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“If there is a key, there must be a door!”
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Abstract
Common approaches to philosophizing about technological objects give a certain
conceptual, if not also ontological, status to these objects by viewing them as
entities whose reality is independently conceivable. An alternative view, which I
develop here, starts with human activities and understands technological objects
and their functions in relation to their (possible) contributions to those activities.
On this alternative view, exploring the peculiarities of the activities which involve
the usage of technologies becomes as important as—if not more important than—
identifying intrinsic or derived activity-independent characteristics of the material
objects which are used as technologies.
Assuming the reality of (human) problem-solving activities, my aim is to introduce,
defend, and explore the thesis that technologies should be understood as problemsolving physical instruments.
I argue that the reality of technologies is derived from the reality of the problems
they are meant to solve, and for this reason it is metaphysically more appropriate
to talk about 'technological objects’, or more precisely, ‘problem-solving physical
instruments’ instead of 'technologies'. The complexity of the solution to a problem
is translatable to the complexity of its corresponding technology, and thus some
objects become more technological than others.
I defend and highlight the distinction between the semantics of (technical)
functions and their metaphysics, and show that the essentialist theories of function
suffer from confusing these two distinct fields. So I defend non-essentialist
approaches to functions, and define the function of an object in terms of what one
justifiably believes to be the intended consequences of its (possible) usage.
I then conceptually analyse the term ‘problem’ and discuss the extent to which
problems are constructed by purely human attributes, and the sense in which
technologies themselves shape what are considered to be problematic states of
affairs. I show that a satisfactory understanding of a given technology should take
into account the role that other technologies play in creating the environment in
which the reality of the technology in question can make sense. At the same time,
however, I contend that certain human mental abilities (which are not themselves
influenced by or extended to technologies) are essential to the conception of
technological objects as problem-solving physical instruments.
Finally, I investigate the relation between the science of unobservable entities and
objectifying technologies (i.e., technologies which are used to test theories of
unobservables). By making a distinction between the scientific objects and the real
world objects and focussing on the reality of the former and staying agnostic about
the existence of the latter, I argue that our understanding of the reality of
scientifically postulated unobservables is partly shaped by objectifying
6

technologies. At the same time, the functionality of objectifying technologies also
depends on the accepted set of scientifically postulated entities, in the sense that
these technologies would cease to function if the respective scientific theories are
abandoned.
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Introduction: Problems, Problem-Solving Activities and ProblemSolving Instruments
A common approach to philosophising about technologies is providing a
metaphysical understanding of technologies and discussing their ethical and
political influences on human individual and social lives. Here it does not matter
whether one starts with metaphysics and then moves toward ethical and political
discussions or one includes technologies’ ethical and political values as a part of
one’s metaphysical theory. Either way, this approach gives a “conceptual status” to
technologies by looking at them as independently definable or at least conceivable
entities; i.e., entities whose reality is independent of the reality of human activities.
An alternative approach, which will be introduced and dealt with in this work,
starts out by exploring the types of activities in which technological objects are
used and understands these objects according to their (possible) intended
contribution to those activities. This does not necessarily mean that in this
alternative approach technologies’ influences are taken to be limited to the
purposes for which they are used or to their foreseen consequences; it rather
means that what lies at the core of this approach to technologies is the human
activities in which they play a role. Thus, this alternative approach, which I have
also used and partly discussed in (Soltanzadeh 2014), takes on a form of activity
realism as distinct from entity realism in how it conceptualizes technologies. In an
activity realist approach, exploring the peculiarities of the activities which involve
the usage of technologies becomes as important as (if not more important than)
identifying intrinsic or derived activity-independent characteristics of the material
objects which are used as technologies.

8

I will come back to the distinction between activity realism and entity realism, but
if I claim that my approach to technological objects takes a form of activity realism,
then the question which immediately rises is that “from what type of human
activities do technological objects get their identity from?” And are the
peculiarities of those activities sufficient to conceptualize technologies? Or do
other things, besides the idiosyncrasies of those activities, also need to be included
to complete this generally activity-based approach to technologies? My goal in this
work is to conceptualize technologies as material objects which are used in human
problem-solving activities. Therefore, the type of activities which I mostly zoom on
would be problem-solving activities. I investigate (a) whether in this conception
other technologies also shape how a given technology is understood or this
conception of technologies relies only on purely human attributes, and (b) the
extent to which the function of technologies, in this conception, and human beliefs
in regards to the existence of certain scientific entities depend on each other.
This work best qualifies as a work in the field of metaphysics of technology. But at
the same time, due to the perspective from which technologies are approached and
conceptualized, it is also related to what can be named as ‘philosophy of (human)
problem-solving’. Throughout this work, I keep referring to the peculiarities of
human problem-solving activities to elucidate my conception of technologies and
address some philosophical issues which are related to this conception. These
issues are particularly related to the possible definitional and existential influences
of other things, besides humans, on what is considered to be a technological object.
Therefore, my goal has three phases. (1) By introducing technological objects as
problem-solving physical instruments, I clarify what distinguishes technologies
9

from ordinary objects, on one hand, and how technologies’ functions are defined,
on the other. Then, I answer the following two questions. (2) If technologies are
used by humans in their problem-solving activities, does it mean that purely
human attributes would be sufficient to conceptualize technologies? And if not, are
there any purely human attributes which are necessary to this definition of
technologies? (3) If particular types of problem-solving physical instrument are
used in experiments to solve epistemic or, more precisely, scientific problems, then
to what extent and in which sense do the sciences coming out of the epistemic
problem-solving activities and the technologies in question shape each other?
Let me start out by setting out the scenes.
Problem-solving activities1
Planning and appealing to disparate means to solve problems shape a widespread
range of human activities. Every day, from the time we get up until when we go to
bed we think about what to put on, where, when, and how to satisfy our hunger
and thirst, how to get to places we want to go, how to talk to our managers, what
kind of facial expression to show to our colleagues, which social network website
to use to contact our friends, etc. Of course, individuals differ in what concerns
them, what they plan in order to solve a given problem, and how they perform
those plans; but no matter one is attempting to solve global poverty issues or is
doubting how she wants to look at her girlfriend’s birthday party, there is a simple
big picture behind many human activities. This big picture is in not being at ease
with one’s perception of the existing states of affairs, desiring something or
wanting a given state of affairs to be the case, and using certain means to achieve
1

Excerpts of this section appear in (Soltanzadeh 2014).
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the desired situation. These means take different forms: orders, policies and
bureaucracies, activities, body movements, and so on. But whatever form these
means take, the general form of these activities can be represented by this scheme:
current (problematic) situation ----- (means/instruments) ----> desired situation
Activities which follow this scheme can be called problem-solving activities. Each
problem-solving activity, as Jan Schmidt has clarified, consist of three elements: (1)
an undesired (initial) state, including an anticipation of prospective futures, (2) a
desired (goal) state, and (3) the barriers in getting from the current situation to the
desired one (Schmidt 2011).
In this way, problem-solving activities become related, but not identical, to goaloriented activities. While goal-oriented activities only specify the desired situation,
in problem-solving activities, the realization of the current (problematic or
undesired) situation and the barriers which are meant to be removed by means of
the problem-solving instruments are also specified.
One more comparison can be made between problem-solving activities and goal
oriented ones, which depicts the former as a species of the latter. By examining
human goal-oriented activities, we can identify at least three subgroups of this
kind, although sometimes one and the same practice is an instance of more than
one of these three subgroups. First, there are those activities in which the goal of
the activity is to define the rules of another activity. These activities can be
referred to as rule-setting activities. In rule-setting activities, the goal or the desired
situation is not clear prior to the activity because it is not necessarily known in
advance what the rules of the activity which is being created will turn out to be.
11

Designing games and making policies are two examples of rule-setting activities.
For instance, imagine two people sit in front of each other and with a chessboard
and chess pieces start making up a game which they call ‘Ness’. They may start by
discussing how pieces should be initially placed on the board, how they should be
allowed to be moved, and how the game is won. But once they stop arguing and
agree on a set of rules, the rule-setting activity is over: the goal of deciding the
rules to Ness is achieved. Secondly, there are those goal-oriented activities in
which both the end and the means are clear. These activities can be called habitual
goal-oriented activities. Most goal-oriented activities that humans engage in fall in
this category. Here are a few of examples: I feel thirsty and I know that to quench
my thirst I need to drink water, so I go to the kitchen and get myself some water. I
get up in the morning and decide to go to a specific location; so I get on my bike
and ride to there. My housemates and I decide to play games in the evening. We
pick up our chess set and play Ness. And so on. Thirdly, there are activities which
can be referred to as problem-solving activities. In problem-solving activities, the
goal is clear, but the means to achieve the goal is not clear prior to the activity. For
instance, I live in this Islamic society where selling alcohol is illegal. But I want to
be able to drink. So I decide to learn how to make homemade wine. How to make
wine becomes a problem to be solved. Or, as another example, I reach a walnut
tree. I want to pick walnuts that I cannot reach from the ground with my hands. I
engage in the problem-solving activity of how to pick the walnuts. And so forth.
However, as I implied earlier, there is not always a sharp distinction especially
between habitual goal-oriented activities and problem-solving activities. The
reason is that most, if not all, activities which are now done habitually have
12

formerly been problem-solving activities. For instance, nowadays anytime we want
to have a conversation with someone who is far away, we pick up a telephone and
call them. But the inventor of telephone in the 19th century (whether it was Elisha
Gray or Alexander Graham Bell) had to engage in serious problem-solving
activities to find out how to make distant vocal communications possible. Besides,
even though we do not think how to use the phone these days, all of us as kids (and
perhaps some of us as adults) had to learn how to use a telephone. Using telephone
for distant communication is only one example of how problem-solving activities
can gradually turn into habitual goal-oriented activities.
The mind-dependence nature of problems
In any problem-solving activity, the current and the desired situations can be
interpreted in two different ways. One is interpreting them as worldly facts—
which exist in a mind-independent way—and the other is interpreting them as
humans’ perceptions of worldly situations. It is the latter interpretation which is
meant in my discussions, not the former one. This is because it is a necessary
condition for any problem to be perceived as a problem and for any solution of a
problem to be perceived as the solution of that problem. In other words, the reality
of problems, needs, desires, etc. metaphysically takes the existence of a perceiving
subject. There is no problem in nature in and by itself. It is the minds of reflective
beings that find certain situations problematic. And thus, what happens in the
process of problem-solving activities from the time they are initiated until they are
finished is that subjects’ perceptions of problems (needs, desires, etc.) are replaced
by their senses of satisfaction of their desired situations.

13

Now, in making a distinction between worldly facts and individuals’ perceptions of
worldly facts by no means do I mean to endorse any form of idealism that
philosophers like Berkeley have proposed. Clearly, there are links between our
needs and desires on the one hand and the states of affairs on the other. I perceive
that by dressing up I get respected because the society where I live values people
who dress up. I perceive that by climbing up a tree I can pick up some walnuts
because the tree in front of me is a walnut tree and it is early in autumn. In fact, at
least all practical problems are our particular perceptions of specific states of
affairs in the world. But even though practical problems are embedded in worldly
facts, they are necessarily mind-dependent. These issues will be discussed further
in chapter three.
Conscious Puzzle-Solving Activities
Let me already make it clear that simply because I am focussing on problemsolving activities, it does not mean that all human activities can be reduced to
problem-solving activities. As social psychologists like Jonathan Haidt have argued,
the vast majority of our actions and decision makings occur at the subconscious
level of our brains (Haidt 2001). John Bargh and Tanya Chartrand have also
particularly challenged the widely accepted assumption that “people are
consciously and systematically processing incoming information in order to
construe and interpret their world and to plan and to engage in courses of action”
(Bargh and Chartrand 1999). Other scholars have also argued that our mental life
is overshadowed by unconscious passive decision makings and reflexions [Hauser
2006, Goleman 2006 and 2007, Smythe and Evans 2007]. These empirical findings
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mean that problem-solving activities shape only a small portion of our everyday
life practices.
Why am I focussing on problem-solving activities, then, if I agree with these
empirical studies? The reason for this is that I consider problem-solving activities
as one of the distinctive features of humans, even though some other species might
(to a much more limited degree) be able to engage in problem-solving activities.
The fact that conscious problem-solving activities make up a small portion of our
everyday life does not mean that studying this small portion is unnecessary or
uninteresting. In fact, it would be a fallacy to judge the importance of an activity by
the amount of the time which humans often spend on that activity. It is this high
capacity of humans to understand and solve their individual and social problems
which has made significant differences between our species and other animals. It is
even hard to understand the concept of intelligence without taking into account
problem-solving abilities.
It is, thus, from this angle that I approach the subject matter of this thesis. Most
cultural and religious ceremonies, social customs, and individual habits are not
included in this picture. And consequently, things like works of art, which are not
perceived to have problem-solving values, would be excluded from my discussions.
Before clarifying the subject matter further and outlining the main chapters of this
dissertation, I need to say some words about my general approach and the key
concepts underlying most of my arguments.

15

Two key distinctions
There are two distinctions in light of which most of my discussions should be
understood. One is the distinction between entity realist approaches and activity
realist ones and the other is between the concepts of ‘existence’ and ‘reality’. Note,
first and foremost, that I am being prescriptive in my usages of these terms and
phrases. This means that I do not claim to capture all dimensions of our
understanding of these terms by the way in which I conceptualize them. All I do is
provide working definitions of these terms and phrases which are not far away
from how we understand them at least in certain contexts either.
Entity realism and activity realism are two different approaches which one can
adopt in order to build a metaphysical theory of a certain subject matter, say X.
The main assumption of an entity realist approach is that X can exist, is definable,
or at least conceivable in isolation. Because of its independent conceivability, we
can come up with all sorts of counterfactual scenarios in order to make sure our
metaphysical theory of X provides the necessary and sufficient conditions of
whether something is and X or not. We are able to do all these because we hold and
entity realist approach towards X; because we believe that it is possible for X to
exist (at least at one point in time) independently of the rest of the world. So, we
hold an entity realist approach toward the subject matter X if and only if we are
able to imagine a temporal possible world where at least at one point in that
world’s time nothing else exists except X. Theists’ understanding of God, for
example, is an entity realist one. The atomistic philosophy, too, can be seen as a
type of entity realism.

Theists and atomists hold an entity realist approach

because they are able to conceive, respectively, God and atoms in isolation.
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Entity realism, in this way, stands against any approach which underlies the
importance of the context in its metaphysical theory of X. A form of these contextdependent approaches is what I call activity realism. In activity realist approaches,
the type of contexts which is considered to be central in our theory of X is (human)
activities, broadly understood2. Aesthetic or romantic experiences, doing sports,
playing games, goal-oriented or problem-solving activities, and so on, are all
different forms of human activities, some of which are broader than others. In
activity realist approaches, X should be defined and conceived on the basis of its
place in a particular type of activity. The reality of X, in other words, is taken to be
dependent on the reality of a particular type of human activities in the sense that if
humans stop performing those activities and totally lose and forget (the culture of)
those activities, it would not make sense to talk about or conceive X anymore.
Vivaldi’s Four Seasons, for instance, is a piece of music which should be understood
as a part of human aesthetic activities. If humans stop engaging in aesthetic
activities, and if they forget their music culture, the Four Seasons will also lose its
meaning.
Note that defining an object in light of the activity realist approach is a form of, but
is distinct from, saying that that object is mind-dependent. As it becomes clearer in
the first and second chapters, we can believe that some objects are minddependent and yet approach them through an entity realist view. For instance, if
someone believes that technologies have certain functions because their designers
intended them to have those functions, she considers the function of technologies
Throughout this work, I sometimes put the word ‘human’ into brackets before the word
‘activity’ because although I mainly talk about human activities, any reflective being which has
similar mental capacities as humans have can also be included in my discussions. I deal with this
point in the third chapter in detail.
2
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to be mind-dependent (i.e., dependent on the mind of the designers), but at the
same time, she has still allowed technologies to be defined in an entity realist way.
The approach will still be an entity realist one because even when the designers
are passed away or are spatially absent from the activities in which the
technologies are used, she would attribute the same function to the technologies.
Therefore, saying that an object is mind-dependent does not mean that the object
should be defined through an activity realist approach. Activity realism implies
mind-dependence, but the reverse is not true.
The difference between the entity realist approaches and the activity realist ones
helps us understand another distinction which I hold on to in this work, namely,
one between existence and reality. I implement the terms ‘existence’ and ‘reality’ in
order to be clear about the difference which we should make between addressing
the metaphysical status of entities defined by an entity realist approach and those
defined by an activity realist one. I take ‘existence’ to be an appropriate term to use
in the context of entity realist approaches and ‘reality’ to be more appropriate in
the context of activity realist ones. So by saying that an object exists (or does not
exist) I am discussing the ontological status of the object from an entity realist
view, whereas by saying that it is real (or is not real) I am referring to its place in
human activities.
In my usage of the term, the criterion for something to be real, therefore, is
entering human activities. For instance, we can say that the reality of engagement
rings is dependent on all human activities which involve romantic relationships
and marriages, or that the reality of ‘favouring’ a tweet is dependent on the human
activities of using the internet and the social medium of Twitter. We can even
18

become more particular about the type of activities which we want to consider and
discuss the reality of an object in those particular types of activities. In this way, we
can talk about, say, the scientific reality of something as distinct from its aesthetic
reality. Phlogiston was scientifically real for those who believed in the theory of
phlogiston and perhaps build instruments to measure it. But for us, phlogiston is
not scientifically real, not because we believe that it does not exist, but because it has
no place in our scientific activities anymore (in scientific experiences containing the
usage of ‘phlogiston-meters’, for example).
Being real, unlike existing, can also be a matter of degree. The degree to which an
object can be said to be real depends on the number, variety, and the importance of
the activities in which it plays a role. This degree is also determined subjectively as
people value activities differently. For me, my road bike is more real than the food
which is now stocked in the International Space Station. For some human rights
activists, global poverty is more real than Formula One. For most Christians, the
Christian cross is more real than the former solar system planet, Pluto. And so on.
The distinctions between entity realism and activity realism, on the one hand, and
between existence and reality, on the other, will become clearer in the context of
my discussions in the future chapters. I will explain in more detail and use the
distinction between the entity realist approach and the activity realist one
especially in the first two chapters. And I discuss the distinction between reality
and existence particularly in chapter four and partly in the first chapter. Let me
now go back to problem-solving activities and elucidate the subject matter of this
dissertation and the outline of the main chapters in detail.
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Philosophizing about problem-solving physical instruments: thesis outline
There is a multitude of ways through which we use means to try to solve our
problems. Sometimes we try to solve our problems by legislation (e.g. asking
drivers to drive on the right side of the road to prevent head-on collisions or
passing bills to monitor the internet traffic in order to infringe their privacy
rights); sometimes via moral principles (e.g. bringing peace to an interclass hatred
by stressing the values of modesty and equality); sometimes through taking
economic measures (e.g. publishing loads of paper money and giving them to the
poor in order to solve the society’s poverty problems); sometimes with body
movements (e.g. climbing up a tree to pick up walnuts or turning extra lights off to
slightly slow down the rate of climate change); sometimes with linguistic
expressions (e.g. asking a kid to leave one’s room or shouting at them to have them
out of the room); sometimes by using our wisdom (e.g. redefining what is truly
valuable in life to get through rough periods); and so on. Among different ways in
which we can solve our problems, there is one particular form which is
distinguishable from others. This particular form consists of using material objects
to solve our problems. Using matches to make fire, designing and using lab
instruments to test and study scientific hypotheses, using a small leaf to whistle or
a big leaf as an umbrella, using clipless pedals for cycling in order to maximize the
power transfer, and so forth, are all examples of trying to solve problems by using
material objects. These problem-solving physical objects can be generically
referred to as technological objects or simply technologies.
In this dissertation, I focus on technological objects and define them as problemsolving physical instruments. Thus, although the big picture behind the current
20

work falls under, what can be referred to as, ‘the philosophy of problem-solving
activities’, I only focus on ‘philosophy of problem-solving physical instruments’ and
will leave analysing other forms of instruments to future studies. It is, however,
still important for me and for the readers to keep this big picture in mind
throughout this dissertation. This is important because the way in which I study
the metaphysics of physical instruments and their related philosophical issues
would make deeper sense in problem-solving contexts.
Although many technologies that these days surround us are products of the last
few decades, deliberate usage of material objects to obtain certain goals goes at
least back to the stone ages. As suggested in the movie 2001 Space Odyssey, one
can tell the story of human civilization as a history of incorporating physical
instruments into our societies. The first bone used as a murder weapon and the
most advanced spaceships look quite different. One looks like a hard milkycoloured stick and the other is a huge object composed of complex electronic
circuits and mechanical gears. However, the nature of that bone and the modern
spaceships is similar; they are both used as problem-solving physical instruments,
one to solve the problem of how to show one’s superiority by beating one’s enemy,
the other to solve the problem of how to explore the space while gravity keeps us
on the surface of the Earth.
What is expected to be the role of physical instruments in problem-solving
activities is to help us move from what is perceived as a problematic situation to
what would be perceived as a (more) desired situation. In this way, technologies
are understood through the roles which they play in problem-solving activities.
But does this mean that the reality of technologies depends on the reality of the
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problem-solving situations in which they are used? Can there not be any
technology in and of itself, independent of any problem-solving context? And if we
accept this problem-dependent reality of technologies, what becomes of things that
we refer to as technologies, but have never been used in problem-solving
activities? Think, for instance, of PC’s which are piled up in a factory’s warehouse.
It is very likely that no one is even aware of the existence of every single of them,
let alone thinking of using them to solve particular problems. Does the thesis of the
problem-dependent reality of technologies imply that we should not refer to those
PC’s as PC’s or that those PC’s do not have any functions until they are used?
These questions would bring us to the discussions on the general and the
particular categorization of technologies: what differentiates technologies from
ordinary objects? And how can we identify the function of each technological
object? Is it the users’ intentions which determine their functions? In this way, one
might say the fact that I intend to use Aspirin, not to relieve pain, but to prevent
heart strokes, turns Aspirin into a heart-stroke-preventing drug. Or is it that
technologies’ functions are derived from their physical capacities? In this fashion,
one can say that even if I intend to use a hay fever pill as a heart-stroke-preventing
drug, because it does not have the right chemical properties, it would not have the
function of a heart-stroke-preventing drug.
But could it be that in order to identify a technology’s function we should not look
at what goes on inside people’s minds, or what the internal structure of the
technology is? Can a technology’s function be defined based on what happens in
the outside world as a consequence of using the technology? Plus, if one and the
same physical instrument is used to solve multiple problems, does it become a
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different technology every time? Does Aspirin become a different drug when,
instead of using it to relieve pain, we use it to prevent heart strokes?
This dissertation contains four chapters which are put in two sections. The first
section which comprises the first two chapters deals with the questions posed in
the previous paragraph. In the first chapter I show why metaphysical analysis of
technologies as isolated entities is wrongheaded and that a satisfactory theory
should approach technologies as mind-dependent or, more precisely, as problemdependent entities. Then, I elaborate on my definition of technological objects as
problem-solving physical instruments. In this definition, something is a technology
if it is (intended to be) used to solve a given problem by means of its particular
physical properties. As a logical consequence of this definition, (i) one can make a
distinction between technological objects and ordinary (i.e., non-technological)
objects, (ii) technologies become inherently open to evaluative and comparative
judgments, (iii) being a technology becomes a matter a degree (in the sense that
objects can be more or less technological compared to each other), and (iv) it
become clear that the word ‘technology’ is best understood in its adjectival form;
i.e. technological.
In the second chapter, I move from questions on the general categorization of
technologies to questions on the particular categorization. I appeal to the concept
of function as a way to distinguish between different types of technologies. I
analyse the proposed sources of function and suggest that to find out the source of
technologies’ functions we look outside of technologies. I.e., instead of limiting our
view to the intentions of designers or users or to the physical capacities of
technologies, in order to identify technologies’ functions, we take into account the
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changes which would happen in the world as a result of (possible) usage of
technologies. So, similar to Houkes and Vermaas (2010), I refute function
essentialism (the idea that technologies keep their functions in all contexts,
independently of how and for what purpose they are actually used), and propose
an account of function which I call belief-based consequentialist theory of functions.
According to this theory, the function of an object is identified by justified beliefs
about the intended consequences of its (possible) usage.
If technologies are understood as physical instruments used in human problemsolving activities, does this mean that (besides technologies’ physical properties)
purely human attributes are sufficient to conceptualize technologies? This
question itself breaks into two questions: whether human attributes are sufficient
to conceptualize technologies and whether these attributes are themselves not
influenced by technologies. Let me elaborate on this point. Many problem-solving
activities which we engage in are motivated by our perception of values. Based on
what we consider to be valuable, we may find a certain state of affairs problematic
and for this reason apply technologies to turn it into a more valuable one. This
means that human values partly shape the conception of technologies as problemsolving physical instruments at least in situations where the problem-solving
activity is motivated by promoting certain values. But unless we can also show that
our perception of values is not influenced by technologies, this still does not mean
that purely human attributes are sufficient to conceptualize technologies. If our
perception of values is in any way influenced by technologies, then a technology
which is conceptualized based on such values cannot be properly understood
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unless one takes into account the roles of other technologies in influencing our
(perception of) values as well.
Moreover, if instead of our perception of values, we focus on, say, the cognitive
abilities that humans need in problem-solving activities, we might still have to
conclude that purely human attributes are not sufficient to conceptualize
technologies. Although cognition has been traditionally understood as a purely
human attributes, defenders of the extended mind thesis have argued that human
cognition can be and indeed is extended by and distributed over technologies. The
influence of technologies on human cognition means that the conception of
technology which gives some definitional weight to human cognitive abilities can
be influenced by technologies.
In the third chapter, which will be the first chapter of the second section of this
dissertation, I use the conception of technologies as problem-solving physical
instruments to address the debate between humanism and nonhumanism in
metaphysics of technology. Here humanism would be the claim that (besides
technologies’ physical properties) purely human attributes are sufficient to
conceptualize technologies. And nonhumanism would be the claim that
technologies cannot be understood unless one gives some definitional weight to
the role which other technologies play in creating the environment in which the
reality of the former technologies makes sense. After clarifying the debate and
showing how our goals and (perception of) values are influenced by other
technologies, I identify three humanist aspects of my definition of technologies and
conclude that the conception of technologies as problem-solving physical
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instruments commits us to a hybrid understanding of technologies, one which
includes humanist and nonhumanist aspects.
In the fourth chapter, I discuss the relationship between scientific theories and
technologies by focusing on the role that technologies play in solving scientific
problems. Thus far I have been mainly talking about practical problem-solving
activities such as knowing how to make homemade wines or pick up walnuts from
a walnut tree. But, scientific progress, as illustrated by Larry Laudan, can also be
described as a problem-solving activity (Laudan 1977, 1981). Designing an
experiment in order to test a hypothesis which predicts the existence of a
subatomic particle, trying to prove (or refute) Goldbach’s conjecture 3, and finding
out a cure for cancer are examples of scientific problem-solving. The difference
between scientific problems and problems like making homemade wine or picking
walnuts from a walnut tree is that scientific problems are epistemic problems as
distinguished from practical problems. The goal of epistemic problem-solving
activities is gaining knowledge, whereas the goal of practical problem-solving
activities is changing (or bringing about) a particular state of affairs. 4
Understanding science as a problem-solving activity and technologies as problemsolving physical instruments brings science and technologies conceptually closer
to each other. Interesting cases would be those in which technologies are used in
epistemic problem-solving activities. Lab instruments are paradigmatic examples
of such technologies. In such cases, scientific progress would depend on
Goldbach’s conjecture states that every even number greater than 2 can be expressed as
the sum of two prime numbers.
3

