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Introduction:
To clarify: in this paper I will speak only of compulsory science education in schools; much of what I say will not transfer across to either science electives in schools or to undergraduate science.

Such science education, like all compulsory education, is an exercise in force against students. Overriding individual autonomy in this way is not to be lightly done and should involve appeal to aims that are of sufficient importance for the individual, or for the group/society, to outweigh such loss of freedom concerning one's own mind's contents. Moreover, the loss of freedom is guaranteed; in order to outweigh it, the benefits aimed at should not just be of sufficient moral importance but be actually attained with sufficient probability for a sufficient proportion of students. Finally, to justify the imposition of science education requires not just the probable achievement of ends that are of sufficient importance to outweigh the loss of freedom that is their cost but the absence of better candidates that might occupy the same "time-slot" of lost freedom.
So my focus is upon the question: 'what would justify compulsory school science education?'.  My judgement is pessimistic as to the chances of such a justification being available or, at least, being available for anything that very much resembles the sorts of curricula common in schools.
The Onus Argument:

The key assumption of the onus argument which I will follow is that it is a good thing, in and of itself, for people to be able to think what they wish to and to act as they please.  This is not to champion personal autonomy no matter what.  Rather, it is to say that if one is to advocate stopping someone from acting or thinking as they please, then the onus is on such a would-be autonomy suppressor to come up with some good enough reason for that.  Such an argument would generally involve establishing that some sort of benefit would ensue as a result of the type and extent of autonomy reduction involved and, moreover, enough such benefit to outweigh the autonomy loss that is its cost.  Unless such a case can be made out, the "default" position of allowing someone to exercise autonomy is operative.

Note the "logical geography" of such an onus argument.  It is not for me to argue that autonomy is a good thing. I take it as an assumption that, other things being equal, it is. (I also take it that granting this assumed moral status to autonomy is not wildly morally idiosyncratic of me.)  It is for the other party to argue that sometimes other things are not equal and outweigh autonomy; that is, to argue that, on these matters, for these reasons, autonomy should be suppressed.  I am taking the exercise of autonomy to be some sort of prima facie right of a fundamental sort, a "good" in itself that doesn't need warranting by appeal to some further moral principle.  It might be outweighed in importance by some higher good and such a higher good's attainment might demand autonomy-suppression but that has to be established in order to discharge the onus.  I am willing to allow that there are all sorts of good reasons for restricting a person's autonomy and sometimes reasons for restricting it in a temporally sustained way (prison, for example).  My point is simply that those reasons have to be advanced and be satisfactory.

Turning to education, I take the institution of schooling to indeed be a sustained exercise in autonomy suppression.  I take it as obvious and general knowledge that most students would not voluntarily choose to be at school studying the subjects imposed upon them and for the length of time that they have them imposed.  Generally, then, schooling is an exercise in force.  Can such compulsion be warranted?  If not, then the onus is not discharged and student autonomy should be restored.  Schooling is, of course, made up of various subjects and activities and it might well be that some of these are more able to be warranted than others.  In this chapter, my focus is limited to science and, broadly put, the issue is if such an onus can be discharged - can forcing scientific knowledge, skills etc upon students who wouldn't choose to have them actually be justified?

Of course it is but autonomy reduction.  It is not as if compulsory science education constitutes total enslavement of mind and action.  However, nor is such force to be treated as a trifling concern.  The point of the onus argument is that any interference with an individual's autonomy requires warranting.  An appreciation of this point is reasonably easily gained.  I surmise that few adults would countenance being told that they had to lose control over however many hours school science curricula involve to learn things that they do not wish to learn.  Saying that it was only a partial loss of autonomy so what was the fuss all about would be, I surmise, inadequate mollification of their outrage.  At the very least, such an adult would rightfully demand to know why, to know what was supposed to justify her loss of control over a part of her life - ditto for students.  Indeed, it is instructive to keep in the back of one's mind, when considering the putative warrants considered below, if they would be satisfactory warrants for forcing adults in relevantly similar circumstances to think and act as they would not choose to.

How, then, might such an onus be discharged in the case of compulsory school science education?

