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Contingency of Science and Industrial Technologies:

1)

In this paper, I argue that the problem of the contingency of science 
should be made concrete by introducing elements of industrial technologies 
and social needs. First, previous research is reviewed in its attempt to 
formulate the contingency question, and difficulties with being concerned in 
“equally successful but nonequivalent science” are shown. As a more 
fruitful approach, I attend to interrelationships of various elements on 
science and demonstrate that from a bottom-up (or resource-oriented) view 
of science the historical contingency of scientific discovery can be 
suspected. Then I point out that the contingency is weakened by the 
“versatility of things”, that is, the potential that detectors have to capture 
objects beyond experimenters’ intention. Nevertheless, there is some room 
to insist upon contingency regarding noncommutativity which concerns the 
order of discovery. Thus, I propose that the question of contingency of 
science should be taken as a guiding question to stimulate empirical 
inquiries into the dynamism of our science and technology.
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1. Contingency of Science

“Are the results of our science contingent or inevitable?” This 
question on the contingency of science was proposed by Hacking 
(1999) in view of science studies from the 1970s that focused on 
influences of social factors on scientific knowledge(“social 
constructionism”). As related views on this question, a 
sociologist-historian of science Pickering (1984) claims that high 
energy physics could develop in ways that do not include quarks; a 
theoretical physicist Weinberg opines, “[i]f we ever discover 
intelligent creatures on some distant planet and translate their 
scientific works, we will find that we and they have discovered the 
same laws.”1) We can regard them respectively as for and against 
contingency.

More precisely, Hacking states the following.

I asked: How inevitable are the results of successful science? 
Take any results R, which at present we take to be correct, of 
any successful science. We ask: If the results R of a scientific 
investigation are correct, would any investigation of roughly the 
same subject matter, if successful, at least implicitly contain or 
imply the same results? If so, there is a significant sense in 
which the results are inevitable.2)

Thus, the problem of the contingency of science can be 
characterized, as a special feature of Studies in History and 
Philosophy of Science (2008) does, as follows: “Can there be a 
science that is equally successful but nonequivalent with our 
science?” The answer “Yes” reflects a commitment to 

 1) Weinberg (1996), p. 14.
 2) Hacking (2000), p. 61.
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“contingentism”, and “No” indicates a belief in “inevitabilism”.
“The results” of science can be of various sorts (theoretical or 

experimental) and of various areas (one part of a field, a field, or 
science as a whole), but the results of physics, which are generally 
held as successful, for example, the second law of thermodynamics 
and the concept of quarks, often become the subject of debate.

Inevitabilism is not necessitarianism, since it is not taken as 
necessary that science occurs and any successful science develops. 
Inevitabilism claims only that “if science occurs, and the same 
subject matter is investigated, and equally successful science 
develops”, then it must be equivalent with ours(contingentism opposes 
this).

The question “Can there be a science that is equally successful but 
nonequivalent with our science?” itself raises further questions. That 
is, it matters what “successful” and “nonequivalent” mean; how the 
problem of contingency and issues in philosophy of science, such as 
underdetermination and scientific realism, relate.

This paper first critically examines arguments on these points made 
in the special feature mentioned above3) and Soler et al. (2015). 
Then, recognizing limitations of such arguments, I attempt to make 
the contingency problem concrete by introducing elements of 
industrial technologies and social needs based on a case study.

2. Success

2-1. Robust fit and contingency

 3) I exclude Franklin (2008) that states little about what is specific to the 
problem of contingency.



142

On “success” in “equally successful but nonequivalent science”,  
Trizio (2008) offers three characterizations: “truth”, “adequacy to (or 
correspondence with) the phenomena”, and “robust fit”; he analyzes 
their implications for contingentism. Of these, he takes robust fit as 
success and supports a qualified version of contingentism from the 
observation that there can be multiple ways to obtain a robust fit.

The idea of robust fit goes back to the “mutual adjustment” of 
Hacking, who says, “It is my thesis that as a laboratory science 
matures, it develops a body of types of theory and types of apparatus 
and types of analysis that are mutually adjusted to each other.”4)  
Hacking takes the idea of mutual adjustment as extending Duhem’s 
thesis,5) which states that, when a prediction derived from a theory is 
inconsistent with an observation, it is possible for researchers, other 
than revising the theory, to modify an auxiliary hypothesis (such as a 
hypothesis about the workings of an experimental instrument). 
Hacking adds instruments themselves and modes of data analysis to 
the list of what can be modified.6)

While the focus of Hacking (1992) is to explain the long-term 
stability of laboratory science, that such an adjustment is possible 
means that scientists have a great deal of freedom in choosing 
elements to change in a number of malleable elements which make 
up holistic structures; this suggests that multiple ways of stabilizing 
exist. In Hacking (1999), mutual adjustment is called “robust fit”7) 
explicitly in the context of contingency, referring to Pickering (1995) 

 4) Hacking (1992), p. 30.
 5) Hacking distinguishes Duhem’s thesis from underdetermination (often 

called “the Duhem-Quine thesis”). Hacking (1999), p. 73, p. 231.
 6) In Hacking (1992), fifteen elements are listed in three categories: ideas, 

things, and marks.
 7) For this naming, see Hacking (1999), p. 231.
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(using his concept of “resistance” of the world and “accommodation” 
of the scientist to it). Hacking says:

The fit between theory, phenomenology, schematic model, and 
apparatus is robust when attempts to replicate an experiment go 
pretty smoothly╶ and when other groups of workers, with new 
apparatus, new tacit knowledge, and a different experimental 
culture do not encounter important new resistance.8)

Robust fit can support contingentism by holding that what 
resistance experiments face, how scientists accommodate to it, and 
what fit will be obtained are not predetermined by anything. That is, 
“[t]he constructionist believes that many robust fits were possible, 
although in the end only one seems conceivable. The actual fit that is 
arrived at is contingent.”9)

However, to claim contingency from robust fit can be resisted (as 
in the Duhem-Quine thesis) by arguing that although such contingent 
fit is logically possible, it does not matter as a practical possibility. 
That is, rationalists can argue that although, in principle, multiple 
elements admit modifications in various ways, in practice the rational 
(justifiable) option will be settled to one10). And even if case studies 
are conducted to claim practical possibilities of contingency, this also 
can be countered(see Franklin (1998) for his rationalist response to 
Pickering’s contingentist argument). Thus, it is very controversial to 
support contingentism based on robust fit.