Note that here I do not claim that all problems are either epistemic or practical. Obviously,
this depends on one’s meta-ethical position, but moral problems, for instance, can be seen as
distinct from both practical and epistemic problems.
4
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technological instruments. But the question is ‘To what extent do sciences depend
on technologies?’ Do technologies only facilitate scientific problem-solving
activities or do they influence the content of scientific theories as well?
The other side of the relation between science and technology is also interesting to
examine. Besides purely human attributes and other technologies (which I discuss
in the third chapter), can we say that scientific theories also influence our
conception of technologies? And if yes, in which sense? If we accept the sciencedependent nature of technologies, does this mean that if the scientific theories
which were used to design technologies are abandoned or replaced by new ones,
technologies would stop functioning? But boats would still float on water even if
the science of hydraulics changes. Speedometers still show objects’ speed, whether
one uses the Newtonian mechanics or special relativity. Mobile phones still
function even if Maxwell’s electromagnetic theory is replaced by a new theory. And
so on. However, if we think in abstract terms, it does not seem impossible for a
technological object to lose its function if certain scientific theories are abandoned
or replaced by new ones. If a technology is used in a given epistemic problemsolving activity, then according to an activity-based approach, the function of the
technology would also depend on the nature of the epistemic problem in question.
This implies that when different types of knowledge are gained from the epistemic
problem-solving activity, the function of the technology in question would also
change. But in what conditions would this happen? And in which sense does the
function of such a technology depend on scientific theories?
I discuss the relationship between science and technology in the fourth chapter
which will be the second chapter of the second section, or in other words, the last
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chapter of this dissertation. I particularly focus on the sciences of postulated
unobservables and the technologies which are used to objectify the so-called
unobservable entities. So I examine the degree to which the sciences of
unobservables and, what I refer to as, objectifying technologies shape each other.
The conclusions which I draw from the discussions in chapter four, of course, also
depend on the theory of functions which I develop in chapter two. I argue that in
the context of the sciences of unobservables and objectifying technologies, there is
a metaphysical interdependence between science and technology: the science of
unobservables and objectifying technologies cannot obtain independently of each
other. In the case of other technologies used in scientific experiments, the
interdependence is only an epistemic one.
Before starting the first section of this dissertation, there is one last point which I
should clarify here. The reader might have noted that (and wondered why) I prefer
to use the plural form of the word ‘technology’ in expressions like ‘this conception
of technologies’ or ‘technologies as problem-solving physical instruments’. The
reason for this choice of word is that I want to stress the fact that in this
conception, technologies are embedded in problem-solving activities, and each of
them should be understood as a part of the problem-solving context that it belongs
to. In this way, I resist to give an a priori or in any respect context-independent
definition of technologies, which I feel using the word ‘technology’ in its singular
form connotes. By using the plural form of the word, I acknowledge the plurality of
technologies used in different contexts, and I hope this choice of words
strengthens the activity-based approach to technologies as well.
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SECTION ONE

Chapter 1: Technology in the eyes of the problem-solver
As I explained in the introduction, the aim of the first two chapters of this
dissertation is clarifying the metaphysical foundations of the conception of
technologies as problem-solving physical instruments. This chapter deals with the
question of general specification of technologies (i.e. how can we distinguish
between technologies and non-technologies?), and the next chapter deals with the
question of particular specification of technologies (i.e. how can we distinguish
between different types of technologies?). In this chapter, I defend and use an
activity-based approach in order to define technologies as problem-solving
physical instruments.
Clarifying the terminology
Before starting the main discussions of this chapter, it is useful to clarify the
terminology that I am adopting. Terms like ‘tool’, ‘machine’, ‘instrument’, ‘artifact’,
etc. are more or less used in similar contexts, although sometimes one object is a
clear instance of one of these terms but not of the others. Tools are often compared
with machines. The difference between the two, according to Gehlen, is that
machines are complex and have their own power-generating systems, whereas
tools are simple and take external power-generating systems (Gehlen 1980, p. 19).
Computers and cars, for example, are typically referred to as machines, and
hammers and scissors are referred to as tools.
One of the words that most philosophers and ethicists of technology use is
‘artifact'. As its Latin roots arte and factum suggest, artifact literally means
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something which is made with skill. In this literal meaning, thus, manipulating the
physical structures of objects is an indispensible part of creating artifacts.
Philosophers, however, do not rely on this literal meaning and provide arguments
why artifacts are necessarily manipulated objects [Hilpinen 2011; Thomasson
2009; Devereux 1977], or indeed why it is not necessary for natural objects to
undergo manipulation in order for them to become artifacts (Dickie 1969, 2004).
The terms ‘artifact’ and ‘artificial kind(s) (as distinct from ‘natural kind(s)) are
particularly used by metaphysicians [Elder 2007; Baker 2004; Hilpinen 2011;
Houkes 2006; Kroes and Meijers 2006; Houkes and Meijers 2006; Vermaas and
Houkes 2006; Houkes and Vermaas 2004; Thomasson 2007]. A group of
philosophers and anthropologists of technology, on the other hand, prefer to use
the word ‘technology’; but sometimes they put it in the same context as the word
‘technique’ to highlight the importance of the skills involved in using material
objects for different purposes [Ihde 1979, 1990, 1993; Gehlen 1980; Verbeek 2005,
2011; Latour 1992; Latour and Couze 2002].
The term which I use throughout this thesis is ‘technology’, although as we shall
see, I prefer to use ‘technological object’ instead of ‘technology’. The main reason
for this choice is that I find ‘technology’ a generic term which includes all others.
Since my analyses apply to all physical objects which have some sort of
instrumental value, from tools to machines, and from naturefacts to artifacts, I
prefer to use the term ‘technology’.
The fact that what motivates me in choosing the terminology is broadly the
instrumental value of objects is also why I define technologies as a distinct type of
instruments; i.e., physical instruments. Therefore, in this conception, due to their
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non-physical nature, things like language, law, morality, wisdom, social
institutions, etc. would not qualify as technologies. Here I should mention that I do
acknowledge the fact that things listed in the previous sentence have instrumental
values and are introduced by some philosophers as technologies; but my focus in
this dissertation is only on physical instruments, and as we shall see, the
physicality of technologies does become important in the definition of technology
which I provide. Objects like a piece of rock used as a hammer, a piece of rock used
as a paper weight, a small leaf used to whistle with, a big leaf used as an umbrella, a
spoon, a dishwasher, an airplane, a cloud chamber, etc. are all objects which I
consider as technologies. In this way, among four main conceptions of technology
which Karl Mitcham has identified, namely, technology as object, technology as
knowledge, technology as activity, and technology as volition (Mitcham 1994), I
adhere to a particular conception of technology as object. This conception, as
Mitcham also notes, is closer to engineers’ understanding of the word ‘technology’,
as opposed to other three conceptions which social scientists often talk about. The
extension of the term ‘technology’ for some engineers is perhaps the same as the
extension of the term ‘artifact’ for some philosophers of technology (i.e., objects
which are manufactured). However, as I explained, I include both manufactured
and unmanufactured (natural) objects in my philosophy of technology.5
Another reason to prefer the word ‘technology’ over ‘artifact’ is that the latter
word is more of a technical term and I prefer to avoid using technical terms unless
using them is necessary for conceptual clarity. One might say the word ‘artifact’ is
used in everyday dialogue by non-philosophers too, but the ordinary usage of the
5

To see more on different dimensions of the term ‘technology’, refer to (Mitcham 1994).
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term is closer to its cultural, anthropological meaning. In ordinary language, the
word ‘artifact’ reminds us of the objects we find in museums, whereas
philosophers want it to refer to washing machines, computers, and radars as well.
On the other hand, I understand that the word ‘technology’ has its own ambiguities
too. What I would do is stick to a narrow sense of the word and be clear and
consistent in my usage of the term throughout the dissertation. This narrow sense
of technology refers only to technological objects and does not include things like
energy grids and public transport (viewed as systems and not as any particular
object), nano- and bio-technology (viewed as fields, and not as any particular
product), or even computer softwares (if (wrongly!) viewed as non-material
entities independent of and irreducible to the physical structures which produce
them).6
Here I should also clarify that although most of the time I use the terms
‘technology’ and ‘technological object’, in order to avoid confusions, when I refer to
the works of other philosophers, I adopt their terminology to analyse their works.
But since my usage and definition of the term ‘technology’ is broader than the
other terms, the mixed terminology that I sometimes adopt does not affect the
validity of my conclusions.
Distinguishing the term ‘technology’ from other terms which have more or less
similar meanings aside, anyone who wants to philosophize about technologies

Clearly, if we correctly understand computer softwares as products of the hardwares
generating them, discussions of this dissertation would apply to these technologies as well. The
same would go for laser beams, ultrasound waves, or any other acoustic or electromagnetic wave
produced and used for particular purposes. They may not be tangible, but they are still material and
are produced by tangible technologies.
6

32

needs to first clarify the subject matter by answering the question “What is
technology?” As Sally Haslanger (2000) has argued, when we are faced with the
question “What is X?”, there are three different approaches that we can take to
answer the question, even though these three approaches are not entirely distinct
from each other. These approaches are conceptual, descriptive, and analytical. In a
conceptual analysis, one articulates the concept of X in an a priori manner, and
then, one can derive the extensions of the term from the defined concept. The
descriptive approach, on the other hand, focuses on the extensions of the term and
‘describes’ the way the term is used in language. And finally, in an analytical
approach one asks questions like: what is the point of having the term X? What
practical or cognitive tasks do we want to accomplish by having the term? Based
on the answers given to these questions, one can give an account of X.7 For
example, there are difference ways in which one can answer the question “what is
race?” One can adopt a conceptual approach and give a definition of the term and
prescribe it to the cases in which the term is used; one can adopt a descriptive
approach and look around and take notes of different ways in which the term ‘race’
is used; or one can adopt an analytical (or pragmatic) approach and define race in
a way that would be suitable for certain purposes. For instance, if one wants to
promote racial equality, she would define the term in a way that serves that
purpose. This purpose is different from when one wants to interfere in a regional
conflict by dividing one country into two or more countries based on what she
defines as racial differences.

7

(Haslanger 2000, p. 33).
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The approach which I take in this chapter in particular and in this thesis in general
is a mixture of the conceptual and the analytical approaches.
My approach here is mainly a conceptual approach because the definitions of the
terms like ‘technology’ and ‘function’ which I provide are based on analysing
conceptually more primitive terms like ‘reality’, ‘problem’, and ‘activity realism’.
When possible, the arguments are clarified by intuitive examples; and when the
consequences are counterintuitive, more reasons have been given in favour of the
proposed definitions. Though mainly conceptual, my approach is also partly
analytical (in Haslanger’s sense) because the definitions provided in this and in the
next chapter are used to address particular philosophical issues. And as it will
become clear, the answers given to the issues discussed in the third and fourth
chapters are sensitive to the ways the terms ‘technology and ‘function’ are defined.
The definitions of the first part of the thesis, therefore, are not conceptual
clarifications merely for the sake of providing an alternative perspective to
understand technological objects and their functions. Although mere conceptual
analyses have philosophical values, and indeed some philosophers such as
Wittgenstein have limited the role of philosophy to clarifying our language, the
analyses of the first part of this thesis show their pragmatic values in the second
part. The pragmatic purposes of a philosophical investigation do not have to
appear only in ethical, social, and legal discussions. Using particular definitions in
order to tackle other philosophical debates would also be in lines with the
analytical approach. Since the answers given to the debates in the third and fourth
chapter are sensitive to the conception of technology at hand, I start out with the
conceptual analysis of the term technology. The conception of technology that I
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develop would be problem-solving physical instrument; where instrument, as
Randall Dipert has defined, would be “an object one of whose properties has been
thought by someone to be a means to an end and that has been intentionally
employed in this capacity” (Dipert 1993, p. 24).
Nail clippers, lighters, mugs, radios, washing machines, microscopes, satellites,
particle accelerators, etc. can all be examples of physical instruments. Besides
these classic examples of technological objects, other, less stereotypical examples
of technologies (as problem-solving physical instruments) would be antishoplifting gates used as smart goals in soccer games, a piece of rock used as a
hammer, and dishwashers used as washing machines. Moreover, there are also
other cases which are not clear examples of technologies, even though they can be
said to play some role in problem-solving activities. A tree used as a meeting point
and the stream of water in a river used to wash dirty clothes are examples of this
sort. Having said these, as Haslanger has discussed (Haslanger 2000), due to the
nature of the conceptual approach, one needs to first examine whether these
objects satisfy the conditions set by the conception which I develop, and then
decide whether they qualify as problem-solving physical instruments or not. So, at
these early stages where I have not yet developed my conception of technology, we
should remain cautious in referring to any object as a technology.
I start this chapter by endorsing the view that technologies are mind-dependent
and argue that the term ‘mind’ here refers to the mind of ‘problem-solvers’ (be it
users or the designers). I then use this metaphysical foundation to develop and
defend the conception of technologies as problem-solving physical instruments.
Then I discuss the implications of this conception of technologies and show (i) why
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in this conception technologies are intrinsically open to evaluative and
comparative judgments, (ii) how some objects can be more technological than
others, and (iii) why the word ‘technology’ is best understood in its adjectival
form; i.e., ‘technological’. I finish this chapter by discussing some hard cases for the
conception I develop.
Metaphysics of technologies
There are at least two important questions in regards to the metaphysics of
technologies: (1) what constitutes the nature of technologies? I.e. what
differentiates technologies from ordinary objects8? (2) What is the nature of a
given type of technology? I.e. what differentiates a given category of technologies
from others? The first question is about general specification, and the second
question is about particular specification. My focus here is on the first question,
namely, the question of general specification. I address the question of particular
specification of technologies in the next chapter where I develop my theory of
functions.
The mind-dependent reality of technologies
An important issue in regards to the metaphysics of physical instruments is the
status of their existence: is the existence of artificial kinds (physical instruments)
mind-independent or are they entities whose existence depends on human
intentions? This question is often taken to be equivalent to the question whether
there exists a metaphysical difference between instances of artificial kinds and
instances of natural kinds, for one of the commonly accepted metaphysical
Throughout this dissertation, I take ‘ordinary objects’ as synonymous with ‘nontechnological objects’.
8

36

characteristics of instances of natural kinds is their mind-independent nature
[Kripke 1980; Searle 1995 and 2007]. It is not controversial to claim that the fact
that water exists and has such and such properties is independent of human
intentions, but it is less obvious that what makes something a chair is only its
physical properties, and that what humans think about a chair and how they use it
are not constitutive of a chair in any sense. At least some philosophers, including
myself, would disagree with mind-independent existence of technological objects.
Different positions are held in this field: some argue for the existence of a
distinction between natural kinds and artificial kinds (Thomasson 2007), some
question the distinction in at least some types of artificial kinds (Elder 2007), and
some claim that even if there is any distinction, holding to the distinction is
unhelpful (Baker 2004).
By treating instances of artificial kinds as instances of natural kinds, one is
committed to accept the existence of technologies independently of human
intentions. In the same manner that the existence of water, carbon dioxide,
kangaroos, and other physical and chemical elements and compositions and
biological species is independent of a perceiving subject, the existence of washing
machines, computers, and other technologies would also be mind-independent. In
this view, technologies could be treated in isolation, their existence would not
depend on their surrounding contexts, and their relation to humans would become
a metaphysically peripheral issue.
Crawford Elder defends a realist view of (at least some) artificial kinds, arguing
that ‘copied-kinds’ (as a subgroup of artificial kinds) have a mind-independent
nature (Elder 2007). By copied-kinds he means technologies which are mass
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produced and are mere copies of their original prototypes: “The essential
properties which characterize (many) kinds of artifacts hang together in just as
mind-independent a way as do the essential properties that characterize members
of familiar natural kinds—from argon atoms and H2O molecules to glaciers and
geodes” (Elder 2007, p. 33-34). His argument to show copied kinds should be
treated as natural kinds relies on the fact that members of copied kinds, similar to
the members of natural kinds, preserve the same essential properties in all their
instances. The main preserved properties are shape, proper function, and
historically proper placement:
In the case of natural kinds usually discussed, the characteristic properties
accompany one another in instance after instance, sample after sample,
because of a common physical composition or microstructure. In the case of
copied kinds, the properties essential to the kind accompany one another in
instance after instance because of a common history of function (Elder
2007, p. 34).
Elder is right that copied kinds preserve the same physical compositions and
production history, instance after instance, but this does not mean that they are
mind-independent. If the functions by which the instances of copied kinds are
identified are themselves mind-dependent, then the existence of tokens of copied
kinds would also be mind-dependent. In fact, in the next chapter, I develop my
belief-based theory of functions and argue that the fact that the physical structures
or the production histories of some technologies resemble each other does not
mean that they have the same functions. An anti-shoplifting gate, for instance, can
be used in soccer matches as smart goals to make sure whether or not a football
has passed the line. Although this latter type of technology has the same physical
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structure and production history, it does not mean that the function of security
gates is the same as that of smart goals.
Lynne Baker (2004), on the other hand, questions the relevance of the distinction
between artifacts and ordinary objects. Baker accepts that human intentions are
partly constitutive of artifacts: “An artifact’s being the kind of thing that it is
depends on human intentions” (Baker 2004, p. 106). But she believes that that
does not provide a good reason to make a metaphysical distinction between
natural objects and artifacts: “there is no reasonable basis for distinguishing
between artifacts and natural objects in a way that renders natural objects as
genuine substances and artifacts as ontologically deficient” (Baker 2004, p. 105).
Baker’s argument is, therefore, against the significance of the distinction between
technological and non-technological objects. Baker herself thus agrees that human
intentions are partly constitutive of artifacts. But she believes that this or the fact
that artifacts are made up of nothing but natural elements does not provide a good
reason to metaphysically downgrade artifacts in comparison to natural objects.
Many philosophers believe that human intentions need to always be put at the
centre of any satisfactory conception of technologies.9 The main argument to
support this claim is that human intentions are partly constitutive of what counts
as a technology. Part of the reason why something is a technology, in other words,
is due to the fact that humans treat it as a technology. This point becomes clearer
especially when we consider cases like using a piece of rock as a hammer, using a
leaf as a whistle, using a broken branch of tree as a spear, and so on. In these cases,
See for instance (Houkes 2006), (Kroes and Meijers 2006), (Houkes and Meijers 2006),
(Vermaas and Houkes 2006), (Houkes and Vermaas 2004), (Thomasson 2007), and (Searle 1995
and 2007).
9
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what turns the piece of rock, the leaf, and the tree branch into a hammer, a whistle,
and a spear is (at least partly) the fact that they were intended to be used as
hammers, whistles, and spears. In fact, the difference between these objects and
other rocks, leaves, and tree branches (which are natural objects) is in their
intended instrumentality. This point applies to other technologies as well. A
necessary condition for something to be a technology is that it should be intended
to function as a technology. Technologies, therefore, are mind-dependent.
The problem-dependent reality of technologies
After accepting the idea that technologies are mind-dependent, the question one
can ask would be that whose intentions should matter here? Different people
relate to physical objects differently and the intentions which they form in relation
to these objects are different. Designers, policy makers, advertisers, sales persons,
and users do not think the same about technologies, and thus, their respective
intentions will not be the same. More importantly, most people may not form any
intention in relation to some technologies. This can be because they have no
interest in using those technologies or simply because they may not even know
they exist. But does the fact that, say, my neighbour has not even heard anything
about particle accelerators turn particle accelerators into ordinary objects because
a condition for something to be a technology is that it should be intended to
function as a technology, and my neighbour does not have such intention in
relation to particle accelerators? Whose intentions are important here? When we
say that technologies are mind-dependent, whose mind are we talking about?
Although the mind-dependence of technological objects has been discussed by
many philosophers, the question of whose intentions should count has not been
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addressed as much. After showing the significance of human-technology relations
in understanding technologies, it is important to identify the groups of humans
whose relations with technologies are constitutive of the general type of entities
that technologies are.
Note that here the question is not that whose intentions show the particular type
of technology to which a given object belongs. The point is not about deciding
whether a given technology is, say, a hammer, a whistle, a spear, or any other type
of technology. I will address the question of particular specification of technologies
in the next chapter. Here the question is on the general specification of
technologies: whose intentions turn something (from an ordinary object) into a
technology in the first place?
My thesis is that what makes something a technology is the fact that it is (intended
to be) used to solve certain problems, and for this reason it is the mind of problemsolvers that turns something into a technology. So I see the reality of technologies
to be problem-based or problem-dependent. Note, first and foremost, that the word
problem-solver has a relatively broad meaning: anyone who uses or intends to use
an object to solve an actual or a potential problem qualifies as a problem-solver.
Moreover, saying that something is problem-dependent is a specific way of saying
that it is mind-dependent. This is because, as I explained in the introduction, each
problem is necessarily mind-dependent. One can say that there is no problem
simpliciter in the world; rather, our reports of problematic situations refer to the
quality of our perceptions of those situations. Thus, because something can be a
problem for one person but not for another, the problem-dependence of
technologies becomes a subjective account of technologies; something can be a
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technological object for one person but not for another. I shall come back to this
point later.
In my theory, what makes something a technology is not the formation of its
mechanical parts or electronic circuits, rather the fact that it is (intended to be)
used to solve certain problems. A piece of rock is just an ordinary object, but it can
also be used as a hammer, and the very fact that it is intended to be used as a
hammer turns it from an ordinary piece of rock into a technological object. Note
that the word problem-solver has a relatively broad meaning here: anyone (users,
designers, retailers, managers, etc.) who uses or intends to use an object to solve
certain problems qualifies as a problem-solver.
On the conditions of necessity of technological objects: design-based accounts versus
problem-based accounts
It is often argued that objects need to undergo at least some modifications in order
to qualify as technologies [Devereux 1977; Hilpinen 2011; Thomasson 2009]. This
metaphysical position which presents the process of designing objects as a
necessity condition of being a technological artifact can be referred to as a designbased view. In this section, I show the advantages of my problem-based view over
the design-based view.
It is not uncommon for philosophers to specify designers as the group of people
whose relations with technologies are constitutive of the kind of objects that they
are. Here the word ‘designer’ has a broad meaning which includes manufacturers
as well. A designer does not have to be a professional either. Any person who
manipulates an object or a set of objects to prepare them to be used for particular
purposes would be a designer. While I argue for the problem-based view, this
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design-based metaphysics is not counter-intuitive. After all, designers often have
more knowledge about their products than, say, most users, and in the case of
technological artifacts, it is the designers who put bits and pieces together to
construct technologies.
Amie Thomasson (2007, 2009), Risto Hilpinen (1993, 2011), and Daniel Devereux
(1977) are among philosophers who defend a design-based metaphysics.
Thomasson (2007) sees the intentions of designers as constitutive of technologies
and believes that this fact gives designers a form of epistemic privilege over the
objects which they make:
the sort of epistemic privilege I have been arguing applies to makers… [It] is
a consequence of the fact that the concepts and intentions of makers are
constitutive of the nature of the kind they create. (Thomasson 2007, p. 64,
italic in the original text).
In Hilpinen’s view, too, what determine the existence of a technological artifact are
the makers’ intentions. According to what Hilpinen introduces as the Dependence
Condition, “[t]he existence and some of the properties of an artifact depend on an
author’s intention to make an object of certain kind” (Hilpinen 2011).
In the design-based views, therefore, artifacts are not merely the product of
designers’ intentions. As Thomasson would say, it is necessary for them to be also
the products of human physical activities (Thomasson 2009, pp. 194-96). But what
sorts of physical activities can turn an object into a technological artifact? Is there
any minimum amount of manipulation in the physical structure of the objects
required? Does picking up an object from the ground satisfy the minimum
manipulation? Daniel Devereux has clarified the types of physical activities which
can turn an object into an artifact. According to him,
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a natural object cannot become an artifact without undergoing some
internal change. By ‘internal change’ I mean a change in the thing itself and
not just in its relationship to other things. Changes in size, shape, or colour,
would count as internal changes; a change in physical location would not.
(Devereux 1977, p. 135)
According to Hilpinen, too, objects need to undergo at least a minimum form of
manipulation to become genuine artifacts. The least form of manipulation that
Hilpinen accepts is ‘separation’. It involves ‘the separation of an object from
another object so that one (or both) of the resulting objects can be used for some
purpose’ (Hilpinen 2011). Cutting a branch of a tree and severing the side branches
and the leaves attached to it (to use it, say, as a cane) is a process which creates an
artifact by the act of separation. But picking up a piece of rock from the ground
(say, to hit nails into the wall), according to Hilpinen, is not an artifact-creating
process because it does not involve sufficient manipulations of the object. Hilpinen,
following Wendell Oswalt (1973), would refer to objects like a piece of rock picked
up from the ground to hit the nails into the wall as ‘naturefacts’ which according to
him are not genuine artifacts (Hilpinen 2011).
In the problem-based view, however, as I discussed, the internal manipulation of
objects is not a part of the necessity conditions of creating a technological artifact.
It is sufficient to say what makes something a technology is the fact that it is
(intended to be) used to solve certain problems. In this view, it is the mind of
problem-solvers that turns something into a technology.
Let us compare the design-based view and the problem-based view with an
example. Consider the keyboard which I am using to type these words. In the
design-based view, the keyboard is a technology only because it has got makers
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who intend it to function as a keyboard. In the problem-oriented view, on the other
hand, the keyboard is a technology because I am using it as a technology. But at the
same time, because the designers of the keyboard also produced keyboards to
solve the problem of entering alphabetical and numerical data into computing
machines, the keyboard can be a technology in the problem-based view also
because designers intended it to solve specific problems. At least part of the
design-based position, therefore, is covered by accepting a broad definition of the
term ‘problem-solver’ which includes anyone who intends to use an object to solve
certain problems.
But there is a part of the design-based position which conflicts with the problembased approach to technologies. In a problem-oriented approach, technologies
need to have at least one (potential) problem-solver;10 whereas in a design-based
approach, technologies need to have at least one actual designer. The conflict is in
the necessity conditions of being a technology. Both the design-based approach
and the problem-oriented one view technologies as mind-dependent entities. But
the difference between the two is that in one approach, the word ‘mind’ refers to
the mind of (potential) problem-solvers, whereas in the other, it refers to the mind
of designers.
Here I use some examples to show the advantages of the problem-based
metaphysics over the design-based ones. (1) Imagine a distant planet on which
nature’s complex chemical and physical reactions produce certain objects which

A potential problem-solver is someone who intends to use something to solve a possible
problem but does not actualize their intention.
10
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resemble some of the technologies which humans use on the earth. 11 Although it is
hard to imagine naturally produced computers or airplanes, for my current
argument even naturally produced wooden sandals or chairs would do. Now,
imagine intelligent inhabitants of that planet using these objects for similar
purposes as humans do. The question is: are those naturally created objects
technologies or not? In a design-based account, they do not qualify as technologies
because they have not been internally manipulated by any intelligent being. But in
the problem-based account, they would be technologies, and I believe that our
intuitions also support my claim. (2) Consider the following examples: a piece of
rock used to hit a nail into the wall, a fallen leaf of a tree kept above one’s head to
stay dry in the rain, a dead snake used as a rope, rubbing one’s greasy hands on
wet grass to get them clean, etc. According to design-based views, none of these
objects qualifies as a technological artifact, but in the problem-based account,
these are all technologies, and again, I believe our intuitions support this claim.12
A defender of the problem-based account would say that what makes a natural
object which is used to solve a (potential) problem a technology is the fact that it is
(intended to be) used as such. In this approach, what matters is an action
(intended to be) done by means of a technology and not what designers (mostly) in

Those who have read Stanislaw Lem’s Solaris or watched the movies which were made
based on this story probably have an advantage of imagining such a planet.
11

Dan Sperber (2007) also has made a similar line of reasoning as one of the arguments he
provides to refute what I here referred to as the design-based view. The point that Sperber makes is
that since designing an object takes modifications, and since modification is an ambiguous term,
deciding whether something can meaningfully be said to be designed or not becomes arbitrary, and
hence, irrelevant to the metaphysical status of the object. The example that Sperber gives involves a
stone used as a paper weight: “Is a stone used as a paperweight an artifact? Is having been moved
sufficient modification? … If it is not, would, say, cleaning the stone before using it as a paperweight
be enough?” (Sperber 2007: 125).
12
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spatially and temporally different contexts had in mind. Design-based accounts
need to discard the cases mentioned in the previous paragraph as technologies
because natural objects are not designed. They could, of course, save their position
by taking a theistic stance in which everything is created by God. However, the
problem with that response, as Paul Bloom has noted, would be that in such a view
even tigers become technologies (Bloom 2007: 155).
A pragmatic argument can also be used to support the problem-based views
against the design-based ones. What can we achieve by categorizing objects into
those which have been designed and those which have not? Why should such a
distinction have any moral, social, or even cognitive values? As my first philosophy
instructor used to tell us, there are numerous ways in which we can categorize
objects in the world or make distinctions between our linguistic concepts. Some of
the distinctions can be even very clear cut distinctions. The distinctions between
molecules which have more than three hydrogen atoms in them and those which
don’t and between the words which start by the first 10 letters of our alphabet and
those which don’t, are examples of such distinctions. But should we not first ask
ourselves what we want to do with the distinctions we make? The distinction
between objects which are designed and those which are not can be useful for
some anthropologists and historians, but morally, socially, or cognitively, it is an
irrelevant distinction. For these purposes we should consider how an object is
used and what is believed to be the consequence of using it. That is why it is more
useful to distinguish between technological objects and non-technological ones on
the basis of the type of activities in which they are used.
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One might argue that the reason why people like Devereux, Hilpinen, and
Thomasson highlight the importance of internal manipulations and the intentions
of designers is that their project is to clarify the concept of ‘artifact’, as distinct
from ‘technology’, and conclude that we talk past each other. Since the meaning of
the word ‘artifact’ implies the existence of a maker, it would be natural to take a
design-based position in one’s philosophy of artifact. This argument that for the
sake of following the literal meaning of the word ‘artifact’ we should accept the
design-based view is of course flawed. And the reason why it is flawed is that, as I
mentioned earlier, philosophers who defend a design-based metaphysics do not
merely appeal to the literal meaning of the word ‘artifact’ to say why artifacts are
necessarily designed objects. The project of setting out the necessity conditions for
something to be an artifact is a philosophical project and not a linguistic one. So,
we are not talking past each other. The design-based theories and the problembased ones strive to set the metaphysical conditions for the same sorts of objects.
Notwithstanding, some may accuse me of being selective in the examples that I
have given to show the advantages of the problem-based account over the designbased ones. So, one may put forward the following example which intuitively
supports the design-based metaphysics. Think of a hammer-producing factory that
has thousands of hammers stocked in its warehouse. Would not those objects
qualify as hammers? According to the problem-based account, since no one is
thinking of using any of those hammers, then those objects do not qualify as
technologies. But it still seems intuitive to refer to these objects as ‘hammers’. If
they interpret the intentions of designers not only as a necessary but also as a
sufficient condition for being a technological artifact, design-based theorists can
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say what makes these objects hammers is the fact that designers intended to
produce hammers and manipulated certain objects in order to make hammers. But
how would a problem-based view deal with these cases?
In the problem-based view, the term problem-solver has a broad meaning and
applies to anyone who uses or merely intends to use an object to solve a given
problem. So this example should not provide a big challenge for the problem-based
view because even designers and workers can qualify as problem-solvers, and the
fact that those individuals have formed the relevant intentions to make something
which would help to solve the problem of getting nails into the wall turns those
stocked objects into technologies.
But the above objection can be pushed even further. One might accept that those
hammers qualify as technological objects, but respond that these arguments show
that they are technologies only for those who are aware of their existence and form
the problem-solving intentions in relation to them. If someone does not know
those objects exist or does not intend to use those objects, the hammers will not be
technological artifacts for them.
For a proponent of the problem-based view this last conclusion is unavoidable.
This is because the problem-based account of technologies is a subjective account
which means that something can be a technology for one person but not for
another. But would it be problematic for a metaphysical account to rely on
subjective standards to determine what is a technological object and what is not?
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On the subjectivity of the problem-based account of technologies
There are many objects in the world, including the stocked hammers in the
previous example, which we intuitively accept as technologies, but we do not
intend to use them for any problem-solving purposes. Does the subjectivity of the
problem-based account of technologies mean that we cannot call any of those
objects technologies?
It should be pointed out that if the issue here is about how to refer to those objects,
then it is possible to hold this subjective metaphysics and yet keep referring to the
objects around us by their conventional names without any inconsistency. We can
call something a technology, even if it is not a technology for us. We can appeal to a
right semantics to explain why those stocked objects are called ‘hammers’
disregarding their metaphysical status. The semantics of technologies is different
from their metaphysics.13 In fact, there are good reasons for us to be more worried
about our semantics than our metaphysics. One of the important things which
matters to us is being able to talk about objects and understand each other by the
way we refer to them. For what reason should we be worried about the
metaphysical status of the objects which we do not even aim to use? In other
words, why should we think that the fact that ‘an object which we do not intend to
use as a problem-solving instrument is metaphysically not a technology’ is a
problem? As long as we are able to use the right words in referring to the object
and communicate with each other, there should not be any problem.