Possible Justificatory Strategies in Discharge of the Onus:

There seem to be four broad sorts of putative warranting strategies that one might advance for such autonomy reduction:

1.  the future adult the student will become would retrospectively endorse such loss of freedom in order to satisfy some curricular aim or other;

2.  such autonomy reduction is for the benefit of the individual;

3.  such autonomy reduction is for the benefit of the group; or

4.  some combination of the above.
In the book chapter from which this is derived, I methodically worked through these but here I will only gesture at the problems. Those wishing a fuller treatment should consult the full chapter.
A recurring theme in what follows is that, generally speaking, there seems to be a problem in finding realistic aims, ones plausibly achievable to an extent that would warrant freedom loss on the part of all students.  I allow that that sort of judgement rests upon empirical propositions (that this means doesn't achieve that end to such and such an extent).  Although not my field (I am a philosopher, not a social scientist of any sort) what I have accessed of the science education literature seems rather thin to the point of transparency when it comes to longitudinal studies linking science curricula of various sorts with the achievement of various candidate aims - especially if those aims refer to situations later down the track concerning the adult citizens that the students become.  Of necessity, my conclusions rest more upon assumptions than I would like, although I do take the assumptions to be plausible ones.  If I am correct about the paucity of empirical research on these matters, then I do not see this as a problem with my argumentation.  The whole point of the (above outlined) onus argumentative strategy of the chapter is that the burden of proof is not upon me but upon those who would impose science curricula.  It is for them to establish that those curricula perform as advertised by reference to aims which (were they to be achieved to a satisfactory extent) would warrant the freedom loss that is their cost.  No news is bad news for such theorists, not for me.  That said, there may well be studies that have escaped my attention and that possibility is a potential weakness in the empirical premises that my arguments (to the effect that the onus obligation has not been satisfactorily discharged) rest upon.  As things stand, I will, to an uncomfortable extent, rely on common sense plausibility appraisals of the truth of most of my empirical claims.  Despite this potential weakness, what I assert does seem to me to be plausible and, if I am wrong, then I would be delighted to have that shown by reference to competent empirical research.

As seen above, what is wanted is some benefit valuable enough to outweigh the freedom loss that is its cost. Six possible candidates suggest themselves.
So, as a result of their science occasion, students will:

1) be prepared for the workforce;

2) contribute to the nation's economic wealth;

3) be able to cope in an increasingly technologically and scientifically sophisticated world;

4) understand the workings of the world around them as part of a "liberal education";

5) be prepared to successfully pursue their own life goals; and/or

6) be prepared to be able to fulfil the role of citizen.

In each case, apart from any general agreement that it is "a good thing" for people to have these qualities, the key thing that makes these candidate aims for compulsory school science is presumably the view that (severally, or in combination) they could act as warrants for some variation on the spread of science curricula currently enacted or proposed.  But, for such warrants to work as warrants, as ends justifying some science curricular type as means, the latter would have to actually succeed in achieving the end and, moreover, work to an extent sufficient to warrant the loss of student autonomy that it entails. Further, any such warrant is always one that can only be adequate if there is no other course of conduct which is a rival for the same (or a lesser) amount of autonomy suppression yet is more beneficial in some way than the current proposals.  Such benefit might not necessarily be by reference to the same putatively good ends that are appealed to by science curricula.  Curricular warrants are always relative.  It is not just that something is to be good enough to be worth autonomy reduction, it has to be more worth it than rival possibilities or else that particular substitute for autonomy won't be warranted.  I rehearse such familiar points from the theory of practical reason just to remind us that it is not as if discussions of aims of particular disciplinary curricula are events insulated from consideration of other curricular possibilities.  (My impression is that, for rather too much of the time, issues to do with possible science curricula are indeed considered in an overly insular way.)

As touched on earlier, in each case, the general nature of the putative benefit that is to outweigh autonomy reduction will involve appeal to one, or a combination, of the three sorts of strategy generally available for those who would seek to justify stopping anyone doing what they would choose to do.  We met these earlier when discussing the onus argument strategy of this chapter.  To use as an illustrative example the "preparation for employment" aim listed above (one which I will discuss in the moment), one would be asserting the following in fleshing out MP1 in our argument schema.  Either the adult (John) that Johnny will grow into will have to be of the view that he is grateful that he was made to study science because look how useful it has been for his career or, regardless of what John comes to think, it will indeed be of sufficient use in his employment to yield enough benefit to him, or to the rest of us, to warrant imposing it on him against his will.  (The above disjunction is inclusive and thus these warrants might combine to outweigh his autonomy loss even if they fail to do that when considered severally.)

