What is This Thing Called ‘Efficacy’?
By Nancy Cartwright

1. The Topic

This paper is about efficacy, effectiveness, thedrfer theory to join the two, and the
tragedies of exporting the Cochrane medical-inspi@eology to social policy.
Loosely,efficacyis what is established about causes in RCTs -orarzd controlled
trials. Effectivenesss what a cause does ‘in the field’. The theake that describing
forces in mechanics, underwrites the assumptiontbi@acause contributes the same
effect in the field as in the experiment. The tidige are multiple and snowball on
one another. On conventional Cochrane Collaboratmetrine, following the model
of testing pharmaceuticals, the RCT is the golddsdied for evidence of effectiveness
in evidence-based policy. The first tragedy is thatdominant characterizations of
‘efficacy’, including, especially, many that tryrdato be scientific, it does not make
sense to suppose that efficacies make any differeatside experiments. The second
tragedy is that once ‘efficacy’ is characterizedisat it does make sense, the RCT can
hardly be a gold standard since it goes no way tasvastablishing the theory, or
more loosely the story or account, that it takegdbout of the experiment and into
the field. The third tragedy is that much of thadeng about evidence-based policy
pays little attention to the need for such theooeaccounts. Indeed there is often the
suggestion that RCTs should replace such accoumie she accounts are almost
always controversial. The worst tragedy is thatoffer advice that lets policy down,
wasting the powerful knowledge that could be preditdhy RCTs. We pay heavily to
measure efficacies in RCTs but efficacy is not emgk at all for effectiveness
without the right kind of account or theory to makeo. Yet we provide hardly any

guidance about how to manage when accounts arg. dice

2. Why it Matters

Evidence-based or evidence-supported policy is thé# rage now, mandated
throughout the U.S. and the U.K. and increasinglyEurope, at the international,
national and local levels. But mandates need pwi@nd policing here requires a
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theory of evidence. To know whether a genuine gitehas been made to support
decisions about policy by evidence that the proggsdicy will be effective, some

notions are required of what effectiveness is ahdtwounts as evidence for it.

Much serious work has been done to supply theggeat deal of which has been
inspired by the Cochrane Collaboration, a ‘voluriteeganization that has been very
instrumental in the evidence-based medicine movéenidme relatively new cousin of

the Cochrane Collaboration, the Campbell Collahonattakes as one of its chief
tasks to provide an account of evidence for eviddrased social science and policy.
Much of the current debate in the Campbell Collabon is about the extent to which
the Cochrane methodology can be taken over anctiefigeabout the prevalent view

that RCTs should be the gold standard, providimguvry best evidence in favour of
policy and, sometimes it is argued, the only rééiadvidence. Consider for example
the U.S. Department of Education advice: Good ewidefor a new educational

policy is two successful RCTs for that policy igptcal’ schools that are ‘like yours'.

Part of these efforts are driven by the laudabkrdeo produce advice that on the
one hand is relatively sound and on the other ealistically be expected to be put to
use by policy-makers who may wish to do the besy ttan but are untrained in both
natural and social science and in the handlingesadliation of evidence and also are
pressed for time and resources. It is understaadabthese circumstances if the
advice does not meet either goal to a very highdstad. A lot of compromise should

be expected and satisficing rather than optimisimguld be the standard for success.

This paper looks at one standard way of thinkingualthe use of RCTs as evidence
for policy: RCTs establish the efficacy of a caasel that provides one central piece
of evidence about how effective the cause will belive settings outside the
experiment. The most standard assumption in pesgems to be that a cause that is
efficacious in the experimental setting will beiedtious outside unless its effects are
swamped by opposing causes. Consider the widetyusked California class-size
reduction programme of 1996 which is generally taket to have produced the good
results hoped for. The general verdict is that welducted trials in Tennessee

provided good evidence for the efficacy of clag®sreduction in improving



academic achieveménWhat went wrong in California was not that thisdence is
faulty. Rather, the programme was rolled out inifGaiia rapidly, with little time for
schools to prepare. As a result there was a bigase in demand for teachers and for
classrooms, a demand that well exceeded supplyeingntation lagged in schools
serving minority and low income students, in pagcduse they lacked adequate
classroom space. As a consequence most of thealiffepliteachers ended up in the

schools with the most disadvantaged studénts.

This argument seems to suppose that class-sizecti@aus an efficacious cause
whose tendency to produce good effects was ovemduklin California by the
actions of causes that operate in the oppositectdire There are other ways of
thinking about efficacy, or indeed of thinking abowhat exactly it is that is
established in RCTs and what use can be made efiexgntal results, some of which
| outline in section fiveBut this is one very standard and widespread Wdseating
RCTs and their lessons and it is the one | shallceotrate on in this paper. My
conclusions are unfortunate. If it is to be usethaaway just described, efficacy takes
far more evidence than RCTs to establish, and aeg&l¢hat is very different in kind.
What the RCT can do is to meastiev muchefficacy a cause hagventhat there is

efficacy there to be measured.

Besides explicitly addressing issues of efficasydence, RCTs and policy, this paper
has a subsidiary purpose. Scientists, includingasscientists, are often dismissive of
philosophy. Philosophy, it is said, is too abstrémd fussy and too taken up with its
own problems to matter to real practice. With $sues discussed here | think just the
opposite is the case. Bad practice, | maintaibeiag recommended without intention
and without sufficient notice in part because prissues that philosophy fusses about
are being ignored, issues like what counts as @eprdefinition and whether an

argument has been laid out with all the necessayiges.