13

I discuss the semantics of technologies in more detail in the second chapter.
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But there are reasons to believe that it is also metaphysically important to have a
correct understanding of the subject matter of our conversations. It is true that
most of our relations with the objects which we do not intend to use appear at the
linguistic and communicational levels, but that is not all. Sometimes the reason
why we want to have a proper metaphysical understanding of the subject matter of
our conversation is that we want to discuss its related ethical, social, or political
matters. For these normative purposes, it is important to have a correct idea about
the type of entity that our subject matter is. If we exclude all objects that we do not
personally (intend to) use as problem-solving means, then how can we discuss the
normative aspects of those objects? If I do not (intend to) use security cameras to
solve any problems, and this fact makes security cameras similar to ordinary, nontechnological objects for me, then how can I normatively assess the social impacts
of security cameras? If I never face any problem which can be solved by special
biological experiments whose results can also be used by some groups or
governments to build biological weapons, and this fact makes the biotechnological
products similar to non-technological objects for me, then how can I discuss the
ethical and political aspects of bio-technologies? Simply using the right word to
refer to security cameras or to biotechnological products would not help me to
understand the nature of these objects better. The main worry here, therefore, is
that we are not only concerned about the right way of referring to objects; we want
to have a proper understanding of the subject matter of our conversations to be
able to discuss the normative aspects of objects which we do not intend to use as
well as those we do.
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I believe that although the above worry is a genuine worry, it does not have
anything to do with the general categorization of technologies. This is because
being able to normatively assess an object does not require for that object to be a
technological object. These worries come from not paying attention to the
distinction between the general categorization of technologies and the functions by
which we identify technological objects (i.e., the particular categorization of
technologies). What we need in order to be able to make normative assessments is
to know the function of each object, not whether that object is a technological
object (for us) or not. As I argue in the next chapter, we can still identify the
function of those stocked objects as objects which can hit nails into the wall on the
basis of what we justifiably believe would be the consequence of using those
objects. And based on this function identification, we can make all sorts of
normative assessments about those objects. In fact, it becomes clear in the second
chapter that our theory of functions can be used to explain the function of objects
appearing in artworks as well. We can, thus, make similar normative assessments
about artistic or other types of objects too. They do not have to be technological in
order to be open to normative evaluations. There are objects in the world whose
functions we can identify, but this act of function identification does not turn those
objects into technologies. Objects used in works of art provide an example of this
sort, and so do the stocked hammers in a factory’s warehouse. We can identify the
function of those stocked hammers as nail-hitting objects, we can even refer to
them as ‘hammers’, but if we do not want to use them as problem-solving means,
they would not be technological objects for us.
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In a problem-oriented account, it is necessary for a technology to be (intended to
be) used to solve (potential) problems, but it is not necessary for it to be designed.
The crucial point is that an object turns into a physical instrument when a
problem-solver thinks of using it in order to achieve a certain goal. Instead of
building our conception of technology on the basis of context-independent
distinctions between things which are designed and things which are not, the
problem-oriented approach takes into account the role that an object plays as a
part of human activities. Technologies are introduced to solve certain problems,
and the nature of technologies is derived from their (intended) contribution to
problem-solving activities.
Having said this, in most actual cases the intentions of users and those of designers
match each other. Most of the time, objects that we use to solve our problems are
technological objects which are mass designed and manufactured, and the reasons
for which users apply those objects is the same as the reasons for which they were
made by their designers. So, often the difference between the two approaches (the
design-based one and the problem-oriented one) appears at the level of theoretical
discussions, and not at the level of practice.
Note also that in this problem-oriented account, one should also not confuse
rationality discussions with metaphysical ones. The fact that problem-solvers’
intentions turn something into a technology and are a metaphysical condition for
something to be a technology does not mean that the problem-solvers’ choice of
instrument is always a rational one. Someone might keep a leaf on top of one’s
head to stay dry in the rain. The fact that a leaf is used for such a purpose turns
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that leaf into a physical instrument, but this choice probably is not a very rational
one, especially if there are objects which we call ‘umbrellas’ around.14
More on the reality of technologies
In the previous section, I defended a problem-based account of technologies.
Metaphysically, this claim means that technologies are mind-dependent and that
the word ‘mind’ refers to the minds of the problem-solvers who (intend to) use
technologies to achieve certain goals. In this section, I discuss the right way of
addressing the ontological status of technologies and argue that it would be more
appropriate to talk about technologies in terms of their reality instead of their
existence. (As discussed in the introductory chapter, something becomes real by
virtue of entering human activities.)
The problem-based metaphysics of technological objects, due to the central
definitional role that human activities play in it, should be categorized as an
activity realist approach. This metaphysics, instead of taking an a priori activityindependent stance and approaching technologies as independently conceivable
entities, zooms on the human activities in which technological objects are used.
That is why it would be more appropriate to understand technological objects in
terms of their reality rather than their existence. Let me elaborate on this point
further.
Whether or not technologies exist in the same sense that natural object do is a
metaphysically controversial issue. The fact that the causal powers of technological

For a detailed discussion on how a metaphysical theory of technology can help us assess
the rationality of acts done by means of technologies refer to (Houkes and Vermaas 2004).
14
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objects are reducible to the microscopic structures constituting them, or that if
technologies really exist, then a technology and the lump of matter constituting it
have to occupy the same spatial point at the same time, have convinced some
philosophers to deny that technologies exist [Merricks 2001; Van Ingwagen
1990].15 Accepting the mind-dependence of technologies, which is a well-arguedfor position, does not help to accept technologies’ existence either. In the end, how
can something created by the mind actually exist? Crawford Elder argues that what
he calls ‘culturally generated kinds’ (which include technological artifacts) are
either not genuine components of the world or that their existence should be
mind-independent (Elder 1989). In other words, he believes that if an entity is not
mind-independent, it does not really exist; and therefore, we should either say that
technologies do not really exist or somehow conclude that their existence is mindindependent. As I mentioned earlier, he adopts the latter solution and defends the
mind-independent existence of at least some technologies (i.e. copied-kinds)
(Elder 2007).
Thomasson abandons the idea that possessing a mind-independent nature is
always the central criterion for existence and suggests that different existence
conditions should be adopted for things of different kinds (Thomasson 2009, p.
208). She believes that the criteria of existence adopted by those who reject the
existence of technologies (e.g., having causal powers, being mind-independent, or
not occupying the same space as another object at the same time) have been
derived from a narrow set of objects and have been illegitimately generalized to all
Lynne Rudder Baker, on the other hand, has defended a non-reducible ontological status of
technological objects. She argues the fact that technologies are constituted by aggregates of
particles does not entail that technologies are ontologically reducible to their microscopic
structures (Baker 2004).
15

55

sorts of objects (Thomasson 2009). In this way, according to Thomasson, those
who deny the existence of technologies do not provide any reason for their claim.
There is no surprise that by those criteria technologies would not exist because the
criteria are not derived from the assumption that technologies exist. Questioning
the generalizability of the traditional conditions for existence, Thomasson
proposes the formal condition, which, according to her, provides a more neutral
approach to existence. According to the formal condition of existence, “for any
term ‘K’, things of kind K exist just in case the application conditions critically
associated with proper use of the term are met” (Thomasson 2009, p. 197). In this
way, as long as an entity satisfies its formal condition of existence, there is no
reason for us to say that it does not exist. These conditions, of course, differ for
different objects. For some objects human intentionality is necessary, for some it is
not. Comparing the formal conditions of existence for different entities, she writes:
[t]hose conditions appeal to human intentionality in some cases, but not in
others: so human intentionality of certain forms may be necessary and
sufficient for the existence of a story or an imaginary object, merely
necessary for the existence of an artifact, and completely irrelevant to the
existence of a rabbit. But in each case, provided the relevant criteria are
met, we have no reason to deny the existence of the relevant objects. In the
case of artifacts, the application conditions for terms like ‘table’ are
apparently are satisfied by the circumstances in my dining room and
millions of others around the world. So if we combine the basic facts about
meaning with obvious empirical facts, we can conclude that there are tables.
(Thomasson 2009, p. 197)
Thomasson’s formal condition of existence is a subcategory of this thesis’s
condition for something to be real. After all, one common type of human activity is
linguistic communication which can come in different forms like story telling,
arguing, and performing ceremonies. ‘Reality’, therefore, is a broader concept than
this sense of ‘existence’ and should be preferred over it because the latter is
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confined by language in a way that the former is not. Things can be said to exist, as
Thomasson describes, only if there is a distinct linguistic word or phrase for them,
but real things are not restricted by language to that degree. If there is no word for
something, there would not be any conditions of proper usage of that word either,
and for this reason that thing cannot be said to satisfy the formal condition of
existence. But as long as that thing enters human activities, we can say it is real.
Think about emotions for example. We do have some words for emotions (anger,
love, jealousy, happiness, etc.), but there are many situations in which we cannot
express the emotions we have for someone with any of these words, or we get
confused by them. We may not know whether our feelings for someone should be
called ‘lust’, ‘love’, ‘affection’, or perhaps none of them. In such a situation, since
there is no particular word to think about, we won’t even be able to formulate the
formal condition of existence for that feeling. And if we want to stick to the formal
condition of existence, we should conclude that the feeling does not exist. But such
feelings are real for us and we make life decisions on their basis.
Interestingly, one of the Thomasson’s motivations to assign existence to
technologies, as she states herself, is to avoid Van Inwagen’s conclusion that if
there are no artifacts, there are no problems about artifacts (Thomasson 2009, p.
193). However, we do not have to accept an object’s existence in order to be able to
discuss its problems. In fact, existence is neither necessary nor sufficient for this
reason. All we need in order to be able to discuss the problems associated with
something is to accept its reality. It is either tautological or meaningless to say that
problems about technologies do not exist. Things like problems should be
understood in terms of their reality, not existence. We should approach them from
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the activity realist view. They always come into play as a part of human activities.
They are action guiding concepts. If a problem is not enough real for us to motivate
us engage in problem-solving activities, we will not try to solve it either. For us to
be able to discuss the problems associated with something, therefore, we need to
highly accept its reality and the reality of the problems. This brings us to yet
another reason to prefer the concept of reality over existence. The concept of
‘reality’ opens up the possibility of discussing the grades to which things’ presence
strikes different individuals too.
Being real, unlike existing, can be a matter of degree. The degree to which an object
can be real depends on the number, variety, and the importance of the activities in
which it plays a role. Coffee cups are probably more real than the Insert buttons on
keyboards because we experience the former objects in more (important)
activities than the latter ones. The Insert buttons on keyboards in turn can be more
real than a piece of rock at the top of Mount Everest. This degree is also
determined subjectively as people value activities differently. For me, my road bike
is more real than the food which is now stocked in the International Space Station
(ISS). But for the astronauts who are in the ISS this order is the opposite. For most
Christians, the Christian cross is more real than the former solar system planet,
Pluto, but probably most astrophysicists would have an opposite idea. And so on.
How would an entity realist who relies on the concept of existence understand
technological objects then? According to an entity realist, if something is a
technology, it remains a technology no matter how and even if it is (intended to be)
used. It remains so even if it ends up in a museum of modern arts or is thrown out
to the garbage bin. Some versions of entity realism in regards to the existence of
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technologies, like Platonism, may even deny the mind-dependent nature of
technologies. However, an entity realist might recognize the mind-dependent
nature of technologies, but only in the sense that, say, design-based theories do. As
Hilpinen, a defender of the design-based view, writes, “The existence and some of
the properties of an artifact depend on an author’s intention to make an object of
certain kind” (Hilpinen 2011). Design-based theories, therefore, are a form of
entity realist positions precisely because in these theories, after an object is
produced as a technology, it maintains its existence as a technology in future
contexts, independently of the activities in which it is used.
It is noteworthy that the way I use the phrase ‘entity realism’ is close to, but not
exactly the same as, the way philosophers of science have used the phrase. In
philosophy of science, if someone is a realist about a given entity, she believes that
the entity exists independently of our sense data, the structure of our mind, our
language, etc. (Hacking 1984). The way that I use the phrase ‘entity realism’ in the
case of technologies shares the context-independent nature of entity realism in
philosophy of science, but allows for a minimum level of mind-dependence, as long
as the mind-dependence does not imply the activity-dependent. This minimum
level is what views like the design-based theories assume. In such views, the fact
that something is a technology means that it has had a creator, but after a
technology has come into existence, it remains what it is. In this respect, an entity
realist in regards to the metaphysical status of technologies believes in (1)
technologies’ context-independence, and (2) technologies’ mind-independence or
(2’) the dependence of technologies on the intentions of those who do not have to
be present at the context of use.
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Philosophizing about technological objects from an activity realist view, on the
other hand, instead of attempting to find out the existential properties of
technologies, investigates the problem-dependent reality of technologies. In this
approach, technologies acquire their technological identity from the types of
activities in which they are used.
The advantage of talking about the reality of technologies instead of their existence
becomes clearer especially when we consider contexts where we would struggle to
identify the metaphysical status of certain entities, but at the same time we know
that using the word ‘existence’ would be problematic in their case. Objects used in
theatre plays or in computer generated environments are good examples of this
sort. Instead of trying to determine the existential status of the props which actors
use in a play or that of virtual technologies (i.e. computer generated objects which
appear in video games, websites, etc.) independently of their contexts, it is more
appropriate to note the reality of the plays or the virtual environments and then
observe the roles that the props or the virtual technologies play in those settings.
This means that even for pragmatic reasons the activity realist position should be
preferred over the entity realist one. The entity realist view would either stay
neutral or close the possibilities of dealing with the problems associated with
technologies. This non-pragmatic attitude is expressed in Van Inwagen’s famous
quote that “if there are no artifacts, then there are no philosophical problems about
artifacts” (Van Inwagen 1990, p. 120). But the activity realist view starts out by
considering the problem-solving activities in which objects are used and defines
the nature of those objects on the basis of what is justifiably believed to be the
consequence of their usage. Here it does not matter whether technologies exist or
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not. The thing which matters is for us to perceive the problems technologies are
meant to solve and the problems associated with their usage as real.
Enough has been said on the difference between the entity realist approach and
the activity realist approach. I still need to work out a definition of technologies on
the basis of these discussions.
Technologies as problem-solving physical instruments
John Searle in his The Construction of Social Reality has introduced a conception of
technologies as social objects which it is useful to mention here. According to
Searle (1995, 2007), technologies belong to the social level of reality as distinct
from the physical level of reality. The social level of reality is mind-dependent
whereas the physical level is mind-independent. Governments, bank notes, and
screwdrivers are social objects because people consider them as governments,
bank notes, and screwdrivers. A piece of stone at the top of mount Everest, a tree
in the Amazon rainforests, and a neuron in one’s brain are brute objects because
their existence is independent of the existence of human intentions. Similarly, from
a physical point of view, an anti-shoplifting gate (as a technology) is a bunch of
wires, transistors, and sensors, obeying causal laws of nature. However, we assign
a specific meaning to its beep, and this meaning enables us relate to this device not
simply as a bunch of wires and electronic circuits, but as a technology with a
specific function assigned to it: an indicator of possible cases of burglary. So,
although it is physically necessary for an anti-shoplifting gate to beep when its
sensors detect the right RFID chip, its function and the meaning of the beep depend
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on the users. An anti-shoplifting gate is an anti-shoplifting gate only because
people treat it as an anti-shoplifting gate.
Searle’s understanding of technologies is a good start for a mind-dependent
account of technologies, but it needs some modifications. Searle sees technologies
as material objects to which given functions are ascribed, but if we define
technologies as material objects which have functional characters, then any
material object used to fulfil a purpose would become a technology. A tree used as
a meeting point is a physical object with a function and would count as a
technology by Searle’s theory. But probably we do not want to regard trees used as
meeting points as technologies, at least not in the same sense or to the same
degree that we regard anti-shoplifting gates as technologies.16 As I argue shortly,
things are technological to different degrees, and trees used as meeting points also
count as technologies, only to a lesser degree. But the point is that Searle’s theory
does not make any distinction between this case and the case of an anti-shoplifting
gate. A more satisfactory theory is needed to be sensitive to these case differences.
This more satisfactory theory should be able to explain either why a tree used as a
meeting point is not a technology or why such a tree is less technological than an
anti-shoplifting gate. In a problem-dependent approach which I have espoused so
far, we cannot exclude a tree used as a meeting point as a technology. This is
because it is chosen to solve the problem of finding a meeting point. My theory,
therefore, will take the second solution and will explain how different objects can
be technological to different degrees. In order to find out this more satisfactory

16

Searle’s theory has been discussed and evaluated by others too. For a more detailed

assessment of what can be referred to as Searle’s philosophy of technology, see (Kroes 2007).
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theory, it would be useful here to find out what the difference between a tree used
as a meeting point and an anti-shoplifting gate is (which makes us regard the latter
as more technological than the former).
The reason why a tree used as a meeting point would be less technological than an
anti-shoplifting gate is that the physical properties of a tree do not play any
particular role in its fulfilling the task to which it is assigned. To fulfil the task of a
meeting point, it does not matter how big the tree is, what its colour is, how strong
its branches are, or how its leaves look. A meeting point does not even have to be
where a tree grows. A building, a bridge, the summit of a mountain, etc. all can be
chosen as meeting points. This is because objects or places do not have to have
very specific physical properties to be able to function as meeting points. But this
is not the case about an anti-shoplifting gate. An anti-shoplifting gate needs to have
special physical structures to allow it to detect unpaid items on the one hand and
make noises (or any other observable output) on the other, so that the
shopkeepers and customers get to know that an unpaid item has passed through
the gate. These are not requirements that any random object can satisfy. The
modification we need to apply to the Searlian account, thus, is to stress the role
that the thing’s physical properties play in fulfilling the task expected of it. If we
put this point next to what I argued as the problem-dependent nature of
technologies, we would arrive with this definition: T is a technology if

it is

(intended to be) used to help its user(s) solve a given problem by virtue of T’s physical
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characteristics.17 In this definition, technologies can be referred to as problemsolving physical instruments.
Here the word ‘help’ may sound anthropomorphic to some people. But it would not
have the anthropomorphic sense if we do not interpret it that way. Helping is
similar to contributing. But the object does not always have to help or contribute to
the solution in order for it to be a technology. I might believe that I can open a can
with a hammer, but even if I do not succeed in my act of opening a can with a
hammer, the hammer will still be a technological object for me. So, as long as an
object is used with the intention that its physical properties can be a part of the
solution to a given problem, it becomes a technology.
As discussed before, this problem-based definition of technology is a subjective
one. Something which is a technology for me may not be a technology for others. If
I make a technology which spatially teleports me to wherever I want, that thing
will be a technology for me, but if I keep it secret from others, it will not be a
technology for them. So if I (intend to) use an object for a particular purpose, that
object becomes a technology for me, and at the same time, if others would not even
be aware of the existence of that object, it will not be a technology for them. But
others may even be aware of the fact that that object exists; they might even
believe that that object would be useful for a particular purpose, but do not even
intend to use that object for that or any other purpose. In such cases, too, that
object will not be a technology for them. Imagine that I go on a hike with my
The only reason why this definition provides only the sufficient condition is to I
acknowledge the fact that different approaches to technologies can result in different definitions. If
the activity-realist approach was the only philosophical approach, this definition would have
expressed both necessary and sufficient conditions. However, other approaches to technologies
may result in different definitions.
17
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nephew. I see some walnuts that are fallen on the ground from the walnut trees. I
find two rocks and use them to crack the walnuts. These rocks become
technological objects for me, but for my nephew—who does not like walnuts and
does not intend to use those rocks for cracking walnuts or for any other reason—
the rocks will not be technologies. Obviously if my nephew does form the
respective intentions, the rocks become technological objects for him as well.
Discussing the conception of technologies as problem-solving physical
instruments
Defining technologies as problem-solving physical instruments has a few
implications which I discuss in this section. Firstly, the fact that technologies
should be intended to fulfil a task helps us differentiate between technologies and
ordinary objects. A planet that orbits around its sun in a solar system is fulfilling
the task of orbiting around its sun on a particular trajectory, and it is indeed the
specific (physical) properties of the planet which help it ‘succeed’ in doing so.
However, the planet is not intended by anyone to orbit around its sun, and that is
why it does not qualify as a technology.18
Secondly, in this definition technologies inherently become subject to evaluative
and comparative judgments. Maarten Franssen (2006) has elaborated on this
aspect of the normativity of artifacts in detail: a hammer might be a good or a bad
hammer; a well-designed hammer does a better job in hammering a nail than a
random piece of rock; a tree would be a better meeting place than a tiny piece of
stone (due to, say, being bigger, more conspicuous, or more accessible); and so on.

