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Abstract

Experimentation represents today a ‘hot’ topic irmpating. If
experiments made with the support of computers, sscbomputer
simulations, have received increasing attention frémogophers of
science and technology, questions such as “what ilaaean to do
experiments in computer science and engineering drad are their
benefits?” emerged only recently as central in thieatte over the
disciplinary status of computing. In this work | aeguhat an
extension of the traditional notion of controlled expent is
necessary to give reasons for the different experimgmtatices
encountered in computing and using computing toslisch as
computer simulations. Taking inspiration from thecdision on
exploratory experimentation in the philosophy of so&ene
experimentation that is not theory-driven — | introddbe idea of
explorative experiments that can contribute to enldige debate
about the nature and role of experimental methodsomputing.
Moreover, | stress that, when experiments are explerationtrol
should be intended in a posteriori form, in oppositio the a priori
form that usually takes place in traditional expentaécontexts.

Experiments and computing: Not only
simulations

Experimentation represents today a ‘hot’ topic ameuting.
Not only experiments made with the support of corary
such as computer simulations, play an essentialirokevery
domain of science and technology, but also questsuth as
“what does it mean to make experiments in compst&mce
and engineering and what are their benefits?” hacently
taken a center stage in the debate over the disaiplstatus
of computing. However, if the experimental capaiesi of
computer simulations have received increasing titterirom
philosophers of science, the same attention hasbeeh
devoted to analyze the notion of experiment in rdésm of
computing. In this work | argue that an extensidntte
traditional notion of controlled experiment is nesary to
give reasons for the different experimental pragtc
encountered in computing and using computing tasalsh as
computer simulations. | rely in particular on exadespfrom
autonomous robotics, an area of computer engirngevirere
the interplay between the scientific and enginepaspects of
computing is strong.

It is undoubtedly evident that science has enteredt has
been called the ‘age of computer simulation’ (Wersh
2010); the massive use of computer simulationsirtually
every domain of science has drawn attention torthei
epistemological justification: if computer simutais started
as tools to build tractable models for solving #guations
provided by theories, nowadays their role expanded,
besides dealing with the construction of modelgrefter and
greater complexity, computer simulations can bedute
increase the exploration opportunities. This isagtordance
with the idea of ‘modeling from above’ (Fox Kelle2003)
and ‘modeling from the ground up’ (MacLeod and
Nersessian, 2013), where the theoretical model@tipg the
simulation is under construction and shaped bysthmeilation
results themselves. Accordingly, a different relatbetween
theory and experiment emerges, where the lattavehgct
participates in the settling of the former, instezfdaiming
only at testing or rejecting the theory itself.

Recently the experimental properties of computer
simulations have been examined, and philosophekge ha
begun to consider in what sense, if any, compueualations
are experiments (see (Winsberg, 2013) for a detailelysis
of this debate). Positions range from a full acaepé of the
identity thesis (“Computer simulation studies arerally
instances of experiments”) to its rejection in eiint degrees.
Computer simulations can lused as experiments in the case
in which the purposes of simulation and those gfegiment
coincide, but they are not necessarily experimeittsis
perfectly plausible to have computer simulationsvatk that
do not have any experimental purpose (think fomgda of
simulations adopted for didactical purposes).

The possibility of using simulations as experinsergsides
in the ability (and in the necessity) they both gess of
controlling the features under investigation, thus
implementing the original idea of experiment asoatrolled
experience. The source of credibility for the models used in
the different cases of simulations as experimentsatly
varies: if the case in which the credentials arevigied by the
theoretical ancestors on which simulations are dasenot
problematic, the ‘modeling from above’ or ‘from tigeound
up’ practices require an epistemological justifimatfor their
use. Indeed, the use of computer simulations aisthaose
fields that do not have secure theoretical foumastiand/or in
which data are sparse has reshaped the way expeaime



results are considered reliable. In these contexperiments
(in the form of computer simulations) cannot besidered as
purecontrolled experiences anymore, but are better conceived
as explorations, where the theoretical background is
progressively shaped by simulation results.

When moving from the analysis of experiments maith
computing (simulations) to experiments mawleomputing, a
closer look on whether and to what extent the tiaual
experimental protocol can be applied to computingvides
evidence that the same explorative approach usedmputer
simulations is already at work in this context, reveit is not
yet properly conceptualized. Taking inspiration nfrothe
discussion on exploratory experimentation in thdogbphy
of science — experimentation that is not theoryeiri— and
from the broad notion of directly action-guidingpeximent
(Hansson, 2016), | advance the idea of explorative
experiments that could contribute to enlarge theatke about
the nature and role of experimental methods in adging. By
investigating autonomous robotics in particularisitevident
that the traditional notion of experimentation canrbe
always applied as such to computer engineeringrarpatal
practices and that the notion of explorative experit is a
good candidate to be considered. | suggest, moretivat,
when experiments are explorative, control shouldnbended
in a posteriori form, in opposition to the a pridorm that
usually takes place in traditional experimentalteats.

In general an experiment is a set of observatiand
actions, performed in a controlled context, to tesbries and
to provide a basis for scientific knowledge (Hackirl983;
Franklin, 1986; Radder, 2003). Control, intendecasctive
manipulation of the phenomena under investigatibene the
choice of the factors to be controlled is critice, usually
considered a central feature of experimentation tisat
experiments are also labelled ‘controlled experitsierBy
explorative experiments | mean a form of investigation of
novel and interesting ideas or techniques withbat typical
constraints of rigorous experimental methodologiémse are
experiments that are driven by the desire of ingashg the
realm of possibilities pertaining to the functiogirof an
artefact and its interaction with the environment the
absence of a proper theory or theoretical backgtolBo
hypotheses cannot be clearly stated and, evereititfimate
goal is to acquire knowledge about the performamoic¢he
artefacts under investigation and to find out propencepts
to formulate possible regularities, the experimergenot in
full control of the experimental setting due to the
impossibility of anticipating all the plausible comes.
Therefore, when experiments are explorative, cérdhould
be intended ira posteriori form, in opposition to the a priori
form of the traditional experimental contexts. iif the latter
experimental factors are in control of the experitee in a
sort of anticipation of the scenario to be testaedhe former
the possibility of full anticipation disappears atwhtrol is in
part carried out after the artefact has been iedeihto
society. This is in line with the crisis of theditional notion
of experimental control that has been recently envigd by
Peter Kroes (2016) in his analysis of experimenith wew
technologies in socio-technical systems. The i@l
control paradigm is based on two assumptions: the
experimenter is not part of the system on which the
experiment is performed and (s)he is in control thé

independent variables and of the experimental pet-u
Accordingly, the experimenter is able to intervdmsh by
changing these variables to evaluate their infleeon the
dependent ones and by varying the experimentalsethis
traditional control paradigm becomes problematiod aa
consequent shift in the notions of intervention aodtrol is
observed, when considering new technologies asosoci
technical systems, namely as hybrid systems comdpos$e
natural objects, technical artefacts, human actmms, social
entities. The idea of controlling the experimersigdtem from

a center of command and control that is outsidestsem
becomes highly problematic because the distindietween
the experimental system and its environment igcatiand the
environment is complex due to the co-presence dinieal
artefacts and natural and social elements. Heno&atling
these systems not only involves technical artefants social
elements, but also problematizes the drawing of lthe
between the experimental system and its environment
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