2 Nye, B., Hedges, L.V., Konstantopolous, S., 200the Effects of Small Classes on Academic
Achievement: The Results of the Tennessee ClagsEiperiment”’ American Educational Research
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3. Efficacy and Effectiveness

In 1978 the U.S. Office of Technology AssessmemAPmade a distinction between
efficacy and effectiveness that is widely cited.eTdefinition and the summary
statement given in the OTA report are themselviisl@ at odds with each other but
here is the kind of lesson that practitioners takey from it:Efficacyis ‘the ability
of a treatment to produce benefit if applied idgahd effectivenessthe benefit that
actually occurs when a treatment is used in practi@ 317 in G Andrews 1999)
How shall we understand ‘ideally’ here? This autlatso maintains that ‘a good
treatment’ should ‘be shown to be clinically anatistically better than that due to an
ineffective or placebo treatment in randomised e trials’. (p 316) The OTA
itself explained in its 1978 report, ‘For efficaitye conditions of use are considered to
be ideal, or, as a substitute, experimental rekef@mdings’. (p. 16) It is laudable to
try to be more precise and to make distinctions lile#p prevent mistaken inferences,
such as the easy slide from experimental resultpréglictions that just the same
results will obtain in the field. Nevertheless stthis characterization of efficacy in
terms of experimental results that makes the &estof troubles | want to highlight.
The more recent report of 1994, ‘Identifying Healchniques that Work’, concurs
with the identification of efficacy with experimettresults: ‘Traditionally, RCTs
have been the tool associated with narrowly defieifidacy studies.” (Summary, p
17)

The same kind of characterization of efficacy imme of experimental conditions is
common among careful statisticians, and for goaabor. Efficacies are average
effects and averages are relative to distributi&us.distributions and averages make
no sense without reference to the population ofsuover which the distribution is
defined and the chance set-up that is supposeértergte it, and for an average it

must be clear whether it is conditional or uncapdil and what it is conditional on.

The canonical source here is probably DR Cox’s IB&& Planning of Experiments
which defines the notion of ‘true treatment effectEhese effects are defined as
effects in an experiment. One of the most standeays of defining efficacy
nowadays is that championed by Paul Holland andal@oRubin. Although there

have been a variety of sophistications and impraerés) the fundamental point |



want to make still holds. Since my point is mossikaillustrated with the original

characterization, | will stick with that.

In an early careful account Rubin defines the fdromaisin of efficacy: ‘the average
causal effect in P of one treatment relative totlaerd (where P is a ‘population of N
experimental units’ [p. 36]). This is the differenén conditional means for the
outcome it would experience given exposure to tfs freatment and the outcome a
unit would experience given exposure to the secmd3]

AP Dawid objects to the fact that the means arertaor subjunctive conditional
variables: The values of these two variables capossibly both be observed but at
most only one or the oth&i. am sympathetic with his worries but they are mate
here. Rather | want to point out what these meams@nditioned on: observed values
of treatment outcomes, of covariates, a missingzaidr variable and, what matters
for my discussion here, a ‘treatment assignmentiabby W. The treatment
assignment variable picks up two kinds of informati One is ‘the treatment
assignment mechanism which determines the sammeriexental units to receive
each treatment’ (p. 37) — for instance the randesigament mechanism of the RCT.
The other is ‘the sampling mechanism which deteesithe experimental units to be
studied’ i.e., to be exposed to a treatment. Tagdtiese fix whether or not the means
concern units in an experimental setting and exdwilv the assignment to treatment
occurs for units in the experiment. Dawid doesnailar thing in his own decision-
theory account, which takes means only over achadlcounterfactual, outcomes, for
Dawid conditions his means on a treatment assighwagiable, F, that can take three
values: receives treatment 1 by assignment, reséieatment 2 by assignment, is not
assigned but takes values for either treatmentalituthat is, Dawid conditions on a

variable that determines whether one is in an exjyart or not.

In one sense this is exactly as it should be. Weilshnot be defining means without

specifying the intended population, chance set4ugp eonditioning factors. But in

* Dawid, A.P., 2000!Causal Inference Without Counterfactualdyurnal of the American Statistical
Association Vol. 95, No. 450 , pp. 407-424; and Dawid, AZ0Q7, ‘Counterfactuals, Hypotheticals
and Potential Responses: a Philosophical Examimatib Statistical Causality’. InCausality and
Probability in the SciencesRusso, F., Williamson, J. London: College Pubiass, Texts In
Philosophy Series Vol. 5, pp. 503-32.



another, it makes for a very odd sense of ‘effitaBpr the causal effect is now
alwaysdefined only relative to a particular experimenti#sign That means that it if
we take this as our formal definition of the effigaof a cause, tloes not make sense
to talk about the cause being efficacious in ammgiosetting. The concept only applies

to those situations in which the experimental desigtains, and in no othérs

It is important to note that this is not the fammlproblem of external validity. In the
problem of external validity we consider a quantitgtcould hold across a variety of
situations; we observe the value of that quantitgne situation, like an RCT; and we
ask if the very same value of that quantity holdergwhere or in some other
specified situation. But with the definitions dissed here, the quantity in question
could not possibly take a value anywhere excepghénexperiment with respect to
which it has been defined. By way of analogy, theernational Adult Literacy
Survey (IALS) is used to measure and compare thetifenal literacy of adults across
the OECD. It is reasonable to ask whether thedksfiteracy used by the IALS is
applicable to populations outside the wealthy coestthat make up the OECD. But
it is inappropriate to ask whether the IALS can tel anything about the numeracy

rates in different countries.