 8) Hacking (1999), p. 72.
 9) Ibid., p. 73.
10) In fact, Hacking himself does not endorse contingentism. He scores his 

position as 2 on a 5-point scale, where 5 supports the highest degree of 
contingency(and here we can see that Hacking thinks the problem of 
contingency admits a matter of degree). Hacking (1999), p. 99.
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2-2. Robust fit and success

With respect to taking robust fit as the criterion of success of 
science, as Trizio (2008) does, two further problems arise: (1) 
whether taking robust fit as the criterion of success is valid and (2) 
whether by taking robust fit as the criterion of success, the problem 
of contingency makes sense.

(1) Whether taking robust fit as the criterion of success is valid

Whereas Hacking (1999) takes Lakatos’s research program as the 
criterion of success, Trizio argues that what is required is not such a 
diachronic criterion, but a synchronic one by which we can judge at 
that time whether a science is successful or not.11) However, we 
cannot find further justification for taking robust fit as the criterion of 
success.

What should be noted here is that the criterion of success has to 
be specified independently from the problem of contingency, since to 
define “success” solely for debating on contingency is just to make 
up (or fabricate) a problem.

In general, for the problem of contingency of science to hold in an 
interesting way, the independently specified criterion of success needs 
to be strict to the degree that contingentism or inevitabilism does not 
trivially follow. That is, if we loosely take “successful” to mean 
“consistent with data”, it works in favor of contingentism since the 
situation becomes like underdetermination; if we take success strictly 
adding to consistency (e.g., simplicity and the extent of scope),12) 
inevitabilism will be more plausible owing to narrowing of space for 

11) Trizio (2008), p. 256.
12) To this list one can add “applicability” which requires considerations on 

the relationship between science and technology.
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equally “successful” sciences.

(2) Whether by taking robust fit as the criterion of success, the 
problem of contingency makes sense

On this point, Trizio realizes a difficulty.13) According to the robust 
fit model, it is difficult to compare our science and the alternative 
sciences, which would differ from one other in experimental 
apparatus and what counts as “a phenomenon”. The meaning of 
“equally successful” thus remains unintelligible, unless there is some 
absolute measure of the robustness of fit, but it is hard to imagine 
what this absolute measure might be. (This is the reason Trizio 
supports only a “qualified” version of contingentism.)

From these considerations, we can see that it is difficult to specify 
the meaning of “success” in science, and even if it is specified, the 
problem of contingency does not necessarily stand as nontrivial and 
meaningful.

3. Contingency of Science and Scientific Realism

The problem of contingency seems to depend upon the problem of 
scientific realism: whether contemporary scientific theories accepted in 
mature science are approximately true (especially with respect to 
unobservable objects). That is, one can argue, “If realism is correct, it 
follows that our scientific theories have true parts that correspond to 
reality and therefore are inevitable. On the other hand, if our science 
does not reflect reality, other sciences that are equally successful in 
some sense are possible.”

13) Trizio (2008), p. 257.
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Sankey holds that scientific realism does not commit to 
inevitabilism, arguing that any feature of scientific realism, such as 
“aim realism” or “correspondence theory of truth”, does not imply “a 
single complete” theory.14) He states that the correspondence theory 
of truth does not imply only one true theory and that it is an 
empirical question to which realists need not commit. Still, what 
would it be like if plural (different, in some significant sense) 
theories corresponded to the same reality? Sankey says, “It is for the 
advance of science to reveal whether theories in the various branches 
of science may be conjoined to form a single, coherent picture of the 
world.”15) This suggests that he thinks realism is consistent with 
contingentism simply because it may be the case that partial theories 
are respectably true and that those successful theories coexist without 
conjoining to be a single system.

However, whether a theory can form a coherent system with other 
theories and whether the theory is inevitable are independent 
questions. Therefore, whereas Sankey seems to claim a possibility of 
realist-contingentism by the possible disjointedness of successful 
theories, the position would not be contingentism. Especially, if those 
plural theories are not “of roughly the same subject matter”(see 
remark of Hacking (2000) quoted in the beginning), they will not be 
alternative theories. After all, a knowledge state that has disjoined 
plural theories itself may be inevitable(in other words, inevitabilists 
need not commit to “a single, coherent picture of the world”).16)

14) Sankey (2008), pp. 260-2.
15) Ibid., p. 262.
16) The appeal to “approximate” truth also does not disassociate realism from 

inevitabilism, since the stronger the realism position one takes, the higher 
the degree of inevitability that would follow by coming closer to the 
reality.
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On the other side, it is certainly possible to take inevitabilism 
while denying realism, for inevitability does not imply truth, and it 
may be the case that a part of science has to be passed in spite of 
its falsity. Nevertheless, this is just a logical possibility so far, and 
the significance is not clear.

Soler also mentions, although more modestly, independence of the 
contingency problem from the realism debate, arguing that these two 
should be disentangled, even though they have empirical and logical 
relations.17) She cites two reasons, both of which, I argue, are 
unconvincing.

The first reason she offers is that distinctions of inevitabilism/ 
contingentism and of realism/antirealism do not coincide. Soler 
mentions to Giere(2006)’s perspectival realism as an example of a 
contingentist who is at the same time a realist. However, that position 
is an eclectic between realism and social constructionism. Accordingly 
it can be seen as contingentistic as far as it is not sufficiently 
realistic and this indicates rather that the two distinctions, indeed, 
have intimate association.

Soler’s second reason is more social: “the problem of scientific 
realism monopolizes philosophical attention and, by doing so, 
overshadows the intrinsic interest of the problem of contingency.”18)  
This point is understandable, but it is dubious that it gives a 
sufficient reason to inquire into contingency as an autonomous 
problem. Soler says, “Some forms of contingentism suggest plausible 
interpretations of science that, at the same time, reject the realist 
interpretation of the dynamics of science and nevertheless 
conceive science as a rational activity, that leads to robust results and 
makes progress.”19) However, in the realism debate attempts to search 

17) Soler (2008b), pp. 231-2.
18) Ibid., p. 232.
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for midways(that is, weaker forms of realism, such as entity realism, 
structural realism, and semirealism) have been vigorous. So, one need 
not necessarily inquire into the contingency problem independently 
from the realism debate in order to claim rationality and progress of 
science without committing to strong realism.