In chapter three of this dissertation I discuss this point in further detail and introduce the
fact that technologies need to be used by humans as one of the humanist aspects of technologies.
18
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What determines whether a technology is a good or a bad technology is the degree
to which its users feel the problem they intended to solve by means of the
technological object has been actually solved. Note that such functional evaluations
and comparisons should not be confused with aesthetic, economic, or other forms
of evaluation. When we say a technology is ugly/beautiful or expensive/cheap, we
make evaluative judgments of the technology, but these non-functional evaluations
have nothing to do with what we expect the technology to do for us. The main
difference between the functional and the non-functional evaluations is that the
former are inherent in technologies, whereas the latter are not. Technologies are
open to functional evaluations by virtue of being technologies, whereas nonfunctional evaluations are contingent on the social settings.
Questioning two assumptions
One of the unchallenged biases is in the field of metaphysics of technology is in the
assumption that to be a technology is an absolute matter and that all technologies
are equally technological. Another undiscussed assumption in the field is that
metaphysically speaking, being a technology is more fundamental than being
technological; an object is a technological object by virtue of being a technology.
(The linguistic form of this assumption is that the term ‘technology’ is conceptually
more primitive than its adjectival form, ‘technological’.) Defining technologies as
problem-solving physical instruments provides the conceptual tools to question
these two assumptions. To repeat, in this definition, T is a technology if it is
intended to be used to help its user(s) solve a given problem by virtue of T’s
particular physical characteristics. In this section, I discuss two important
ramifications of this definition. I show that (i) things can be technological to
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different degrees, and that (ii) the property of being technological is
metaphysically more fundamental than being a technology. (Or linguistically, the
word ‘technological’ is conceptually more primitive than its noun form
‘technology’.)
Different grades of being technological
Let us go back to the examples of a tree used as a meeting point and an antishoplifting gate. The former case is only definitionally a technology, but the latter
is both definitionally and intuitively a technology. The physical properties of the
tree do not play that much role in its fulfilling the task of a meeting point, but it
takes a complex piece of machinery to be able to function as an anti-shoplifting
gate. It is, thus, reasonable to expect that a satisfactory theory needs to be sensitive
to such case differences. Such a theory should be able to explain either why a tree
used as a meeting point is not a technology or why the tree is less technological
than a washing machine. The thesis of technologies as problem-solving physical
instruments takes the second solution.
One of the implications of defining technologies as problem-solving physical
instruments is that in this definition things can be technological to different
degrees. Here is a short argument for this claim. Since one of the necessary
conditions for something to be a technological object is that that thing’s physical
properties should come into play in fulfilling the task assigned to it, and since using
one’s physical properties in fulfilling a task is a matter of degree, one can conclude
that being technological is also a matter of degree. An object which needs to have
very specific physical properties to be able to fulfil its function is more
technological than an object which does not need to have very specific physical
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properties to fulfil its function. In other words, if the function (F1) poses more
requirements on an object’s physical properties than another function (F2), then
the former object is more technological than the latter object. So, (the functions of)
physical instruments are open to a particular type of comparative judgments: some
(functions of) physical instruments can be more technological than others.
Here it is important to note that the point is not that there is continuity between
non-technological objects and technologies. As I mentioned earlier, what makes
technologies different from ordinary objects is that technologies are (intended to
be) used by (potential) problem-solvers. This provides a sharp distinction between
technological objects and things which are not technological. The point, rather, is
that among things which belong to the general category of technologies, some
objects can be more technological than others.
Let me use a few examples to elaborate more on this point. I start with the example
of using a tree as a meeting point which I gave earlier. Is a tree used as a meeting
point a technology? It obviously solves the problem of specifying a location to meet
with someone. But does it solve it by virtue of its physical properties? At first
glance it may seem that a tree’s physical properties do not matter in its being
chosen as a meeting point; however, if we think more carefully, we notice, for
instance, that the shade of a piece of cloud on the ground or the Amazon
rainforests cannot be chosen as meeting points. And this is particularly due to the
physical properties of the shade of the cloud and the Amazon rainforests: one is
not stable (spatially or temporally) and the other is way too vast. This means that
the tree’s (physical) properties—in its having roots that stabilize it at one point on
the ground—do come into play when we choose it as a part of our solution to the
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problem of specifying a location to meet with someone. It is, notwithstanding, true
that this particular solution to the problem does not put a big burden on the
physical properties that a (possible) meeting point needs to have. The solution
only requires possible meeting points to be accessible and recognisable, which are
the requirements that many objects can fulfil. To fulfil these requirements, it does
not matter how big the tree is, what colour its trunk is, how strong its branches
are, or how its leaves look. What we conceive as a meeting point does not even
have to be where a tree grows. A building, a bridge, a statue, etc. all can be chosen
as meeting points. The requirements from the physical properties of something to
play a role in our plan to solve the problem of getting nails into the wall, however,
are a bit more specific. Such an object (say, a hammer) needs to have at least one
hard end and be also easy to grab and carry. So, our solution to the problem of
specifying a meeting point poses fewer and less complex requirements on the
physical properties of the object by means of which we want to solve the problem
compared to our solution to the problem of getting nails into the wall. Therefore, a
tree, a building, or anything else chosen as a meeting point is less technological
than a piece of rock, a metal water bottle or anything else used as a hammer.
Similarly, our solution to the problem of getting nails into the wall imposes fewer
and less complex requirements on the physical properties of the object by means
of which we want to solve this problem compared to our solution to the problem of
having our dirty clothes automatically cleaned. Therefore, a piece of rock, a shoe, a
hammer, or anything else used to hit the nails into the wall is less technological
than a washing machine, a dishwasher, or anything else used to get clothes
automatically washed. The same comparison can be made between the
technological objects that we use to wash our dirty clothes and those that we use
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to travel in the air, between the technological objects that we use to travel in the
air and those that we use to accelerate subatomic particles, make them collide, and
observe the interactions of their collisions. Thus, some objects can be more
technological than others. What determines this degree is the complexity of the
requirements that the devised solution to the problem which they are meant to
solve pose on the problem-solving objects.19
Before proceeding to the next section, there are a few points which I should
highlight here. Firstly, the argument why objects can be technological to different
degrees relies on the concept of complexity. Complexity, unless defined precisely,
remains a vague concept. But its ambiguity does not nullify my arguments.
Complexity is a vague term, but the fact that it is vague does not mean that it is
vacuous. We have an understanding of this concept and we can refer to some plans
as more complex than the others. Depending on what we conceive as the
complexity of each plan, we can compare technological objects to each other.
Secondly, we can have different material solutions to one and the same problem
and depending on the complexity of the solutions, the objects used to solve the
problem may not be equally technological. Since technological objects find their
identity through the roles we want them to play as a part of our solutions to
particular problems, the complexity of the solutions translates into the complexity
of the objects used to solve those problems. The more complex our solution, the
more technological the object would be. For instance, think about solving the
Note that a solution to a problem may have different parts. It is only the part which poses
requirements on the physical structure of technologies (the material solution) which determines an
object’s degree of being technological.
19
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problem of getting nails into the wall. If our solution to this problem is hitting the
nails with a hard object, then this solution requires a much less complex material
object than when our solution involves designing a robot which climbs up the wall
and uses a laser beam to make a hole in the wall and insert the nails into the holes.
Or as another example, consider the problem of washing dirty clothes. If, as a part
of our solution, we expect of a washing machine to add detergents, rub the clothes,
and rinse them properly, we come up with a different set of standards and
different complexities than when we expect of a washing machine to just rinse the
clothes. In this latter case, even a river diverted into a canal can function as a
washing machine.20
Finally, because a particular physical object can be used to solve different
problems, one and the same physical object can be more technological when used
for a particular purpose than another. The physical object that we call a ‘mobile
phone’ is more technological when used to send text messages than when it is used
as a flash light. This is because the material solution that we have found to the
problem of not being able to communicate with people who are far away from us is
more complex than the material solution that we have found to the problem of
illuminating objects in from of us in the dark. Then again, the same object is more
technological when used as a flash light than when it is used to open beer bottles.
And so on. So, one and the same object can also be technological to different
degrees depending on the complexities of the solutions it is helping us with in
regards to different problems. This is because although technologies are physical
Apparently, there is a village in Romania where people wash their laundry in the water of a
diverted river and a certain spot is considered to be a washing spot. (I owe this example to Adam
Henschke).
20
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instruments, to be a technology primarily requires having a problem-solving
function.
Technologically speaking
This last point brings us to another important implication of defining technologies
as problem-solving physical instruments. Being technological is not and cannot be
an intrinsic property of any physical object. It is derived from the context in which
the object is intended to be used. The cornerstone of the reality of technologies is
in this derived property of theirs: the property of being technological. Physical
objects assume the property of being technological from the problem-solving
contexts in which they are (intended to be) used.
The word ‘technology’, thus, does not refer to any object in the world which has an
activity-independent existence. It refers to objects that (are intended to) have
instrumental values in problem-solving contexts. This (intended) instrumental
value in problem-solving contexts is a metaphysical condition for an object to be a
technology. In other words, saying that an object is a technology, more than
anything else, is a report about the type of activity in which it is (intended to be)
used. This is what the word ‘technology’ signifies. As discussed earlier,
technologies do not exist by traditional standards. But problem-solving activities
create new dimensions for what we accept as reality; they create an atmosphere in
which physical objects can get a new identity: the identity of being technological
objects. The property of being technological is, therefore, metaphysically more
fundamental than being a technology. Linguistically, this means that the word
‘technological’ is conceptually more primitive than its noun form ‘technology’.
Things are technologies by virtue of being technological, by virtue or being used in
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technological activities. A technological activity is a problem-solving activity. A
technological object is a problem-solving physical instrument.
Understanding the word ‘technology’ in its adjectival form makes the third
implication

of

conceptualizing

technologies

as

problem-solving

physical

instruments (i.e. that objects can be technological to different degrees) clearer too.
Unlike names, adjectives can be attributed to their referents to different degrees
and, when attributed, they open up the possibility of comparative judgments: my
colleague is politer than my housemate; it is more convenient to fly than to row a
boat from Australia to Canada; Stelarc is more artistic than me; and a washing
machine is more technological than a hammer.
Moreover, assigning activity-dependent identities to objects can also help us
conceptualize artworks and differentiate between technologies and works of art.
To repeat, nothing essentially technological can be found in the physicality of
things. It is playing a problem-solving role that turns a physical object into a
technology. A similar point can be made about works of art. What makes an object
an artwork is not the physical characteristics of the object. It is the type of
activities in which an object is used which turns it into an artwork. For similar
reasons, the word ‘art’ (when used as synonymous with the word ‘artwork’)
should be understood in its adjectival form: things are artworks by virtue of being
artful. The philosopher of art, George Dickie has also suggested a similar definition
of art. He defends a cultural anthropological definition of art in which artworks are
artworks only in reference to the roles they play in an artworld (Dickie 2004).
There is nothing artful about objects, in the same way that there is nothing
technological about them when we approach them independently of the activities
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in which they are used. What differentiates between technologies and artworks,
then, is not the difference between the structures of the material objects used as
technologies or as artworks. The difference is in the type of activities in which the
objects are used.
To recap, conceptualizing technologies as problem-solving physical instruments
has four implications: (i) what differentiates between technologies and other types
of object is the intention to use them in problem-solving activities; (ii) technologies
are intrinsically open to evaluative and comparative judgments; (iii) things can be
technological to different degrees; and (iv) the property of being technological is
more fundamental than being a technology; the word ‘technology’ is best
understood in its adjectival form.
Hard cases
There are at least two groups of objects which provide hard cases for the definition
of technologies as problem-solving physical instruments. I finish my discussions by
dealing with these two cases. These two cases are (a) certain natural objects which
are not used but play roles in problem-solving activities, and (b) animal
constructs.21
Consider activities like constructing a watermill on a river or sitting in the
moonlight to study. Are the river and the moon in these examples technological
objects? The reason to think the moon and the river are technologies is that they
are physical objects and they play instrumental roles in problem-solving activities

In chapter three I discuss some other possible objections to the conception of technologies
as problem-solving physical instruments.
21
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of generating power and finding a light source at night to be able to read a book.
So, it seems that in this account the moon and the river qualify as technologies. But
are they?22
I believe that although the objects in the examples above do have instrumental
values, the moon and the river do not qualify as technologies. This is because what
these objects do does not depend on human intentions, and the relations that
humans make with them do not qualify as acts of usage. In the definition of
technologies as problem-solving physical instruments, a physical object which has
instrumental values needs to be (intended to be) used by problem-solvers in order
to qualify as a technological object. Since sitting in the moonlight or putting a
watermill on a river’s path do not qualify as acts of usage, the objects of these cases
do not qualify as technological objects.
Wybo Houkes and Peter Vermaas (2004) have provided an account of use which is
useful to mention here. Their account is based on the concept of ‘use plan’ and
requires the manipulation of a given object as a part of goal-oriented series of
actions:
Defining a plan somewhat loosely as a goal-directed series of considered
actions, a use plan of object x is a series of such actions in which
manipulations of x are included as contributions to realizing the given goal.
(Houkes and Vermaas 2004, p. 57).
The fact that even a river and the moon have some instrumental value, perhaps, is also the
reason why Heidegger believed that seeing natural objects as ‘standing reserved’ to be used by
humans, alienates us from an authentic experience of reality. He refers to the river Rhine and the
dams which are made on its path to illustrate how the instrumental understanding of reality turns
even a river into a potential source of power (Heidegger 1977). Whether or not we agree with the
normative conclusions that Heidegger draws on human alienation, it is plausible to think that
seeing objects as means to achieve certain ends turns them from natural objects into potential
technologies.
22
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So if usage takes use-plans and manipulations of objects, an object can strictly be
said to be used when at least a minimum level of manipulation is applied to it—
which is not the case in the moon and the river examples.
But is there any difference between the cases of the moon and the river on the one
hand, and the case of the tree used as a meeting point on the other? The tree does
not seem to be manipulated either, and if that is true, it should not be considered a
technological object. There is indeed a difference between these two sets of cases.
The use-plan which is executed in the case of the tree involves assigning a
particular meaning to the tree which it does not naturally have; i.e., the meaning of
being a meeting point. This meaning ascription, of course, is a minimum form of
‘manipulation’, and as I argued, trees used as meeting points are minimally
technological. But no human intervention in the form of usage has made the river
or the moon, respectively, provide water pressure or shed light. The moon keeps
shedding light whether or not I sit in the moonlight to study, and the stream of
water that makes up a river has a water pressure whether or not we use it to exert
pressure on a turbine’s blades. The tree would not be a meeting point if we do not
want it to be, but a river will provide water pressure and the moon will keep
reflecting the Sun’s light to the earth independently of our intentions.
Note once again that the fact that something does not qualify as a technological
object does not mean that it has no instrumental value whatsoever. The moon and
the river do play roles in problem-solving activities as physical objects, and for this
reason they do have instrumental values. But since they are not physically
manipulated and are not assigned any meaning to, they are not technologies.
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Beside these particular natural objects, animal constructs also make interesting
cases for this definition. Spider webs, beaver dams, anthills, etc. are all physical
structures which are created and used by animals. There are also examples of tool
using animals like the crow that bends a wire and uses it as a hook to pull objects
out of a narrow container or the chimpanzees that cut the leaves off tree branches
and use them to fish or dig termites [Shumaker et al., 2011; Weir et al., 2002; Beck
1980]. In these cases, whether or not those objects applied or constructed by
animals qualify as technologies depends on the mental capacities of the animals.
Engaging in problem-solving activities takes a sophisticated mind. So the question
whether or not spider webs, beaver dams, anthills, or any tool used by animals
qualify as technologies should be answered on the basis of the empirical question
of whether or not these animals are mentally sophisticated enough to consciously
use material objects as a part of their solutions to what they perceive as
problematic states of affairs. This empirical study is, of course, beyond the scope of
this piece. But obviously, if activities of other species can be meaningfully called
problem-solving activities, then those species’ constructs and the tools which they
use would also be technological objects for them.
However, there is another important point which I should mention here. What do
we really want to gain by including animal constructs as technologies? As
mentioned in the introduction, one of the reasons why I elaborate the conception
of technologies as problem-solving physical instruments is to address some
philosophically relevant issues.23 At least for the purpose of addressing these
Two debates which I discuss in the last two chapters will be the debate between humanism
and nonhumanism in metaphysics of technologies and the debate on the degree to which
technology and science shape each other.
23
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debates, it becomes an arbitrary matter to include animal constructs as
technologies, as both debates are related to the relation between humans and
material objects.
This means that the question whether or not objects that animals construct or
apply are technologies gets different answers depending on our philosophical
approach. Conceptually, the answer depends on an empirical study. Pragmatically,
at least for the sake of the goals of this thesis, it does not matter!
In any case, before addressing the debates in the second section of the thesis, I
need to deal with the issue of particular specification of technologies. I discuss this
topic in the next chapter where I develop my theory of functions.
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Chapter two: A belief-based consequentialist theory of functions
As I explained in the introduction, the goal of the first two chapters of this thesis is to
introduce technological objects as problem-solving physical instruments and discuss
the important metaphysical details of this conception revolving around the issues of
the general and the particular specification of technologies. In the previous chapter, I
dealt with the question of the general specification of technological objects and
defended and elaborated on the definition of technologies as problem-solving
physical instruments. According to this definition, “something is a technology if it is
(intended to be) used to help its user(s) solve a given problem by virtue of its physical
characteristic.” This definition is derived from the problem-based nature of
technological objects. In addition to helping us distinguish between technologies and
ordinary objects, three other implications of this definition of technologies were
mentioned: technologies are inherently open to evaluative and comparative
judgment; things can be technological to different degrees; and the property of being
technological is metaphysically more basic than being a technology.
In this chapter, I move from the topic of the general specification to the particular
specification of technologies. I do so by examining the main existing theories of
functions and by introducing and defending my own theory which I refer to as the
belief-based consequentialist theory of functions.
Abstract
Imagine a dishwasher used to wash dirty clothes:
-

Is that object a dishwasher or a washing machine?

-

What is the right way of referring to this object: should we refer to it as a
dishwasher or as a washing machine?

-

Can it be a dishwasher at one point and become a washing machine at
another?

-

Can it be a dishwasher for one person and a washing machine for another?
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-

Can it be a dishwasher and a washing machine at the same time for one and
the same person?

One can appeal to the concept of ‘function’ to particularly classify technologies.
And based on the function that a technology has, one can say what kind of
technology it is.
Many existing theories of functions, however, treat functions as essential
properties of technologies. In such theories, technologies’ functions are taken to be
universal and independent of the activities in which they are used. This essentialist
understanding of functions is often a result of severing the technological object
from its context of use.
Here I make a distinction between the semantics and the metaphysics of function
theories. I argue that the role of the semantics of technical terms is to tell us when
we are justified in referring to an object as a ф-er, and the role of a metaphysical
theory of functions is to determine criteria for objects which are for ф-ing.
I show that, unlike intention, which is neither necessary nor sufficient, having a
certain type of belief about what technologies do is both necessary and sufficient in
identifying their functions. This belief is not about technologies’ intrinsic
properties; rather, it is about the intended consequences of their usage. Based on
these arguments, I introduce and elaborate my own theory of functions which I
refer to as the belief-based consequentialist theory.
Therefore, a dishwasher used to wash dirty clothes is a washing machine but
should be referred to as a ‘dishwasher’. It can be a washing machine at one point, a
dishwasher at another point, or a washing machine for one person and a
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dishwasher for another, or both a washing machine and a dishwasher at the same
time for one and the same person (or for two different people).
Functional categorization of technologies: the source of function
One can appeal to the concept of function in order to particularly categorize
technologies, or in other words, make distinctions between different types of
technological objects. Going through all theories of functions proposed by different
philosophers and analysing their strength and weaknesses will be a timeconsuming process which takes a separate philosophical project in itself24. Luckily,
however, the literature also contains meta-theoretical discussions which provide
categorizations of the existing theories of functions on different grounds. Peter
Kroes’s Technical Artifacts: Creations of Mind and Matter (Kroes 2012) and Mark
Perlman’s “The Modern Philosophical Resurrection of Teleology” (Perlman 2004)
are good examples of this sort. Kroes makes distinctions between epistemic and
ontological theories of functions on the one hand, and between theories of function
ascription and theories of function kind ascription on the other (Kroes 2012).
Perlman, too, distinguishes between naturalistic, non-naturalistic, and quasinaturalistic theories, between reductionist and non-reductionist theories, and
between present-looking, past-looking, and future-looking reductionist theories
(Perlman 2004).
In this chapter, I start my discussions by providing a meta-theoretical analysis of
functions in the sense that instead of examining the pros and cons of all the