We can take this problem to be the result of oysrationalizing, and that is the
approach | shall discuss here. That is, we misigk#efine a quantity that can hold
across a variety of different situations in term®mme way of measuring the quantity
in one particular setting. The problems that arfsem operationalizing are
exacerbated by the drive to provide definitiongarms of probabilities so that the
techniques of statistics can be brought to beae I%78 OTA report for instance
asserts (without defence or comment), ‘Efficaclpast expressed in probabilities’. (p.
4) But probabilities are always defined relativeptmpulations, chance set-ups and
conditioning variables. So definitions expressetkerms of probabilities will always

characterize concepts that ipso facto have a waited range of applicability.

® Alternative to choosing a specific population asdignment mechanism for defining the efficacy of a
cause C is to define a concept with an open varidbl any population P and assignment mechanism
W, the P.W efficacy of C is...” One could then sugpdhat finding the RCT- efficacy of C in any
population P would give one information about th@/Refficacy of C for any target P and W. This
alternative raises exactly the same demands a® thdembrated in section 8, for the capacity
alternative | focus on.



4. Capacities

So then suppose that we take the approach that R@hsde evidence for the
effectiveness of causes in real-life settings bseatne RCT provides information
about some fact about what a cause can do thatlmam outside the RCT, in the
real-life setting. | have always called these fatisut what causes do across a broad
range of settings, facts about ttepacityassociated with the cause, where capacity is
modelled on JS Mill's notion of gendency Indeed, in the book where | discussed
capacities at lengthN@ture’s Capacities and their Measuremeahe of the prime
motivations for positing capacities was to makeseeof the highly lauded scientific
technique of using the effects that causes producgery special circumstances —
RCTs, ideal Galilean experiments or when all ottearses are held fixed — to teach
something about what will happen when those caasepresent elsewhere. The idea
is that

1. Causes have, or have associated with them, rdlagwneluring capacities

2. We can learn about the natural effects of theseafg@s in various nice
situations (like Galilean experiments, RCTs, or whé other causes are held
fixed at one set of values) and

3. What we learn in these very special situationsduase systematic relation to
the effect that is produced when the cause ob&gesvhere.

This seems to mesh neatly with the talk about &fficthat we frequently see in
practice. Recall the California class-size reducppoogramme. The Tennessee trials
provide evidence about how efficacious small claszes can be on academic
achievement; the effect that actually occurred @if@nia was taken to be the
resultant of that effect damped down and modifiecam intelligible way by other
causes, themselves conceived of as being efficegroopposite or at least different

directions.

This leads to the following scenario. The efficadya cause T for an outcome O (or
the efficacy of T for O relative to alterative T3 a relatively enduring feature
associated with T. The magnitude of T's efficacy@can be measured more or less

accurately in a variety of ways and that magnitodetributes in some systematic or



intelligible way to what happens whenever T is prees The ideal RCT is then taken

to be a good way to measure aspectshaf efficacy of T.

This is a good scenario but philosophers of sciemmk metaphysicians generally do
not like it, and these are people who spend tivasIthinking about what kinds of
categories it makes sense to use to describeyrelatin hardly refer to them as an
objection to the hypothesis that efficacy is a c#yathough since | have spent
considerable effort arguing that their point ofwies mistaken. It is only fair to note
for practising social scientists, however, that algims that the notion of capacity
makes sense and that it plays an important roleugirout the natural, social and
biomedical sciences, and especially in their linkhwechnology and policy, is by far
a minority view in philosophy. Here | want to raissy own problems with deploying
it for evidence-based policy. To do so it will hdip rehearse some conventional
lessons from philosophy of science, especiallyhm tenerable discussion about the
realism and acceptability of scientific conceptdjich differs from discussions of
construct validity that social scientists may berentamiliar with. Before doing so,
however, | shall give a very brief review of sonteey methods on offer for avoiding
the problems raised by the kinds of definition®fficacy described in section 3. This
should help us to understand better what thinkmtgerms of capacities involves and
what its advantages are.

5. Alternatives to Capacities

Let me recap the problem. We want to know whatsfaabout a cause can be
established in an RCT that could allow positiveulssin an RCT to be evidence —
albeit possibly only partial and defeasible eviderndor the effectiveness of the cause
elsewhere. One answer, the one | look at in dete, is that the RCT can provide
information about the size and direction in whicl{relatively enduring) capacity

operates. Other strategies propose

® | say ‘aspects of because one would seldom exipecactual mean differences to be the very effect
the causecontributesin this capacity sense. At the very least, wewkrbat this difference is an
average over the contribution it makes in variaugp®pulations represented in the population erdolle
in the experiment. It is a complicated — and cetrtependent — question of exactly what information
an RCT yields about the contribution of a causéhencapacity interpretation. | ignore the issusshe
in order to avoid excess complication.



a. Causal claims and inductions from the@iven some natural assumptions about
causality, an increase in probability of an effétjn the ‘treatment’ arm of an ideal
RCT over that in the ‘placebo’ arm shows that folemst some individuals in the
population enrolled in the experiment, the treatim&ncausede. The defence of this
as a valid conclusion to draw from a successful R@pends on how one
characterizes an ideal RCT and on what assumptio@snakes about singular causal
claims. This is a long story that | shall not eviWhat matters for the issues here is
how establishing this kind of causal conclusionwbiofor the population enrolled in
the experiment can provide evidence for the effeatess of T outside the
experiment. How does establishing that T causes Bome individuals in the

experiment give reason to think that T causes Eider?