In sum, to emphasize independence of the contingency problem 
from the realism debate is misleading if they have empirical and 
logical connections. Behind the emphasis, there would be the thought 
that the contingency problem becomes uninteresting if it is reduced to 
the realism debate. However, that the contingency problem and the 
realism debate have connections does not necessarily mean that the 
former depends on the latter, but it can mean, rather, that the former 
provides hints about the latter.20)

Hacking also takes a negative stance on the relation between the 
contingency problem and the realism debate.21) However, he is an 
advocate of entity realism as well as a new experimentalist.22) Also, 
he acknowledges himself as a “materialist” who is skeptical about the 
framework which asks the correspondence relationship between a 
theory and reality and attends to “things” such as detectors.23) Then, 
he goes on, from the viewpoint of robust fit, to propose the problem 
of contingency.24) There, we can see the continuity (or advancement) 
of an awareness of the issues, that is, criticisms toward 

19) Ibid.
20) Stanford (2006) proposes skepticism of scientific realism, arguing that 

there can exist unconceived alternatives to contemporary scientific 
theories, on the ground that researchers have failed to conceive 
alternatives that are equally well-supported by evidence in the past. 

21) Hacking (1999), pp. 79-80.
22) Hacking (1983).
23) Hacking (1992), p. 36.
24) Hacking (1999). See 2-1.
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theory-focused (or idea-centered) philosophy of science, and the view 
developed in Hacking (1999) can have impact that revises the 
framework of the realism debate itself.25)

4. Equivalence

Regarding the “nonequivalent” in “equally successful but 
nonequivalent”, Soler reflects on “incompatible”, taking scientific 
theories as results of science.26) Incompatibilities can appear in 
various respects (entities and processes posited by theories, elements 
having the status of experimental facts, equations, and the values of 
constants) and be of two types: “contradictions” and “semantic- 
taxonomic incommensurabilities”.

As indicated by Soler, that two (equally successful) theories are 
incompatible does not alone mean that contingentism is right, since 
inevitabilists can attempt to reconcile two theories even if they seem 
very different. Therefore, for the contingentism/inevitabilism debate to 
be resolvable, “nonequivalent” needs to be irreducibly different or 
“irreconcilable”, not just “incompatible.” Moreover, success or failure 
of reconciliation in some case is not enough for settlement. That is, 
on the one hand, even if the attempt at reconciliation fails, 
inevitabilists can insist that two theories are in principle reconcilable, 
and on the other hand, even if two theories are successfully 
reconciled, contingentists can argue that reconciliation was fortunately 
possible only in that case.

25) For example, the position of contingentism based on robust fit that he 
draws can be seen as one which doubts the inevitability of phenomena 
that empiricistic antirealism assumes(Trizio 2008, p. 257).

26) Soler (2008b), pp. 238-40.
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Certainly, just because inevitabilists or contingentists can continue 
to argue for reconcilability or irreconcilability (assuming that 
“reconcilability” can be defined) does not mean that these claims are 
plausible, and either position may become regressive as 
counterexamples, by case studies, accumulate. However, there are 
further difficulties in discussing contingency based on concrete 
examples. We see two points in relation to Soler’s argument.

(1) The need for setting resources (time, funding, manpower, and things)

What matters in the contingency debate is inevitability/contingency of 
science after sufficient investigations over time (in the long run). 
Concerning this point, Soler says, “time calibration” is needed.27)  
That is, as for whether two “equally successful but nonequivalent” 
theories exist at some time, both inevitabilists and contingentists can 
reject claims of the opponent by asserting that the designated time 
scale is not appropriate (inevitabilists will take a long time scale for 
reconciliation). So we need the neutral setting of a time scale. 
However, settling this will not be an easy task.

I would like to note a point : Since “time” here is to some extent 
interchangeable with funding and manpower, this problem can be 
called that of “resource setting”. In particular, if one assumes infinite 
resources, he might argue that scientific theories would ultimately 
converge in unique theory, supposing “one final true theory”.  
However, such a setting not only diverges from the problem-setting, 
which makes an issue of our contemporary successful science, but is 
also useless for thinking about actual science conducted within limited 
resources.

27) Ibid., p. 234.
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(2) The issue of abstractness

It seems that whether there can be an “equally successful but 
nonequivalent science” should be examined based on concrete 
examples. From this viewpoint, inevitabilists can offer “put up or 
shut up” argument28) that presses contingentists to show examples of 
alternative sciences. Trizio argues that since a science like physics is 
a collective enterprise that cannot be conducted by a single 
individual, it is practically impossible to obtain alternative 
developments, and contingentists need not fulfill such an unreasonable 
demand.29) Still, as Kinzel observes, this reply renders discussions 
based on examples impossible, making examination of alternative 
sciences speculation for distant possible worlds.30)

On the other side, even if inevitabilists find, in the actual history 
of science, examples of two theories that can be made equivalent by 
obtaining further data or doing some mathematical manipulations, this 
will not satisfy contingentists, since these theories tend to be 
reconcilable by their historical continuity, comparing with thought 
experiments such as “two physics divided at some point”(often 
supposed in contingency debates).31)

28) Hacking (1999), p. 79.
29) Trizio (2008), p. 258.
30) Kinzel (2015), p. 61. Soler (2015) argues that the put-up-or-shut-up 

demand by inevitabilists cannot be satisfied because our science is monist 
(in the sense that the development of a multiplicity of alternatives is not 
socially supported), and contingentists can reject the demand and 
challenge the inevitability of the monist regime (cf., Kidd (2016)). This 
indicates that a more pluralist regime can provide empirical basis for 
contingentism (and that the debate perhaps have implications for research 
policy). However, it does not change the present situation that there is 
little hope to empirically solve the contingentist/inevitabilist issue.
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Hence as far as imagined sciences are concerned it is practically 
impossible to discuss based on concrete examples, and case studies 
on actual history have little implication for the possibility of “equally 
successful but nonequivalent” science.

Here I propose, since this means that little hope exists to support 
either position of the contingency problem thus conceived by piling 
up empirical knowledge, and suggests its insolubility, we should ask 
what meaning (or significance) does asking such a question about 
contingency have in the first place. Do arguments concerning 
contingency offer any substantial understanding of our science? If 
not, why should we be involved in these matters?