For discussions on metaphysical theories of technical functions see for instance (Millikan
1989, 1999) (Wright 1973) (Hansson 2006) (Vermaas and Houkes 2003, 2006) (Boorse 1976)
(Vaesen 2011), and for the significance of function talk on the theory of concepts see (Bloom 1996,
1998) (Malt and Johnson 1992, 1998).
24
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existing theories of functions, I look at a more abstract topic which deals with the
sources of functions. I then derive my theory of functions from what I consider to
be the most justifiable source of function. In this way, I use the meta-level
discussions as a shortcut to get to the appropriate theory of function, without
spending too much time analysing all existing theories.
One of the most important meta-theoretical discussions in the field is finding the
source(s) of functions. Here the question is: what gives an object the function
which it has? The importance of this question lies in the fact that one can defer the
answer to the question “how to determine an object’s function?” to the source of
that object’s function.
Perlman has introduced human intentions and objects’ capacities (their physical
and chemical properties) as two main sources of functions (Perlman 2004, p.40).
Kroes adds ‘past or future events’ as the third possible ‘building block’ for theories
of functions (Kroes 2012, p. 50). Let me clarify each of these proposed sources of
functions a bit further.
Intention has been proposed by some authors like Peter McLaughlin (McLaughlin
2001, 2002) as the source of technologies’ functions. (Although McLaughlin prefers
to describe technologies in terms of their purposes and not functions. He believes
“the term function fits better the parts than the whole” (McLaughlin 2002, p. 198),
but he still agrees that “the literal attribution of functions to artifacts
[technologies] is...natural and unproblematic” (ibid.).) According to intentionbased theories, what gives technologies the functions which they have is human
intention. Humans (often considered to be designers and sometimes users) make
things for particular purposes and assign certain functions to them based on what
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they intend the products to do for them. So, according to intention-based theories,
function is something which is ‘assigned’ (or ‘ascribed’) to objects.
Think about an anti-shoplifting gate and its beep for example. The shopkeepers
and the customers can be indifferent to the beep, but the reason why they are not
is that that beep has been assigned a particular meaning. The beep of the gate is
not just a noise for the shopkeepers and the customers, rather it alarms (possible)
cases of shoplifting. It is this human intention to interpret the beep in a particular
way that gives meaning to the beep and becomes the source of the function of the
security gate. In fact, similar gates can be used in football matches as the goals and
with an RFID chip attached to the ball, the referees will be able to confidently tell
whether the ball has crossed the line or not. In such cases, the beep is interpreted
as the goal which is scored, and the technology gets the function of a smart goal. So
intention-based theories can always explain how one and the same physical object
can have different functions in different contexts. Because function is something
which is assigned to physical objects and there is segregation between functions
and the physicality of objects, different functions can be assigned to one and the
same physical object.
Physical and chemical capacities and the causal roles that a technological object
plays in relation to its environment are other widely discussed sources of
functions. Here I must add that causal-role theories (which claim that the function
of a technological object is determined by the causal links that it has with its
surrounding) are slightly different from the capacity-based ones (which claim that
the function of a technological object is rooted in its physical and chemical
properties). The reason why these two theories can be seen as one joined theory,
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however, is that we can scientifically show that an object’s causal interactions with
its environments are explainable and predictable by the object’s physical
properties. In fact, major parts of the scientific endeavour are directed at
identifying the laws governing objects’ causal interactions with their environments
on the basis of the physical and chemical properties of the objects and their
environments. Therefore, scientifically, saying that an object has such and such
particular physical properties amounts to saying that the object can have such and
such causal interactions. According to this joint version of causal-role and capacitybased theories, an object’s function can be described in terms of the causal roles
that the object plays in connection to other parts of the system to which it belongs
by virtue of its structural capacities (Cummins 1975, 2002). 25 For instance, a
capacity-based theorist would say that a PC is a PC, and not an airplane or an air
conditioner, because it has got a monitor and a motherboard and a RAM and all
other physical features that make it function as a computer. The reason why it is
not an airplane or an air conditioner, the capacity-based theorist would continue,
is that it does not have the capacities that planes and air conditioners should have.
It does not have engines or wings to be able to fly, and it does not have cooling
mechanisms that air-conditioners need to have.
As Kroes notes (Kroes 2013, 31), capacity-based theories are close to engineers’
views of technologies. Engineers see any functioning technology as a system which,
as long as it keeps receiving its inputs, would produce specific (and to a high
degree predictable) outputs. So, as longs as I plug my PC in and turn it on, my
computer produces outputs which are explainable and predictable. A system
Cummins’ analyses are mostly applicable to biological functions, however, one can make
similar claims about technical functions as well.
25
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which is designed in such a way—to produce outputs via its monitor and speakers
when it receives inputs from its keyboard and mouse—cannot produce the type of
outputs required of a plane or of an air conditioner. So engineers understand
technologies based on their inputs and outputs which are the causal relations that
systems have with their environments. The relation between input and output is
generated by the physical characteristics of each technology.
Past (and future) events are also introduced as sources of function. Theories of this
sort are often introduced as etiological (Millikan 1984; Neander 1991) or
evolutionary (Houkes and Vermaas 2010) theories of function. Perlman
categorizes these theories as naturalistic reductionist backward-looking distant
past theories of function (Perlman 2004). Most of these theories are proposed as
theories of biological functions because evolutionary biologists appeal to the
evolutionary history of an organ or a species to explain its particular
characteristics. Similarly, in the case of technical functions, these theories relate
technologies’ functions to their production history and to their long-term selection.
I will come back to these theories in future sections.
Here it is also important to note that these proposed sources of function are not
mutually exclusive, and one can include more than one of these three common
sources in their function theory. Amie Thomason, for instance, combines the
capacity-based theories with intention-based ones: “the particular natures of
artifactual kinds [technologies] are constituted by makers’ intentions regarding
what particular features are relevant to kind membership” (Thomasson 2009, p.
206, emphasis added). So Thomasson emphasizes both designers’ intentions and
the objects’ physical structures as determining the particular type to which
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technologies are members of (i.e., their functions).
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Vermaas, on the other hand, put the three proposed sources of function together
and consider human intention, object’s causal-role, and their reproduction history
all as important sources for function, even though the weight they give to each of
these three is different (Houkes and Vermaas 2010).
Metaphysics vs. Semantics
Before introducing and defending my own theory of functions, I need to make an
important distinction which has clouded philosophical discussions on functions.
This distinction is between metaphysical theories and theories of reference. It is
one thing to say what the metaphysical status of an object is, something different
to say how it should be referred to. If we are justified in referring to an object as
‘A’, it does not follow that the object belongs to the category of A’s. 26 As Nathan
Salmon (1979 and 1982) has shown, one can accept a theory of reference without
committing oneself to any essentialist position in regards to the objects of
reference. This can be clarified with an example that I started this chapter with. My
neighbour may use her dishwasher to wash her dirty clothes. As I shall argue later
on, the fact that, according to my neighbour, that machine cleans her dirty clothes
turns it into a washing machine (even if it may not be a very good one). But this
does not mean that one is not justified in referring to that object as a dishwasher.
Cases in which someone uses a technology in a different way from what it is often
used for are known as cases of creative or innovative usage. Philosophers have
Empirical psychologist, Paul Bloom has also made a similar comment on the distinction
between linguistic categorizations and non-linguistic ones (Bloom 2007). On the other hand,
however, in reply to Bloom, Barbara Malt and Steven Sloman have shown doubts “whether there
really is a process constituting “categorization” that is distinct from the language-embedded
process of naming” (Malt and Sloman 2007, p. 656).
26
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appealed to different methods to solve the problem of innovative usage. The
problem in the context of the previous example is this: what is the function of the
dishwasher which is used to wash dirty clothes? Is it a dishwasher or a washing
machine? Most philosophers have made a distinction between proper functions and
accidental functions to answer such questions [Millikan 1989, Wright 1973,
Preston 1998]. According to these philosophers, technologies keep their proper
functions in all contexts, independently of how they are used in reality. But at the
same time, people can use technologies in different ways and these innovative
usages of technologies give objects their accidental functions. So, these
philosophers would argue that the proper function of the technology used by my
neighbour is to wash dishes, but in this case, its accidental function is washing
dirty clothes.
Among explanations given to the phenomenon of creative usage, Kroes’s answer,
which relies on the distinction that he makes between function ascriptions and
function kind ascriptions, is also worth mentioning. He makes a distinction
between the category of objects which are for ф-ing and those which are ф-ers: the
category of objects which are for cleaning dirty dishes and the category of
dishwashers. Saying that something is a ф-er, in his view, is a claim about the
function kind to which the object belongs. Saying that it is for ф-ing, in contrast, is a
claim about the function of that particular object (Kroes 2012). In this way, we
assign function kinds to objects like dishwashers, PC’s, planes, air conditioners, etc.
and by doing so we categorize them as ф-ers. But if someone starts using a piece of
rock to hammer a nail, or sits on a coffee table, the piece of rock and the coffee
table are used respectively for hammering a nail and for sitting on (i.e. for ф-ing). If
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we go back to our original example, Kroes would argue that the technology which
my neighbour is using is for washing dirty clothes, but it belongs to the category of
dishwashers.
In this way, if we ignore the technicalities of their theories, the distinction which
Kroes makes between objects which are ф-ers and those which are for ф-ing can
be mapped on the distinction between proper and accidental functions that
Millikan, Wright, or Preston have made. ф-ers are objects which have the proper
functions of doing ф, and objects which are for ф-ing have the accidental function
of doing ф. From this point on, I only use Kroes’ vocabulary. So unless mentioned
otherwise, we can assume that the following discussions are translatable into the
vocabulary of proper and accidental functions as well.
I agree with the distinction between objects which are ф-ers and those which are
for ф-ing, and find this distinction useful to deal with the cases of creative usage.
However, while Kroes treats both projects as metaphysical ones, I believe, the
project to identify ф-ers and the project to identify objects which are for ф-ing
should be seen as two philosophically distinct projects. Not only do the group of
objects which are for ф-ing not match the group of ф-ers (which Kroes also
contends), but also identifying ф-ers is a different philosophical practice than
identifying objects which are for ф-ing: saying that an object is ф-ing is a
metaphysical claim, whereas saying that it is a ф-er is a claim related to naming
and the right way of referring to technologies. In the case of the previous example,
if my neighbour uses a dishwasher to wash her dirty clothes and perceives that
after using that machine her dirty clothes become cleaner, that machine
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metaphysically qualifies as a washing machine, but we are still justified in referring
to it as a dishwasher.
As Hilary Kornblith has demonstrated (Kornblith 2007), the way we refer to
technologies can be explained by the same causal theory of reference which people
like Saul Kripke (1980) and Hilary Putnam (1975) have developed. So, the reason
why we are justified in calling a dishwasher which is used as a washing machine ‘a
dishwasher’ can be explained by appealing to the causal theory of reference.
In Kripke’s causal theory, a speaker is warranted to refer to an object as ‘X’ if there
is a causal-historical link between the first person who named that object ‘X’ and
the speaker who intends to use ‘X’ to refer to X. For instance, the reason why I can
confidently refer to Broad Peak (which is the name of a mountain in Himalayas) by
uttering the phrase ‘Broad Peak’ without even having seen the mountain myself is
that there exists a causal-historical link between the moment at which that
mountain was named ‘Broad Peak’ and the moment at which I uttered this phrase
to refer to the mountain. Some link similar to the following. The first person or a
group of people started using the term ‘Broad Peak’ to refer to this mountain. Then
the name was suggested to a committee, and, after being accepted, made its way to
the maps and was used by journalists and others who appealed to the maps or the
committee’s documents to refer to that summit by uttering the phrase ‘Broad
Peak’. I recently learned the name after three Iranian climbers successfully opened
up a new route to the summit but got lost on their way back and have most
probably lost their lives during their descent. A similar causal link can be found
between the moment at which the machinery used by my neighbour was named a
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dishwasher and the moment at which I utter the word ‘dishwasher’ to refer to it. I
am justified to call it a ‘dishwasher’ even if it is used for cleaning dirty clothes.
Putnam himself has discussed the semantics of terms referring to simple
technologies like ‘pencil’ in his “The Meaning of ‘Meaning’” as well. He argues that
terms which refer to artifacts are indexicals and thus keep their references in all
counterfactuals (Putnam 1975, pp. 215-272). The difference between Kornblith
and Putnam (which is also why I prefer Kornblith’s formulation) is that Kornblith
explicitly makes a distinction between the semantics and the metaphysics of terms
which refer to technological artifacts:
[W]hat makes an artificial kind the kind of thing it is has some essential
connection to human intention, and this is an interesting point about the
metaphysics of artifacts. But this point about the metaphysics of artifacts
cannot be used to ground any theses about the semantics of artificial kind
terms or about any sort of epistemological privilege. (Konrblith 2007, p.
145)
Putnam, on the other hand, relates his causal theory of reference to a metaphysical
essentialism which as I (similar to Kornblith) discussed should be kept separate
from the semantic analyses.27 I shall shortly discuss the essentialist theories of
functions in detail.
Evolutionary theories
It now becomes clear why the evolutionary theories of functions (also known as
etiological theories), besides their importance for sociological studies of
technologies, should be treated as a complement to the semantics of terms
For an alternative semantic theory of artifacts see (Schwartz 1978 and 1980). Schwartz
defends a descriptive theory of reference and opposes particularly Putnam’s treatment of artifact
terms. However, Schwartz too does not recognize the difference between the semantics and the
metaphysics of technologies.
27
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referring to technologies, not metaphysics of technologies’ functions. This is
despite the fact that evolutionary theories are often suggested as theories which
define function. These theories attempt to define function on the basis of the
production history of the technology and the historical link between original
designers all the way down to the users. Evolutionary theories should not be
incorporated in the metaphysics of function because they cannot explain the
phenomenon of creative usage or that of function change. They rely on a wrong
source of function which would identify objects’ functions independently of their
use contexts.
Nevertheless, the causal link which evolutionary theories rely on is the same link
which the causal theories of reference use to explain how speakers become
warranted in using an object’s name to refer to the objects. Original designers give
an object a name (an arbitrary name, or a name which in its face value says
something about the object’s function); then, other designers use the same name to
refer to the same instrument which might be modified over time. Then designers
and producers sell the technology to distributors under that name. And finally,
users learn the name from the sellers and succeed to refer to the technology by the
name which was adopted by the original designers. The evolutionary theories,
therefore, serve well as a compliment to the semantics of technologies. They tell us
how to pinpoint ф-ers. They do not say what these ф-ers are used for. This is
because, to repeat, our metaphysics should define objects which are for ф-ing, but
it is up to our semantics to help us find out which objects are ф-ers.
But it is not the case that evolutionary theories should be confined only to the field
of semantics of technologies. Besides guiding users on how to refer to technologies,
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evolutionary theories can play another role by showing (one) particular way(s) in
which a technology can be used as well. This role is clarified in the works of
Houkes and Vermaas. They name their theory Intentional Capacity-based
Evolutionary (from here on, ICE) theory of functions. The role that the
evolutionary part (the ‘E’ in ICE) plays in their theory appears in how use-plans are
communicated from designers to users28. But the communication of use-plans is an
epistemic (and not a metaphysical) matter. This is what Houkes and Vermaas also
contend (Houkes and Vermaas 2010, p. 89). The communicated use-plans provide
a justifications for the users to use a given technology in (a) particular way(s) and
for a given (set of) purpose(s): they learn from designers, either directly or most
probably through the manuals, what designers believe a technology can do and
how they can use the technology for that particular purpose or set of purposes.
To summarize, a distinction should be made between metaphysics of functions on
the one hand and epistemic aspects of function theories and theories of reference
on the other. Defining the set of ф-ers is the task of our theory of reference;
identifying objects which are for ф-ing is the task of our metaphysics. The
evolutionary theories of functions, though often suggested as theories which define
function, are more suited to enrich the epistemic aspects of our theory of functions.
What the production history of a technology and the communication of use-plans
in the evolutionary theory do is twofold: (i) they provide a causal-historical link on
the basis of which speakers can justifiably use a particular term to refer to the
technology, and (ii) they communicate one particular (set) of purpose(s) and (one)
particular way(s) in which the object can be used.
I provided Houkes and Vermaas’s definition of use-plan in the first chapter. I will come
back to this concept in the next chapter as well.
28
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Function non-essentialism
As I mentioned above, some advocates of the causal theories of reference, like
Putnam, draw connections between semantics and metaphysics. Since according to
these theorists, the reference of a term is fixed by being causally linked to the
instance of naming, it is tempting to think that there should be something which
metaphysically fixes the identity of the object of reference too; some sort of essence
which does not change and remains the same in all contexts in which the object
appears.
The idea that at least some aspects of technologies’ functional properties remain
the same in all contexts is referred to as ‘function essentialism’. In this section, I
elaborate on this idea and argue why it has no place in the activity-based account
of technologies.
In function essentialism, function is treated as technologies’ essential feature,
something that technologies keep in all contexts. Function essentialism, as Houkes
and Vermaas characterise it, “would divorce an analysis of artefacts from the
involvements that intentional agents have with them, which gave rise to the
existence and descriptions of those entities in the first place” (Houkes and Vermaas
2010, p. 143). Function essentialism in the particular categorization of
technologies, therefore, is the counter-part of the design-based accounts in the
general categorization of technologies which were discussed in the previous
chapter. In both cases, the philosophical analysis of technological objects is severed
from the practices in which they are used.
As Houkes and Vermaas (2010) argue, function essentialism especially comes from
theories which distinguish between proper and accidental functions (and treat
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proper functions as the essence of technologies). Theories which make distinctions
between proper and accidental functions, as mentioned in the previous section,
normally associate proper function with the intentions of designers and consider
designers’ intentions as metaphysically inseparable and definitionally necessary
elements of technologies’ functions. In this form of function essentialism,
designers’ intentions become (at least a part of) what constitute the essence of
technologies. They permeate contexts where designers are spatially and
temporally absent from, even those contexts that designers could not even imagine
could include any form of usage of their products.
Besides theories which identify technologies’ essence with designer’s intentions,
another common form of function essentialism would be capacity-based theories
which identify function based on the physical structures of technologies. Since
technologies’ physical structures are independent of their use context, in these
theories, too, technologies’ functions, as their intrinsic feature, remain the same in
all contexts.
But whether in the form of design-based accounts or capacity-based ones, function
essentialism holds an entity realist approach in the way it treats the concept of
function. It became clear in the introduction and in the previous chapter that entity
realism (as distinct from activity realism) would approach objects independently
of the activities in which they are used; it puts the identification of universal
properties at the centre of its conceptualization of each object. According to entity
realism, therefore, technologies’ functions are defined independently of the
activities in which they are used in reality.
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Beth Preston is one of the philosophers who put forward a function essentialist
view:
Unlike naturally occurring objects, manufactured tools are designed for a
specific use, and normally have a standardized form. More importantly, they
are identifiable as tools—indeed often as specific kinds of tools—apart from
any actual occasions of use. A hammer is a hammer even if it never has and
never will be used for hammering; and even if it has actually been used for
something else entirely, e.g. as a paperweight or a wall decoration. But what
grounds this individuation? The observable features of the object in front of
you and its individual causal history are at best reminders of an
independently known normal use history of objects relevantly like this one.
Just as a stone may bear characteristic marks of actual usage as a hammer,
so the Sears Craftsman implement in front of you looks like a hammer. It
has a characteristic shape, for instance, and is made out of characteristic
materials. There are clues to the specific use for which it was designed and
made, and for which objects like this are normally used. It is this normal
use, mediated by the design and manufacture process, which determines
what the object is. But since the individual object does not have to have ever
been actually used for this purpose in order to continue to count as a
hammer, and indeed may actually have been used for something else, the
individual causal history and the non-individual normal use history come
apart in this case. What you need to know is what people normally do with
things of this sort; not what has actually been done with this one. So some
considerations essential to individuating a manufactured object cannot be
read off the object itself, no matter how complete our description or how
thorough our knowledge of its causal history. Without these nonindividualistic considerations we cannot even say for sure that this is a tool,
never mind what sort of tool it is. (Preston 1998, p. 518, some italics added)
Preston, therefore, holds similar positions in her general specification and in her
particular specification of technologies. In her general specification of
technologies, she believes that if there is no non-individualistic history for an
object like a hammer which is used for particular purposes, one cannot say for sure
that the physical object is a tool. And in her particular specification of technologies,
she adopts a non-individualistic identification of function which combines the
capacity-based, the evolutionary, and the intention-based theories. In her view, to
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know the function of a technology and to know whether an object is a technology
in the first place, we need to know its non-individual history and the purposes for
which it was originally designed. If a hammer is always used as a paperweight or if
it is used as a part of an artwork, it still remains a technological tool and a hammer.
And what make it a hammer are things that it keeps in all contexts as its essential
properties: its observable physical features, its production history, and the
intention of its designers.
Lynn Baker is another defender of function essentialism. In her view, the essence
of each technology is found in its proper function:
[A] proper function is a purpose or use intended by a producer… Thus, an
artifact has its proper function essentially: the nature of an artifact lies in its
proper function—what it was designed to do, the purpose for which it was
produced. (Baker 2004, p. 102)29
The form of function essentialism that Baker defends, then, is an intention-based
one, where intention refers to the intention of the designers. Based on the
arguments provided in the previous section, I believe although Preston’s and
Baker’s ideas are introduced as theories which define function, they would work
well only as theories in the semantics of technologies because, similar to causal
theories of reference, they can indeed explain why the referents of terms which are
used to refer to technologies remain the same independently of activities in which
they are actually used. In fact, empirical works of psychologists like Paul Bloom, on
the one hand, and Barbara Malt and Eric Johnson, on the other, have also revealed
the importance of, respectively, people’s beliefs about the creators’ intentions and
Baker even goes on and in one of her necessary conditions for an x to be an artifact
(technology) claims x is an artifact (technology) if “x’s existence depends on the intentions of its
authors and the execution of those intentions” (Baker 2004. p. 103). To see more on proper
functions and their relation with accidental functions refer also to (Millikan 1999).
29
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the objects’ history (Bloom 1995, 1998) and the physical appearances of objects
(Malt and Johnson 1992) in the way people name artifacts and categorize them.
Thus, Preston’s and Baker’s ideas can indeed be fruitful for the epistemic analysis
of technologies, as they can shed philosophical lights on and be empirically
informed by works of psychologists like Bloom and Malt.
However, essentialist theories of people like Preston and Baker are not
metaphysically satisfactory. This is because while a technology’s name refers to its
physical properties and to its production history, it does not say anything about
how and for what purposes it is used. Unlike what function essentialists would
argue, the metaphysical status of technologies should be determined in the context
of use and not in a spatially and temporally distant context (i.e. the context of
design). Preston’s and Baker’s views would justify why a hammer which has only
been used as a paperweight should be referred to as a hammer. Preston’s theory, as
well as the works of psychologists like Malt and Johnson, would also justify why a
fake calculator which only looks like a calculator is still called a fake calculator. But
the names given to objects do not necessarily say anything about their functions.
The role of metaphysical studies of functions should be to clarify in what
conditions an object has the function of ф-ing and not which objects can be
justifiably called ф-ers. Here identifying objects’ functions indeed becomes an
individualistic task: while objects’ names follow their production history and their
physical properties, each object’s function is set individually.
This is also why I find discussions on artificial kinds metaphysically wrongheaded,
yet linguistically and epistemically illuminating. It is not uncommon in philosophy
to discuss the existence of kinds as including, yet distinct from, their members.
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While in other areas such discussions can shed light on the metaphysics of the
subject matter, in the case of philosophy of technology, I believe, the idea of
artificial kinds should be kept outside the metaphysical discussions of functions.
Believing in the existence of artificial kinds, which is not unrelated to believing in
the existence of proper functions (in the sense that proper functions become
definitive of artificial kinds), does not tell us what in reality an object does, which I
believe should be the task of the metaphysics of functions. What discussions
around the topic of artificial kinds can guide us toward is showing us one way in
which the object can be used and how the object should be referred to. But the task
of the metaphysics of technical functions should be to define function based on
what we believe an object actually does. This is because what differentiates
technologies from other physical objects is the very fact that technologies are used
in particular activities. Talks on artificial kinds (or any other form of function
essentialism) choose the opposite direction; instead of looking at particular
activities where technological objects are used, they look for essential properties
that objects keep in all contexts.
In philosophy of science, it makes sense to talk about (natural) kinds because
scientifically postulated entities, after all, are universal and mind-independent. But
since the existence of technological objects is mind-dependent, what metaphysics
of technology, as independent from metaphysics of science, needs to do is
describing what we believe things do (and not, say, what their physical
characteristics are). Talks on artificial kinds and reducing metaphysics of functions
to non-individualistic characterizations of technologies, thus, would be
metaphysically wrongheaded. Even if we incorporate some non-individualistic
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individualistic and context-, or as I prefer to say, activity-dependent.30
One might here try to defend function essentialism and argue that I am confusing
the concept of function with that of functioning-as. In this fashion, one might make
a distinction between the act of identifying a technology’s function and the act of
saying what the technology was used to function as. The function of an antishoplifting gate, the adherent of this distinction would go on to say, is to alarm that
possible cases of shoplifting is happening, but it can also function as smart goals in
football matches; the function of a hammer is hammering objects, but it can also be
used to function as a paper weight; and so on. This distinction between functioning
and functioning-as, therefore, can tempt one to argue that the task of metaphysical
studies of functions is not identifying what an object in each particular context
does, as this would only reveal what the object is functioning as. The task of
metaphysical studies of functions, the function essentialist would insist, is to tell us
what the technology keeps in all contexts.
The tempting function-essentialist conclusion based on the distinction between
function and functioning-as, of course, should be avoided. This is because the
argument is circular. For this argument to work, we should first accept the premise
that there is indeed something about an anti-shoplifting gate, a hammer, etc. (i.e.
their function) which they keep in all contexts. This premise, however, itself
reflects a function essentialist position and thus cannot be used to defend function
essentialism. If function essentialists, in other words, do not interpret the
Some philosophers like John Weckert believe that even in the field of philosophy of science,
talking about kinds does not say as much about the essential features of the entities as it says about
our linguistic categorizations (Weckert 1986).
30

99

distinction between function and functioning-as by their essentialist lenses, their
desired essentialist conclusion cannot be drawn from their premises. And when
they do interpret their premise in a way that their desired essentialist conclusion
can be drawn from their premise, their argument becomes circular. If, contrary to
function essentialists, we believe that the distinction between function and
functioning-as reflects the distinction between semantics and metaphysics, then
we will not accept the premise of the function-essentialist argument (that there is a
metaphysical distinction between cases where we use a hammer to hammer a nail
and cases where we use it as a paper weight; between cases where we use an antishoplifting gate as a security gate and cases where we use it as smart goals; etc.),
and the whole argument becomes invalid for us.
Earlier I introduced the cases of innovative usage. These are cases in which an
object is used differently from what it is normally used for. Using a dishwasher to
wash dirty clothes is an example of innovative usage. After this section’s
discussions, it has become clear that there are in fact two general strategies that
one can adopt in order to address the cases of innovative usage. On the one hand,
one can make distinctions between proper and accidental functions, between ф-ers
and objects which are for ф-ing, or between function and functioning as. In this
way, one would defend a function essentialist position according to which,
metaphysically, technologies keep the most important characteristic of their
functional properties in all contexts. But on the other hand, one can make
distinctions between semantics and metaphysics and contend that metaphysical
characteristics of technological objects, including their functional properties, are
activity-dependent, and that what technologies maintain in different contexts
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(besides their physical properties) is their name. This latter position, of course,
should be accompanied by a non-essentialist causal theory of reference. It is more
common in the literature to adopt the first strategy, but here I have adopted the
second strategy. The arguments which I have put forward show the advantages of
my position over a function essentialist one. This second strategy is also in lines
with the activity realist approach which I have taken throughout this thesis.
The function essentialist tries to convince us that, while technologies can be
associated with different ways of functioning as other technologies, they keep one
particular function in all contexts as their actual or proper function. This claim is
put as if, among all purposes for which they are used, material objects find one
particular purpose more appealing than others and decide to marry it as their
proper function and keep it wherever they go. It is surely true that the physical
structures of each technology are more suitable for some functions than others. It
may also be true that most technologies are used by most people in similar ways
that their designers thought about. But these do not mean that there is one
particular function which stands out and should be used to identify the technology
wherever the object goes. Why should what we call ‘an anti-shoplifting gate’
always be identified as a device to alarm possible cases of shoplifting even if it is
used as smart soccer goals? Why should we privilege one function over the other
and decide to see it as the function of the technology? Why should an Aspirin be
always identified as a pain-killer even if it is used by some to prevent heart
problems? Why should, as yet another example, a cloud chamber be identified with
the function of ‘showing the tracks of positrons’ and not with the function of
‘showing the tracks of kaons’? As we see, in some examples it is even hard to
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decide which function mirrors the prevalent usage of the technology over the
others, let alone defining it as the function of the technological object.
My final objection to function essentialism (and to treating the distinction between
function and functioning-as as a genuine metaphysical distinction) is a pragmatic
one: What do we even gain from adhering to the function essentialist position? Is it
not the case that if we want to make moral, political, social,... assessments of a
technology, we should see how it is actually used? If that is the case, why should
we identify a technology with some essence which may have nothing to do with
how it is used and what the consequences of its usage are? This is another reason
why I believe a satisfactory theory of functions, instead of trying to give an
essential, context-independent definition of functions, needs to consider what is
perceived as the consequences of using technologies. My aim in this chapter is
providing such a theory of functions, but before doing that I want to go back to
discussions of the sources of function and examine the intention-based and the
capacity-based theories in more detail.
Assessing capacity-based and intention-based theories of function
If the category of ф-ers is determined by semantics, the category of objects which
are for ф-ing is determined by metaphysics, and it is indeed up to our theory of
functions to set the conditions under which we can identify a technological object’s
function as ф-ing. After discussions of the last section, we know what a theory of
functions should not look like. It should not define technologies’ functions on the
basis of properties which they keep in all contexts, because that would lead to
function essentialism. But do we know what a theory of functions should look like?
Here I would like to change the direction of theories of functions and suggest that
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in order to find the source of technologies’ functions, instead of looking ‘inside’
them (which function essentialists would do), we look ‘outside’ technological
object and focus on what is believed to happen in the world as a result of using
them. To guide the task of finding this external source of functions, I suggest we
contemplate on the question: what is said when we make claims like ‘this object is
for ф-ing?’ Are we making a claim about the object’s physical structure? Are we
saying anything about the intentions of the designers or users?
The answer that capacity-based theories give to these questions would be that one
needs to look at the physical structure of objects to determine their functions: by
saying that an object is for ф-ing, we are making claims about the object’s physical
structure. As a response, it should be said that indeed if an object does not possess
the right physical structure for ф-ing, it will not be able to ф. For instance, if an
object does not have any wheels, it cannot function as a bike. But this does not
mean that by saying that something is ф-ing, we are making claims about that
thing’s physical structure. The claim about the object’s physical structure might be
implied, but it is not the main claim. When we say something is ф-ing or is for фing, we are, more than anything else, reporting our beliefs about the changes
occurring in the world during and after the object is (intended to be) used, either
by us or by someone else. For instance, when I understand the function of what we
call ‘an airplane’ as a flying vehicle, I do not make any claims about how it looks or
what its physical structure is; rather, I refer to the fact that when we use that
object in a certain way, people can travel with it in the air, from one place to
another. In fact, a plane’s physical structure suits the function of a mobile pressing
machine or a moving hostel too. But we identify its function as an airplane, because
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it is used as a flying vehicle, and not as a flying pressing machine or a flying hostel.
Of course, if anyone uses what we call ‘an airplane’ for other purposes, it indeed
gets a different function. Or as another example, when I understand the function of
a technology as an anti-shoplifting gate, I do not make claims about its physical
characteristics; rather I refer to the fact that when the object is used in certain
contexts, its beep is interpreted as possible cases of shoplifting, and shopkeepers
and customers react to it accordingly. However, as it was mentioned earlier, the
same physical object can be used in football games as smart goals. In that context,
we identify the function of the same physical object differently because we get
different beliefs about the consequences of its usage.
It should not be surprising, however, that capacity-based theories cannot explain
cases in which one and the same object is used for different purposes in different
contexts. These theories, after all, identify technologies’ functions with their
intrinsic physical characteristics, and for this reason, capacity-based theories hold
a function essentialist position. These theories only look ‘inside’ technologies to
determine their functions, and what is inside technologies remains the same in all
contexts.
But how about intention-based theories? After all, intention-based theories suggest
that the source of function is human intention which is outside each technology.
This is also why intention-based theorists consider function to be ‘assigned’ or
‘ascribed’ to technologies. They do not just talk about functions; they talk about
function ascriptions. Can we, then, conclude that intention-based theories define
functions by looking outside technologies? Not necessarily! When in intentionbased theories intention is interpreted as the intention of designers, then we will
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end up with function essentialism. This is because although in these theories
technologies originally acquire their function from an external source (i.e.
designers’ intentions), after this moment of function ascription, the function stays
with the technological object in all contexts as its intrinsic feature. Once a designer
assigns a given function to a technological object, that function becomes a
necessary and inseparable identifying feature of the object. In such a view, what
we call ‘an anti-shoplifting gate’ retains its function as an anti-shoplifting gate,
even if it has always been and will always be used in soccer matches as smart
goals.
But how about moving from designers to users and identifying the source of
technological objects’ functions in users’ intentions instead of those of designers?
In this way, the source of function remains something external, on the one hand,
and would be non-essentialist and context-sensitive, on the other. So if someone
decides to use what we call ‘an anti-shoplifting gate’ as smart goals in football
matches, the function of that object does become smart goals.
Obviously, due to being non-essentialist accounts, user-oriented intention-based
theories have these explanatory advantages. The problem, however, with theories
which reduce technologies’ functions only to users’ intentions is that they result in
counter-intuitive conclusions. According to user-oriented theories, for instance,
one can intend to use an airplane, a computer, or a football, respectively, as a cup, a
boat, or a voltmeter, and the fact that these objects are intended to be used as cups,
boats, and voltmeters, provides good reasons to understand their functions as
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cups, boats, and voltmeters. So, the user-oriented theories seem to be too
permissive in how they ‘assign’ functions to physical objects.31
One might try to defend user-oriented theories against these examples by relying
on the distinction between functioning and malfunctioning technologies and argue
that the objects of those examples can qualify as malfunctioning technologies. In
this way, one can insist that we can assign the function of a cup to an airplane if it
is intended to function as a cup, but if it does not in reality function as a cup, we
can just define it as a bad cup. But bad cups are still cups! The same can also be
said about computers used as boats or footballs used as voltmeters. Computers
and footballs will not be good boats or good voltmeters, but they would still be
boats and voltmeters if someone intends to use them for those reasons. In
response to this line of reasoning, I would like to make yet another distinction, one
between malfunctioning technologies and non-technologies.
There are objects in the world which can function as a specific type of technology
(e.g. as a cup). Among these objects, some do the job better than others. For
example, what we often call ‘a cup’ is a better cup than a jam jar, a jam jar is a
better cup than the lid of a jam jar, and perhaps the lid of a jam jar is a better cup
than what looks like what we call ‘a cup’ but has got a couple of small holes at its
bottom. But there are also objects in the world which cannot function as a cup at
all. A sieve, a branch of a tree, and an airplane are among these objects. The point
about the latter set of objects is that one cannot even say that they are bad cups.
They just need to be ruled out as cups altogether. The reason for this is that there

To see a more complete analysis of the problems associated with the user-oriented
intention-based accounts, refer to (Kroes 2012).
31
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is no way that we can justifiably believe that a sieve, a tree branch, or an airplane
can bring that particular states of affairs in the world which something which
functions as a cup can—i.e., a drinkable amount of liquid being kept in an open,
waterproof, and carriable container. Things that we often call ‘cups’ can function as
cups because they solve problems like that of how to keep hot beverages on the
desk or in one’s hands in a way that one would also be able to drink them without
burning one’s hands. Sieves, tree branches, and airplanes are useless in solving
these problems. Jam jars, lids of jam jars, and what we call ‘cups’ (even if they have
a couple of small holes) do indeed (partially) solve such problems. (Note the
particular way in which I have defined mal-functioning. A mal-functioning
technology is not a technology which has stopped working. It is a technology which
still more or less does the job required of it, but it does not do the job properly32. A
broken TV, therefore, does not qualify as a mal-functioning TV in this definition. It
would be a non-TV, even though we are still justified in calling it ‘a TV'.)
So (at least in some cases) intention is not a sufficient source of functions and
relying only on intention would be too permissive, because it allows any person
assign any function they want to any random object, and after this random
function ascription, objects do turn into technologies which were intended by their
users. Kroes (2012) has also discussed this problem of permissiveness of the
intention-based theories of function. Criticizing mainly McLaughlin’s intentionbased theory, Kroes discusses how in intention-based theories “whether or not the
object is actually able to perform the function is not important for the function
attribution” (Kroes 2012, p. 37).