The answer is that it does not, without a great deme ado. Here we do encounter
the problem of external validity, and writ large.this case it makes sense to ascribe
the same feature inside and outside the experitnsettaip, but there is no reason yet
to do so. We can attempt an induction: Some simgtdasal events that happened
once somewhere will happen in the target populatibdo not mind inductions, but
wild-eyed ones, on a wish and a prayer, are toviogdad in evidence-based policy.
We are only entitled to an induction on some gifeature when there is reason to
think that the new case is like the original widspect to that feature. We properly
induce the colour of the camellia buds that haveyeb opened on the plant at the
bottom of my garden from the colour of those thavd) but we do not induce the
colour of the flowers my geranium will produce frahe flowers on my camellia.
That is why the U.S. Department of Education remmdllat evidence for efficacy of a
programme in your school should be positive resmt®CTs in two school$ike
yours. But it is notorious that the kinds of simiii@s that make for a good basis for

induction are seldom transparent.

So, what features could a cause have that makectindureasonable? Once one
begins to lay out the kinds of assumptions pressggan making inductions from

experimental outcomes to real-life situations, ¢éinéerprise begins to look a lot like
the postulation of a capacity. Why should we thin&t the cause T will do for some
targeted individuals what it did for some indivitkian the experiment? If we have

reason to ascribe an enduring capacity to T, wee lmaveason: T caused E in the



observed individuals because it had the capacibyép, tendency) to do so, and
having that capacity, it will do so for other ingluals unless too strongly interfered
with. So it may not be that this alternative diffesignificantly from the capacity idea
after all. At the very least the postulation of @eiies and the use of induction from
singular causal conclusions established in RCT® hiawommon the concern | am
worried about in this paper. The RCT itself goes way to underwriting the

assumption crucial for taking it as evidence foieeiveness outside the setting,
whether this be seen as evidence that the causeaBsiociated with a relatively
enduring capacity or some kind of evidence thatrethie a proper base for an
induction. In particular analogues for the threguieements | outline in section 8

must be satisfied just as much for inductions ashfe use of the logic of capacities.

b. A casual law and its analoguddeal RCTs can also establish what | calsal
laws. Again, the proof depends on what one counts adesmh RCT, what one takes a
causal law to be and what features one takes systérrausal laws to have. Causal
laws as | characterize them — and this is the cleniaation that is employed in the
proof that ideal RCTs can establish causal lawse-aways relative to a ‘test
population’. These are populations that are homeges with respect to ‘all other’
causes for the same effect. So, what the posit@& Ban establish is that there is
some test populationy, which is a subset of the population enrolled e t

experiment, for which ‘T causes Edhis true.

Laying aside problems with policies that shift tilederlying causal structure, this
means that the causal law that T causes E holdanfpmpopulation that satisfids
Two immediate problems face employing this niceultesas evidence for
effectiveness. First, we usually do not know wéas. The ideal RCT tells us that
there is such a subpopulation but not how to pickut. Second, we could seldom
expect that our target population i$ @opulation, or had as a subpopulation within
it. So the information would be useless — unlesssugpose that the causal law that
holds in one population can be relied on to holdtirers, which we often do assume.
We do not expect exactly the same effect to apipeather kinds of populations since
what actually happens in a given population depemdshe combined efforts of all
the causes at work in it. But sometimes we exg®dtthe contribution guaranteed by

one causal law will be the same for different kinflpopulations, and often with very

10



good reason. But again this returns the focus paa#es and their justification: The
logic that supports this assumption is the logicagacities, or something very akin to
it.

c. Probabilities and inductions from thew.third alternative is to abjure causal and
efficacy talk altogether; stick with just the prdlidies. Take the conclusion simply
to be the difference in means between the two @xgatal groups. Even better, take
each mean separately since, without the causalotations, the difference clearly
gives less information than the two means sepgraézlch of which can be used
independently in decision-theoretic analyses, asiDauggests. Again the question
arises, how do the means in the experiment preawitlence about anything outside?
Again the answer is that without a lot more adeytbannot. The problem in this case
is usually worse than with external validity of saliconclusions. In general the mean
in two populations is the same only if the prohb#@pitlistribution over confounding
factors is the same in the two. There may be s@sescwhere the population enrolled
in the experiment can be seen as a really good Isdingm the target population so
that the distributions should be the same. But wewk this is impractically rare.
Indeed this is why JS Mill thought that politicalomomy could never be an inductive
science. The probabilities with which a given kiodevent occurs depend on the
complex mix of causal factors that bring it abontl ahere are generally a very large
number of these, each itself brought about by getarlier large mix of factors, and
so on. So the probabilities for an outcome shoelégxpected to be in constant flux;
they are the very thing we would want not to dauicttbns on. The contribution of a
cause (in the technical ‘capacity’ sense of ‘cdmition’) at least is the kind of thing
that we have seen to be relatively stable for aetyarof different causes across a
variety of different fields — like the gravitatidnaction of one mass on another. Mill
for one took the fundamental social causes to bengrthese. If he is right that social
causes are often associated with relatively stehpacities, then there is some hope
that RCTs can be of use for social policy. Forepprobabilities, by contrast, we

almost always have good reason to suppose chatige than stability.

d. EconometricsThis alternative does not rely on RCTs as evidatall. There are a
number of different formal treatments of efficaay offer in econometrics. These

treatments define efficacy in a population-relativay, not however relative to an
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experimental population but rather to the targepybation. These then provide
schema for modelling the causal structure of theufaiion and investigate
econometric techniques for estimating efficacy frdata. As with the treatments in
section 3, it is still the case that by definitiarcause can only be efficacious in the
population relative to which it is defined but ndvis defined where the policy-maker
needs it. These techniques can provide powerfulegne directly relevant for policy.
But they have a big drawback, which is just thpsilile of this virtue. They deliver
results about the target population directly, Iaintthey require both data and careful
modelling on that population, and this can freqlyebé too expensive and too time
consuming to help in policy considerations. Betterhave results concerning
capacities, ‘off-the-shelf’ results that do not batlw be established anew for each
population — if only we can get them.