5. Making Concrete the Contingency Problem

5-1. Difficulties with the contingency problem and making it concrete

As we have seen, discussing the possibility of “equally successful but 
nonequivalent science” in the problem of contingency requires 
cumbersome considerations about “success” and “(non-)equivalence”.  
In addition, it is hard to expect interesting new developments 
vis-à-vis existing arguments in the philosophy of science, such as the 
scientific realism debate and underdetermination. The fundamental 
problem is that arguments on “equally successful but nonequivalent 
science” being hard to connect with empirical inquiries into concrete 

31) Soler (2008b), pp. 239-40. As a more general point, Nelson (1994) argues 
that the dispute between rationalists and constructionists is not empirically 
resolvable, pointing out that constructionists can insist that even if an 
alternative science develops, rationalists would justify the science by 
retrospect (in that alternative sequence) as strongly supported.
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examples, remain abstract and are not likely to increase our 
understanding of science. In light of these observations,32) I claim 
that it is not fruitful (at least thus far) to argue “whether there can be 
an equally successful but nonequivalent science” regarding the 
contingency of science.

In such a situation, one may pursue some rigorous formulation of 
contingency(“scholastic” philosophy of science). Surely, it is to some 
extent important to clarify concepts and formulate positions to see if 
a problem can hold up as a real problem. However, sticking to such 
(meta-level) arguments is not productive. What is important, I insist, 
is not to try to formulate the problem strictly beforehand (and lose 
the vigor of investigation), but to offer concrete materials on which 
we would like to ask “contingent or inevitable”.

Again, it is also problematic, especially in Soler (2008) and Sankey 
(2008), to continue a traditional “theory-focused” philosophy of 
science that basically takes theories for results of science. As we 
have seen, in Hacking (1999) there are elements that go over the 
framework of the existing philosophy of science by attending to 
experiments and instruments. In that sense, putting much importance 
on theories in the contingency problem can be regressive.33) Rather, 
what is required is to push forward the introduction of actual or 
social elements such as industry and resources, which Hacking does 

32) Kinzel (2015) makes similar assessments for the contingency debate from 
a somewhat different viewpoint. While she goes on to offer a conceptual 
taxonomy, I proceed to give a naturalistic twist in view of empirical 
investigations. See below.

33) In the contingency problem, there must be an awareness of the issue of 
“to what extent scientific knowledge can be separated from human 
history”, as we can see from the fact that what matters in the 
contingency problem is mainly social constructionism, not empiricistic 
antirealism.
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not go into sufficiently attending only “elements internal to an 
experiment”.34)

Hence, I propose that we should concretize the problem of 
contingency of science by (1) taking into consideration the elements 
of technology, resources, and society (actualization) and (2) gathering 
data about the dynamism of actual science (naturalization). With 
respect to the contingency of science, it is more fruitful to inquire 
into how and to what extent our science is contingent. Now 
“contingency” is asked not only for theories, but also for various 
elements that have moved our science (such as technologies and 
resources) and concerns the possibility that science can be otherwise 
in a time development.35)

5-2. The significance of making concrete

Certainly, one can contend that the contingency question thus framed 
is no longer the same as the original. That is, discussions on 
“whether there can be equally successful but nonequivalent science 
with ours” hold, assuming influences of such actual elements (which 
are contingent in the general sense that “they could be otherwise”). 
Anyway the concern is, one would argue, in a “successful” science 
on the assumption that sufficient resources are available.

For reply, it is helpful to look on the distinction between 
“contingent per se” and “contingent upon”, which Martin (2013) 
makes for the contingentist/inevitabilist debate.36)

34) Hacking (1992), p. 51.
35) Endorsing actual elements does not necessarily make it easy to reconcile 

alternative theories with an actual one by historical continuity, as Soler 
says (see (2) in section 4). For we would take into account actual 
circumstances, such as lack of resources, that would make reconciliation 
difficult.
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“Per se” contingency describes stochasticity in the historical 
process; it implies that the process of history itself is 
unpredictable. “Upon” contingency requires no unpredictability, 
but rather describes a historical process that is far from robust 
with respect to initial conditions, indicating that outcomes are 
causally dependent on the relevant antecedent factors.37)

Contingentists admit both “per se contingency” and “upon 
contingency” for science, the latter being able to mean various things 
in accord with which element of science (theories, instruments, social 
structures, and so on) depends on which element(s). Inevitabilists 
deny that scientific knowledge is contingent per se, while admitting 
some forms of upon contingency.

The crucial point is that per se contingency and upon contingency 
are not independent of each other, but, as Martin put it, “The per se 
claim and the theoretical contingency claim [which is a kind of upon 
contingency] often go hand in hand.”38) For instance, contingency of 
a theory upon a sociocultural environment (which suggests that the 
theory is little constrained by nature) implies unpredictability (or 
indeterminacy) of scientific results, that is, per se contingency.

In light of this view, other than alternative theories, alternative 
technologies and alterative science communities (and so on) 
themselves matter. And even if one offers special status to theories as 
“results” of science, since they can be contingent upon other elements 
of science, it is necessary to investigate the contingency of those 
elements and their interrelationships: How could they be otherwise 
and what epistemological implications does this have? Thus questions 
concerning “equally successful but nonequivalent science” are 

36) This distinction is based on the one made in Beatty (2006).
37) Martin (2013), p. 924.
38) Ibid., p. 929.
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regarded as parts of broader problem area.39)

Since it is hard to say we have sufficiently assessed the roles that 
these actual elements as technologies and resources play in our 
science and their implications, we can expect discussions on 
contingency to gain concreteness and significance by inquiring into 
these elements.

Thus, we can now justly go toward actual elements of science 
without being involved in considerations on “equally successful but 
nonequivalent science”, while being continuous in awareness of the 
contingentism/inevitabilism issue. Hereafter, I proceed to inquiries into 
technologies and resources, bearing in mind their importance for the 
contingency question: “Is our science contingent?” Those inquiries 
themselves (not a priori arguments) are expected to demonstrate the 
fruitfulness of the research program.

First, I present a bottom-up view of science from the observation 
on experimental technologies(section 6). With the introduction of this 
view, an interesting development arises both for and against historical 
contingency, which has epistemological implications in relation to 
contingency(sections 7 and 8). Finally, I reframe the status of the 
contingency question(section 9).

