful

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

What if you wanted to identify those who should be considered in poverty.
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no convictions for
serious violence

case h

sainthood

personal wealth
< | billion US
dollars

Some situations where stronger evidence would be useful

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

criterion for
desperate

poverty

Certainly, not having a great deal of money would be a relevant criterion, but perhaps not quite exclusive enough.
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no convictions for
serious violence

case fOﬁ

sainthood

personal wealth
< [ billion US
dollars

Some situations where stronger evidence would be useful

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

criterion for
desperate

poverty

grounds for
rejecting

tenure

Maybe you were on a committee that was considering rejecting the permanent re-appointment of a colleague on probation as their research record was not strong enough.
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case fOﬁ

no convictions for
------------- > :
sainthood

serious violence

criterion for
desperate

personal wealth
< | billion US =--=-=-=-=-=-=-==-=--- -

dollars poverty
. grounds for
academic notyet > rejecting

won Nobel prize

tenure

Some situations where stronger evidence would be useful

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

But you should not have unreasonable expectations.
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case for
sainthood

no convictions for
serious violence

criterion for
desperate

poverty

grounds for
rejecting

tenure

personal wealth
< [ billion US ============= >
dollars

academic not yet
won Nobel prize

evidence of initial
equivalence between

groups in quasi-
experiment

p = 0.05

no statistically @ =—==—========== >
significant difference

Some situations where stronger evidence would be useful

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

I think these are similar situations, in the sense that the criteria being adopted are certainly relevant and perhaps necessarily apply, but are by no means sufficient.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/
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initial equivalence: ...

How much difference do we tolerate

If I oo ki ng fo r when judging equivalence?

‘equivalence’

i s th e fo c u S o n No statistically significant difference: Sigsrc'ia;ll:::‘i;
th e W ro n g e n d but does that equate to 'equivalence'?
of the

distribution?

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

In a sense, we are looking at the wrong end of the distribution.We should be asking how probable we need measured differences to be, not simply excluding the most improbable.

https://science-education-research.com/research-methodology/experiments/testing-for-initial-equivalence/

57 Appendix - Science, superstition, or confidence trick.key - 4 May 2023



The effect of predict-observe-explain strategy...

"The sample consisted of 93 Grade |10 Physical Sciences
learners from two neighbouring schools (coded as A and B)
...The ages of the learners ranged from 16 to 20 years...The
learners were purposively sampled."

https://science-education-research.com/quasi-experiment-or-crazy-experiment/

Here is another real example.

https://science-education-research.com/quasi-experiment-or-crazy-experiment/
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The effect of predict-observe-explain strategy...

"Forty nine (49) learners (31 males and |8 females) were
from school A and acted as the experimental group (EG)
whereas the control group (CG) consisted of 44 learners
(18 males and 26 females) from school B."

Teaching approach:
Independent — predict-observe-explain
variable (experimental)

— lectures (comparison condition)
Dependent . .

. Learning gains

variable

Anything other than teachin;
Controlled vt E hich mieht mak &

approach which might make a
variable(s) bp &

difference to student learning

https://science-education-research.com/quasi-experiment-or-crazy-experiment/

The study looked to compare between two teaching conditions.

https://science-education-research.com/quasi-experiment-or-crazy-experiment/
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The effect of predict-observe-explain strategy...

"Forty nine (49) learners (31 males and |8 females) were
from school A and acted as the experimental group (EG)
whereas the control group (CG) consisted of 44 learners
(18 males and 26 females) from school B."

Teaching approach:
— predict-observe-explain

(experimental)
comparison = - lectures (comparison condition)

Is that a good

condition?

Learning gains
(a point to

Anything other than teachin;
return to) —— &

approach which might make a
difference to student learning

https://science-education-research.com/quasi-experiment-or-crazy-experiment/

| struggle to understand why researchers think it is acceptable to require teachers to lecture school children, but I'll come back to that later.

https://science-education-research.com/quasi-experiment-or-crazy-experiment/
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The effect of predict-observe-explain strategy...

"Forty nine (49) learners (3| males and |8 females) were
from school A and acted as the experimental group (EG)
wherea ontrol group (CG) consisted of 44 learners
(18 mal 26 females) fro ol B."

. male students

M female students
School A School B

Anything other than teaching
approach which might make a

Controlled

variable(s
(&) difference to student learning

https://science-education-research.com/quasi-experiment-or-crazy-experiment/

One thing we might notice is the very different gender composition of classes.

Is that relevant? Perhaps it should not be.

https://science-education-research.com/quasi-experiment-or-crazy-experiment/
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The effect of predict-observe-explain strategy...

Does the difference in gender'¢ composmon

- [21‘(, 1C
mvailcrlate the comparison?
ex geru

— lectur
Is gender relevant? (Perhaps. this depends on the

social context?)

thing other than t g
Should/could this be considéred®a ¢onfoun ”‘cﬁlﬁg
rilbsle? approa(h \\lmh might make
variable’

difference to student learning

https://science-education-research.com/quasi-experiment-or-crazy-experiment/

In some cultural contexts though, it might be.

https://science-education-research.com/quasi-experiment-or-crazy-experiment/
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The effect of predict-observe-explain strategy...