Let us turn then to considerations about whatkié$ao establish capacity claims and

what role RCTs can play in doing so.

6. What Makes a Concept Legitimate?

Contemporary science studies features that cansbtibad to real systems in the
world: the charge of an electron, the structureaoDNA string, the fithess of a

population, or — in the case of interest here —efffieacy of a treatment for a given

effect, like the efficacy of class-size reductionmprove academic achievement or of
phonic awareness to reading development. Very po#ierwith charge and efficacy,

the features arguantities— they have magnitudes that measure the amoutiteof

guantity and allow for comparisons of amounts &f guantity that obtain in different

systems. With respect to quantities three differeions need to be distinguished.

1. The quantity itself, e.gnegative charge.

2. The scientific representation of it, e.g., negatolarge is represented as a
discrete-valued function that maps physical systens—n x 1.6022 x 18
coulombswhere n is any integer including 0, and -1.6020%° coulombs is
the charge of the electron, the smallest unit gatge charge.

12



3. Reliable operations for measuring the quantityg- measuring the change of
a particle by observing the deflection in its tcapey produced by a known
electromagnetic field.

| rehearse these three because they are oftenatahfl sometimes harmlessly,
sometimes not. For instance, “Fuel poverty is rosfi as circumstances where a
household has to spend more than 10 per cent afdtsne on fuel to maintain an
adequate standard of warmth.tonflates 1 and 3. Or consider debates about
measures of economic freedom — e.g. how adequatesieer cardinality measure,
which measures the economic freedom of individuaisthe size of their set of
options? These are debates about the best sicierggresentations of economic
freedom, but they can often look like debates alioutWhat is economic freedom? —
or 3. — What operations will reliably measure #mount of economic freedom?
Physics too is rife with conflations. ‘The quantstate is evolved deterministically
by the quantum Hamiltonian’ is typical. The quantsatate is supposed to be a real
feature of systems in the world. The quantum Hamian is definitely a piece of
mathematics, which cannot evolve anything in thal sgorld. Either some real
feature of systems in the world must be pointedthat is represented by the
Hamiltonian or the claim must be read as a purefithematical claim about the
relation of the two representations, with ‘detenstically’ read as some appropriate
mathematical characteristic. From the point of vieiv capacities, the efficacy
definitions from section 3 conflate 1. and 3. (Soofiehe econometric approaches

discussed in sectionrbake efficacy model-relative, which conflates 1d &n)

Which of these three matters for establishing thatcientific concept stands for
something real, or at least for licensing the cphes legitimate? All three have their
advocates. But | would wish to argue that in trealdor a good scientific concept we
need all three and the three need to mesh tightlg.account of what the quantity is
must dovetail with how it is represented, where tla@onical way to show they
dovetail is via representation theorems, like thiaselving probabilities, preferences
and utilities (where expressed preferences areidenesl a function of probabilities
and preferences) or those for ‘measures’ of ecoodmedom. These theorems show

" DWP, 2006, “Opportunity for All, Eighth Annual Reqt”, p.70
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that the features picked out to characterize ttantijty are appropriately captured by
the mathematics used to represent it. (For instdengths do not get represented by
negative numbers and temperatures do not get exegsin a way that insists that
twice the numerical value means twice as hot.) I8nhgj both the characterizations of
the quantity and the representation of it muswith how we actually measure it in
the world: The measurement procedures must bdigastis good ways of finding out
about the very thing we have characterized andesemted. The justification may
well be elaborate and indirect, relying on a langenber of background assumptions,
as in the justification for using the deflection thie trajectory of a particle in an
electromagnetic field to measure its charge. Batjtistification needs to be there if

we are to place trust in our measurement procedures

7. Return to Efficacies as Capacities

From this ideal point of view what is wrong withkiag efficacies as enduring
capacities measured by RCTs? Generally far too naunfissing. We could conceive
of the real-life experiment as a way of measuringf, measuring what, represented
how? We could additionally think of definitions terms of mean effects in ideal
RCTs relative to well specified populations, likeetones described in section 3, as
laying out the requisite representations for sooemtjty, with real experiments as the
real-life measurement procedures. Then we wouldeast have a transparent
connection between the representation and the mesmasunt procedures. But we
would still lack an account of what the quantitytieat is being represented and
measured. The efficacy itself, conceived as a gyathtat can be measured in one
setting and relied on for prediction in anothemr imere shadow. We have a procedure
for measuring, measuring something, but we do agelan account of what it is. We
can of course provide such an account by readihg définition of the quantity from
the representation or the measurement procedurethBo we are back where we
started in section 3. We would have a good, sdiealily well-formulated definition

of efficacy. But causes could never be efficacioutside of the experimental settings

which enter into our definition.

The problem | note here is in no way peculiar tfficacy’ but is widespread

throughout the social sciences. To legitimate antitya concept we need to
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characterize the quantity itself, its representatamd its measurement procedures.
Then we need to tie these three together — in athatycan be justified. And we need
to be explicit, precise and rigorous. We naturdige problems here, but which
problems depends on which end we start from ingtyime bundle together. What
generally happens is that the account of representslides close to one side or the
other, making the distance on the far side difficuhot impossible to traverse. We
can build a representation very close to our measent procedures, in which case
the bond between those two is transparent andtegagtify. But then, how to reach
over to an account of the quantity itself becomgzablem. As we saw with the
representations for ‘efficacy’ described in sect®&yrwe sometimes tie representation
so closely to measurement that the gulf to theratlte where the quantity dwells is
literally unbridgeable.

