
Part 3 of our series on scientific advice in 

the European Union. Here we leave behind 

specific problems with the current delivery 

of science advice in Europe to examine how 

scientific research can be better employed 

for resolving disagreement about what con-

stitutes sustainable environmental policies 

in the EU. We caution against artificially 

reductive and risk-driven approaches to 

analysing the relative merits of different 

innovation pathways which may be on offer 

at any given time.  
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Innovation is great. We solve problems 

with it. By solving problems with it, we 

make money with it. By innovating faster 

than our competitors, we become more 

competitive than they are and make more 

money than they do. More money going 

around means more taxes and more jobs. 

When we all engage in an innovation race, 

we get better at everything, bootstrapping 

our way to improved technology: from 

sled to cart to steam engine to automobile 

to aeroplane to spaceship. Everybody 

wins. 

There is, however, a wrinkle in the bed-

clothes: innovations themselves are rare-

ly, if ever, unconditionally or self-

evidently positive. With hindsight there 

have been many unfortunate innovations 

such as: leaded petrol for engine knock; 

PCBs for electrical insulation; thalidomide 

for morning sickness; tobacco marketing; 

asbestos in thermal insulation; halocar-

bons for refrigeration; tributyltin as an 

antifoulant; and so on. 

Even those innovations which appear 

(so far and depending on whom you 

speak to) to have on balance been benefi-

cial could have been introduced with less 

harm, such as mobile phone technology 

(what with the problems of electronic 

waste and rare earth metals) and the au-

tomobile (which causes so many accidents 

and generates a large carbon footprint). 

And there are the controversial innova-

tions of today, such as fracking, neonico-

tinoid pesticides, the use of possible endo-

crine disruptors in consumer goods, ge-

netic engineering of foodstuffs, and even 

also wind farms and organic farming 

(again, depending on whom you speak to) 

which seem to further lock in previous 

bad choices about how to feed ourselves 

and keep ourselves warm. 

There is a question, then, as to how we 

make sure as a society that we choose 

better innovation pathways over worse. 

In the near-certain event of controversy 

about whether one path or another is 

preferable, there is also a question as to 
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how best to resolve any disagreements. 

Here, we will look at the roles which sci-

ence and politics can play in this process. 

Disagreement 
We are here because of controversy. 

There are multitudes of ideas about how 

society should solve its various challeng-

es: renewables or fossil fuels for energy? 

Conventional or organic farming methods 

for food security? Genetic modification or 

conventional breeding for desirable plant 

traits? 

We can start with a premise and an 

observation. The premise is that contro-

versies are driven by uncertainty about 

which choices society should make. The 

observation is that, as tempting as it is to 

present them as such, controversies are 

rarely if ever about dichotomous alterna-

tives, in which there is a choice only of 

one option or the other. There are almost 

invariably other alternatives as well (in 

food production, this would include per-

maculture, hydroponics and simply giving 

up on meat production). A second, related 

observation is that the individual options 

are not necessarily single options them-

selves: genetic engineering covers a range 

of techniques from gene editing to marker

-assisted back-crossing. So regardless of 

how they are badged, there are innova-

tions within innovations, each carrying 

their own set of consequences. 

Decisions about which innovations to 

support are therefore not about a narrow 

choice between obvious alternatives; ra-

ther, they are about selecting among a 

proliferation of pathways towards some 

desired outcome. Each path entails a dif-

ferent set of consequences, some good 

and some bad; some innovation pathways 

carry a better overall profile of conse-

quences than others. The objective is to 

figure out which one is best, which in turn 

requires attempting to anticipate the con-

sequences of a particular innovation path.  

The ideal way to analyse the pros and 

cons of each posible decision would be to 

develop a structured list of actions and 

their possible consequences; then assign 

each option a numerical measure of the 

utility of each of the consequences 

(economic, sociall, environmental etc.); 

then calculate the probability of each con-

sequence being realised; then determine a 

rational decision maximising the benefit 

of the decision. 

This is the task taken on by risk assess-

ment and socioeconomic analysis, and it 

is here that scientific research and evi-

dence-based approaches to anticipating 

and evaluating consequences are ex-

tremely helpful, delivering a measure of 

entailed risk and confidence in the accura-

cy of the assessment. Of course, these 

analyses are only as good as our 

knowledge of the system, and the tempta-

tion is to overstate our confidence in what 

we know; but regardless, insofar as risk 

has the potential to be quantified, scien-

tific research can play its part. 

The problem is (beyond whether they 

are valid), socioeconomic analyses and 

risk assessments are fundamentally re-

ductive, analysing only what is directly in 

front of them (be it profitability, health 

risks, or whatever else is thought to be 

entailed by any putive innovation) as if 

the options under analysis are the only 

games in town. 