"The sample consisted of 93 Grade |10 Physical Sciences
learners from two neighbouring schools (coded as A and B)
...The ages of the learners ranged from 16 to 20 years...The
learners were purposively sampled."

How do we know the students in school A (experimental group)
start from an equivalent point to the students in school B?

https://science-education-research.com/quasi-experiment-or-crazy-experiment/

The two groups are in different schools, which | think it really troubling in these kinds of studies, as schools vary so much, and in so many ways.

https://science-education-research.com/quasi-experiment-or-crazy-experiment/
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The effect of predict-observe-explain strategy...

"The sample consisted of 93 Grade |10 Physical Sciences
learners from two neighbouring schools (coded as A and B)
...The ages of the learners ranged from 16 to 20 years...The

learners were purposively sampled."
How do we know the students in school A (experimental group)

start from an equivalent point to the students in school B?

"The results reveal that there was no significant difference
between the pre-test achievement scores of the CG [control

group] and EG [experimental group] for questions.

The p value for these questions was greater than 0.05."

https://science-education-research.com/quasi-experiment-or-crazy-experiment/

But a pre-test was used, and the researchers claimed that on none of the items did differences between groups reach significance. This was seen to assure equivalence.
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The effect of predict-observe-explain strategy...

"The results reveal that there was no significant difference
between the pre-test achievement scores of the CG [control
group] and EG [experimental group] for questions.

The p value for these questions was greater than 0.05."

[ | correct

B incorrrect

School A School B

https://science-education-research.com/quasi-experiment-or-crazy-experiment/

From the data given, | prepared this chart showing the performance on one of the items at pre-test.

We are told that there was ‘no significant difference’. Certainly, in both groups most students got the question wrong.

https://science-education-research.com/quasi-experiment-or-crazy-experiment/
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hteps:/science-education-research.com/quasi-experiment-or-crazy-experiment/

But if this is an equivalent performance in the two classes, then the word ‘equivalent’ means something very different to its normal sense.

Surely, despite the lack of statistical significance, one of these classes is better placed to build on their level of prior learning than the other?
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The effect of predict-observe-explain strategy...

"The results reveal that there was no significant difference between
the pre-test achievement scores of the CG [control group] and EG
[experimental group] for questions.

The p value for these questions was greater than 0.05."

Okay, but: How do we know the students in school A (experimental
group) start from an equivalent point to the students in school B?

School A School B

https://science-education-research.com/quasi-experiment-or-crazy-experiment/

This does not persuade me of equivalence.

This is not an isolated case.This technique is very widely used.

https://science-education-research.com/quasi-experiment-or-crazy-experiment/
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ethics of control
conditions
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Key issues

'Rhetorical research’
...is research which is
set up - either
deliberately or
inadvertently - in such
a way that studies
seem designed to
produce particular
results.

Rhetorical experiments and unethical controls

These studies have weak research designs better suited for
supporting the researchers' expectations than for answering well-
motivated research questions.

Another major concern | have with some published studies, is that they seem to be examples of rhetorical research.
That is the study is done to demonstrate what they researchers already expect, indeed believe, and not in a spirit of open-ended enquiry.

I have noticed that many school science practicals undertaken to demonstrate well-established scientific findings are often incorrectly referred to as ‘experiments’, but surely professional
science educators know that genuine experiments have uncertain outcomes?
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Improving
school grades
by purifying
souls to remove
devils:

The researcher
seemed
convinced. ..

[We learn
about the
researcher’s
beliefs from the
study]

1

1

|

1

: for 4 (of 5?) purposely
| sampled school-age

1 sufferers from

: hallucinations

1
1
1

A 'peer-reviewed' study claims to improve academic performance by purifying the souls of students suffering from hallucinations

Hallucination Disorders: The Effects of Using the Tazkiyatun Nafs Module
on the Academic Achievement of Students with Hallucinations

hool hool hool
= ::15‘: e are higher than = ::"g;;des are lower than Ecolgacs
episodes of | episodes of -

episodes of

hallucinations hallucinations

hallucinations

1
1

i

1

after :
1

1

1

1

1

1

hteps:/science-education-research.com/delusions-of-educational-impact/

Of course, if one includes more dubious journals in one’s purview, one can find extreme examples where no doubt the researcher was entirely convinced by their research, but it seems

unlikely there was ever any serious peer review or editorial evaluation beyond checking the publication fee had been submitted. Sadly, there are now a large number of predatory
journals out there.