32

In the first chapter, I discussed this normative aspect of technological objects.
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But is intention even necessary? Do people need to intend to use an object to be
able to understand the function of that object? The answer is negative! One’s
relation to an object can be through pure observation without any form of
intention to use the object, but at the same time one can justifiably identify the
function of that object based on their observation of others using it or based on
what one believes would be the consequence of using that object. As an example,
imagine an anthropologist from a non-commonwealth country who has never
heard of the game cricket enters Australia and watches some games of cricket on
her TV alone. The anthropologist can sit back and observe what cricket bats do in a
game of cricket. She most probably never forms any intention to play cricket, let
alone being a batswoman. So her relation to cricket bats always remains as an
observer. But does this lack of intention to use cricket bats prevent her from
identifying the function of cricket bats for herself? Of course not! Despite the lack
of intention, she would still identify the function of the crickets as objects which
can be used to hit cricket balls in games of cricket.
Here someone might argue that intention-based theories can be modified by
allowing observational function ascriptions. In this modified version of intentionbased theories, one does not have to personally form the intention to use an object
in order to be able to identify the object’s function. Even if the intention is someone
else’s (as it was the case in the cricket bat example), as long as one justifiably
believes that the other person forms the intention, then one can still identify the
object’s function.
There are two things which should be mentioned in response here. First, in this
modified intention-based theory, one assigns a function to an object by observing
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others’ using it and by interpreting what one observes as a particular act of usage.
This means that in observational function ascriptions, there needs to be at least
one person who is using the object. But is even the existence of at least one user
necessary for function identification? I might successfully design a time machine
which can take me forward to a minute before I die. For some obvious reasons, I
would never even intend to use this time machine. Moreover, because I do not
show it to anyone else, I would not be able to observe others using the machine
either. But do the facts that I do not intend to use the machine and I cannot even
observe others using the machine prevent me from identifying its function as a
time machine? Secondly, the observational function ascriptions do not strictly
qualify as intention-based theories. This is because although in those cases there is
always at least one user who shows their intentions by their act of using the object,
function ascription primarily relies on the observer’s beliefs about what is
happening in the world and not on the user’s intentions. For this reason the
function that the observer assigns to the object may be different from the function
that the user assigns to it because the observer may form different beliefs about
the significance of the user’s act and its consequences than the user. In some cases
the user may not even intend to achieve any goal and only aimlessly play with an
object. But the observer may believe those acts are done intentionally and have
such and such significances. In such cases, although the intention is lacking, the
observer would still assign a function to the object based on their beliefs. So these
observational function ascriptions are more suitable to be referred to as beliefbased theories and not as intention-based ones. Although even as belief-based
theories, they still need to be modified to be able to explain how we can identify
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the function of objects which no one uses, like the time machine in the example
above.
The fact that an object has never been intended to be used does not mean that it is
impossible to identify its function. Intention is neither necessary nor sufficient for
a theory of functions.33
A proposal for a belief-based theory of functions
Although, at least in some cases, intention is not necessary and in some others not
sufficient, another mental state, namely belief, seems to be always both necessary
and sufficient for identifying objects’ functions. Theories which put human beliefs
at the centre of their definition of function can be called belief-based theories. If the
beliefs are about the consequences of using objects, the theories can be called
belief-based consequentialist theories of functions. Identifying the function of an
object, therefore, in a belief-based theory of functions, amounts to having
particular beliefs about that object or about the consequences of using it. Whether
or not I intend to use an object, I can have beliefs about what the object would do
and understand the function(s) of the object based on those beliefs. I can have such
beliefs even as an observer.
Can a technology’s function be defined in terms of particular beliefs about what it
would do if it is used though? A similar question opened up an objection to
intention-based theories of function: can we assign any function that we want to an
object simply by intending to use it in a particular way? What if we intend to use
I discussed this point from a different angle in the first chapter where I was dealing with
the case of stocked hammers in a factory’s warehouse. There too I concluded that we can still
identify the function of those stocked objects as objects which can hit nails into the wall even
though we do not intend to use them.
33
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airplanes as cups, computers as boats, and footballs as voltmeters? Here too
similar concern can arise. I might believe that what we call ‘an airplane’ can
function as a cup. But does this belief enable airplanes function as cups? Clearly,
the problem here is similar to the problem that intention-based theories face. The
problem arises in the case of irrational beliefs. In order to avoid the problems that
intention-based theories face, we need to make sure that the beliefs in question are
justified beliefs. Not any random belief about an object or the consequences of
using it would lead to the identification of the object’s function. A belief needs to be
justified. Getting into the epistemological discussions of what brings justification
would be out of the scope of this dissertation, but we can all agree that believing
that airplanes, computers, and footballs can be used as cups, boats, and voltmeters
is not a justified one.
Note that since beliefs are themselves necessarily intentional mental states (i.e.
they have intentionality), a belief-based theory of functions can in this sense be
called an intentional theory as well. This is in fact how Houkes and Vermaas
(2010) use the term ‘intentional’ in their ICE theory. However, since from the
beginning of this piece, I have been using the word intention-based to refer to
theories (like that of McLaughlin (2001)) which particularly stress human
intention in determining technologies’ functions, to avoid confusion, I keep
referring to this alternative theory a belief-based one and not an intentional one.
Unlike intention-based theories in which functions are assigned to technologies, in
belief-based theories, function is something which we identify or (get to) know.
Designers know the function of their products during the design process. This
belief is generated by their knowledge about the output which they believe the
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physical properties of their products would bring about. Then again, designers’
beliefs do not guarantee anything. Objects can be used for other purposes and be
identified with other functions by others too. If non-designers stick to designers’
beliefs, they get to know objects’ functions through the manuals or perhaps
through TV ads. But if non-designers use the produced objects differently, they get
to know the objects’ functions either through self-experimenting or through
watching other people using them in those ways.
Here I need to clarify two important points about the belief-based theories of
functions. First, if you remember from the previous chapter, in the case of the
general specification of technologies, it is the intention of (potential) problemsolvers that turns something into a technology: T is a technology if it is (intended to
be) used to help its user(s) solve a given problem by virtue of T’s physical
characteristics. In this chapter, however, intention-based theories are put aside in
favour of the belief-based ones. This difference in how our theories of the general
specification and the particular specification of technologies are formulated causes
an asymmetry between technological objects and objects which we believe to have
certain functions. So there can be objects in the world which have functions but are
not technological objects. They have functions particularly because we can have
certain justified beliefs about them, and they are not technological objects because
we do not (intend to) use them as problem-solving physical instruments. But what
kind of objects are these? The cricket bat and the time machine which I mentioned
earlier are examples of objects which have functions but are not technological
objects. Since, as I explained in the first chapter, the definition of technologies as
problem-solving physical instruments is a subjective one, something can be a
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technological object for one person but not for another. The cricket bat which the
anthropologist never intends to use is not a technological object for her. But she
can still identify its function as an object used in cricket games to hit cricket balls.
Before discussing the case of the time machine as another non-technological object
which has a function, I need to clarify the second point which I wanted to mention.
Secondly, since it is possible for objects to have functions without being
technological, the belief-based theory of functions can be used in other contexts
like that of artworks as well. As we saw in the previous chapter, what differentiates
technologies from artworks is the difference between the types of activities in
which they are used. Technological objects are used in problem-solving activities;
artworks are used perhaps (and this is a big perhaps!) in aesthetic or certain ideacommunicating activities. But this does not mean that one and the same theory of
functions cannot be used for objects used in both types of activities. Think about
the time machine which I decide to put in the museum, for example. Such an object
has the function of taking me forward to a minute before I die. It is not a
technological object for me because I do not (intend to) use it as a problem-solving
instrument. But it is a piece of art kept in the museum of modern arts, and I can
identify its function as a time machine.
As a better example, consider the work of art whose picture appears below:
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The message of this artwork is that black and white frameworks only result in
conflicts and bloodshed. Now, here is the question: what is the function of that
knife? The knife is, of course, a part of the artwork. It is not a technological object;
it is not (intended to be) used in any problem-solving activity. But the function
which it has is the same as the function that most of objects which we call ‘knives’
have: cutting things (including flesh). In fact, it is this very belief that one of the
functions of that object is cutting through flesh which partly constitutes the
meaning of the artwork as a whole. If we do not understand the function of that
knife, we cannot even understand the artwork. Thus, a belief-based theory of
functions is not restricted to technological objects; it can be used to identify the
functions of artistic or other types of objects as well.
Belief-based consequentialist theory of functions
I concluded the previous section with the point that justified beliefs about what an
object would do (if used) should be incorporated in a satisfactory theory of
functions. To come to this satisfactory theory, it is worthwhile here to repeat the
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question which I posed earlier in this chapter: ‘what is said when we make claims
like ‘this object is for ф-ing?’
As discussed earlier, when we say something is ф-ing or is for ф-ing , we are, more
than anything else, reporting our observation of the changes occurring in the
world during and after the object is (intended to be) used, either by us or by
someone else. Here I suggest a belief-based theory of functions which instead of
looking inside technologies, looks at the external (i.e. worldly) consequences of
technologies’ (possible) usage. I name this theory the belief-based consequentialist
theory of functions. According to this theory:
The function of an object is identified by justified beliefs about the intended
consequences of its (possible) usage.
I dedicate the rest of this chapter elaborating on this theory by discussing
important points about this definition.
a) One of the key phrases in the above definition is 'intended consequence of
usage’. What counts in identifying an object’s function is not the
consequence of an object’s physical and chemical properties, but the
consequences of its (possible) usage. If we do not add usage to this
definition, then each object, for instance, would automatically become a
space-filling technology simply for being a physical object; trees become
oxygen-producing technologies; burned toasts become smoke-detectoractivating technologies; holes in the ozone layer become cancer-causing
technologies; etc. Thus, only consequences which are linked to the usage of
objects are constitutive of their functions.
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Moreover, not all consequences of the usage of objects, but only those which
are believed to be intended are constitutive of this definition. Otherwise,
one of the functions of bike helmets becomes ruining people’s hairstyles;
one of the functions of cars would become polluting the environment; one
of the functions of plastic containers would be causing cancer; and so on.
The reason why the objects in these examples do not have those functions is
that we do not believe anyone would intend using bike helmets to ruin
hairstyle, or a car to pollute the environment, or a plastic container to cause
cancer. In a nutshell, without focusing on intended consequences, what we
believe to be technologies’ side effects will also become a part of their
functions.
b) Does the fact that consequences should be believed to be intended turn this
definition into an intention-based one? No! Technologies need not be
literally used or even intended to be used in this account to be assigned a
given function to. Even as a nonuser I can identify objects’ functions based
on what I believe would be the intended consequence of their usage.
Consequences need to be believed to be intended (by the person who is
identifying the object’s function), and this does not mean that one needs to
intend to use an object to be able to identify that object’s function. Saying
that consequences are believed to be intended is different from saying that
the object is intended to be used.
c) Since different consequences can be intended, one and the same physical
object can have more than one function for one and the same person. For
instance, for a physician, an Aspirin is a pain-reliever, a blood-thinner, and a
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cancer-preventing drug, all at once. For my neighbour, what we call ‘a
dishwasher’ can be both a dishwasher and a washing machine. And so on.
Houkes and Meijers refer to this peculiarity of technologies as their
‘underdetermination’. They argue that any satisfactory metaphysical theory
of artifacts (technologies) should be able to explain that each material
structure can realize a variety of functions, something which they illustrate
essentialist theories of functions are unable to explain (Houkes and Meijer
2006, p. 120).
Preston, on the other hand, refers to this characteristic of technologies as
‘multiple utilizability’: “Artifacts are multiply utilizable. Some artifacts are
designed to serve only one function, but more typically they are designed to
serve several, often simultaneously” (Preston 2009, p. 215, italic in the
original).

Preston

compares

multiple

utilizability

with

‘multiple

realizability’, which is the idea that “functions are realizable in a variety of
materials and/or forms, provided some general constraints are satisfied”
(ibid.). No need to say that there is room for multiple realizability of
functions in the belief-based consequentialist theory too. Saying that what
we call ‘a dishwasher’ and what we call ‘a washing machine’ can both be
used to clean dirty clothes amounts to accepting multiple realizability of the
function of cleaning clothes. But in any case, I take it as an upside of the
belief-based consequentialist account that is able to explain the phenomena
of underdetermination (multiple utilizability) and multiple realizability.
d) In addition to underdetermination, there is another sense in which this
theory of functions is pluralistic. In this account, one and the same object
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can be categorized differently by different people based on different things
that they perceive as the consequences of using that object. Perlman has
also noted this sense of pluralism in regards to functions:
When they [i.e. users] do provide explanations of their behavior and
use of objects, an “objective” outsider might ascribe different
functions to behaviors than the practitioners do.... Thus some
religious ritual might be seen by those who practice it...as involving
tribute to a deity, and the artificial objects used in the ritual might be
said by the adherents of that religion to have various supernatural
functions. But an anthropologist might analyse the situation as one
in which the behaviors serve to reinforce kinship relations, and the
object functions as status indicator and economic vehicle, even if no
one in the group has the intention, and even if no one in the past ever
had that intention. (Perlman 2004, p. 28)
Other interesting examples of this pluralism would be when people refer to
social and political consequences of using certain technologies as a part of
those technologies’ definition. Totalitarian governments, for example, often
find the internet as a harmful means, and for this reason, especially in the
time of protests, they crack down on the internet. Most people use email
services and social network websites on the internet to stay in touch with
others. Some use the internet as a means to get access to academic papers;
some as a means to watch Anime online; and so on. In the belief-based
consequentialist account, what is believed to be the consequence of using
one and the same object can vary from individual to individual, and this
very fact would turn that object into different types of technologies for
different people. Thus, totalitarian governments are not making any
philosophical mistake in identifying a free internet as a tool which threatens
their existence if they justifiably believe that their citizens intend to use the
internet websites to organize protests. If there is any problem with the
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totalitarian governments’ act of blocking and filtering internet websites, it is
a moral problem. Interestingly enough, this moral problem can be resolved
philosophically: I do not want to discuss the practical details here, but if
those governments start identifying possible consequences of using
internet websites as most of us do, then they would not identify the internet
as a dangerous tool and would stop blocking it. Here instead of appealing to
normative principles to solve a moral problem, we have resolved it nonnormatively.
e) The fact that one and the same object can be seen as having different
functions (for different people) is not as worrying as it might first sound.
Although this account of functions is a subjective one, it does not imply that
everything would go in a permissive, relativist way. In fact, since
consequences all happen in the world, most people’s perceptions of the
intended consequences of using physical instruments would be the same,
and for this reason, most people agree on the function of most
(technological) objects. The intended consequence of using dishwashers as
we all know is that dishes get clean even though a minority may use
dishwashers to clean their dirty clothes too. Then again, if others are as
creative as the minority group, they will also be able to see dishwashers as
potential washing machines.
f) Another interesting consequence of this account is in the fact that function
is expressed by people’s justified beliefs and not their true beliefs. Here is an
interesting example to clarify this point. Imagine that back in the 17th and
the 18th century when the theory of phlogiston was accepted, there were
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instruments which scientists were using to measure the amount of
phlogiston flow from one object to another. Let us call those objects
‘phlogiston-meters’ for the moment. Now according to this belief-based
consequentialist account, the function of those phlogiston-meters was
indeed measuring the amount of phlogiston flow for those who believed in
the theory of phlogiston and believed that the changes in the gauge of the
phlogiston-meters showed the amount of phlogiston flow at the time of the
measurements. Since the beliefs of those phlogiston-meter-users were
justified, that object had the function of measuring phlogiston flow. For us
or for anyone who does not believe in the theory of phlogiston, or more
specifically, for those who do not justifiably believe that the changes in the
gauges of those so-called phlogiston-meters indicate the amount of
phlogiston flow, the function of those object would not be measuring
phlogiston. We can, of course, still refer to those technologies as ‘phlogistonmeters’, but they would not have that function for us. The important point
here is that the fact that such objects have a specific function for a group of
people and not for others has nothing to do with the truth or falsity of the
beliefs of either group. It has only got to do with whether their beliefs were
justified or not.34
Comparing the belief-based consequentialist theory of functions with a few
other function theories
Before concluding this chapter, it would be helpful to mention some advantages of
the belief-based consequentialist theory of functions by contrasting it to some
I come back to the case of phlogiston-meters in chapter four where I examine the relation
between the scientific experiments and technologies which are used in scientific experiments.
34
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other theories. I start out by the last point which I made on the importance of
justifiability over truth. Here it should be noted that essentialist theories of
functions cannot explain how an object can be a phlogiston-meter in one era and
not be one in a different era. In fact, all theories which look inside a technology to
determine its function are unable to explain the phenomenon of function change or
other pluralistic aspects of functions. They will not be able to explain how one and
the same physical object (like what we can call a ‘phlogiston-meter’) can have a
particular function at one time and lose that function later on. Because essentialist
theories maintain that identifying an object’s function reveals some truth about
that object, they cannot distinguish between cases in which people justifiably but
mistakenly believe in an object’s function (like phlogiston-meter for those who
believed in it) and cases in which an object cannot be said to have a given function
(like believing that a football can function as a voltmeter).
Preston introduces the term ‘phantom function’ in order to deal with technologies
which are mistakenly believed by designers or users to be useful for particular
purposes. According to her, phantom function occurs
when a type of artifact is regularly reproduced to serve a specific function,
but no exemplar of it has been structurally capable of performing that
function, or, in the nature of things, ever will be... Laetrile is a drug that is
produced and used in Mexico for treating cancer. It is not produced or used
in the United States (or in Canada, for that matter) because it has not been
approved by the U.S. Federal Drug Administration (FDA), which believes
that there is no scientific evidence of its efficacy. Assuming the FDA is right
about this, curing cancer is a phantom function of laetrile. Similarly, Europe,
North America and the Middle East are rife with amulets for protection
against the “evil eye,” the alleged capacity of some persons to cause harm
simply by looking at someone or something... On the assumption that there
is no evil eye, these amulets do not protect against it. In short, phantom
functions appear to be normal functions in terms of design, reproduction
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and dissemination of their artifact bearers, but not in terms of the
performance of the function, which has never actually occurred. (Preston
2009, p. 217-218)
So in Preston’s view, the so-called phlogiston-meters would be objects which have
phantom functions because they never did what some people might have thought
they did. Preston too includes phantom functions as proper functions, but on a
different ground than the belief-based consequentialist theory (Preston 2013).
While in the latter theory, having justified beliefs about what phlogiston-meters do
provide the grounds to acknowledge their functions as phlogiston measuring
devices, in Preston’s view, it is what people used to do with phlogiston-meters and
how their usages resulted in the reproduction of phlogiston-meters which is
constitutive of their functions:
to account for proper function in material culture, we must look first to
what people do—what uses they make of items of material culture, and how
those uses contribute to the reproduction of those items—rather than to
the intentions and other intentional states people may have. (Preston 2013,
p. 187)
This explanation is due to the fact that Preston’s theory is primarily an
evolutionary account of functions. As a result of this evolutionary perspective,
unlike the belief-based consequentialist account, she does not believe that novel
prototypes have proper functions (2013). The belief-based consequentialist
account, however, does not discriminate between novel prototypes and commonly
used technologies. Although, due to its reference to the patterns of use and to the
reproduction histories, Preston’s theory is fruitful for cultural anthropological
studies, there is no reason to metaphysically and morally differentiate between
objects which have a reproduction history and those which do not. What we need
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to pay attention to for metaphysical and moral purposes is what we believe the
usage of a given object would bring.
This last point takes me to what I think should be a requirement of any satisfactory
philosophical theory of functions. One of the requirements of any theory of
functions, which most existing theories satisfy in their own way, is being able to
explain how we understand the function of objects which we are accustomed with.
But in addition to having these explanatory powers, a satisfactory philosophical
theory of functions should also enable us identify the function of objects which we
have just come across with. Any theory which relies on the reproduction history of
objects would automatically fail this second requirement because in some cases we
cannot know the reproduction history of an object that we have just come across
with, and in some others the reproduction history (like for the novel prototypes)
does not even exist. So I take it to be an advantage of the belief-based
consequentialist account that in addition to having explanatory powers, it also
equips us with the conceptual tools to identify the function of objects we have just
come across with.
It should be noted that it is not the case that Preston would deny attribution of any
form of function to novel prototypes. Preston would argue that although novel
prototypes do not have proper functions, they do have ‘system functions’. Her
notion of system function is taken from and is similar to Cummin’s theory. It is
expressed in terms of the causal roles that the object has with its environment. (I
discussed the pros and cons of the capacity-based theories earlier in this chapter.)
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A second view which I would like to compare my belief-based consequentialist
theory of functions with is Houkes and Vermaas’s ICE theory (Houkes and Vermaas
2010). The ICE theory is a rather complex theory which contains elements of the
intentional, the capacity-based, and the evolutionary theories of functions. For this
reason, it would not be possible to do justice to all the details of the ICE theory.
However, a few comparative notes can be helpful here.
According to the ICE theory, saying that the function of an object x is to ф amounts
to justifiably ascribing the physicochemical capacity to ф to x, relative to a
particular use-plan. The individually necessary and jointly sufficient conditions of
this function ascription are spelled out in terms of (1) having justified beliefs that x
has the capacity to ф, and (2) having justified beliefs that that particular use-plan
leads to its goal, at least partially, due to the fact that x has the capacity to ф
(Houkes and Vermaas 2010, pp. 88-89)35. In simple terms, in the ICE theory,
assigning a particular function to an object boils down to having justified beliefs
about the object’s material capacities and justifiably believing that, when used in a
particular way, the object can lead us to our goals.
There are some obvious similarities between the belief-based consequentliast
theory and the ICE theory. First of all, both theories are belief-based: identifying an
object’s function boils down to having certain beliefs, and not, say, intentions.
Secondly, for both theories, what counts is justified beliefs and not true ones. (I
have discussed this point in detail above.) And the third similarity, which reveals

The formulation which I have provided here is their (simplified) formulation of function
ascriptions which applies to designers. Houkes and Vermaas develop another formulation of
function ascription for passive users, which is slightly different from that of designers. For more,
see (Houkes and Vermaas 2010, p. 89).
35
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their non-essentialist nature, is that both theories are sensitive to the contexts in
which technological objects are used. In this way, instead of universally
determining objects’ functions, they look at the contexts of use and define each
object’s function based on the role which the object is expected to play in that
context.
But there are some dissimilarities between these two theories too. First of all,
Houkes and Vermaas use the word ‘ascription’, in a way that function is ascribed to
objects. As I mentioned earlier, strictly speaking, it is in the context of intentionbased theories that we can talk about ‘function ascriptions’. In belief-based
approaches, it would be more appropriate to talk about the identification or getting
to know the function of an object. This prhaps is not a crucial point, but it is
important to take notice of.
Another point which can be said about the ICE theory is that its emphasis on
having beliefs about the object’s physicochemical capacities in identifying its
function can be misleading. It can be misleading because in identifying objects’
functions we do not need to know or even imply anything about the objects’
physicochemical capacities. Can we not talk about the function of a black box,
which we are totally unaware of its properties, simply by observing its inputs and
outputs? Of course we can! In fact, a branch of applied mathematics and control
engineering which is called ‘System Identification’ sometimes uses black box
models to identify the systems’ functions. But the point which should be stressed is
that when we identify an object’s function, more than anything else, we make
claims about what we believe would happen as a consequence of the (possible)
usage of the object. Function identification is about observing what happens
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outside an object and not what goes on inside it. We do not need to know or infer
anything about the object’s properties in order to be able to identify its function.
One last difference between the belief-based consequentialist theory and the ICE
theory can be mentioned here which is also not irrelevant to the discussions of the
previous paragraph. Focusing on objects’ physicochemical properties would result
in the fact that, in the ICE theory, only the physicochemical properties and the
causal relations of an object with its environment become constituent of its
function. In other words, because in the ICE theory, the use-plan is believed to
reach its goals partly due to the physicochemical properties of the used object,
then nonphysical consequences of an object’s usage cannot be considered as a part
of its function because they do not follow the causal laws. These nonphysical
consequences would most probably be contingent on the social contexts in which
the object is thought to be useful. But the fact that some consequences are
contingent does not mean that people do not use objects particularly to achieve
those consequences. So, no technology, according to the ICE theory, can have the
function of strengthening the community ties, organizing protests, or spiritual
significances because the beliefs that technologies have such functions cannot be
justified by appealing solely to the objects’ physicochemical properties and their
causal relations with their environments. The belief-based consequentialist theory,
on the other hand, can explain how objects can have those socially or spiritually
significant functions.
A final view which I compare the belief-based consequentialist theory with is Larry
Wright’s classic theory of functions. Wright’s 1973 article is one of the early pieces
written on the topic after what is referred to as the recent philosophical
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resurrection of theories of function in the literature (Perlman 2004, Hughes 2009).
It is particularly worth mentioning Wright’s theory because his theory of functions
also takes a consequentialist form and focuses on what happens outside the object.
According to him (Wright 1973, p. 161), saying that the function of X is Z means:
a) X is there because it does Z,
b) Z is a consequence (or result) of X’s being there.
Clearly, there are similarities between Wright’s theory and the belief-based
consequentialist theory for, in order to define an object’s function, both theories
give a significant definitional weight to the consequences. But this very emphasis
on consequences also makes one of the differences between these two theories
clearer: what consequences? And consequences of what? Wright would respond
“the consequences of the technology’s being there.” The response of the beliefbased consequentliast theory would be “the intended consequences of the
technology’s (possible) usage”. Not all consequences of a technology, but only the
intended ones which come from using the object should be considered. Although
Wright tries to explain the concepts of ‘because’ and ‘being there’ in those lines to
block certain objections, the final formulation of his theory (which I provided
above) stays ambiguous.36 This ambiguity is at least partly because his aim is
giving a general theory of functions which can be used both for technological
functions and for biological ones. Providing such a unified theory of functions is an
ambitious project which can be achieved only by keeping some level of ambiguity
Peter Godfrey-Smith also notes this ambiguity which he believes is due to the fact that
Wright’s theory entrusts many details to pragmatic and case-specific factors instead of analytically
clarifying them (Godfrey-Smith 1994, pp.345-346). For more detailed analysis of Wright’s theory,
see also (Boorse 1976).
36
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in the theory. This is because in the case of technological functions, there is
necessarily a form of intentionality involved: only the consequences which are
believed to be intended and result from acts of usage contribute to the definition of
functions. However, in the case of biological functions this intentionality is absent:
my heart does not pump the blood because I (or anyone else) is using it for this
purpose.
Another problem with Wright’s theory which is mentioned by Jesse Hughes (2009)
is that in Wright's theory it is not clear what type Z has. If we go back to the
formulation of his theory provided above, in (a) Z appears as an activity, something
which is done, whereas in (b), Z is a state of affairs (Hughes 2009, p. 185). So there
is a type confusion here.
A final difference between the belief-based consequentialist theory and Wright’s
theory which is worth-mentioning is that the former theory relies on justified
beliefs whereas Wright’s theory relies on objective facts. This allows the former
theory to explain the status of the so-called ‘phlogiston-meters’ over time: they
used to have the function of measuring the amount of phlogiston flow, but have
now lost that function. Wright’s theory, however, would defer deciding the
functional status of what we can call ‘phlogiston-meters’ to the truth or falsity of
the phlogiston theory. In this way, he would probably say that phlogiston-meters
never had the function of measuring phlogiston flow (granted that he is certain
that the phlogiston-theory is false, that is).
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Conclusion
This chapter focused on the topic of the particular specification of technologies by
analysing the concept of function and its possible sources. After discussing the
current theories, the belief-based consequentialist theory of functions was
proposed and elaborated. This non-essentialist theory of functions is in lines with
the metaphysical theory of technological objects which I introduced and defended
in the first chapter. In fact, in the conception of technological objects as problemsolving physical instruments, there is no place for a definition of function as an
essential property of an object determined by its intrinsic physical structure or by
the intentions of the designers. The only determining factor here is the justified
beliefs that we have about the consequence of using the physical instrument.
With these points, I finish the first section of this thesis. In the next section, I
discuss the extent to which this understanding of technologies and their functions
is influenced by purely human characteristics on the one hand, and by accepted
scientific theories on the other.
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SECTION TWO
Chapter three: Humanist and nonhumanist aspects of
technologies as problem-solving physical instruments
In the first chapter, I argued that technologies should be understood in light of the
roles that they play in human problem-solving activities. I defined technological
objects as objects that are (intended to be) used to help their user(s) solve given
problems by virtue of their physical characteristics.
Although this definition makes sense in itself, it will not be complete unless one
unwraps the constituents of the definiens as well. One way to epitomize this
definition of technologies would be through specifying the key concepts of this
definition that rely on ‘purely human’ attributes and contrast them with those that
are shaped by technologies. After identifying these key concepts, we may realize that
all we need to conceptualize technologies (besides technologies’ physical properties)
are ‘purely human’ attributes. We may also come to the conclusion that these human
attributes are themselves in one way or another influenced by technologies, and that
they are not as ‘purely human’ as we might have first thought. But we do not know
what conclusion we will draw unless we investigate the operative terms in this
conception of technologies.
The task of trying to find ‘purely human’ elements in the conception of technologies
as problem-solving physical instruments is important for another reason as well.
When technological objects are defined as those that are used in human problemsolving activities, it seems natural to make the conclusion that because those
problem-solving activities are human problem-solving activities, then it is humans
who should set the rules of what is and what is not a technological object. This
normative statement, however, can have its intended effect only if we discover certain
human attributes which a) are constitutive to this conception of technologies and b)
are ‘purely human’ (i.e., are not shaped or influenced by technologies in any sense). It,
therefore, becomes important to analyse whether things like human goals and values
(which come into play in human problem-solving activities and accordingly shape
our understanding of problem-solving physical instruments) are in any way
influenced or conditioned by technologies.
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Discussions about whether technologies can be fully understood by ‘purely human’
attributes or whether other technologies should be included in our understanding of
a given technology appear as a branch of the debate between humanism and
nonhumanism in philosophy of technology. The aim of this chapter is to address this
specific branch of the debate and, by doing so, examine the degree to which the
conception of technologies as problem-solving physical instruments relies on purely
human attributes.
Abstract
A form of metaphysical humanism in the field of philosophy of technology can be
defined as the claim that besides technologies’ physical aspects, purely human
attributes

are

sufficient

to

conceptualize

technologies.