On the other hand the representation can flow abyuirom the account of what the
guantity is. Consider the representation of chaejerred to above, as a discrete-
valued quantity. This is readily justified by thengiples of electromagnetic theory
that help explain what negative charge is, espgdé principles that explain that
electrons carry the smallest unit of negative chatigat this charge is indivisible and
that the charge of an electron is -1.6022 ¥1€bulombs. In this case we have the
converse problem to that with efficacy: It is velifficult to justify our measurement
procedures — Why look at the deflection of a pha'c trajectory in an
electromagnetic field in order to measure its ch@rg and doing so will demand a
large number of auxiliary empirical assumptionss Iho surprise then that those who
distrust almost all claims to knowledge in the hansciences err in the other

direction and tie representation too closely to sneament.

If the situation is so bad, you may wonder why Wdalefended efficacies as
capacities for so long. The reason depends on qidhie difference between the
abstract description of a category and a concrei@amce of something that fits the
category. | have defended capacities as an apptepbstract category of concepts
for use in science and | have defended specificaglies as concrete instances of that
category and | have done the first largely on antofithe second. That's because |
see specific efficacy concepts at work in sciercm)cepts that are well defined,

appropriately represented and properly measurable.
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The paradigm is Mill's own — forces in physics. gtirof all, ‘force’ is defined
implicitly via the laws in which it participatesmportantly for counting ‘force’ as a
capacity term, among these laws is the law of catipo of forces, which fixes what
it means to say that a given cause, like gravitgh@rge, ‘contributes’ its canonical
effect even when other forces are at work as Wdilis then gives sense to the idea,
central to the concept of efficacy as capacityt tha cause should contribute in some
‘systematic or intelligible way to what happens wéeer it is present’. Second, force
has a well-understood mathematical representatmughly as a vector in 3-space
whose components are non-negative real numbersd,Tihiis measured in a vast
variety of ways that can be defended as appropmmen the force laws in

conjunction with acceptable auxiliary assumptions.

To make vivid the gaps that beset the concept ficaely, consider the force of
gravity. The effect of one mass on another is mdinéd as the force or acceleration
that is measured in a very carefully controlled exkpent, like those Galileo aimed
for. It is defined instead by the role laid out foin the laws of motion, laws that
maintain that the mass contributes the same effeeersally, not just in Galileo’s
experiment, laws whose implications in this regaave been widely confirmed.
These well-confirmed laws also show why Galileo¥p&iments are good for
measuring the effect of one mass on another — tiresexperiments in which the pull
due to the mass operates almost on its own, withtimer forces to interfere. They tell
us in addition exactly what effect to take awaynir@alileo’s experiment and, as |
stressed above, they tell us just what it mearsayothat this effect is contributed in

other situations outside the ideal measuremenhgett

8. Speaking Realistically

The take-home lesson from the considerations ificse€ is that, for making sure our
concepts are good ones, theory matters, and saxitiasy empirical assumptions,

good well-confirmed theory and sound, reliable eropl assumptions. But it is well

known that policy cannot wait for the advance &dty. So we had best consider
what is minimally required if we are to take a wadnducted RCT as evidence for

effectiveness, even if only very partial evidencBerhaps there are aspects of the
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ideal we can get along without. For instance, wg n@ need a thick theory to tell us

just what the capacity involved is and under jubtMaws it operates. But the very

logic involved in using the idea of enduring cagiasi as a rationale for taking RCTs

as evidence bearing on the effectiveness of theecautside the experiment makes

three clear demands. Meeting these three demarwsdes the three ingredients

necessary to turn the efficacy measured in an R@reavidence for effectiveness in a

new setting. It's like making pancakes. RCTs aeelibking powder. But the baking

powder is useless without the flour, milk and eggs.

1.

3.

We need good reason to think that the effect preduic the experiment is an
enduring one, reason to think that when we seeréiftial effects with the

cause present versus absent in the RCT settingreveeeing the effects of a
genuine capacity, one that can reliably be expetiamperate in various new

settings and in new populations.

. We should have good reason to think that the preffect has been identified,

that the effect we focus on in the experimentairsgis not piggybacking in a
misleading way on the true, generalizable efféEbr example, let us say that
an experiment [RCT] is conducted to increase sicarid reduce theft in two
schools through the introduction of closed cirdeievision (CCTV). The
effect is a reduction in theft in the experimergehool. Exactly what is the
cause here? It may be that potential offendersdaterred from theft, or it
might be that offenders are caught more frequemilyit might be that the
presence of the CCTV renders teachers and studemesvigilant...”

We need some sense of what it means for the olzbeffext to becontributed
in new cases. In formal theories this is suppligdh® rules for composition.
But there are different methods in different thesriThe vector addition of
forces is different from simple addition. Sometime® introduce new,
intermediate words to describe how the cause ¢nrgs even though we
don’t know how to predict the ultimate outcome. €ider: The magnet
alwayspulls onthe pin even when we cannot predict whether theapil be

set free. Or the commitment about contribution lbarcouched in a cautious,

8 Morrison, K., 2001, “Randomised Controlled Trifds Evidence-based Education: Some Problems in
Judging ‘What Works™ Evaluation and Research in Educatjorpnl.15, No.2, pp.69-83, p.72
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modalized form: Eating Wheatiesan (or ‘may’) improve your heart health.

And of course threshold effects are a notoriouslera.

To illustrate the importance of these three basgradients for using efficacies to
help predict effectiveness let us look in more ileththe third and consider — in
caricature — the difference between two well-knaxamples, simultaneous equation
models in economics and forces in physics. TheBereint notions of how causes
contribute give radically different predictions abbavhat happens when the cause is

present in new circumstances.

Economics first, where supply and demand jointliedaine quantity exchanged, via

two equations:

Supply: g=ap +p
Demand: g= p +v.