I've detailed a number of examples of both honest and dishonest nonsense published in such journals on my website, by which | mean both work which has been submitted in good faith,
but which should never have been published; as well as things that presumably even the authors knew were complete nonsense.

https://science-education-research.com/delusions-of-educational-impact/
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Group—~1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
| Period
1 Are there two Are the atomic H2e
‘islets’ of elements numbers assigned
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https://science-education-research.com/rr mer here-c h del/

An example of the former is an alternative version of periodic table including a whole raft of new elements that had previously been missed.

https://science-education-research.com/move-over-mendeleev-here-comes-the-new-mendel/
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ISSN: 2578-7365

Journal of Chemistry: Education Research and Practice

Opinion Article

“The mastering of the i
art of deforestation is
what enables the
inhabitants of the
Amazon not to die of

hunger.”

Marcos Aurélio Gomes da Silva,

Federal University of Juiz de Fora, Brazil

highlighting showing
paragraphs from differen
published sources

https://science-education-research.com/can-deforestation-stop-indi ‘oups-starving/

An example of the latter was a paper which suggested that deforestation of the Amazon was a good idea.

After some digging around | found the entire paper was a collage of translations of paragraphs form other published works.
Poor translations.‘Deforestation’ had been ‘poisoning’ in the source.

https://science-education-research.com/can-deforestation-stop-indigenous-groups-starving/
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& ommeen Journal of Gastrointestinal Disorders and Liver function
OPEN ACCESS ISSN 2471-0601
Commentary Article DOL: 10.15436/2471-0601.18.1878
Detection of Progression over Sexuality in Indian Stu-
dents and Teachers Combined

...We [sic] believe facial recognition

...We [sic] believe IQ score is the technology is the most uniquely
most uniquely dangerous dangerous surveillance mechanism
surveillance mechanism ever ever invented. Tempted by this
invented. Tempted by this vision, vision, people will continue to
people will continue to invite IQ_ invite facial recognition technology
score into colleges, homes and onto into colleges, homes and onto their
their devices, allowing it to play devices, allowing it to play
symmetrical role in ever more symmetrical role in ever more
aspects of their lives. And that is aspects of their lives. And that is
how the trap gets sprung and how the trap gets sprung and the
the unfortunate truth becomes unfortunate truth becomes
revealed: IQ score is a menace revealed: Facial recognition
disguised as a gift.... technology is a menace disguised as
a gift...

https://science-education-research.com/hoaxing-the-post-truth-journals/

One paper | found basically plagiarised a published study, but simply replaced key words to make the paper about something else entirely.

https://science-education-research.com/hoaxing-the-post-truth-journals/
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Hallucination Disorders: The Effects of Using the Tazkiyatun Nafs Module
on the Academic Achievement of Students with Hallucinations

I m P r 0 Vi n g the study acknowledges:

sufferers from
hallucinations may have hallucinations are associated with
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~ (no evidence presented)

convinced. ..

the intervention removes jinns,

devils and other subtle beings from
a student's heart

(no evidence presented)
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5 Ia[,:pro!ariat? merhodI to

res earCh er’s solve' the ‘problem’ of

beliefs from the

study]

the soul purification
intervention allows
irritability, loneliness,
depression, etc. to be be
overcome completely
(no evidence presented)

hallucinations
(no evidence presented)

the soul purification

intervention would benefit
all students

(no evidence presented)

2022 © Keith S Taber.

A 'peer-reviewed' study claims to improve academic performance by purifying the souls of students suffering from hallucinations

hteps:/science-education-research.com/delusions-of-educational-impact/

I can only assume that the European Journal of Education and Pedagogy does not use serious peer review as the paper | have summarised here does not logically show that school
grades can be improved by exorcism, though | strongly suspect the author was genuine enough about the work.That is one of the key points for rigorous peer review - we can have blind
spots in our own work.

https://science-education-research.com/delusions-of-educational-impact/
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Data
Danger of
(4 . M ”»
qualitative :

. Theo Model Patterns Analytical
rhetorical Y expected framework
research

Patterns
matched
Model fitted
Theory
supported
Rhetorical research: Simply finding some positive examples of instances in data that match codes deriving from a preconceived analytical
framework is a weak form of analysis
https://science-education-research.com/research-methodol lysis/coding/coding-in-confirmatory-research/

It is very easy for qualitative studies to become rhetorical.

We look for something.We find evidence.

https://science-education-research.com/research-methodology/analysis/coding/coding-in-confirmatory-research/
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Data
Danger of
[§ . . ”
quallta_tlve Theo Model Patterns Analytical
rhetorical Y expected framework
research
Patterns
. . matched
Successful science teachers will
include features of enquiry and
argumentation in their teaching Model fitted
Theory
T — supported
Rhetorical research: Simply finding some positive examples of instances in data that match codes deriving from a preconceived analytical
framework is a weak form of analysis
https://science-education-research.com/research-methodols I oding/coding-in-confirmatory-research/

If we believe that enquiry and argumentation are essential to good science teaching; and devise an observation schedule based on indicators of enquiry and argumentation; and then
observe the lessons of good science teachers, we are likely to find indicators of enquiry and argumentation.