So while they may be useful for resolv-

ing debate about degrees of risk by 

providing scrutable analyses of one type 

of uncertainty which drives controversy, 

the kind of uncertainty about extent of 

our knowledge of risk within defined lim-

its, they are processes with no ear for 

when discussions of the desirability of a 

given innovation encompass two other 

types of uncertainty: ambiguity (where 

what is factually known is consistent with 

two or more choices); and ignorance, that 

area out of which surprise (good or bad) 

can spring. 

Risk and socioeconomic assessment 

cannot deal, for example, with whether or 

not it is a good idea to base food supply on 

a system in which companies primarily 

seek profit from realising rents on intel-

lectual property and global supply and 

value chains; arguably, this is more the 

defining feature of GM innovations than 

any particular GM technology itself. 

This sort of issue is much more about 

innovation strategy. While research can 

help inform decisions about which inno-

vation paths we should follow, there is no 

sense in which the decision reduces to 

any single question of whether or not GM 

technology is safe to eat, harmless to the 

environment, economically beneficial, etc. 

Why? Because the problem is ambigu-

ous: at any decision-point there are a 

number of available options, and any mer-

it ranking of these options can be inverted 

by changing the assumptions about what 

is considered valuable. For example, at its 

most oversimplified, the appeal of a deci-

sion can be inverted simply by changing 

the beneficiary: suppose there is some 

inner-city park land of high monetary 

value to investors, but high social value to 

the local community. Should it be built 

on? It depends very much on whether you 

use the park or stand to profit from the 

property. A decision needs to be made, 

but a risk assessment of the safety of any 

property built on the park will not on its 

own tell you what that decision should be; 

it certainly won’t tell you if there is an 

option besides the park or the property – 

perhaps a school, or a way of developing 

the area without taking the park away. (In 

reality, urban planning is obviously more 

sophisticated than this - we will return to 

this point later.) 

Reductive thinking in 
chemicals policy 
One could argue that it is this sort of nar-

row view of risks and alternatives which 

is undermining the substitution compo-

nent of REACH regulation. Regardless of 

whether one considers bisphenol-A to 

present any human health risks or not, in 

some EU states it is pretty wildly unpopu-

lar and no doubt representative of the 

sort of compound a lot of people don’t 

want in their food and drink. It is also 

pretty obvious that, by removing it and 

replacing it with broadly similar com-

pounds such as BPS and BPF, there is a 

high risk that the replacements will pose 

the same problems as BPA (either physi-

cal or perceptual). 

There is the ignorance problem as well: 

you could argue that there was no reason 

why manufacturers should have foreseen 

a problem with BPA. However, they have 

become overcommitted to a persona non 

grata and now need to get out. The ques-

tion is, could they have got out quicker? It 

could have benefitted them (maybe) to 

have more irons in the fire than BPA and 

some dubious substitutes which were 

likely to be rejected at the same time 

(though that makes a lot of assumptions 

about tooling up costs etc.) It would cer-

tainly benefit society to get out faster; if 

you don’t think BPA is an example of a 

harmful chemical, think about asbestos or 

leaded petrol instead. 

So rather than determining a viable sub-

stitute simply by risk assessing an individ-

ual chemical and its immediate neigh-

bours, surely there is a question to be 

asked about whether the innovation path-

way we are currently committed to ought 

to be re-evaluated as a whole? This is the 

broader sort of question green chemists 

are asking and programmes such as the 

GreenScreen are encouraging chemical 

users to consider. 

The point is, we cannot lean too heavily 

on risk assessment alone: we need a pro-

cess for managing ambiguity (where much 

disagreement arises) and for ignorance 

(from whence horrible surprises like as-



bestos may spring). This is also why ex-

clusively "risk based approaches" take us 

only part way down the raod we need to 

travel when we analyse the desirability of 

an innovation: they hard-wire in a reduc-

tie approach and force narrow assess-

ments of what is in front of you rather 

than a broad assessment of whether the 

innovation trajectory is appropriate. They 

are aimed at granting permission to exist-

ing innovations, rather than a strategic 

approach to nurturing more of the kinds 

of innovations we want; they therefore 

are of limited help in resolving controver-

sy which is driven by uncertainty from 

ambiguity and ignorance. 

Resolution 
Part 1: Getting the answers right 

We do well in policy-making when we use 

scientific research to identify novel policy 

options, foresee their consequences, and 

evaluate their pros and cons in a manner 

which reflects the broad range of con-

cerns people may have about them, while 

identifying areas of ignorance and ambi-

guity which need to be anticipated by 

policy-makers. 