6. A Bottom-up View of Science

I have conducted fieldwork taking a neutrino physics experiment
OPERA as an object. A bottom-up view of the science was 
obtained through discussion with one of the proposers of the OPERA 

39) Although Martin stresses the diversity of concepts of contingency, I 
would rather like to notice that multiple sorts of contingency can be 
captured in one framework. See figures 1 and 3 below.
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experiment(Kimio Niwa, professor emeritus of Nagoya University). 
First, I explain the OPERA experiment as necessary to understand the 
arguments that follow(Guler et al. 2000).

The OPERA experiment is an international collaboration experiment 
(11 countries and about 140 researchers were participating in 
November 2013), which aims to definitively conclude whether 
neutrino oscillation, a phenomenon in which one kind of neutrino 
changes into another kind of neutrino, occurs by detecting tau 
neutrino(ντ) changing from mu neutrino(νμ). In the OPERA 
experiment, mu neutrinos are generated by SPS(an accelerator of 
CERN) and they are flown toward detectors situated in the 
underground of Gran Sasso National Laboratory in Italy, about 730 
km away. As a main detector the experiment uses nuclear emulsions, 
a kind of photographic film, that are able to detect ντ with extremely 
high position resolution, lower than 1μm (that is, a decay form 
characteristic for the τ particle, which is made after ντ interaction, is 
caught). Since neutrinos rarely interact with matter, the experiment 
uses 150,000 bricks of “ECC” which laminated nuclear emulsions and 
plate matter (in the OPERA experiment, 57 sheets of nuclear 
emulsions and 56 plates of lead). As a result about 10,000,000 sheets 
of nuclear emulsions, produced by Fujifilm Corporation, are used in 
the OPERA experiment.40)

In conducting fieldwork at the experimental site, I have been 
impressed by how much time and effort are spent for research and 
development of the experiment. However, a proposer of the 

40) By 2015, five examples of interactions considered of tau neutrino 
appearing by neutrino oscillation are detected(Agafonova et al. 2015). 
The significance excludes the probability that all five examples are 

background events by 5.1σ. Thus the experiment has achieved its main 

aim.
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experiment suggested that technologies in experiments are not so 
great in comparison with technologies in industry. And indeed, as he 
says, “civil technologies prepare experiments”, which is the basis of 
the bottom-up view of science I reconstruct below.

The bottom-up view consists of two parts, the first part being 
made up of two points. (1) Experiments possible at a certain time 
depend on industrial technologies available. (i) Technologies that 
make experiments possible are often based on industrial technologies. 
(ii) Changes made to (existing) industrial technologies for an 
experimental purpose are minor in light of resources. (2) Industrial 
technologies available at a certain time depend on contemporary 
social needs.41) Each point is explained below.

(1) Experiments possible at a certain time depend on industrial 
technologies available.

(i) Technologies that make experiments possible are often based on 
industrial technologies.

This is an assertion that experiments are realized by technologies 
(here characterized as “material artifacts such as detectors and 
know-how of their production and use”) that are not originally for 
experimental proposes, especially accumulations of civil 
technologies.42) Cited below are some examples of industrial 
realization that support this. Photomultiplier tubes that are the main 
detector of Kamiokande (that detected neutrinos from a 

41) Here, “social needs” means especially needs outside the academic field 
and not for scientific knowledge.

42) While here we focus on civil technologies, there are dependencies upon 
the technologies of craftsmen and the military. The degree would differ 
by periods and countries.
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supernova(Hirata et al. 1987) became possible because of the photo 
technologies and glass tube technologies of Hamamatsu Photonics. 
The main mirror of Subaru Telescope was realized through the glass 
technology of Corning Inc., and the telescopes actuators that correct 
distortions was through the control technology of Mitsubishi 
Electric(Nariai 1999). Furthermore, optic fibers and computers used in 
many physics experiments were not invented for scientific 
experiments, but came from information technology.43)

(ii) Changes made to industrial technologies for an experimental purpose 
are minor in light of resources.

Certainly experimenters do not use industrial technologies as they are. 
They make changes for experimental purposes. However, the proposer 
of the OPERA experiment says that these are minor changes. This 
view comes from attending “super” large-scale resources, or as he 
states (taking the OPERA experiment as an example) “enormous 
funds and numbers of researchers that the photograph industry has 
invested for development and improvement of color films.”

That is, although high-energy physics experiments like OPERA are 
sometimes called “large-scale” experiments (or “big science”), “funds 
and numbers of researchers” in industry are generally still much 
greater than those invested in technological development of 
“large-scale” experiments. Indeed, research and development (R & D) 
costs and numbers of researchers (and also years) that Fujifilm 
Corporation has invested into films are literally “orders of magnitude 
greater” than that of the OPERA experiment.

From (i) and (ii), we can say that experiments (at least some 
experiments in physics) are considerably dependent on industry in 

43) As a more historical example, readers may be reminded that Galileo 
improved on the telescope that eyeglass craftsmen made.
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technologies. 

(2) Industrial technologies available at a certain time depend on 
contemporary social needs.

According to the OPERA proposer, “the OPERA experiment would 
be impossible if it were ten years sooner or later” (taking 1998 as 
the base year). The impossibility of ten years sooner is based on the 
observation that corporation’s readiness to cooperate were not 
sufficient in technologically developing period when they were to 
concentrate on their commercial purpose. The impossibility of ten 
years later (which would be more interesting) points to the rapid 
decline of the film business worldwide, with the spread of the digital 
camera. That is, development and production of 10,000,000 sheets of 
nuclear emulsions would be impossible with a reduction of the 
product line and personnel.44)

Here we can see that investment of “super” large-scale resources 
by industry is possible just because a great number of ordinary 
people want and pay for a product (namely, because it makes a 
profit). Moreover, to use a technology in an experiment at low cost 
and in a stable manner, the technology needs to prevail in society 
(consider the know-how of producing emulsions and debugging 
computer programs).

Hence, the view that “experiments depend on industries, and 
industries depend on social needs” results. One may add to this view 

44) In this case, it is more appropriate to say the cooperation of industries 
(and therefore realization of the experiment) ten years sooner or later was 
“impracticable from the viewpoint of business judgement” rather than 
“technologically impossible”. And it seems difficult to confirm strictly 
whether it was really impracticable. Here I only suggest from this case 
that there would be similar cases for other technologies and experiments.