The theory supposes that in equilibriuggyy and thaboth equations are satisfied at
once. This last is a rule of composition. The supply aqn describes the
contributionto the quantity exchanged from the combined supjplg causes (here
price, p, and other unnamed causgdyut it does not select what the actual value will
be because price and quantity are taken to be 8xadltaneously by both equations
of the model. Similarly, the demand equation déssithe contribution to the
guantity exchanged from the combined demand-sidesesa (price, p, and other
unnamed causes; and again it does not select any actual valuee Tile of
composition describes how these two separatelyibomed effects combine to fix the
value that the quantity exchanged actually takedh Bquations must be satisfied at

once.

Now forces. A particle of negative charge lgpvers in midair, pulled down by the
mass M of the earth and upwards by the pull of sitpe charge g The equations
that govern its acceleration are from gravitatiomald electromagnetic theory

respectively:
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acG= gM/R?
acGm = eCh0o/R’>.

HereR is the vector representing the particle’s distainom the earthR’, its vector
distance from the second charge; g, the gravitatioconstant ande, the
electromagnetic constant. As is well known, theetration the particle actually

experiences — which in this example is zero —vemiby vector addition.

Compare. There is a sense in which the separagcitgalaims in the economics
model are more informative than those in the plsysise. That's because the effect
described is bound to happen no matter what péatiéorm the contribution from the
other side takes since both equations must bdiedti€ven though the effect is not
fixed precisely, there is information about the mfitg exchanged that is bound to
hold no matter — the information that it lies ¢we tine described. This information
may turn out to be of great use or it may be tieltise in evaluating the efficacy of a
policy that proposes to tinker with demand or syggtle causes. That depends on the
policy setting. But (as the theory has it) knowegither the demand equation puts the
guantity on the demand line and that can be relreé@ven if we know nothing about

the supply equation, and vice versa.

The economics rule for calculating the net effdatliferent contributions is in sharp
contrast with the physics case. With vector addjtknowledge of either contribution
separately does not provide any information abbatdctual value of the resulting
acceleration. The acceleration is not constraimedny way by the presence of
gravitational or of electromagnetic causes alonereds the quantity exchanged is
constrained to lie along given lines by both thepyside and the demand-side
causes separately. For physics the best we geatoawrgerfactual constraints: If the
other causes at work (whatever they are) wereatpfsted, adding the pull of gravity
would change the acceleration by the vector additd acg = gM/R? similarly,
adding the pull of another charge would change dbeeleration by the vector
addition of acgn = equ/R’%. These stronglygeteris paribuscounterfactuals are of
limited use in situations where other changes metyigtroduced by the policy as

well.
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For most cases of social policy the causes to beiedoabout are not described by
nice theories like these with nicely articulatetesuof combination, nor do they have
nicely articulated accounts supporting the clairat tthe causes are associated with
relatively enduring capacities that guarantee &féat contribute in some systematic

way across new situations. What do we do then?

In the case of combination, we often assume sirfipkar addition: If the cause
produced an improvement of size x in the RCT, It prioduce that size improvement
elsewhere. But of course we know better and noiintalligence dictates caution.
Sometimes the effects taper off at the margins,etiones there are clearly drawn
thresholds, sometimes, without the appropriateihglfactors the effect cannot be
produced at all. Even if, unlike what happened alifGrnia, other factors are held
fixed, smaller classes may make very little differe where reading scores are
already high and they will make none at all in sésof children who do not have the

capacity to read.

What legitimates the assumption of one kind or lamobf additivity and where do
cautions like these about the assumption come frohe® come from some story,
account, or theory of what the capacities of srolalés size are and how they work.
And this is where they must come from. We need -almays need — an account that
supplies the three basic ingredients if we areuto tfficacies into evidence for
effectiveness. We may well not have very good actoto supply these basic needs

but that does not mean we can pretend we do ndttheen.

If we are not to be led astray, sometimes far gstyg introducing RCT results into
policy considerations, it is not enough to be ttildt the RCT was well conducted.
These three requirements must be met in some raldlgoway as well. You can'’t
make pancakes without flour, milk and eggs no mébsv much baking powder you
pour into the bowl. By itself the RCT is not eviderfor efficacy in a new setting. It
is evidence onlyonditionalon these other three ingredients. If we have litliea

about how to supply these basic ingredients, wel nedigure out how to cope with
that problem, and ignoring it is not coping. We aamake bets in situations of
ignorance but for policy we should make intelligdrgts. The probability that the

RCT provides evidence and exactly what it provideslence for depends on what
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the other three ingredients might be like that wilin it into evidence. These issues
need to be thought about, not swept under theamd;;in the end, as with most cases

where bets are dicey, perhaps we need to hedgehbawily.

These remarks are not meant to be of serious pahtielp. They are rather a warning
and a call for refocusing attention in evidenceeolagolicy. Clearly the possibility of
establishing efficacies in well-conducted RCTs igraat boon, no matter which
definition of efficacy is settled on. But they amely a help when the other ingredients
are there to make them so. So, far more effort ié@dbe focussed on how to secure
the other ingredients and how to cope when our kedge of them is insecure, as it

sSo often is.