Transparency and methodological qual-

ity of approach are at a premium; there 

should be a quality assurance process by 

which best practices are developed and 

followed by the relevant institions. How-

ever, we should  be cautious that we do 

not hand too much power to whoever 

polices the quality of scientific approach, 

lest we make politicians answerable to 

their scientific advisers rather than vice 

versa. 

We should also be very wary of allow-

ing claims of the type that “ the science 

says” such-and-such is the right choice; it 

cannot, because while scientific research 

is a process which can help us anticipate 

the consequences of a given option, re-

search alone cannot decide for the elec-

torate and their representatives what 

they consider important, what the prob-

lem is which needs to be solved, and what 

choices they would rather make. 

Part 2: Getting the questions right 

How do we resolve ambiguity? By get-

ting better at deciding collectively what 

we want. This is a political problem. Part 

of this is to make sure the ambiguities are 

blown out, by discussion and research 

which supports asking the right ques-

tions, follows a process such that as many 

options as possible are considered, and 

that the motivational drivers for prefer-

ences are understood in order to permit 

compromises to be articulated.  

Possible the real process of town plan-

ning (at least in its ideal form), with pub-

lic involvement, is the sort of model we 

should be following instead of the reduc-

tive, “evidence-based” approaches which 

arguably predominate in so much discus-

sion of technology. 

It might be annoying for companies 

who have invested heavily in a particular 

innovation pathway and are therefore 

locked into it that their pet technological 

solution is opened up for such broad dis-

cussion rather than permitted on the ba-

sis of a clear, predictable set of rules per-

taining to safety and social value directed 

only at the innovation itself. 

The broader approach is, however, nec-

essary: a society which values sustainabil-

ity cannot afford simply to back innova-

tions just because someone happens to 

have invested in it or the innovation hap-

pens to have caught on before others. To 

assume these innovations are optimal is 

to make the Panglossian assumption that 

long-term optimal technological solutions 

to the challenges of sustaining life on 

Earth are granted by short-term, profit-

driven decision-making. 

This should not be understood as an 

argument for authoritarian control of in-

novation (remembering that options in 

innovation policy are no more dichoto-

mous than their counterpart innovations 

in technology), as there is no more reason 

to suppose that a cabal of civil servants is 

any better at picking winners than the 

invisible hand of the market. Rather, it is 

to encourage policy approaches which 

deliberately support innovative pluralism 

so that, when the time comes, course can 

be changed more easily than has been 

achieved historically, where bad ideas 

have lingered long past their best-before 

dates. 

It sounds obvious that people should be 

asked what they think and decisions made 

based on a broad understanding of what 

society wants to achieve rather than nar-

rowly-constrained assessments of wheth-

er or not a particular technology or chem-

ical can be considered safe, or if little 

enough economic damage is anticipated 

that it can reasonably be banned. But if 

we look at chemical regulation or the de-

bate around GM technology, can we con-

vince ourselves that it ever proceeds 

along these terms? 

Part 3: Getting the unknown 

unknowns right 

How do we resolve ignorance? In a way, 

we don’t have to: we can’t disagree about 

what we cannot anticipate. But we should 

have get-outs built into innovation choices 

since we don’t want to be locked in to bad 

ideas. For example, while it might be fair 

to say that as a society we could not have 

anticipated the problems which were later 

caused by asbestos (we didn’t have the 

methods to do it) we could have prevent-

ed a lot of harm if as a society we had 

been able to get out earlier than we did. 

This is where a precautionary approach 

can be very useful indeed: manufacturers 

of BPA could understandably have failed 

to anticipate markt rejection; the excuse 

for subsequently failing to anticipate mar-

ket rejection of direct phenol substitutes 

or other compounds which have potential 

to be endocrine disruptors is less convinc-

ing. 

Conclusion: using science 
in policy-making 
Divergent views and opinions on science 

and technology can be reconciled by im-

proving the transparency and scientific 

quality of the methods by which evidence 

relating to policy questions is generated, 

gathered, appraised and communicated - 

but only when the disagreement is well-

defined and factual rather than values-

driven. 

Since divergent views are at least as 

often the result of disagreement about 

desired outcomes as they are about facts, 

resolution is likely only to be achievable 

when we recognise that political debate 

cannot be resolved by appeal purely to 

"science", and we instead focus on mecha-

nisms by which differences in preferred 

outcomes can be acknowledged and incor-

porated into the decision-making process. 

To make better use of science in policy-

making in general, we need to put more 

effort into science governance: we need a 

body which can determine a set of best 

practices by which evidence is generated 

and reviewed such that scientific robust-

ness is secured; that the processes for 

setting research priorities, questions and 

agendas are sufficient to secure democrat-

ic robustness; and that best practices are 

enforced such that neither can science 

ride rough-shod over policy, nor can poli-

cy ride rough-shod over science. 
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