161

the point that “the pursuit of benefit” as a driving force of science 
opposes “the pursuit of knowledge (or the power of intellectual 
curiosity)” as a driving force. That is, one can hold such a viewpoint 
by noting that the purpose and motivation of corporations to make a 
large profit (in the keen competition of the market) and to improve 
people’s living conditions are necessary for extensive, high-quality 
technological developments, and that the power of people’s 
desire-seeking convenience and fun makes possible the “super” 
large-scale resources of industry.

From these considerations, a bottom-up view of science in Figure 1 
follows.45) Of course this view stresses one aspect, and in science, as 
a more conservative position would emphasize, there are top-down 
effects, such as technological developments for scientific purposes, 
applications of theories to technologies(dotted arrow in Figure 1), and 
evocation of demands by industry. 

Figure 1. Bottom-up view on science.

45) The well-known examples that the Industrial Revolution gave rise to 
thermodynamics and that the black body radiation problem from the 
German steel industry led to the quantum hypothesis, can be seen as 
examples that industry urges theoretical development directly, namely not 
via experiments.
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Nevertheless, the point stands: social needs play roles that are not 
negligible in advancing science thorough industrial technologies. And 
this point has not been paid sufficient attention by philosophers of 
science. While Hacking states, in a context that denies the 
dependence of experiments on theories, “Experimentation has a life of 
its own”,46) now we can say that the life of experimentation largely 
depends on industry and society.

In the next section, based on the bottom-up view, I present a 
possible contingency thesis of science, “historical contingency of 
discovery”, and then show how it can be limited. 

7. Historical Contingency of Discovery and Its Limits

7-1. “Historical contingency of discovery”

By adding one assumption to this bottom-up view of science, 
interesting developments occur concerning the contingency of science. 
The assumption is that “what industrial technologies, getting resources 
from society, are developing at that time is contingent.” The 
contingency, in the general sense that it could be otherwise, might 
depend on the contingency of social needs(what people want) 
themselves or might come from the contingency of industrial 
response(ideas and so on) to certain needs. Anyway, if one admits 
the assumption, experiments are to depend on the “contingent” 
technologies available at that time, and historical contingency of 
discovery seems to follow: “What is confirmed47) by experiments at 

46) Hacking (1983), p. 150.
47) By the word “confirm”, I take into consideration not only exploratory 

experiments, but also theory-confirming experiments.
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that time is contingent.”
Of course, the assumption itself is a controversial one. We have 

seen an example of OPERA, where, by a change in social needs, it 
became impracticable to produce an enormous amount of nuclear 
emulsion essential for the experiment. And this suggests that 
experiments are not something which can be conducted at any time, 
but matching with social needs and industrial development (or timing) 
matters. Still, more extensive case studies might show that what 
human beings want and hit upon is almost determined after all. 

However, the point is that the contingency of technological 
developments would be easier (especially for rationalists) to admit 
than the contingency of scientific discovery. For instance, it is a 
probable position that “the discovery of quarks is inevitable, but the 
construction of nuclear reactors is not inevitable.” If one admits that 
such a position is indeed tenable, then for “historical contingency of 
discovery” the question arises: “How can we say that scientific 
discovery is more inevitable when compared with the contingency of 
technological developments?” (or how the “transmission” of 
contingency from lower-levels can be blocked).

7-2. Byproducts and the “versatility of things”

The historical contingency of discovery has limitations. In the first 
place, it does not necessarily deny inevitabilism, for one successful 
knowledge system might be reached via various routes of discovery 
within a time period. That is, even if scientific discoveries are 
contingent upon technologies and social needs, it does not directly 
lead to theoretical contingency, or contingency per se. In this sense, 
historical “contingency” is compatible with rationalism and realism. 
We will come back to this point in section 8. Next, as I elucidate in 
the following, “historical contingency of discovery” itself can be 
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attenuated by attending byproducts(results different from the main 
purpose of experiments) and what I call the “versatility of things”.

The first point to be noted is that experimenters sometimes gain 
unexpected byproducts (not to mention expected byproducts). 
Anderson (1933) discovered the positron with a cloud chamber in the 
course of measuring the energy of cosmic rays. Niu et al. (1971) 
obtained the X particle (that contains the charm quark) as a 
byproduct using nuclear emulsion in his studies of multiple meson 
production. The discovery of cosmic background radiation by Penzias 
and Wilson (1965) was also not the intended one.

What these examples indicate is the “versatility of things”. That is, 
while experimenters modify and use detectors for a purpose, detectors 
are “things” that belong to nature (as well as “tools” humans use), 
and have potentiality to interact with physical objects beyond 
experimenters’ intentions. Thus, I call “the potential that detectors (or 
experimental setups) have to capture objects beyond experimenters’ 
intention” the versatility of things.

Owing to this versatility, one technology (detector) can cover many 
possibilities of discovery. In this sense, the experiment is more than 
just what experimenters try.48) Therefore, one can argue that, even if 
historical developments of technologies are contingent, “historical 
contingency of discovery” is constrained by the versatility of things 
and byproducts(see Figure 2). That is to say, what should be 
discovered will be discovered anyway by some technology.

In other words, to the question above, “How can we say that 
scientific discovery is more inevitable when compared with the 
contingency of technological developments?”, one can answer by 

48) Hence this view attends to a non-constructivist aspect of instruments 
compared with Boon (2015). The difference would be partly due to her 
focus on chemistry and engineering in application contexts.
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observing out that a technology and an experiment do not have a 
one-to-one correspondence. That is, the history of scientific 
discoveries can be robust owing to the fact that we can discover 
multiple objects (or phenomena) with a technology and also that an 
object can be detected by multiple technologies.

Figure 2. Constraint by versatility of things and 
byproducts. Technology A can obtain Q as a 
byproduct by its material versatility.

8. Contingency in Byproducts and Noncommutativity

8-1. Contingency in byproducts

I quickly address that the argument in 7-2, which opposes “historical 
contingency of discovery”, is not decisive, however. One can insist 
on contingency in some ways as in the following.

(1) Coverability

An experiment cannot always be covered by other experiments that 
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have different detectors.49) Given contingency in historical 
developments of technologies, a discovery may be delayed in at least 
several ten years scale due to differences in detectors (such as 
accuracy). The OPERA experiment is one experiment whose cover is 
difficult, as the detector that has detected tau neutrinos is only ECC 
thus far.50) That is, there is a constraint in the cover range of a 
technology due to limitations of the versatility of the thing.