Metaphysical

nonhumanism, on the other hand, would be the claim that the meanings of the
operative words in any acceptable conception of technologies refer to the states of
affairs or events which are in one way or another shaped by technologies.
In this chapter, I focus on the conception of technologies as problem-solving
physical instruments in order to study the debate between the humanist and the
nonhumanist ways of understanding technologies. I argue that this conception
commits us to a hybrid understanding of technologies, one which is partly
humanist and partly nonhumanist.
Clarifying the terminology
Humanism, as it is used in philosophical texts, has a narrow and a broad sense. The
narrow sense of humanism is limited to ethics and ethical values. It suggests that
ethical values are derived from purely human needs and desires. Here I take
‘purely human’ to mean something which is related to that part of humanity whose
existence is independent of technologies. In this sense, humans’ needs for food,
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water, and sleep are purely human, and their desires and needs to check their
direct messages on Twitter or to lubricate their bikes’ chains are not purely
human. The latter cases are not purely human for the very reason that the
existence of such desires and needs is dependent on the existence of technologies.
The broad sense of humanism, on the other hand, is the claim that explanatorily
sufficient factors in a given field are derivable from purely human characteristics.
This could be derivation of ethical values from purely human needs and desires,
defining social institutions based on purely human actions and intentions, or
telling history solely on the basis of individuals who lived in each era. In any of
these cases, the meanings of operative terms, descriptions of states of affairs, and
explanations of events are derived from purely human characteristics, without any
reference to other entities such as the environment, gods, or technologies. This
latter sense of humanism can also be referred to as anthropocentricism.
Here I use the word humanism in the sense of anthropocentricism. Thus, although
historically, humanism has been mainly proposed as a rival to religion for
explaining the roots of moral values37, in its broad sense, humanism can be seen as
a rival thesis to any school of thought which relies on nonhuman entities in the
meaning it gives to the operative terms, its description of states of affairs, and its
explanations of the events, in any field of study. Here I examine humanism as a
rival thesis to nonhumanism in the field of metaphysics of technologies. In this
field, the entities that rival humans and human characteristics in the process of
conceptualizing the operative terms and giving correct descriptions of states of

See for example, Humanist Manifestos I, II, and III published by the American Humanist
Association.
37
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affairs and satisfactory explanations of events are not gods, demons, fate, etc., but
technologies.
In philosophy of technology, metaphysical humanism can refer to any of the
following claims:
a) that only humans have agency, and the concept of agency cannot meaningfully
be applied to technologies;
b) that there exist purely human attributes (arguably as constituent of human
nature) which are not in any way shaped or conditioned by technologies; and
c) that (besides technologies’ physical aspects) one can conceptualize any given
technology by appealing only to purely human attributes (see the claim b).
Metaphysical nonhumanism, thus, can refer to any of the following claims, but not
necessarily to all of them:
a') that technologies have a form of agency, similar to human agency;
b') that technologies influence all human attributes, and what might be assumed to
be human nature is itself shaped or conditioned by technologies; and
c') that in order to conceptualize a given technology, one needs to appeal to other
technologies.
I will shortly unwrap these discussions in the context of the big picture of the
humanism-nonhumanism debate, but before doing so, I should make it explicit that
the claim c would make sense only as long as the claim b is valid. This is because
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human characteristics which may be used to conceptualize a given technology
might themselves be conditioned by other technologies. Thus, one needs to
examine the validity of the claim b before making any conclusions in regards to the
claim c.
The humanism-nonhumanism debate in the metaphysics of technology
The metaphysical debates, which I briefly referred to at the end of the previous
section, fall into a broader humanism-nonhumanism debate in philosophy,
sociology, and ethics of technology.
Most recent discussions related to the debate between humanism and
nonhumanism in philosophy of technology have been related to the field of ethics
of technologies. In applied ethics, the debate manifests itself in discussions around
the topic of responsibility distribution. Here the relevant questions are: who
should be held responsible for the consequences of acts done by means of
technologies? Humans (users and/or designers) or technologies? Doesn’t the fact
that many states have been trying in the past few decades to prevent the
proliferation and use of nuclear weapons show that something is intrinsically
morally wrong about nuclear weapons, no matter what the consequences of its
usage turn out to be or which state ends up using them? Nonhumanists would give
a positive and humanists would give a negative answer to this question. A
humanist ethics assesses acts which involve the usage of technologies on the basis
of the intentions, actions, goals, and values of users, designers, policy makers,
and/or other groups of people who, in one way or another, relate to the
technology. In a humanist approach, no technology is, or can meaningfully be,
intrinsically morally good or bad because the words ‘good’ and ‘bad,’ at least in
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their moral sense, could only be applied to human actions, intentions, and
character traits. At the level of meta and normative ethics, the debate is on the
possibility of technological moral agents. While humanists reject the idea of
technological moral agency, nonhumanists either see technologies as moral agents,
in a similar way that humans can qualify as moral agents (Johnson and Powers
2008), or claim that in any action done by means of technologies, neither humans
nor technologies are exclusive moral agents. Moral agency, according to this group,
is distributed over humans and technologies (Verbeek 2009, 2011). Philip Brey
divides those who believe in the moral agency of technologies into two groups. In
what he refers to as the ‘moral artifacts view,’ “all technological artifacts are, or
could function as, moral agents” (Brey 2014). But on a second view, which Brey
calls the ‘morally intelligent agents view,’ only “certain highly evolved
technological artifacts, namely those capable of autonomous behavior and
intelligent information processing, qualify as moral agents” (ibid.).38
In political philosophy, too, the debate rotates around the concept of agency.
Common questions in this field are as follows. Do technological objects have the
same or similar form of political agency as humans? Doesn’t, for instance, the fact
that traffic lights regulate traffic make them political agents? Humanists would
either give no agency to technologies or contend that technological agency is
derived from human agency (i.e., to the agency of designers, policy makers,

For more references on moral agency of artifacts and on the question whether and in
which sense technologies could be moral agents, refer to [Kroes and Verbeek 2014; Allen, Varner,
and Zinser 2000; Latour 1992; Latour and Couze 2002; Keularts et al 2004; Johnson and Powers
2008; Floridi and Sanders 2004; Verbeek 2011].
38
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citizens, etc.). Nonhumanists, on the other hand, would argue for the existence of
irreducible forms of technological agency.39
In historiography and sociology, the humanism-nonhumanism debate is about the
forces which bring about social changes. The scholars who work in this field
normally grapple with the following questions. Which entities shape the course of
history, humans or technologies? Should history be told as a story of kings,
philosophers, scientists, inventors, politicians,..., or in other words, humans who
existed at each time period, or should it be told as a story of sickles, wheels, steam
engines, assembly lines, the internet, and other technologies whose introduction
affected the social order at their time and brought new possibilities for future
social developments?40 Another similar socio-historical debate, which is one of the
mostly discussed topics in philosophy and sociology of technology, is that of
technological determinism (Ellul 1967; Winner 1986) versus social construction of
technology (Woolgar and Cooper 1999). Here the question is whether it is the
users and designers who decide which technologies should enter the society or
whether the social orders and values are themselves shaped by technologies. The
humanists (i.e., the social constructionists) assert that it is humans who
unilaterally decide the course of technological developments. And the
nonhumanists (i.e., technological determinists) contend that technologies are the
main and perhaps the only force of determining social changes. According to this
group, technologies develop autonomously, and the existing social orders are the
product of the past and the present technologies.

39

To see more on this debate, refer to the collection of papers in (Harbers 2005).

40

See for instance, (Nye 2006) and (Ortega y Gasset 1941).
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It is in the context of this big picture that the discussions of this chapter find their
significance. Here my discussions are limited to the field of metaphysics of
technologies. Similar to other humanism-nonhumanism debates in the field which
I just introduced, the metaphysical debates too scrutinize the meanings of the
operative terms, the descriptions of the states of affairs, and the explanations of
the events. The humanists find purely human attributes as sufficient to define the
operative terms, to describe the states of affairs, and to explain the events, and the
nonhumanists assert that to deal with these philosophical issues, we should move
away from human attributes and instead take into account technologies and the
impacts of their usage.
As I stated before, at least three different dimensions of the humanistnonhumanist debate in metaphysics of technology can be identified, even though
these dimensions are not necessarily independent of each other. These three
dimensions, to repeat, are as follows: a) whether or not technologies have an
agency similar to human agency; b) whether or not human nature exists
independently of technologies; and c) whether, besides technologies’ physical
aspects—which they share with other material objects—purely human
characteristics are sufficient to conceptualize technologies. Among these three, the
first issue has received perhaps the most attention from philosophers of
technology. This attention has even intensified after the advent of AI products.
Defenders of technological agency (i.e., nonhumanists) either suggest that (some)
technologies are agents in a similar, if not the same, way that humans are [Jones
and Cloke 2008; Sutton 2002; Floridi and Sunders 2004; Latour 1992, Johnson and
Powers 2008], or claim that neither humans nor technologies could be agents in
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themselves. Agency, according to this latter group, is distributed over humans and
technologies [Sutton 2008; Law and Mol 2008; Verbeek 2011; Malafouris 2008].
The second dimension of the humanism-nonhumanism debate in metaphysics of
technology is related to the interplay between (what can be assumed to be) human
nature, on the one hand, and technologies, on the other. Bruno Latour, for instance,
criticizes humanist views and argues that technologies shape a part of what is
human and that human beings have never existed independently of technologies
(Latour 1993, 2002).41
Arguments for the extended mind thesis too support the nonhumanist side of this
second dimension. Proponents of the extended mind thesis argue for the impact of
environmental (including technological) resources on human cognition and action ,
and conclude that human cognition, which is assumed to be purely human (in the
sense defined above) and confined to what goes on inside the skull, can be, and
indeed is, extended by or distributed over technologies. I will critically come back
to these arguments later on.
The third dimension of the humanism-nonhumanism debate in the field of
metaphysics of technology is the question whether, besides their physical aspects,
technologies can be conceptualized solely in terms of purely human
characteristics, or to conceptualize technologies, one needs to take into account the

This dimension of the debate can also be studied in relation to the interaction between
technologies and human intentions, actions, goals, and values, since human intentions, actions,
goals, and values can be understood as constituents of human nature. Here humanists would argue
for the existence of purely human intentions, actions, goals, and values, and nonhumanists argue
that at least in any technologically mediated context, human intentions, actions, goals, and values
do not exist in ‘nontechnological,’ purely human forms, and that technologies affect these and
similar characteristics which are often assumed to be purely human.
41
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influence of other technologies as well. In a humanist view, the difference between
technologies and other physical objects, or in other words, the metaphysical status
of technologies, is reducible to the mind of humans (designers, policy makers,
users, etc.). People like John Searle (2007) and Amie Thomasson (2007), for
instance, conceptualize technologies in terms of the intentions of designers and
users. In their conception of technology, what turns a physical object into a
technology is the mental states of the designers and users. If humans assign a
specific function to an object and by doing so give a specific meaning to the object,
that object turns into a technology. As an example, what turns, say, a piece of rock
into a hammer is the fact that people intend to use it as a hammer and assign the
function of hammer-hood to it. People might as well intend to use it as a paperweight, and this very fact would turn the object into a paper-weight. Nothing
except what goes on in the minds of the people is needed in order to understand
this or any other technology. On the other hand, people like Latour (1998, 2002),
Law and Mol (2008), and Verbeek (2005, 2009, 2011) have challenged this
understanding which approaches technologies purely as ‘creations of the mind.’ In
their view (as I will shortly discuss), often one cannot properly understand a given
technology unless one takes into account the role that other technologies play in
creating an atmosphere in which the need to use the technology in question arises.
To conceptualize antivirus softwares, for instance, one cannot ignore the role of
other technologies like computers, the internet, electricity, etc. which condition the
existence of antivirus softwares.
My goal is studying this third dimension of the humanist-nonhumanist debate in
metaphysics of technologies. So I investigate the extent to which (besides the
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physicality of technologies) purely human attributes are necessary and sufficient
to conceptualize technologies. However, as I mentioned earlier, the position one
takes in regards to this question depends on whether one believes purely human
attributes exist in the first place, which is the second dimension of the debate. That
is why throughout this chapter, I will also study whether the human characteristics
which are used to conceptualize technologies are in any sense conditioned by
technologies.
Discussions of the rest of this chapter will be as follows. I first introduce the
nonhumanist understanding of technologies. In this section, it becomes clear that
human goals and values, which are often assumed to be purely human, could be,
and indeed are, influenced by technologies. This means that any conception of
technologies which relies on these concepts would be nonhumanist. I then argue
that besides goals and values, i) the fact that technologies are used by humans, and
ii) the problem-solving character of technologies, also need to be given some
definitional weight in any acceptable conception of technologies. In this way, in the
fourth section, I use the conception of technologies as problem-solving physical
instruments in order to examine whether any purely humanist aspects are
constitutive of this conception of technology. I identify three aspects that turn this
conception of technology into a humanist one and argue that these three aspects
are linked to humans’ possession of a sophisticated mind. Finally, I answer
possible objections coming from the thesis that cognition is not something purely
human and that technologies can, and do, shape human cognition. In reply to these
objections, I show that not only do these objections not undermine the three
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humanist aspects identified, rather that the extended mind thesis itself needs to be
interpreted in a humanist way.
Nonhumanist aspects of any adequate conception of technology
To study the third dimension of the humanist-nonhumanist debate in metaphysics
of technology (namely, the question whether technologies can be conceptualized
solely in terms of purely human attributes or not), we need to identify the
operative terms used in an acceptable conception of technology and examine to
what degree the meaning of these terms is determined by purely human
characteristics and to what degree by technologies.
In the first section of this thesis, I introduced and defended the conception of
technologies as problem-solving physical instruments. According to this
conception, T is a technology if it is intended to be used to help its user(s) solve a
given problem by virtue of T’s physical properties. The key terms of this definition
are ‘intention,’ ‘user,’ and ‘problem (problem-solving).’ Before dissecting the
possible humanist and nonhumanist constituents of the meanings of these terms, I
want to analyse a couple of other things which motivate people to engage in
problem-solving activities in the first place, namely, human goals and their
perceptions of values.
Goals and values are often used in order to identify something as a problem. More
precisely, problems are defined in relation to goals and values. A state of affairs
would be a problematic one for me only if it impedes me from reaching my goals or
from upholding my values. Global poverty is considered a problem only in relation
to the values that we give to equality and to human rights. Finding another word
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instead of ‘things,’ to refer to ‘human goals and their perception of values’ at the
end of the previous paragraph, was (and still is) a problem for me only in relation
to my goal of writing a philosophically precise sentence. Human goals and (their
perceptions of) values, thus, carry at least some definitional weight in the current
and perhaps in any acceptable conception of technologies. Assuming the
importance of human goals and their perception of values in understanding
technologies, one can suggest that technologies are material structures which fulfil
human goals or bring about the states of affairs which are valued by humans. But
to what extent would goals and perception of values commit us to a humanist
understanding of technological objects?
Although human goals and their perception of values may first appear to be purely
human, a close examination of what urges humans to set specific goals and
perceive certain states of affairs as valuable ones reveals how they are influenced
by technologies. In fact, nonhumanists often use this line of reasoning in order to
show the explanatory advantages of nonhumanist understandings of technologies
over the humanist ones.
Peter-Paul Verbeek (2011) is one of the main contemporary critics of humanist
approaches to technologies. One of the problems with the humanist conception of
technology that Verbeek mentions is the inability of humanism to explain what he
observes to be the influence of technologies on (our perception of) values. This
point could be seen as a response to the humanist ideas that values are derived
from purely human needs and desires and that the purpose of technologies is
helping humans reach these values. Instead of seeing purely human values as
existing independently of, and giving meaning to, technologies (in a humanist
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fashion of viewing the relation between human values and technologies in a
unilateral way), Verbeek identifies cases in which the perceptions of values are
influenced or even created by technologies. He argues, for instance, that due to the
existence of obstetric ultrasound imaging, parents now have to make a moral
decision whether they want to examine their baby’s health with this technology or
not, and if the examination shows possible future health problems for the baby,
they need to make another moral decision on whether they want to keep the baby.
More importantly, whether or not parents decide to do the test and whether or not
they decide to keep the baby if the test results are positive, they would be morally
responsible for the consequences of their decisions. People were not facing these
moral issues prior to the introduction of obstetric ultrasound imaging technology.
Ethics of making decisions about one’s unborn child and the values associated with
it are, therefore, conditioned by technologies (Verbeek 2011).
Perhaps another example can clarify this nonhumanist claim further. As Jan
Holvast (2009) has shown, there is a strong historical relationship between the
weight given to the value of privacy and the development of monitoring
technologies. This means that if privacy is a value which urges humans to develop
certain technologies (e.g., security softwares), then understanding these
technologies is conditioned by the existence of other technologies which have
made privacy an important moral value in the first place. As a conclusion, any
conception of technology which relies on humans’ perception of values cannot be a
fully humanist one because (the perceptions of) values themselves can be
conditioned by other technologies.
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Not only value-driven activities, but all goal-oriented activities are (at least
sometimes) influenced by technologies. Bruno Latour criticises the humanist view
which conceptualizes technologies in light of purely human ends (Latour 2002)
and argues that ends can themselves be shaped by technologies. In his view,
technologies create new goals and drive the direction of social changes as much as
humans do (Latour 1988). He argues, for instance, that we may use a spring or a
hydraulic door-closer in situations where we want to keep a certain door closed.
But the very goal which has urged us to use a spring or a hydraulic door-closer is
itself conditioned by the existence of walls and doors (ibid.). To properly
understand what a hydraulic door-closer is one needs to take into account the role
of other technologies like walls and doors.
Here are other examples which make Latour’s point clearer. The need to develop
cars or public transport systems arises in cities which are designed in a way that it
is hard for citizens to walk from home to work and back; designing and using
cycling accessories only makes sense in conditions where there are bicycles in the
first place; using anti-virus softwares becomes a goal in an environment which is
already shaped by other technologies such as power plants, computers, the
internet, etc. These examples show that technologies also contribute to the
emergence of new goals of action for humans.
Thus, contrary to how it may appear at first glance, humans’ perception of values
and their goals do not all exist in purely human forms, unable to be shaped or
conditioned by technologies. If the operative concepts used to conceptualize
technologies are limited to human goals and their perceptions of values, we should
be committed to a nonhumanist position.
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It is true that problems are understood in relation to goals and (humans’
perceptions of) values, and, for this reason and for the above arguments, the
conception of technologies as problem-solving physical instruments would be a
humanist one, but are goals and values sufficient for understanding technologies?
The answer is negative. There are other concepts which need to be scrutinized,
before rendering the final verdict on the current metaphysical debate between
humanism and nonhumanism.
We can, for instance, expect a satisfactory conception of technology to take into
account the fact that technologies are objects which are (intended to be) used by
humans. As I discussed in the first chapter, not all objects whose physical
properties cause different things to happen qualify as technologies. Technological
objects need to be (intended by humans to be) used. Moreover, new technologies
are designed in order to solve specific problems: phones are designed to make
distant communications possible; batteries are designed to overcome the problem
of not having power points at hand; and so on. So, we can also expect a satisfactory
conception of technology to take into account the problem-solving role that
technologies are meant to play. Human goals and their perceptions of values
condition problem-solving activities, and the fact that they can be influenced by
technologies shows the nonhumanist aspects of the conception of technologies as
problem-solving physical instruments. But to do justice to the current humanismnonhumanism debate, we should consider concepts like usage and the problemsolving feature of technologies as well. This fact makes the nonhumanist
conclusion drawn above not necessarily wrong, but inadequate. A more meticulous
study based on a complete definition of technology is needed here.
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In the rest of this chapter, I first re-examine the conception of technologies as
problem-solving physical instruments which I originally developed in the first
chapter. Then I use this conception to show three humanist aspects of
technological objects.
Problems, problem-solving activities, and problem-solving objects
The conception of technologies as problem-solving physical instruments which I
developed in the first chapter, to repeat, is as follow: “T is a technology if it is
intended to be used to help its user(s) solve a given problem by virtue of T’s
physical characteristics.” In this conception, technologies, by virtue of their
particular physical characteristics, play an important role in problem-solving
activities. This does not mean that the existence of the physical object would
automatically solve the problem. Other things, like having the skill to use the object
and the possible social rules and regulations around the object, also play roles in
the activity of solving the problem. Moreover, it is also obvious that not all features
of a technology’s physical properties play roles in each problem-solving activity.
Depending on the context of use, some features (like the technology’s colour)
might be irrelevant. But for the goals of this chapter, it is not important to make a
distinction between the relevant and irrelevant features.
In the introduction of this thesis, I explained based on Jan Schmidt’s ideas that each
problem consists of the following three elements: 1) an undesired (initial) state,
including an anticipation of prospective futures, 2) a desired (goal) state, and 3)
the barriers in getting from the current situation to the desired one (Schmidt
2011). I also made a comparison between problem-solving activities and goaloriented ones which depicted problem-solving activities as a species of goal146

oriented ones. I also argued that in terms of the clarity of the means and the ends,
means-ends relations fall into three general categories. These categories are rulesetting activities, habitual goal-oriented activities, and problem-solving activities. In
both habitual goal-oriented activities and problem-solving activities the goal of the
activities are clear, and thus, problem-solving activities become a species of goaloriented ones.
Here I would like to add a few words to what I said in the introduction about
problem-solving activities. There are at least four peculiar phases that problemsolving activities have in common. These four phases are i) identification of (a state
of affairs as) a problem, ii) creative planning to solve the problem, iii) execution of
the plan, and iv) evaluation of the plan. For example, imagine on my way to the
office, I realize that the path which I usually take is closed for some reason. I enter
into a problem-solving activity which consists of the following phases. First, I
become aware of the fact that the road is blocked. In other words, I comprehend
the reality of the problem. Secondly, I think to myself that instead of taking the
usual route, I can take another route which should also take me to the office. So I
devise a solution to the problem. Then I execute my plan and pedal on the
alternative route to reach the office. And finally, I evaluate my solution based on
the (additional) distance, the number of traffic lights in the alternative route, how
pleasant riding on the alternative route is, and more importantly, whether the
alternative route actually has taken me to the office. These phases might take
different temporal orders in actual problem-solving activities. A form of
hypothetical evaluation of a plan, for instance, often precedes execution of the plan.
If the result of this evaluation is unsatisfactory, the subject will probably go back to
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the phase of creative planning to come up with a ‘better’ plan. To return to the
previous example, I need to actually take some routes to know that they do not
take me to the office. I can think to myself that there are some one-way streets
which I cannot use or that some other roads are blocked by constructions as well.
In these situations, I evaluate some plans and rule them out before executing them.
I might also modify my plans as I am going, in which case, I draw a dynamic
feedback loop between the plan which I have come up with (the route which I want
to take), the execution of the plan, and the evaluation of the plan.
Here another subtle difference between problem-solving activities and the goaloriented ones becomes clear. Obviously depending on how terms ‘problem’ and
‘goal’ are defined, there is not necessarily a one on one match between problemsolving activities and goal-oriented ones. A particular problem-solving activity may
not qualify as one and the same goal-oriented activity if the problem has not been
solved. In the process of solving a problem, we may find out that the problem is not
satisfactorily solvable. In these cases, the problem-solving activity remains the
same, but the goal may change over time. For instance, I may find out that a
problem which I am facing can be solved by building a machine with zero amount
of energy loss42. I start solving the problem by inventing such a machine, but after
a bit of studying, I find out that such a machine would be working against the laws
of thermodynamics because according to one of the consequences of the second
law of thermodynamics, there will always be some (even very small amount of)
energy loss. Then, I set the goal, as a part of my problem-solving activity, to build a
Here ‘energy loss’ does not mean that energy disappears. It means that not all the input
energy transfers into the desired output. A machine with zero amount of energy loss, therefore, is
one which is 100% efficient.
42
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machine which has got energy loss of less than 0.01%. After this, the problemsolving activity can be referred to also as a specific goal-oriented activity because
now there is a clear goal defined. Imagine, now, that later on I discover that due to
the quality of the materials that I have, the best I can achieve would be a machine
with 0.1% energy losses. After this, I set a new goal which suits the new
expectation that I have from the machine. This means that although the problemsolving activity which I have been engaging in for a while is the same, I have
changed from one goal-oriented activity into a new one. Therefore, the category of
problem-solving activities is not the same as the category of goal-oriented
activities. Then again, if we define the goal of such activities as solving the problem,
then this distinction between the two types of activities disappears.
In the next section I appeal to the conception of technologies as problem-solving
physical instruments and to the four phases of problem-solving activities which I
identified above to derive the humanist aspects of this conception of technology.
Before doing that, however, I want to discuss a few other points about this
definition of technology.
One of the objections to the conception of technological objects as problem-solving
physical instruments which I did not discuss in the first chapter is this. One might
argue that not all instances of human-technology relations are clear examples of
problem-solving activities and for this reason question the accuracy of the
definition of technology which I provided above. Consider, for instance, the
following cases. Anytime that I put my glasses on, do I think to myself that the
problem of not being able to see long distances is solved!? Do I feel I have solved
the problem of finding out how to keep water (in its liquid form) on my desk, next
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to my keyboard, when I grab a water bottle and pour some water into it? Do I get
the impression that I have solved the problem of having a shelter which keeps me
secure against animals and harsh weather conditions anytime that I step into my
house? I believe there are many instances of human-technology relations which
may not properly qualify as examples of problem-solving activities. Then does not,
one might wonder, the fact that my claims are limited only to those technologies
which are used in problem-solving activities make my conclusions unimportant?
There are a couple of things that I need to say in response to this objection. First,
even though not all instances of human-technology relations are paradigmatic
cases of problem-solving activities, any technology at the time of its invention is
introduced as a problem-solving physical instrument. Glasses, water bottles,
houses, etc. all at the time of their invention were solving certain problems. This
means that from the point of view of inventors, designers, or creative users, all
technologies qualify as problem-solving physical instruments. In fact, the very
activity of designing or inventing new technologies or finding creative usages for
existing objects is a problem-solving activity.
One might here reply that some technologies are developed, not because there was
a need for them in the society, but simply because their respective scientific and
technical means were available. The invention of these technologies does not seem
to be a part of a problem-solving activity. To answer to this objection, I need to
distinguish between actual problems and potential problems. A problem does not
need to actualize in the world in order for designers to develop a technology as a
part of its solution. As stated in the three phases of problem-solving activities
above, problems can be in the form of our anticipation of future undesired states.
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Lots of safety mechanisms in fact are meant to solve potential problems. And most
of us hope that those problems never actualize. The invention of technologies can
be even partly motivated by the curiosity of designers. But even in these cases,
designers have a possible usage of their products in mind. Moreover, the existence
of some technologies sometimes turns a potential problem into an actual one. In
the twenty-first century, for instance, we rely so much on emails that having no
access to the internet is considered a serious problem. During the early days of the
internet technology, however, having this form of online communication was no
more than a desire. The existence and the widespread acceptance of the
technology have turned the desire into a need. But these, to repeat, do not mean
that during the invention time, designers have not been thinking about the
problems which could potentially be solved by having email accounts.
Secondly, I am focusing on this conception of technology in order to address the
humanism-nonhumanism and other debates in philosophy of technology in a more
systematic and more precise way. The answer which I give to this debate relies on
certain characteristics which problem-solving activities and only problem-solving
activities have. In the next chapter, too, it will become clear that my answer to the
debate between the theses of Technological Construction of Science and
Technology as Applied Science depends on the non-essentialist theory of functions
that I developed in the first section of this thesis. Focusing and elaborating on this
conception of technology, thus, can at least be seen as a methodological point, even
though I believe that my theory is indeed a satisfactory theory of technological
objects and have provided enough arguments to support my belief as well. In any
case, the methodological point which I want to draw the readers’ attention to is
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this. Since the answer given to these debates is sensitive to the conception of
technology at hand, anyone who wants to address this (or perhaps any other)
debate in philosophy of technology needs to first clarify the conception of
technology that she has in mind. The current thesis shows the answers given from
the conception of technologies as problem-solving objects. Other possible answers
to this and similar debates too need to clarify which conception of technology they
have in mind.
Let me briefly clarify two other points before moving on to the next section. First,
in this conception of technology, whether or not it is morally right to use an object
for a given purpose is a different issue from the metaphysics of what makes
something a technology. Prostitutes and sex toys, for instance, are both used to
satisfy people’s sexual desires. However, although using sex toys is accepted by
many, some people consider prostitution as morally wrong. Obviously, one of the
consequences of the conception of technologies as problem-solving physical
instruments is that during the activity of having prostitutes merely to gain sexual
satisfaction, they turn into mere instruments. I do not find this consequence a
metaphysically problematic one, even though I accept that one of the main ethical
arguments against prostitution comes from this very instrumentalist treatment of
humans and on the basis of the Kantian slogan of “Never treat other humans as
mere means.”
Secondly, because here I am focussed on human problem-solving activities and the
humanism-nonhumanism debate in philosophy of technology, the term ‘user(s)’ in
the definition of technology which I provided above applies only to human and
possibly to technological users, even though later on in this chapter I argue that at
152