The question is, so what?
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Danger of
‘qualitative”
rhetorical
research

https://science-education-research.com/research-methodology/analysis/coding/coding-in-confirmatory-research/

Data

Theory

Model

Patterns
expected

Analytical
framework

Successful science teachers will
include features of hesitation and
contradiction in their teaching

Keith 5. Taber © 2013

Rhetorical research: Simply finding some positive examples of instances in data that match codes deriving from a preconceived analytical

framework is a weak form of analysis

Patterns
matched

Model fitted

Theory
supported

If instead, we believed that hesitation and contradiction were essential to good science teaching; and devised an observation schedule to spot incidents of hesitation and contradiction;

and then observed the lessons of good science teachers, | suspect we could also find evidence of some level of hesitation and contradiction. So, what?

That’s one reason why quantitative, experimental studies have more kudos.

Simple forms of qualitative studies are good at identifying potentially interesting points, but not suitable for testing substantive hypotheses.
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Progressive/reform
teaching:
learner-centred;

can be contrasted with

Traditional teaching:
teacher-centred;
lecture method;

active learning;
constructivist;
enquiry-based; etc.

for example |

Progressive teaching
approach X has beeen
widely demonstrated to
be more effective than
traditional teaching across

recipe practicals;
passive learning;
etc.

5

Continues to be the norm:
despite research evidence
and educational policies,
this is how students are
taught in this educational

R h . I a wide range of contexts context
but
.
experiments Progressve tesching e
approach X has not yec to prepare a local teacher
been specifically tested to implement teaching
with grade [...] students, approach X in an
studying topic [...].In experimental study
town [...]
? 1
a genre! ,
,,,,, N
b |
|
soan ! (The same teacher may be |
experiment : asked to teach in both |
is designed . conditions to give a 'fairer’ |
. test) |
‘ N
N
N
N
Control group - class
- taught with traditional
g b s compared with veacing spproach
progressive teaching (any progressive elements
approach X excluded for the sake of a

clear comparison)

But there is a genre of rhetorical experiments as well.

These papers usually start by making very strong claims about the merits of constructivism and some particular pedagogy associated with it. These papers will offer strong, convincing,
theoretical arguments why such teaching is so much more effective than what may be labelled ‘traditional’ teaching (though by now | would have hoped constructivist-minded teaching
would be traditional, but anyway.)

They then report a whole raft of prior studies which have shown the superiority of the focal pedagogy in a wide range of contexts - across geographical locations, age ranges, topics,
languages of instruction, school cultures, etc.

But, they tell us, no one has yet tested the effectiveness of this pedagogy with, say, 13-14 year-olds studying the specific topic of the periodic table, in rural schools in South
Cambridgeshire.

Of course, from everything that has been reported, there is every reason to think this pedagogy will be effective in such a context. No sense of Karl Popper’s notion of scientists testing
bold conjectures, here: we only test dead-cert hypotheses.

But to make absolutely sure that the experiment works, we compare our preferred pedagogy with a teacher lecturing a class. There may be some ‘discussion’ in the sense of the teacher
answering questions, but we do not allow group-work or any real dialogue, practical work, or access to digital technologies; and we restrict written work to exercises at the lower end of
Bloom’s taxonomy: recall, comprehension, and some application. The teacher teaches as if any educational thinking post about 1870 never happened.That is the comparison condition for
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our theoretically-sound, widely-proven, pedagogy.
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“...was taught using the lesson plan based on the conventional
teaching method. . .which was commonly practised in that school
... in which the teacher dominants [sic], whereas the learners
remain passive” [lJSE]

“the teacher mainly used lecture and discussion [sic!] methods...
The chemistry textbook was the primary source of knowledge in
this group... During the transmission of knowledge...” [RiSE]

“The control group was taught with a teacher-centered
traditional didactic lecture format. Teaching strategies were
dependent on teacher expression without consideration for
student misconceptions. ... students were required to use their
textbooks; students were passive participants...” []JoS&ME]

| find this utterly unethical.
It is unethical in at least two senses.

* Any research which inconveniences people for no good reason, is pointless and so a waste of resource.A demonstration posing as an experiment falls into this category.
* Asking control teachers to deliberately avoid good practice in their classroom, so to ensure a positive study outcome, is also clearly wrong.

And here | have seen quite a few of these studies, including some published in good journals.

How come reviewers do not spot that this is not genuine enquiry, and it is not an acceptable way to treat study participants? | can only assume we are all blinded by the assumed
superiority of the experiment in science.
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falsifying conclusions?
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Key issues

Adopting a research design that tests a
hypothesis using inferential statistical
tests according to a predetermined
confidence level (usually p<0.05)

surely

commits researchers to treat findings
that are statistically non-significant as
negative results?