(2) Theoretical elements

(2a) Attention
Even though an event is captured by detectors, it does not come to 
“discovery” if the experimenter does not notice it. And such notice 
needs attentiveness. Especially without theoretical background, the 
event might not be paid sufficient attention, and the sign of a 
byproduct would not then be pursued. The previously mentioned 
OPERA proposer mentioned a byproduct found in an experiment in 
which he previously participated (the WA75 experiment, Aoki et al. 
1993), but would have been overlooked as only a statistical 
fluctuation if he had not listened to the suggestion of a theoretician.

(2b) Interpretation
An experimental result might not be made public because it is 
uninterpretable. Even if the result is shared by the science 
community, it can be left as is, owing to absence of interpretation. 
Brownian motion is a phenomenon that required nearly 80 years for 
an explanation to be devised. Still, the case might be lucky example, 

49) As is clear from Figure 2, the “distance” between detectors and the 
“range” of a detector matter for convergence.

50) Tau neutrino was discovered by the DONUT experiment using ECC 
technologies(Kodama et al. 2001).
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since it was eventually explained. In some cases, unexpected results 
might simply be forgotten.

Of course, further case studies are needed to judge to what extent 
these assertions are valid, but research by fieldwork is to some 
degree possible for these points. And in view of these possible 
contingencies, even at present, we can tell that it is sufficiently 
probable “when something is confirmed” can come before or after at 
least by several decades (for various reasons). This observation leads 
to an important consideration.

8-2. “Noncommutativity of scientific knowledge”

If something is confirmed decades before or after, the order of some 
discoveries would change. In other words, the order of discoveries in 
our science is, in several parts, historically contingent (in the sense 
that it could be otherwise). This leads one to ask: “Is there any 
guarantee that changes in the order of discovery do not affect the 
content of the resulting knowledge system?” Then, the point that “it 
is probable that one successful knowledge system is reached via 
various routes of discovery” (stated at the beginning of 7-2) can be 
doubted. 

What becomes the key thesis here is the noncommutativity of 
scientific knowledge that states “what knowledge system results can 
significantly differ by the order in which respectable scientific 
knowledge is obtained.”51) If this thesis holds, being combined (in 
some time scale) with the coming before or after of discovery, a 
nonnegligible contingency of scientific knowledge would follow in 
actuality. The branching of science is serious given the limitation of 

51) I owe this idea to Naotaka Naganawa who is a collaborator of the 
OPERA experiment.
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resources.
Soler describes the formulation that attends to “the order of the 

elements involved in a given real historical sequence”, and refers to 
Cushing (1994).52) Cushing (1994) claims that it is by historical 
contingency of the order in which events take place that in quantum 
mechanics, not Bohm’s interpretation (deterministic), but the 
Copenhagen interpretation (indeterministic) is widely accepted. 
Cushing holds it possible that Bohm’s theory was accepted and that 
we believe in a deterministic worldview.

Whereas this is an example of the “empirically equivalent but 
ontologically incompatible”, the thesis of noncommutativity states that 
two scientific knowledge systems can differ significantly in more 
empirical levels (construction of theory or interpretation of 
experimental results) by the influence of order. 

The thesis of noncommutativity is thought to be a modest variant 
of underdetermination. That is, even someone who rejects 
underdetermination, arguing that in practice rationally possible theory 
(or interpretation of experiment) is settled to be one for a given data 
set, can reasonably doubt whether it is still so supposing the order in 
which these data are obtained is different.

To be sure, whether this thesis is plausible is unclear, and the 
meaning of “nonequivalent” and “successful” will be a problem 
again.53) Nevertheless, it is important that by the noncommutativity 
thesis we can see a way of connection between historical contingency 
(upon contingency) and the contingency question as originally 
formulated (per se contingency). That is, this is a distinctive way in 

52) Soler (2008a), p. 224.
53) It is not easy to give a concrete example of noncommutativity, but it 

might be possible to investigate it by manipulating the order of data 
using machine learning(Schmidt & Lipson 2009).
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which historical contingency can lead to contingency of scientific 
knowledge system. The thesis can have practical as well as 
epistemological implications by exciting reflections that our 
contemporary science, currently successful to some degree, may go in 
a wrong direction taking a historical contingency for a logical 
necessity.

9. Contingency Question Reframed

9-1. Contingency as a guiding question

In discussing the contingency of science, theoretical elements cannot 
be ignored. And as there are certainly top-down effects (concerning 
Figure 1), the analysis becomes adequate only after taking them in. 
Here we obtain the image of the “circularly evolving dynamism of 
science” as a working model for ways of development of science and 
technology (Figure 3)54).

By widening the scope from a scientific knowledge system and 
looking on these multiple elements and their interrelations from the 
viewpoint of “contingent or not”, we can expect to explicate the 
dynamism of science, that is, how various elements that constitute 
science interact and stir science, with its epistemological implications. 
I maintain that this explication is more important for understandings 
of science than settling which position is right in some special 
philosophical settings.

54) Of course, this figure is a temporary one that will be refined by further 
studies.



170

Figure 3. Circularly evolving dynamism of science.

In section 7, we saw how contingency of technologies might 
influence on the experimental level and how it can be restrained (and 
in section 8, how the latter argument can be countered). The finding 
of these mechanisms itself is of value, independent of its relation 
with theoretical contingency (or per se contingency). Hence, I propose 
that we should aim not to answer “Is our science contingent or not?” 
by considering the possibility of “equally successful but 
nonequivalent” science and elaborating on its formulation, but rather, 
to explicate the dynamism of our science by empirical investigations, 
using the question “Is our science contingent or not?” as a guiding 
question, that is, as a tool of thinking or heuristics.

9-2. Investigations into the dynamism

In working on the explication of dynamism, we need not start from 
scratch. There already exist case studies in the philosophy of science, 
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history of science, and sociology of science, which provide rich data 
for each part of the dynamism.55) “Circularly evolving dynamism of 
science” functions as a map in which these studies are written, that 
is, it affords the framework on which we collect data on various 
elements and their interrelationships56) and thence reflect on 
epistemological issues.

For instance, the idea of robust fit is taken to claim, emphasizing a 
holistic structure that consists of various elements, that experimental 
elements cannot be separated from theoretical and technological 
elements(“theory-ladenness of technology” also matters). Thus, the 
contingency question, especially concerning theoretical and 
experimental contingency, relates to traditional epistemological 
problems of the philosophy of science. Here case studies play 
important roles57) and constraints of resources cannot be ignored as 
research on actual science.