So, in brief sketch, how well do the above fare as possible warrants? - Quite badly, I suggest, either severally or in combination.
Workforce Preparation?

The problem is that just not enough people will go into jobs requiring anything like what is covered in science education. Of course, fragments might (in various ways for various people) but that hardly warrants the across-the-board breadth and depth of current science education and, I surmise, would be more easily done as tightly focused pre-vocational training/education. As it stands, one would be replying to a student challenge: 'why do I have to do this when I don't want to?' with 'you all have to do all of this because some of you will find bits of it to be useful in your later employment'.  

I take this to be a hopeless attempt at a warrant.

Contribution to Society's Wealth?
The focus of this putative warrant seems clearly to be "the good of the group".

No doubt if one trawled through the economics literature, one would find ample evidence of correlations between a population's level of educational achievement and its collective material wealth.  There might even be a correlation between its level of education in science and its wealth.  That correlation might even be causally based such that, to some extent, the collective societal wealth level is caused by the level of science education (though no one would presumably claim the latter to be the proximate cause, even in part, of the former; the causal chain is going to have more connecting links, ones to do with the thoughts and activities of those scientifically educated).

Let me allow all of this.  Although I am unaware of data analyses connected to anything finer grained than the first claim of the last paragraph, my possible ignorance of other levels of analysis is beside my point.  Even if all of the above claims were to be true, they do not constitute adequate enough empirical premises to act in arguments discharging the onus facing the autonomy-restrainer.  

It is hard to see how Johnny's school science education is going to help society's collective wealth except via John's job-related activity.  As such, much of the previous discussion applies again.  By all means one might target some areas of science, or some areas of science for some individuals, as ones conducive to wealth creation.  Whatever the detail of all of this turns out to be, it is not even faintly plausible that much, if any, greater economic benefit will ensue if the net is spread more widely to include all students and the curriculum to cover the fairly comprehensive spread of disciplines and areas typical of school science curricula.  My suspicion is that, when one looks for causal connections, the story will be more particularised and such detail is masked by simply noting blanket relationships.

Coping?
What, then, of our third putative way of discharging the onus - that compulsory science education is justified in virtue of it preparing students to "cope" in an increasingly technologically and scientifically sophisticated world?  This seems mostly to be in the camp of "benefit to the individual" as a type of warrant.  But does it succeed?

One of the refrains of the previous discussion has been that the aims under scrutiny seemed, at best, to provide warrants for some, but not all, students undergoing forced science education in virtue of the fact that the future circumstances appealed to did not seem to apply across the board.  On the face of it, this aim looks more promising in that respect at least in that, except for folk like the Amish, all students will go on to live in such an increasingly technologically and scientifically sophisticated world.  So, the scope of the applicability of the warrant seems on safer ground than before.  Despite this merit, the case also seems to be hopeless as a warrant for anything like a standard science curriculum being forced upon students.  

Rather a lot depends on what counts as coping but suffice it to say that lots of people seem to live happy and fulfilled lives without much theoretical comprehension of the science and technology operating in their society (even directly at their individual level). And even if they were not thus happy and fulfilled, it is hard to see how science education, rather than a basic adult education course on being a competent user of, say, a computer, would help much. There simply isn't much alignment of what gets covered in science education and the demands of people's lives (even though they are science and technology "saturated" lives).

(Intrinsic) Worthwhileness of Scientific Understanding As Part of a Liberal Education?

Another possible rationale for forced science education is, to my mind, the most promising.  This is the "liberal education" aim.

In the foregoing, if we were to ask questions like: 'what is employment, societal wealth or "coping" good for?', and then, whatever the answers, further ask what they were good for and kept asking, then, on pain of a vicious infinite regress, such a chain of justification would have to run out in one or more valued states of affairs where, if asked why that is such a good thing, the answer would be that it just is.  In short, that someone is, say, employed is extrinsically valuable and, in cashing out that extrinsic (or, as it is sometimes called, instrumental) value, we would, sooner or later, be appealing to something else that is intrinsically valued (in and of itself) as its deep motivating warrant.