Falsifying conclusions

My final issue also reflects this idea, in that sometimes authors are so convinced about their expectations that they fail to observe the logic of their experiment.
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Taber, K_S. (2019). Expes

ethical d
69-119.d

https://science-education-research.com/research-methodology/statistical-testing-in-research/

The confidence level chosen to determine whether differences between outcomes are statistically significant is arbitrary. Nearly always, we use a cut-off of 0.05: but there is nothing
magical about that value. | suspect aliens with different numbers of fingers to us may have chosen a different critical value.

Whatever critical value we choose, the outcome is only an indicator.We are always subject to false positives where results are found significant, but unbeknown to us are actually due to
chance effects; and false negatives, where results are found to be non-significant despite there being some kind of causal effect too small to reach significance in small samples.

But, if we are going to use inferential stats, then the conclusions of our experiments, certainly subject to appropriate caveats, should be determined by the outcomes of the analysis
undertaken.

I am going to briefly refer to two papers, one published in each of the two most important chemistry education journals.

https://science-education-research.com/research-methodology/statistical-testing-in-research/
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:S?Yé*#éﬁ.%ﬁi A paper in CERP reported:
(i) “This research study found that collaborative computer

sim group members experienced higher mean scores
regarding pH knowledge and conceptual understanding, and
indicated higher levels of pH-related confidence from the
beginning to the end of the semester when compared to the
traditional group members”’;

(i) “our findings refute those of ... who found no
statistical difference in learning gains between a group of
students using a computerized sim on electrochemistry
(treatment) versus a group of students who were taught
electrochemistry via a traditional hands-on experiment
(control)”.

A paper in Chemistry Education Research and Practice, reported positive outcomes from a study into a learning approach, and made a point of suggesting this refuted a previous study
which had not found a significant effect.
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research context

of an electrochemical cell.

curriculum focus purpose

and participants
P e e e L e ST e
: Hawkins & Phelps, 2013 to test the efficacy of a virtual lab
| work carried out at a "regional as a replacement for the hands-on
s comprehensive university in the south” electrochemistry laboratory
1 General Chemistry Il laboratory (169 of conceptual and factual
| 336 students gave consent for data to be understanding were collected as
| used) well as a post-test hands-on setup
i
1

replication? .~
p o is 'refutation’ potentially possible?

Watson et al, 2020 whether or not the use of a
from University of Houston — Clear Lake collaborative pH computer
) simulation had an impact on the
A purposeful sample of 59 Chemistry Il PH, acids & bases pH knowledge (ability to solve
undergraduate students (all gave consent) standard problems), confidence,
and conceptual understanding

https://science- ion-research.com/publications/papers/when-can-we-claim-that-higher-scores-are-higher/

The whole question of replication is worthy of a talk of its own, but | am merely going to comment here that it was questionable whether the two studies were similar enough for one
to be able to refute the other.
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What was reported

Table 1 Comparisons between pre-test and post-test

What is compared from pre-test to post-test

Knowledge of pH (all participants)

Confidence in understanding of pH (all participants)
Confidence in understanding of pH (innovation group)
Confidence in understanding of pH (comparison group)
Conceptual understanding of pH (all participants)
Conceptual understanding of pH (innovation group)
Conceptual understanding of pH (comparison group)

Table 2 Comparisons between the innovation and comparison conditions

What is compared between conditions

Knowledge before studying

Knowledge after studying

Increase in confidence in understanding
Understanding before studying
Understanding after studying

The study presented a range of results, comparing pre-test to post-test, and between the experimental and comparison groups.
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Results

Table 1 Comparisons between pre-test and post-test

What is compared from pre-test to post-test Outcome

Knowledge of pH (all participants) n.s. (p = 0.419)

Confidence in understanding of pH (all participants) Significant increase (p < 0.001)
Confidence in understanding of pH (innovation group)  Significant increase (p < 0.001)
Confidence in understanding of pH (comparison group)  Significant increase (p < 0.001)
Conceptual understanding of pH (all participants) Significant increase (p < 0.001)
Conceptual understanding of pH (innovation group) Significant increase (p < 0.001)

Conceptual understanding of pH (comparison group) Significant increase [no p value cited]

Table 2 Comparisons between the innovation

What is compared between conditions Outcome

Knowledge before studying n.s. (p = 0.712) [seen as evidence of equivalence]
Knowledge after studying n.s. (p = 0.460)

Increase in confidence in understanding n.s. [no p value cited]

Understanding before studying n.s. (p = 0.384) [seen as evidence of equivalence]
Understanding after studying n.s. (p = 0.068)
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Results

Table 1 Comparisons between pre-test and post-test

Table 2 Comparisons between the innovation

What is compared between conditions Outcome
Knowledge before studying n.s. (p = 0.712) [seen as evidence of equivalence]
Understanding before studying n.s. (p = 0.384) [seen as evidence of equivalence]

The two groups were considered equivalent at pretest, for the familiar reason that the differences were not so different as to reach statistical significance. My interpretation of a p value
of 0.384 is that the differences between the two groups probably were NOT due to chance effects, but | think | have already said enough about that.
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Results

Table 1 Comparisons between pre-test and post-test

Table 2 Comparisons between the innovation

What is compared between conditions Outcome
Knowledge after studying n.s. (p = 0.460)
Increase in confidence in understanding n.s. [no p value cited]
|
Understanding after studying n.s. (p = 0.068)

But surely that is not really important in this study, as there was not a significant difference between the two groups after the intervention.Any differences in scores between the two
groups were not sufficiently unlikely so as be considered statistically significant.