The viewpoint of “circularly evolving dynamism of science” also 
stimulates new lines of inquiry that will attract wide interest and have 
practical implications. I present some prospects below.

(1) Disciplines and technologies

By inducing the viewpoint of disciplines (or research fields), the 

55) For instance, research on “social construction of technology”(Bijker 2009) 
and Galison (1997) for the periodization of theory, experiment, and 
instrument(p. 799).
See also Tambolo (2016) for counterfactual history of science.

56) It also makes possible co-works of various scholars on science and 
technology.

57) Based on case study of the electron microscope, Chalmers (2003) argues 
that it is not necessarily problematic that observation using an instrument 
confirms the theory on which the instrument relies.
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circularly evolving dynamism of science can be developed more 
multilaterally (or “three-dimensionally”, adding one more axis to 
Figure 3). First, the dynamism can differ (e.g., as for the relationship 
between experiments and industries, the driving force) by discipline, 
for example, between physics and chemistry.58)

More intriguing topic is how multiple elements in each discipline 
are interrelated across the discipline, especially via a technology. Here 
is an example: how nuclear reactors relate to physics and earth 
science. On the one hand, neutrinos were discovered using nuclear 
reactors(Cowan et al. 1956), and they are currently used in research 
of neutrino oscillation. On the other hand, neutrinos from nuclear 
reactors had been a background for research on geoneutrinos(neutrinos 
coming from radioactive substances within the Earth’s interior), which 
concerns terrestrial heat production. Still, following the Fukushima 
nuclear power plant accident in March 2011, nuclear reactors in 
Japan were stopped for a review of nuclear safety standards, and 
thereby geoneutrinos were precisely measured(Gando et al. 2013). 
This case indicates that one technology can promote one discipline 
and impede another, and that social elements (such as accident and 
social repulsion) reverse the situation.

It will be especially worthwhile to investigate how an instrument 
or research method developed in a discipline promotes or constrains 
another discipline and how social elements relate to it.59)

(2) Methodology and policy-making concerning the distribution of 
resources

To explicate the dynamism of science and technology leads to 

58) Studies by discipline have started to be done in Soler et al. (2015).
59) Besides, mathematics and computers will add complexity in their relations 

to both theoretical and technological elements in other disciplines.
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considerations of “how to develop science and technology.” At 
micro-level, scientists can utilize knowledge of the dynamism as 
methodologies, that is, for knowledge-gaining purpose. For example, 
if “civil technologies prepare experiments”, experimenters may gain 
some ideas for new experiments by attending to matching with 
developing technologies in society. At macro-level, understandings of 
dynamism can influence policy-making. Based on historical case 
studies, De Solla Price(1984) argues that advances in instrumentation 
and experimental techniques(what he calls instrumentalities) have 
been important both for theoretical advances in fundamental science 
and technological innovations, and therefore, more financial support 
should be provided for instrumentalities. Detailed investigations into 
the dynamism of science and technology, based on a fieldwork in 
contemporary research sites, can refine such a proposal.

Conclusion

I argue that the problem of the contingency of science should be 
made concrete, by introducing elements of industrial technologies and 
social needs. 

Previous research, which attempts to formulate the contingency 
question being concerned in “equally successful but nonequivalent 
science” has several difficulties; it has inherent difficulties in 
definition, makes it hard to expect new developments in the existing 
philosophy of science, and remains abstract by its being difficult to 
associate with concrete examples.

In such a situation, it is fruitful, keeping in mind that upon 
contingency has relevance to per se contingency, to investigate the 
contingency of various elements that stir science and their 
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interrelationships; actualization and naturalization are needed. As a 
first step, I present a bottom-up view of science from the viewpoint 
that “civil technologies prepare experiments”(that is, matching with 
industrial technologies at a certain time is critical for experiments) 
gained from an interview with a scientist. Then, I point out that, 
although the historical contingency of scientific discovery may be 
suspected from this viewpoint, the contingency is weakened by the 
“versatility of things”, that is, the potential that detectors have to 
capture objects beyond experimenters’ intention, which is seen in 
discoveries of byproducts. I also indicate that there is still room to 
insist upon contingency regarding noncommutativity; the order of 
knowledge-gaining (which can change for several reasons) may matter 
for scientific knowledge system.

The explication of these mechanisms enriches our understandings of 
science and is itself valuable independent of its relationship with 
theoretical contingency. Taking in top-down effects of science, we 
obtain a working model “circularly evolving dynamism of science”, 
which propels concrete investigations on developments of science and 
technology in relation to the contingency question. As prospects, I 
offer a research program that extends to interdisciplinary relationships 
and has implications for methodology and policy-making.

Hence I propose that the question of contingency of science should 
be taken not as a metaphysical one which concerns the possibility of 
an alternative science, but as a guiding question to stimulate 
empirical inquiries into the dynamism of our science.

Thus, we are led from thoughts on the question of contingency “Is 
our science contingent or inevitable?”, which is abstract and unclear 
in its answerability and significance, to concrete investigations on the 
dynamism of science which have broad epistemological and practical 
implications.
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: 

이 논문에서 나는 과학의 우발성 문제가 산업 기술과 사회적 필요라는 

요소를 도입함으로써 구체화되어야 한다고 주장한다. 첫째, 우발성 문

제와 “똑같이 성공적이지만 동등하지 않은 과학”과 관련된 어려움을 

정식화하기 위해 선행 연구를 검토한다. 보다 유익하게 접근하기 위해, 
나는 과학이 갖는 다양한 요소들의 상호연관성에 주목하여 과학에 대

한 상향식(혹은 자원-지향적인) 관점에서 보면 과학적 발견의 역사적 

우발성을 추정할 수 있음을 보인다. 다음으로 나는 우발성이 “사물의 

가변성”, 다시 말해 탐지기가 실험자의 의도를 넘어 대상을 포착할 수 

있어야 한다는 잠재성에 의해 약화된다고 지적한다. 그렇지만, 발견의 

순서와 관련된 비가환성(noncommutativity)에 대해서는 우발성을 요구

할 여지가 있다. 따라서 나는 과학에서의 우발성 문제가 과학기술의 

다이내미즘에 대한 경험적 탐구를 진작하는 지침 질문으로 간주되어야 

한다고 제안한다.

주요어: 우발성, 기술, 실험 철학, 자원