It is likely that, in some sense, the intrinsically valued end of the above justificatory chain of reasoning is happiness but that is not the only candidate for an intrinsically valued state. (I have already flagged autonomy as something that I think most people would take to be intrinsically valuable.)

The putative warrant offered in this section is different.  The claim is not that we, or John, will be happy as an indirect result of some regimen of forced science education; rather, the appeal is to another intrinsically valued state of affairs, one that is part, at least, of my conception of how all citizens should ideally be.  How so?

I will assume that the style of science education involved is meant to give students some knowledge of how the world works (or, at least, of our best warranted hypotheses concerning that).  I am not, that is, concerned to consider any case for some of the more radical constructivist construals of science education.  I also assume that such science education is meant to give some grasp of how it is that such knowledge is arrived at and of why it is that such views receive that imprimatur as knowledge.  Call these: 'knowledge about the world', 'knowledge of scientific method' and 'knowledge of the epistemic status of scientific claims'.

What might thus be claimed is that science education is worth losing some autonomy for because it is an intrinsically good thing for individual citizens to have those three types of knowledge as part of their intellectual suite.  I mean this primarily as a good thing for the individual.  There is no suggestion that it is good for the group in any way that is not merely additive of those individual intrinsic goods.  Nor, to repeat, am I claiming that any happiness benefit will flow to the individual by having such knowledge - it might, it might not; but that is not the motivation here.  The suggestion is simply that, other things being equal, an individual having such knowledge is an intrinsically better individual than one relevantly ignorant.  In some sense, a better life is lived just in virtue of knowing something of the workings of the world, of how that knowledge has been arrived at and of why such knowledge claims should be deemed justified.

By my somewhat old fashioned values anyway, this warrant has considerable initial appeal. The argumentation here is quite complex and I can only refer you to the full chapter/paper for its detail.

The killer objection is the difficulty there is in achieving such knowledge in any sort of across-the-board way to an extent that outweighs the loss of autonomy that is its cost.

One problem is that of students having an appreciation of science as knowledge - as opposed to simply having a bunch of mere beliefs without much grasp of any warrant that they might have beyond, say, a crude inductivism.  Being able to take that extra step is intellectually complex and simply beyond most students (and, I suspect, many teachers of science). 

 But mightn't it be intrinsically valuable (a good thing for the individual in this case) for students just to have a bunch of beliefs that, are considered to have the status of knowledge by those in a position to judge, even if the students can't make those judgements.
Perhaps, but I'm dubious.  Such beliefs might be extrinsically worthwhile somehow but I am hesitant to consider mere beliefs that are held at best by appeal to authority to be worth much in and of themselves.  Perhaps I am too intellectually spooked by the precedent of religious superstitions being held in such a way by deluded individuals.

So far, the 3 putative extrinsic warrants that I have considered have fared poorly and, although dealt with overly sketchily here, considerable doubt exists, in my mind anyway, as to the intrinsic merit to the individual of mere beliefs yet that is all that is plausibly attainable across the board. 
But what of our other putative warrants/aims?

Pursuing Individual Life Goals?

One thing that is sometimes advanced as a rationale for compulsory schooling is that students should be made to acquire various skills, items of knowledge and affective qualities because such things are "enabling"; in particular, they are things that assist students to successfully pursue their own life goals.  As an illustration, being able to read and write and to communicate in a comprehensible way with substantial conformity to linguistic conventions is a precondition for pursuing most life goals especially if those goals require funding and the usual available source of sufficient money is via paid employment.  Of course, there would be exceptions to this but, except when it is clear who these exceptions are (those severely intellectually disabled, or those with a substantial inheritance, for instance) it would seem that the probabilities favour forced literacy (to at least some set level) for all.  Generally, this would seem to be a rationale that would discharge the onus in two ways.  The first is that whatever Johnny might think of forced literacy, John is likely to retrospectively approve of it in that he appreciates being able to better pursue his life goals.  Second, for most life goals at least, having such goals achieved is likely to be for John's individual benefit.  Finally, it is achievable across-the-board to an extent adequate to outweigh it's cost.

I mean this literacy case only as an illustration and it doesn't matter if the above sketch is overly optimistic about its chances of success in discharging the onus in this "pursuit of one's own life goals" way.  My point is: can compulsory science education (in some usually discussed variation or other) manage such a route to discharging the onus?  In a word, no.