So, in terms of the experimental design set out before collecting data, this is a negative result.
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conditions compared

simulations (experimental
group) (n=84)

versus

standard hands-on
laboratory (control group)
(n=85)

collaborative pH computer
simulation activity (n=23)

versus
traditional reading- based

classroom assignments
(n=36)

results

no significant
differences

A

empirical
question:

did
refutation
occur?

no significant
differences

“This research study
found that collaborative
computer sim group
members experienced
higher mean scores
regarding pH knowledge
and conceptual
understanding, and
indicated higher levels of
pH-related confidence
from the beginning to the
end of the semester when
compared to the
traditional group
members”

There is certainly nothing wrong with reporting a negative result, and indeed there is strong belief that research literature is distorted by a bias towards authors submitting, and journals

preferentially publishing, positive outcomes.

But, these authors are claiming to refute a study that did not find significant differences by having carried out another study that ALSO did not find significant differences. Here the

negative result is imply ignored when presenting the study conclusions as being positive outcomes.
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The Royal Society of Chemistry

.)”W \L SOCIETY

CUuUuCadlionl : OF CHEMISTRY

Comment on “Increasing chemistry students’
knowledge, confidence, and conceptual
S “understanding of pH using a collaborative
computer pH simulation” by S. W. Watson,
A. V. Dubrovskiy and M. L. Peters, Chem. Educ.
Res. Pract., 2020, 21, 528

Keith S. Taber

.
did publish. a comment on the paper.in..
8th April 2020, illustrated 1 recently published that claimec at ar icational innovation was
despite o he sa»me,iourna| i tha thi
study. The two key issue ised ¢ n how the re arch community should understand the concept

of refutation w

q efuted the findings of an earlier

en comparing acros: s, and whether the adoption of inferential statistics in a study

rsc.li/cerp should bind researchers to accept

1ces such tests suggest

Sadly, having noticed this, | felt it necessary to write up a comment - which to be fair to the journal, was published.

[Taber, K.S. (2020). Comment on “Increasing chemistry students’ knowledge, confidence, and conceptual understanding of pH using a collaborative computer pH simulation” by S.WV.
Watson,A.V. Dubrovskiy and M. L. Peters, Chem. Educ. Res. Pract., 2020, 21, 528. Chemistry Education Research and Practice. doi:10.1039/DORP0013 | G]
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Science - key stage 3

Key stage 3

) o and science education
Working scientifically = researchers

Through the content across all three disciplines, pupils{should be taught to:

MIVUUTIIL VU VALV U U U UL WO Y UV VM TS TV IV UD HHIVIUUTT Y SR TUD U U Y UM o

= interpret observations and data, including identifying patterns and using observations,
measurements and data to draw conclusions

®  nracant raacnnad avnlanatinne incliidina avnlainina data in ralatinn tn nradirtinne and

Again, we would not accept this kind of sloppy work from school children.

For my final example | turn to the other top chemistry education specific journal, the Journal of Chemical Education published by the American Chemical Society, whose journals are,
according to the American Chemical Society itself, at least, ‘most trusted’.
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v AGoPublications A paper in J.Chem.Ed. reported

“...our results suggest that the SCTBL method is an effective
way to improve teaching quality and student achievement."

2020

2019

2017

redrawn from Li, Ouyang, Xu & Zhang, 2022 in Journal of Chemical Education

This is based on a figure showing results reported in a study in the Journal of Chemical Education.After 2017, the researchers modified their medicinal chemistry course, by implementing
what they called ‘Student-Centred Team-Based Learning Teaching Method’, and as you can see student results improved thereafter.

You will notice | have failed to include any numbers on this figure, which is disingenuous of me, because the original did include the numbers.
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...and with omitted details

“...our results suggest that the SCTBL method is an effective
way to improve teaching quality and student achievement."

I
I
|
2020 ! 5034
1
: 0.54
I
I
2019 : 80.12
1
: 0.32
I
I
J
2017 s
J
I
| .
794 79.6 798 80[.0] 80.2 80.4

redrawn from Li, Ouyang, Xu & Zhang, 2022 in Journal of Chemical Education
hteps://science-education-research.com/falsifying-research-conclusions/

And with the numbers we see that we are viewing a graph with a truncated axis.