9. A Brief but Important Warning

| say that we need a theory — a story, or an adcewstrong enough to supply the
three basic ingredients of section 8 if efficacy ts contribute evidence for
effectiveness. It is a major problem for policyttbéten the theory is missing. What is
important to keep in mind is that in many cases moblem may not be due to the
fact that we have not yet found the appropriatepheut rather that there is no theory
to be found. Much of science works by postulataagpacities, by the use of the
analytic method: We study the components separdtedy make predictions by
‘adding’ their effects in the appropriate mannefrhis works for forces and for
biological mechanisms (such as chemical transnrisb&tween neuronsand Mill
was concerned it would work for political econonBut we should be wary. There is
no necessity that what a cause produces in onmgetill have any systematic
relation with what it does in another. Much of isbphenomena may be too holistic
to yield to the analytic method. Indeed both Amkaxandrova and Julian Reiss
argue that a lot of the recent work in experimemabnomics suggests that the
analytic method is not working so well in politicatonomy as Mill — and a great
many more recent economists — had hoped. In masgscevidence is mounting up
against Mill's hope that the important economic sesJ1are associated with stable

tendencies (or, in the vocabulary used here ‘céipadi And if this is true for

® Machamer, P., Darden, L., Craver, C.F., 2000, rKing about MechanismsRhilosophy of Science
Vol.67, No.1
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economic causes, it seems all the more likely térle for the social causes outside

the domain of economics.

What then of RCTs? When the analytic method fhiés/tmay be suggestive of what
to look for in new cases, but they can hardly casevidence at all. Inferring from
efficacy to effectiveness is induction on a winglanprayer. | doubt, however, that
serious social scientists conduct many RCTs witlymatd reason to think the causes
tested are associated with relatively stable céipaci The reason though is generally
bound up with theory, which is despised by manyhose who advocate taking over
Cochrane doctrines for policing social evidenceis Idespised because the relevant
theories are controversial or ill-formed or pooslypported or all three. This returns
us to the finishing point of section 8: we needotletical assumptions, and
assumptions of just the right kind, else all ouryveareful efforts at experimentation
go to waste. So we had best not despise diceyidisdaut learn how to manage their

uncertainties.

10. In Sum

The purpose of this paper is not to attack RCTanyrother way to inform ourselves
about efficacy, nor to promote theory above ori® éxclusion of everything else in
deciding policy. Its aim is merely to argue thatdar attempts to get clear and
rigorous about what we mean by evidence, we hameesdrated too much on getting
the methodology of RCTs straight and too little getting clearer what theories, or
accounts, or stories we need to make an RCT ewedanall. For without some theory
about the capacities of the causes we are studiyiagvidentiary value of an RCT is

not just weakened, but, | argue, made empty, zero.

The contemporary theory and practice of the RCTaisbrilliant intellectual
achievement. But a good RCT —and there are maiiyeofi — is only one component
of a set of ingredients necessary to create a méavidence that policy will be
effective. | say ‘a piece of evidence’ deliberatdiven where we have a very good,
very full theory, one measurement by one team memvironment is not very strong
evidence. (It certainly never suffices in physieghere the theory is often
exceedingly strong — though a result from an expental team that is known to be

exceedingly good can carry considerable weighti$ Ty in the end be all we have
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—and lucky to have it at that. But that does nokenia strong evidence. Again it is
important to recognise this and to factor in thrgdauncertainty that is left, not rather
than avert our gaze and pretend it does not stafkoticy. The efficacy that we claim
to have established by an RCT to test a partiqudéicy is an empty notion with zero
evidentiary power if we have no theory to supply thissing ingredients that turn the
efficacy into evidence for effectiveness. This isnare fundamental concern about
RCTs than the worry that in very many cases theag be difficulties in eliminating
bias, controlling for confounding factors, gettitigg right sample, and so on. It says
that even if all these technical problems are ahgbere is no read across from
efficacy to effectiveness without some theory amnsosort, and efficacy as a notion
has no power beyond that defined for it by theistafl procedures themselves. Its
connection with effectiveness is no more than sigaits first three letters.

| use words like ‘theory’ or ‘account, or ‘storyhd ‘some sort of’ advisedly. We all
agree that in the social sciences, as comparedmitie natural sciences, our theories
are typically quite poor. We wish it otherwisedanork to make it so. But we are
where we are. And the consequence of recognisisgptiverty is not that we should
abandon theory until it performs better. This isdese without some sort of a theory,
some non statistical idea of what may be goingwmhave no evidence from RCTs
at all. We just have words and numbers written qrage. The theory is not some
fancy add-on which can be bypassed by going str&igine evidence. It is what gives
the RCT life.

It is easy to see how RCTs have earned so muchtiatie Consider the position of
policymakers - not methodologists - wanting consigeisly and intelligently to
decide what to do. Their raw material will includeme theory, about what, say,
makes juveniles offend; some factual evidence,iethey are lucky an RCT; and a
good deal of anecdote and folk wisdom. (Forget gbétics.) When they talk to
serious academics and similar, they learn to negler anecdotes, as not scientific
enough to be evidence. They also learn that there dot of theories about juvenile
offending, from the sociological to the medicattie psychological, but none of them
looks conclusive, and they conflict.
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So they say: | will just look at the evidence, dtatlvworks. And advocates of RCTs
say - and this paper agrees with them —that RCpsesent an extraordinarily
powerful engine for testing efficacy, and hencend this paper does not agree — for
identifying effectiveness. At the very worst, th@ipy makers may then think: We are
at least looking at that part of the raw matetaltis telling us something precise and
relatively certain and uncontroversial. It would bee to have a good theory of
juvenile criminal behaviour, as the physicists hatgravity. But we don’t. Theory
plus evidence may add up to the gold standarddbcypdetermination. But we have
to use what we actually have — the evidence of wiwaiks. And maybe that is all we

need. Why do we need theory if you have incontriverevidence of efficacy?
My argument is that if you don’'t have both you dgu'st have half or whatever of

what you should have, but that you have nothing.alWeecognise that theory without

evidence to support it leads to no conclusions.rékerse is true as well.
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