For this putative rationale for forced science education to succeed, enough of the skills, content and so forth acquired by school science students would have to be present to a sufficient extent to contribute sufficiently to enough life goals of enough students (and without superior substitute causal elements being readily enough available) to outweigh the degree of across-the-board loss of autonomy that is entailed by the forced acquisition.  I have left this as one rather convoluted sentence to emphasise just how many "boxes have to be ticked" here.  The rationale won't work if enough individuals' life goals don't involve the deployment of whatever they would gain from science education.  Nor would it work if, although relevant, things would not be in place to enough of an extent to have the effect desired.  And so on down the various qualifications just listed.

Again, the problem is that it is simply implausible that these boxes will get ticked.  The science learned in school just doesn't much connect to most people being able to pursue their life goals.

I take this warrant to clearly fail.

Becoming A "Good Citizen"?

The last candidate sets out to warrant science education by suggesting that it has a role to play in preparing students to fulfil the role of citizen.  Of our three broad warrant strategies, this seems to most firmly fall into the camp of force being justified by appeal to the good of the group.

As will be a familiar refrain by now, the tasks facing the would-be onus discharger are many.

First, "good citizen" has to be unpacked.

Second, the knowledge, skills and attitudes that would be gained from science education that, prima facie, would seem to play some role as means to the achievement of the end of having good citizens will need to be identified.

Third, these plausible "means-end" connection claims' soundness would have to be investigated and, in particular, two things would have to be clear: for what percentage of students we would get what degree of achievement of those aimed-at ends and, for how long such achievement would last.

Fourth, the pervasiveness, extent and persistence of the effects of the science education curriculum would have to morally add up to enough of a benefit to outweigh the loss of autonomy that is their cost.

Predictably, I find each of these tasks to be problematic.

Again, I direct you to the full chapter/paper but, quickly, the usual focus of "good citizen" (or the immediately relevant bit) is that people will be armed with enough knowledge to make scientifically informed decisions.
But, how many citizens face decisions that require the input of the sort of scientific knowledge that is imparted in schools?  And, even if that knowledge (or mere belief) were to be apt, how much would they retain come decision time?  Further, given that being well-informed is value-neutral, note that citizens can differ in their decisions even though they are equally well-informed.  This might be because they are poor reasoners or because they have different motivating values driving their decisions.  A nice case in point is humans' treatment of other animals.  People who are equally scientifically informed about other species' level of pain-feeling sentience differ in their decisions as to the extent of pain that it is morally permissible to inflict just for our convenience and enjoyment.
Anyway, even if all went well and the school science curriculum managed to get enduringly informed citizens concerning the material covered by the curriculum, a problem is that the sorts of problems that people seem to have in mind (like climate change) are of such complexity that it would be a deluded decision maker who made a decision by bringing to bear their school-derived scientific knowledge (or mere belief) base. 

In summary, the upshot of all of this is that it is not at all clear that those advancing such a "good citizen" rationale can provide the requisite evidence that forced science education actually produces benefits for the group of the sort envisaged and/or to an extent that outweighs the loss of autonomy involved in the achievement of that benefit.

It should also be remembered that if the goal is group benefit, then there may well be ways of negating student freedom that would more plausibly produce enough benefit to outweigh such autonomy loss.  So, even if I am wrong and forced science education comes out ahead on a (group benefit/loss of freedom) benefit/cost "equation", rival courses of action might do even better.  For instance, if what one wants is good citizens and if that is clarified as those that act for the increased happiness of the group, then we might be better off spending the time freed up by dropping the compulsory science curriculum for moral indoctrination of the virtue of benevolence.

I judge this to be another failed warrant, one that fails to make its case beyond rhetorical flourishes.

Combinations?

Mind you, even if none of the above work individually, it may be that several weak benefits add up to a strong enough benefit to outweigh attendant autonomy loss.
Perhaps.  Looking back at them, I am not optimistic that the bits are good enough to manage that.  Maybe I am wrong and, in particular, maybe I am wrong about the likelihood of certain future consequences of such scientific beliefs but this is an onus argument and if I am wrong then that is for the oppressors of student freedom to establish.  It would be nice for some properly comprehensive (perhaps longitudinal) research to be carried out to replace the current situation which seems to be more one of wishful rhetoric.