That is a perfectly valid technique used to emphasise differences, but | wondered if here they might have over-emphasised the differences?

https://science-education-research.com/falsifying-research-conclusions/
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...and compared to the full range

“...our results suggest that the SCTBL method is an effective
way to improve teaching quality and student achievement."

2017
(‘control’)

2019
(experimental’)

2020
(experimental’)

"Average scores of the medicinal chemistry course in the
control group and the experimental group."

https://science-education-research.com/falsifying-research-conclusions/

"the average score
showed a constant
upward trend,and a
steady increase was
found"

They are just focusing on a small range of values.

94
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...and compared to the full range

“...our results suggest that the SCTBL method is an effective
way to improve teaching quality and student achievement."

(':ontzr?)ll; 79'8
n=40
"the average score
2018
i 7 showed a constant
upward trend,and a
ke 80.12 H
Coxperimenean steady increase was
found"
Coxpermenta 80.34
[} 10 20 30 40 50 60 70 80 9 100

"Average scores of the medicinal chemistry course in the
control group and the experimental group." ... =

https://science-education-research.com/falsifying-research-conclusions/

And if | present the whole graph as it might have been drawn, the change seems less impressive.
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...and compared to the full range

"the average score showed a constant upward trend, and a
steady increase was found"

®* | What might we
R 79.91 suggest to our
school age
i ot students about
o 80.34 precisions of
T T | measurement?

"Average scores of the medicinal chemistry course in the
control group and the experimental group." ... =

https://science-education-research.com/falsifying-research-conclusions/

Perhaps some of you are used to marking student work, and perhaps you feel your marking is entirely objective and very precise.

But, given how cohorts shift from year to year, | really do not think average course scores to two places of decimals are meaningful.
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Science - key stage 3

Key stage 3

) o and science education
Working scientifically = researchers

Through the content across all three disciplines, pupils{should be taught to:

Scientific attitudes

= pay attention to objectivity and concern for accuracy, precision, repeatability and
reproducibility r—

- 1mAAratanA that caninntifia mathAadas AanAd thaarviae Aaualan Aae Aarvliar Avnlanatianna Ara

We would not accept this from school children.
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and at a reasonable level of precision...

"the average score showed a constant upward trend, and a
steady increase was found"

Cohort Average class score
2017 80
2018 80
2019 80
2020 80

Average class scores (2 s.f.) year on year

https://science-education-research.com/falsifying-research-conclusions/

So, | have reworked their results.

https://science-education-research.com/falsifying-research-conclusions/
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stat. sig. - an artefact?

“...our results suggest that the SCTBL method is an effective
way to improve teaching quality and student achievement."

i ™ How did such
e 79.91 small
differences
ce,,.,.....ﬁq: 80.12 reach
o B 80.34 statistical
e s s e significance?

"Average scores of the medicinal chemistry course in the
control group and the experimental group." ... =

https://science-education-research.com/falsifying-research-conclusions/

But even if | am being too fussy, and you think this level of precision can be justified, we might wonder how such small differences led to a statistically significant outcome.
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no significant difference!

2017
(‘control’) 79.8
n=40
2018
(‘experimental’) 79" I
n=40
2019
Cexperimentar) 80.12
n=40
2020
(‘experimental’) 80.34
n=40
0 10 20 30 40 50 60 70 80 90 100

"Average scores of the medicinal chemistry course in the
control group and the experimental group." s

https://science-education-research.com/falsifying-research-conclusions/

Of course, they did not.

The authors did the analysis, and reported there was no significant difference between the scores before and after the new approach was implemented.
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Falsifying research conclusions?

contravenes scientific norms

analysis: inference
results — inferential x > drawn
statistics
"the average
79.8 score showed a
constant upward

trend, and a

average t-test dyi
course steady Increase "To conclude, our
was found.The

score "no ! . results suggest that
significant [innovation] the [innovation] is an
brought about — - cffecti ¢
difference effective way to

improvement in : .
79.9 I in average P improve teaching

score” :‘:i::‘a;sr;:;r:fe’ quality and student

achievement."
80. I 2 evidence for its
effectiveness in

medicinal
80- 34 chen:ilstry"

Student's

KST 2022

https://science-education-research.com/falsifying-research-conclusions/

Yet, these authors felt they could ignore this analysis and reach a positive conclusion.
Presumably the peer reviewers, and the editor, thought this was fine.

I think this goes completely against proper scientific practice.

https://science-education-research.com/falsifying-research-conclusions/
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control of variables?

“...our results suggest that the SCTBL method is an effective
way to improve teaching quality and student achievement."

results

previous
teaching 2017 cohort i > 79 8
i previous assessment .
regime no random h
assignment of scheme
students to average
conditions course
score
' modified assessment
no test for initia scheme,
; ; 2018 cohort equivalence 79.9 I
innovative
) between groups/
teaching

regime 2019 cohort conditions

> 80.12

2020 cohort — » 80.34

KST 2022
https://science-education-research.com/falsifying-research-conclusions/

This is leaving aside such a comparison only makes sense if we think subsequent cohorts can be considered equivalent. The authors did not even use a weak test of equivalence of the
kind | have discussed earlier, because they did not use any test of equivalence.That just assumed that the 40 students admitted to the course each year could be treated as equivalent.

It was also clear from details in the paper that there had been some necessary modification in the assessment process in moving to the new teaching approach.This may have only
effected a minor component of the final score, but that seems relevant when they think they are measuring to a hundredth of a percentage point.

| just cannot see how peer reviewers thought this was okay.
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Letter sent to editor of [ChemEd

contravenes sclentific norms

analysis: inference
results » inferential > drawn

statistics

previous P “the average
teachiny cohort e 798
s e rardont previous assessment B score showed a
regime 0 ra e constant upward
Student’s
assignment of trend, and 2
average - '
SL e et steady increase "To conclude, our
O score "no was found. The results suggest that
innovation =
modified assessment significant Lr h . b] the [innovation] is an
~ - T = ought about ——  effective way to
2018 no test for initial improvement in h
cohort equivalence e A in average Improve teaching
innovative between groups/ score” the class average, quality and student
teaching 4 which provides achievement.”
regime 2019 cohort condtions _180.12 evidence for its
effectiveness in
medicinal
2020 cohort — 80.34 .
. chemistry’

Referee | recommended that the letter was published as submitted.
Referee 2 recommended that the letter was published as submitted.
Referee 3 recommended major revisions should be undertaken.
Editor unable to make a decision
Referee 4 recommended rejection.
Rejected

https://science-education-research.com/methodological-and-procedural-flaws-in-published-study/

So, | wrote to the editor about it. | was told my comments could be considered for publication if | submitted them as a formal submission. So, | did.

Apparently, the editor initially asked three reviewers to read my submission. Two thought it should be published. One thought some changes were needed before it could be published.
Now, | have been a journal editor, so | am pretty clear how | would respond to that review profile as an editor. But this editor was unsure.

The editor then asked a fourth person, who thought the comment should be rejected. And so it was.

| was told | could prepare a resubmission, but that if | did so it would be better to focus on general issues and not the specific paper | wanted to critique. That, of course, would have
been a completely different article. | must admit to having been shocked by this outcome.

https://science-education-research.com/falsifying-research-conclusions/
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The American Chemical Society

did NOT publish a comment on the paper
in the same journal

(but you could read it here:

https://science-education-research.com/methodological-and-procedural-flaws-in-published-study/ )

https://science-education-research.com/methodological-and-procedural-flaws-in-published-study
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Why do natural scientists tend to make
poor social scientists?

Page contents

Abstract

Introduction
What does research training involve?
Researching education

L]
Induction in scientific research practice ‘ O n ( I u S I O n
Two different forms of life?

Scientific training tends to be narrow
Educational scholarship is promiscuous
Educational research uses a diverse toolkit
Researching complex systems

Scientific training may not readily transfer to social contexts

To conclude.We are scientists, or we like to think we are, and scientists do experiments. | know from my time working in science teacher preparation that generally science graduates
tend to think experiment is the method of choice when we ask them to undertake small-scale enquiry into their teaching.

Perhaps our scientific training so promotes the merits of experimental procedures that science educators have an implicit bias that is strong enough to overcome any concerns about
features that invalidate so many educational experiments of this kind.

Perhaps our scientific education leads us to think that the world can be organised into natural kinds such that one copper wire of a certain gauge is assumed to be able to stand for any
other copper wire of the same dimensions; and so one teacher, or one class of fifteen year-olds, can stand for any other?

Perhaps the scientific mindset that objectifies the natural world is so strong that we see people as experimental subjects that respond to our treatments without regard to the inter-
subjective nature of our interactions with them and what they might think of us and our experiments?

Perhaps this is also why we tend to see classes as arrays of individuals and forget that people in groups interact and influence each other.
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So, ...

Given the practical and ethical challenges of undertaking
small-scale experimental studies into teaching which can
produce meaningful results that we can be confident

* are not due to confounding variables

* can be generalised beyond the specific study context

is it time for journals to set a higher bar for publishing such
studies?

| would suggest that when a valid experiment is possible, it is usually to be preferred.
But if we cannot do a valid experiment, we should not do an experiment at all.

An invalid experiment is not scientific, and is a waste of valuable resource - including researcher time and participant goodwiill.
An invalid experiment carried out by a researcher undermines their claim to be a competent scientist.

So, what does the science education community’s propensity for publishing invalid experiments in its journals say about us collectively?
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Given the practical and ethical challenges of undertaking
small-scale experimental studies into teaching which can
produce meaningful results that we can be confident

* are not due to confounding variables
* can be generalised beyond the specific study context

is it time for journals to set a higher bar for publishing such
studies?

https://science-education-research.com

Thank you.
Keith S. Taber

Emeritus Professor of Science Education
University of Cambridge

https://science-education-research.com
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