least the current generation of technologies do not strictly qualify as users.
Notwithstanding, discussions around, say, tool-using animals or possible alien
users fall out of the focus of this chapter. Clearly, if some animals or aliens also
engage in similar problem-solving activities with the same characteristic features
of human problem-solving activities (which I discuss below), then the conclusions
of this chapter will be translatable to their cases too.
Humanist aspects of the conception of technologies as problem-solving
physical instruments
So far I have shown that the worldly states of affairs and human (perception of)
values can be influenced by technologies and for this reason, our understanding of
technologies as problem-solving objects would be at least partly nonhumanist.
This is because problems are understood in relation to one’s goals and their
perception of values. And thus, saying that our goals and perception of values are
influenced by technologies entails that our understanding of problems, problemsolving activities, and correspondingly, technologies is influenced by (other)
technologies and is, therefore, nonhumanist. In this section, I introduce the
humanist aspects of this conception of technological objects.
The first humanist aspect of problem-solving physical instruments
The definition of technology as a problem-solving physical instrument which I
provided earlier was: “T is a technology if it is intended to be used to help its
user(s) solve a given problem by virtue of T’s particular physical characteristics.”
When something is used, it is used by someone and for someone. Therefore, one
humanist aspect of problem-solving physical instruments is that in this conception,
technologies are used by humans. The mere act of doing something by virtue of its
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particular physical properties does not make anything a technology (at least not in
this conception). That is why two sets of consequentially similar phenomena can
be seen as natural in one case and as technological in another, depending on
whether they were under the control of humans or not. If the sunlight goes
through icicles, concentrates on a point, and burns that spot, the icicle will not be a
technology. But if humans use an icicle for the purpose of making fire, it will be a
problem-solving physical instrument. A huge forest fire heating up dozens meters
away from its blazes is not a heater because no one has wanted it to heat up
anywhere. But if humans make a bonfire to keep themselves warm, that fire
becomes a technology. A problem-solving physical instrument needs to be under
humans’ control. It does not even matter what humans want it to do. It could
equally be a complex task of helping scientists carry out precise experiments in
particle physics or a mundane task of providing a flat surface to sit on.
Note that not all types of relations that humans have with material objects in goaloriented activities qualify as acts of usage. Think about someone who sits in the
sun to get warm or someone who constructs a watermill on a river to get the mill’s
turbine rotating. In these cases, the sun and the river are not technologies because
no human intervention in the form of usage has made them do what they keep on
doing (here I am not discussing cases where the river water is diverted by a canal
or is pumped into a pipe before reaching the watermill). Usage (as I shall shortly
explain) takes manipulation of the used object, but the sun naturally provides the
sunlight, and a river naturally provides water pressure. Humans cannot be said to
be the users of the sun and the river as they can be said to be the users of
watermills to generate electricity, or heaters to warm themselves.
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Do technologies qualify as users?
Here I should reply to a common objection directed at what I identified to be the
first humanist aspect of the conception of technologies as problem-solving physical
instruments. In my reply, I also show why at least the current generation of
technologies do not strictly qualify as users. Imagine a robot grabs a dustpan and a
brush and cleans the room with them. Cleaning the room can qualify as a problemsolving activity, even though the problem may not be a very hard one. Can we not
say the robot is using the dustpan and the brush and thus the dustpan and the
brush become technologies to be used by the robot? If we give a positive answer to
this question, we have accepted that it is not essential for problem-solving physical
instruments to be used by humans. This would undermine the first humanist
aspect of technologies which I proposed as a necessary metaphysical condition of
problem-solving physical instruments. Perhaps if we push this case to its limits, we
come up with a situation similar to the one depicted in the Matrix movies where
technologies use humans for their own benefits. I do agree that in such extreme
scenarios where technologies have become autonomous, the power relation
between humans and technologies will be reversed. Clearly, in those cases,
intelligent technologies will not be instruments anymore, and by that time, we
must have long let go of humanism in philosophy of technology, waiting for
technologies to discuss technologism in their philosophy of human. But let us stick
to non-fictional cases here and examine the case of the cleaning robot. I believe in
this case the robot’s behaviours do not qualify as acts of usage. This is because
usage includes two distinctive phases of problem-solving activities which I
mentioned earlier: creative planning and execution of the plan. Robots are indeed
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able to execute some plans, but they do not have the capacity for creative planning.
Wybo Houkes and Peter Vermaas (2004) also have provided an account of use
which is useful to mention here:
Defining a plan somewhat loosely as a goal-directed series of considered
actions, a use plan of object x is a series of such actions in which
manipulations of x are included as contributions to realizing the given goal.
(Houkes and Vermaas 2004, p. 57).
The account of usage that Houkes and Vermaas have developed also includes
planning and the execution of the plan. In this account, the mere execution of a
particular behaviour in the form of, say, moving an object does not turn that
behaviour into an act of usage. A user needs to be able to make plans, which means
users must have the mental capacity to form plans. But no robot with such a
sophisticated mind has been developed yet. Robots only follow their algorithms.
Even when these algorithms are dynamic enough to enable robots to adapt to
environments in which they had not been used before, it is the programmer who
writes the program for a robot to make it, say, clean the floor with a dustpan and
brush, and not, for instance, play football.
A similar argument to show why robots do not qualify as users can be derived from
theories of action. If we consider using something in problem-solving activities as a
form of action, we can deduce that any necessary condition which actions in
general satisfy need to be satisfied by cases of using something in problem-solving
activities as well. Kenneth Himma (2009) clarifies that there are two general
theories that explain necessary conditions of actions:
The difference between breathing and typing words is that the latter
depends on my having a certain kind of mental state, while the former does
156

not. Some theorists ... regard the relevant mental state as a belief/desire
pair; on this view, if I want X and believe y is a necessary means to
achieving x, my belief and desire will cause my doing y – or will cause
something that counts as an ‘‘intention’’ to do y, which will cause the doing
of y. Others ... regard the relevant mental state as a ‘‘volition’’ or a ‘‘willing.’’
For example, if I introspect my inner mental states after I have made a
decision to raise my right arm and then do so, I will notice that the
movement is preceded by a somewhat mysterious mental state (perhaps
itself a doing of some kind) that is traditionally characterized as a ‘‘willing’’
or a ‘‘volition.’’ Either way, it is a necessary condition for some event y to
count as an action that y be causally related to some other mental state than
simply a desire or simply a belief. (Himma 2009, p. 20).
These two general theories of action that Himma refers to (which I have only
assumed here without getting into their details) both rely on the actor’s mental
states. Since we can presume that robots do not have such mental states, they do
not qualify as actors. It is true that scientists have not discovered yet what human
mental states are and how they are related to brain states, but that only proves my
point even further; if we still do not know how human mental states are produced,
we cannot replicate artificial mental states for robots. To repeat, here I do not
claim that robots in principle do not qualify as users. But at least the current
generation of technologies do not have the sophisticated mind to be meaningfully
called users.43
The second humanist aspect of problem-solving physical instruments
The fact that to be a user implies having the ability to make plans and follow them
accordingly, or have desires and beliefs, or volition, and in a nutshell, have a
This can raise the question that if the robot cannot be the user of the dustpan and the
brush, then who is the user of these technologies? Clearly, one way to answer this question would
be to deny that the dustpan and the brush are technologies, but this answer is counterintuitive. A
more plausible answer would be that in such a case, the user is the person who owns the robot and
gets the robot to clean their room. It is similar to the case of a car which burns petrol. Does the car
literally use the petrol? Or is it the driver who is using it? In this account of usage which assumes a
level of mental capacity for the user, it is the driver who is (indirectly) using the petrol.
43
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certain level of mental capacity, leads us to a second point which makes the
current conception of technology a humanist one. This second point is in the
humanist nature of the concept of ‘problem’ which is at the core of this conception
of technology. I have repeatedly said that in my current approach, technologies are
problem-solving physical instruments. However, so far, I have not said much about
what makes something a problem, as distinct from a state of affairs.
Problems, puzzles, dilemmas, etc. have an interesting metaphysical status. Even
though they often refer to states of affairs in the world, they are necessarily
metaphysically and epistemically subjective44. In a sense, there is no such thing in
the world as a problem or a dilemma. The fact that an object has blocked my way is
just a state of affairs in the world. I could be indifferent about such a fact, or
celebrate it, even though I often find it a problematic situation. Nothing in the
physicality of the situation is or could meaningfully be problematic. What makes it
a problematic situation is that I find it problematic. If no reflective being existed, it
would not make sense to refer to this or to any other state of affairs in the world as
a problem. If we turn again to the conception of technology as a problem-solving
physical instrument, this claim means that the most basic idea in this conception of
technology (i.e., problem) is purely mind-dependent. This is the second humanist
aspect of problem-solving physical instruments.
Note that here I have made a distinction between three things: a) a state of affairs
(i.e. the physicality of a situation), b) our goals and values, and c) our identification
of a situation as a problem. It is the identification of a situation as a problem which
I claim is purely mind-dependent. Earlier in this chapter, when I was discussing
44

For the difference between epistemic and metaphysical subjectivity, refer to (Searle 1995).
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Latour’s ideas, I showed how the goals that we set for our actions could be
conditioned by certain states of affairs which are brought about by technologies.
For example, my decision to stay secure from hacking and computer viruses on the
internet is a goal which is conditioned by the states of affairs which are brought
about by the internet, computers, electricity, generators, and so on. Moreover, the
weights that we give to our values too could be influenced by technologies. The
influence of monitoring technologies on the value we give to privacy (Holvast
2009) and the influence of contraceptives on the society’s sexual values (Keularts,
et al. 2004) are classic examples of this sort. States of affairs, goals, and our
perception of values, thus, as nonhumanists have argued, can be influenced and
conditioned by technologies. But states of affairs, goals, and the perception of
values are all different from the identification of a state of affairs as a problematic
one. The identification of a problem, one could say, arises from comparing the
states of affairs with one’s goals and values. If one believes that a state of affairs is
not matching with her goals and values, she would consider that state of affairs a
problematic one. This very mental act of comparing a state of affairs with values
and goals takes a sophisticated mind that humans possess and cannot be affected
by technologies45: The fact that the internet opens up the possibilities of hacking,
fraud, and spreading viruses is conditioned by technologies, but the fact that I feel
insecure on the internet and this insecurity makes me use proxies, anti-piracy, and
anti-virus softwares is dependent on me. I compare the state of affairs on the
internet with my goals in using the internet and with my values, in this case,
privacy and security, and after this comparison I decide to use the softwares.
Later on, I will discuss the possibility of the influence of technologies on our identification
of a problem in more detail.
45
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The third humanist aspect of problem-solving physical instruments
The third point which makes this conception of technology a humanist one is that
technologies’ are intrinsically open to evaluative and comparative judgments
which are made by humans. I elaborated on this point in the first chapter:
Technologies are intrinsically open to evaluative and comparative judgments on
the basis of the degree to which their users feel their expectations are fulfilled. A
technology is a good technology if what it does satisfies its user to a high degree. It
would be a better technology than another one if it does the job better than the
other. Here I do not want to repeat what I discussed in the first chapter, but what is
interesting about the discussions of this chapter is that it is humans who make
these judgments. The quality of technologies’ performance is judged by humans. If
they fail to satisfy what humans want them to do, they will be judged as lousy or
malfunctioning technologies.
Evaluation versus rational evaluation
In response to what I have identified as the third humanist aspect of problemsolving physical instruments, someone might argue that given a specific task and a
specific physical instrument, the evaluation whether the technology is suitable for
that task and whether a technology is better than another one is reducible to mindindependent, objective facts. An objective evaluation of this sort can be made
based on the degree to which the physical properties of a technology could afford
the performance of that task. To hammer a nail, for instance, we need something
light enough to be easily grabbed and carried, and we want it to have at least one
hard end. For this task, a hammer would be more suitable than a piece of rock, a
piece of rock would be more suitable than a screwdriver, a screwdriver would be
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more suitable than an airplane, and so on. If a knife is supposed to be used for
surgery, to give another example, it is clear that a sharp and relatively small knife
would do the job better than a bulky or blunt one. So, someone might argue that
epistemically objective evaluations of the performance of technologies can be
made, regardless of the mental states of the users or any other person. To make
these evaluations, one does not need to know more than the nature of the task and
the physical properties of the technology at hand. Given the existence of an
epistemically objective evaluation, technologies’ being open to normative
judgments would not rely on anything mind-dependent or ‘purely human,’ or for
the purpose of this essay, humanist.
To reply to this objection, I need to differentiate between evaluation and rational
evaluation. I agree that a form of rational evaluation of the degree to which the
physicality of a technology is useful in doing a given task can be made based on
objective facts. But humans constantly make judgments which deviate from norms
of rationality. There is an immediate evaluation of each technology coming from
the users which is based on the degree to which they feel satisfied. They do not
have to be rational about these evaluations and perhaps in most cases they are not.
After all, to make purely rational evaluations of how a technology performs a task,
one needs to know the mechanism on the basis of which the technology is working.
For me, to rationally evaluate anti-virus softwares that I have been using on my
computer, for instance, I need to know what generation of viruses they can detect
and how often it updates itself. But if I do not even know what a computer virus
‘looks like,’ I cannot make the most rational evaluation of the anti-virus software
that I am using. Still, this lack of knowledge does not prevent me from comparing
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different softwares based on what I perceive to be the consequence of using the
anti-virus software installed on my computer. My computer may be getting slower
over time because its memory is getting full, but I might (wrongfully) think that
this speed difference means that the anti-virus software which I was using in
earlier months was better than the one that I have currently switched to. On the
basis of this judgment, I even recommend the old software to my friends who may
or may not be as ignorant about computer viruses as I am. Users make judgments
and based on these judgments prefer to use a given technology over the others or
stop using a technology in the future. But in any case, rational or otherwise, such
judgments are made, and the fact that judgments are made by humans provides
another humanist aspect of this conception of technology.
As we saw, all three humanist aspects of problem-solving physical instruments are
rooted, in one way or another, in humans’ possession of a sophisticated mind. It is
this mental capacity which allows them to i) identify a state of affairs as a
problematic one, ii) creatively plan to solve the problem and execute their plan by
means of physical instruments, and iii) evaluate the success and failure of their
plans. This suggests that if humans’ mental capacities are themselves in any way
shaped by technologies, then we might as well need to discard all these humanist
aspects and embrace a ‘more nonhumanist’ understanding of technological objects.
This is the issue which I address in the final section of this chapter.
Humanist extended mind theory
In the previous section, I identified three humanist aspects of problem-solving
physical instruments which were all rooted in humans’ possession of a
sophisticated mind. Identifying certain states of affairs as problems, devising
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solutions to the problems and executing them, and evaluating the solutions all take
reflective beings, which humans normally are. But what if these basic aspects are
not purely human? What if these human abilities—which are all mental abilities—
are themselves (partly) shaped by technologies? If this is the case, then, depending
on the arguments supporting this claim, we may need to abandon some or all three
identified humanist aspects of problem-solving physical instruments.
Interestingly enough, the claim that technologies influence our mental processes is
a well-discussed topic in the fields of philosophy of mind and cognitive sciences.
Some philosophers of mind and cognitive scientists believe that the boundary
between the human mind and the rest of the world does not stop at the border of
humans’ skin, and therefore, certain human mental processes can be extended to
environmental objects, including technologies (Clark and Chalmers 1998). These
claims are often referred to as ‘the extended mind thesis.’ The core claim of the
extended mind theorists, therefore, is that human cognition can be (and indeed is)
extended to environmental objects or ‘cognitive artifacts’, as Donald Norman
(1991) would refer to objects which are used to enhance humans’ cognitive
abilities. But even if they are true, to what extent do these claims affect the three
humanist aspects which I discussed above? To answer this question, it is
worthwhile to break down the extend mind thesis into its key concepts.
One of the key concepts used by extended mind theorists is ‘epistemic action.’
Their claim is that during epistemic actions, the informational contents of cognitive
artifacts work functionally equivalent to the informational contents of some of
humans’ mental states . But what are epistemic actions and what actions qualify as
epistemic ones?
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David Kirsh and Paul Maglio have provided a definition of epistemic action in the
paper that first gave a technical meaning to the term. “Epistemic actions—physical
actions that make mental computation easier, faster, or more reliable—are
external actions that an agent performs to change his or her own computational
status” (Kirsh and Maglio 1994, p. 513-514, italic in the original). The function of
epistemic actions, according to Kirsh and Maglio, would be 1) reducing the
memory load which is involved in mental computation, 2) reducing the number of
steps involved in mental computation, or 3) reducing the probability of error in
mental computation (Kirsh and Maglio 1994, p. 514). Clark and Chalmers, as the
first formal presenters of the extended mind thesis, also define epistemic actions
as those which ‘alter the world so as to aid and augment cognitive processes such
as recognition and search’ (Clark and Chalmers 1998, p. 9). Changing the direction
of falling objects in a game of Tetris to figure out how to fit them, referring to a
map to know how to get to a place, and trying out different keys one by one to
know which one opens a lock are examples of epistemic actions.
In order to examine the possible ramifications of the extended mind thesis on the
conception of technologies as problem-solving physical instruments, and especially
on the debate between the humanist and nonhumanist approaches, we need to
analyse whether any phase of problem-solving activities can be expressed as a
form of epistemic action. So the question is, does any phase of problem-solving
activities fall under any of the three purposes of epistemic actions that Kirsh and
Maglio have identified? The answer is ‘No!’ The three phases of problem-solving
activities (i.e., identification of a problem, using something for one’s sake, and
evaluation) are not a part of our memory. Moreover, these three mental abilities do
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not depend on taking mental ‘steps.’ The abilities to identify something as a
problem, to use something to achieve one’s goals, and to evaluate something, do
not take computational steps in the sense that trying different orientations of
falling objects in Tetris does46. And finally, the concept of error does not even apply
to these mental abilities (remember that even in the case of evaluation, the
rationality of evaluation is not important for our current discussion). Thus,
technologies cannot replace the three purely human abilities used in problemsolving activities because none of those abilities qualifies for cases which epistemic
actions are meant for. More precisely, the humanist aspects of technologies are not
affected by the extended mind thesis.
But here I want to take a step further and show that the three humanist aspects of
technologies which I identified serve also as the humanist aspects of epistemic
actions. First, I should mention that a person engages in an epistemic action only
after that person has found a particular situation problematic. If there is no
problem in the mind of the person, she will not engage in an epistemic action to
solve it in the first place. Secondly, the person who engages in an epistemic action
needs to be able to make some sort of plan and act upon the world based on the

One might claim that these human abilities are algorithmic in nature and take
computational steps. One might even compare human upbringing with writing programs for
computers. In this way, nothing purely humanist will remain in the conception of technologies as
problem-solving physical instruments. I have two points to make in reply to these comments. First,
people who make these remarks often consider progresses in the field of neuroscience as what
backs up their claims. All I can say here is that neuroscientific discoveries are still far behind
showing the algorithmic structure of human mind. And it is indeed upon those who make these
points to provide scientific evidence for their claims. Secondly, another group of people who make
these remarks are those who regard artificial intelligence as comparable to human intelligence.
What can be said in reply to these people is that no meaningfully conscious computer has been
developed yet. Although I do not think that computers can never have the same form of intelligence
as humans, since the current generation of technologies do not have that intelligence, my humanist
points about these technologies still holds.
46
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plan; otherwise, no epistemic action will take place. In a game of Tetris, for
instance, the reason to change the direction of falling objects is because the player
has the plan to figure out which direction is more suitable, and the direction
changes are part of executing that plan. And finally, the person needs to be able to
know when the problem is satisfactorily solved; otherwise, there will not be an end
to epistemic actions. There is no point in changing the direction of falling objects in
Tetris without having the capacity to evaluate each orientation and to realize
whether a direction is a solution I am looking for. Thus, the three humanist aspects
of problem-solving activities work also as the conditions of possibility of epistemic
actions: the person who looks at the map to know how to get to a certain point, to
give a different example, 1) encounters a problem on how to get to that point, 2)
uses the map in order to get to the place, and 3) is able to tell whether she has
successfully reached the point. Without abilities to execute these three phases, the
whole activity of using maps to find one’s way would be meaningless. The
extended mind thesis, therefore, should be interpreted in a humanist way.
Let me recap discussions of this section. Earlier in this chapter, I identified three
mental abilities that are essential to understanding technologies as problemsolving physical instruments. Then, I asked the question: what if these three
mental abilities are themselves influenced by technologies? I referred to the
extended mind thesis as a legitimate position which discusses the influence of
technologies on (some of) our mental abilities. Then, I argued why the domain of
influences that technologies can have on our mental abilities (which are discussed
by the extended mind theorists) does not include the essential mental abilities that
enable us engage in problem-solving activities. Finally, I argued that if the
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extended mind thesis is about the roles that technological objects play in our
epistemic actions, since the three mental abilities which condition problem-solving
activities condition epistemic actions too, then we would need those abilities in
order to be able to engage in epistemic actions as well. It is in this sense that I say
the extended mind thesis should be interpreted in a humanist way: we need to
already have some essential mental abilities in order to be able to ‘extend’ our
minds by technologies.
Conclusion
Understanding technologies as problem-solving physical instruments commits us
to a partly humanist and partly nonhumanist position. Two nonhumanist aspects
of technologies can be identified as follows: The states of affairs which urge
humans to engage in problem-solving activities can be partly shaped or
conditioned by technologies. The values that humans perceive and appeal to in the
process of evaluating technologies can also be influenced by other technologies.
On the other hand, 1) technologies are used by humans; 2) the identification of a
state of affairs as a problem is something which takes a sophisticated mind that at
this point only humans (and perhaps some other animals) have; and finally, 3)
technologies are intrinsically open to evaluative and comparative judgments which
are made by humans. These three humanist aspects can be matched with the four
phases of problem-solving activities. The four phases of problem-solving activities,
to repeat, are i) identification of the problem, ii) creative planning, iii) execution of
the plan, and iv) evaluation. The process of identification of a problem itself opens
up a humanist aspect in understanding technologies as problem-solving physical
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instruments, and so does the process of evaluation. Usage also includes the
creative planning and the execution of the plan.
The fact that all four phases of problem-solving activities provide grounds for
purely human aspects should not be very surprising. After all, problem-solving
activities are one of the peculiar activities of humans that take very sophisticated
minds. This, among other things, means that the answer given to the question
whether

purely

human

characteristics

are

sufficient

to

metaphysically

conceptualize technologies is sensitive to the conception of technology at hand.

168

Chapter four: the interdependence of science and technology: The
case of objectifying technologies and the sciences of unobservables
The next step after defining technologies as problem-solving physical instruments
would be identifying different elements which, to a degree or another, shape
problem-solving contexts and hence construct the reality of technological objects. In
the previous chapter, I investigated (possible) influences of technologies on problemsolving contexts. I argued that if goals and values often motivate humans to engage
in problem-solving activities, then this conception of technologies is partly
nonhumanist. This is because humans’ perception of values and the states of affairs
which condition human goals can be and indeed are influenced and shaped by
technologies. On the other hand, I also argued that purely human attributes in (i)
identifying problems, (ii) coming up with a plan to solve the problem, and (iii)
evaluating the plan, too, are essential to this conception of technologies. This means
that in order to fully understand a given technology, one needs to pay attention both
to purely human attributes and to the roles that other technologies play in building
the context in which the reality of the technology in question makes sense.
Besides human attributes and other technological objects, the accepted scientific
theories and what is acknowledged as the scientific reality, too, can (potentially)
construct our conceptualization of a given technology. In this chapter, I examine the
possible influence of science and, more particularly, our beliefs about scientifically
postulated entities on this conception of technologies.
Interestingly enough, the scientific pursuit has itself been defined by some authors
like Larry Laudan (Laudan 1977, 1981) as a problem-solving activity. However, as I
discussed in the introduction of this dissertation, one can distinguish between
practical problem-solving activities and epistemic ones, with technologies dealing
with the former and scientific theories dealing with the latter.
Thus, when technologies are used in scientific experiments, studying the sciencetechnology relation becomes significant for at least two reasons. On the one hand, the
fact that technologies are introduced to solve the practical aspects of otherwise
epistemic problems makes one wonder to what extent the answers given to the
epistemic problems are shaped by the technological objects at hand. And on the other
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hand, as I have so far argued, the reality of technologies is derived from the reality of
the activities in which they are used. In this case, the reality of technologies used in
scientific experiments is derived from the reality of scientific experiments and
scientific theories. But if that is the case, then what happens to the function of a
technology used in scientific theories when the theories in question are abandoned
and replaced by new ones? These are the questions which I deal with in this chapter.
This chapter, therefore, builds up on the introduction and the first two chapters of
this thesis in general and on my nonessentialist approach to technical functions and
the distinction which I made between semantics and metaphysics of function theories
in particular. In chapter two, I rejected the essentialist theories of functions and
argued that each technology’s function is determined by our beliefs about the
problem(s) which we perceive can be solved as a consequence of its usage. I also
argued that, unlike technologies’ function, their name follows their production
history and remains the same in all contexts. In this chapter, I use these points in
order to investigate the topic of science-technology relations in the case of
technologies which are used in scientific experiments. I will mostly limit my analysis
to the influence of technologies on the science of unobservable entities and vice versa.
Part one: on the (technology-dependent) reality of the sciences (of
unobservable)
Among different senses in which scientific theories can be said to be technologydependent, there is one sense which deals with the influence of technologies on
our understanding of the reality of scientifically postulated entities. In this opening
part of the fourth chapter, I analyse this particular sense of the technologydependence of scientific theories especially in the case of the sciences of
unobservables and technologies that are used in their respective scientific
experiments (i.e. objectifying technologies).
I show that our understanding of the reality of scientifically postulated entities is
dependent on technologies that are used in scientific experiments. This sense of
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technology-dependence comes at different degrees for different sciences, and this
degree is at its extreme in the case of the sciences of unobservables. Finally, I
address the topic of the reference of theoretical terms and examine the degree to
which the references of theoretical terms are determined by experiment. I argue
that prior to the successful experiments done by means of objectifying
technologies, the references of theoretical terms are set by theoretical
descriptions, but after such experiments, the references are mostly determined by
what is detected by means of objectifying technologies.
Introduction
Although it is not contested that scientific discoveries depend on technologies
which are used in scientific experiments, the extent to which and the sense in
which sciences rely on technologies is a controversial issue. It can be argued that
the dependence of sciences on technologies is in technologies’ facilitating role in
scientific experiments. According to this view, it would be practically hard, and
sometimes impossible, for scientists to collect certain observational data without
using technologies. Technologies help scientists get data about the objects of their
experiments, and it is in this sense that scientific theories depend on technologies.
On the other hand, it might be argued that technologies do not merely facilitate
scientific experiments or add extra precision to scientists’ measurements; rather,
they make it possible for scientists to objectively justify their beliefs. As Jim Bogen
and Jim Woodward (1992, p. 600) and Davis Baird (2004, pp. 195-197) have
shown, using technologies as monitoring devices in scientific experiments has
epistemic advantages over relying on human subjective reports. This sense of the
technology-dependence of sciences is important particularly for historians and
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sociologists of science who study the scientific revolutions which led to, what can
be called, the modern sciences.
Another sense of the technology-dependence of scientific theories has been
suggested by Don Ihde (1979, 1991). Ihde makes a stronger claim in regards to the
influence of technologies on sciences in comparison to the previous two claims. He
contends that technologically mediated data about any worldly object is different
from the data one gets through direct perception of that object. So he concludes
that instruments present a non-neutral and non-transparent picture of the world:
“the instrument has displayed itself as simultaneously the condition of the
possibility of certain types of knowledge and yet as a non-neutral transformation
of what is known” (Ihde 1979, 50). Notwithstanding, he does not accept that
science is shaped by technologies in any stronger sense:
I do not claim to have phenomenologically grounded the current form of
science. Nor have I demonstrated that Heidegger’s more radical claim that
technology is more originary than theoretical science is the case. I have
suggested, however, that there may be more involved in the use of
instrumentation than a matter of mere application of theory to practice.
(Ihde 1979, 48)
Peter-Paul Verbeek pushes this idea further and interprets the relation between
science and technology as a metaphysical dependence, which is something that
Ihde avoids. According to this more radical view, technologies sometimes construct
the phenomena which scientists base their theories on. For example, Verbeek
believes that radio telescopes which produce images of stars that are not visible to
the human eye construct reality and, accordingly, shape the scientific theories
which deal with such phenomena (Verbeek 2008).
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Ian Hacking (1983, 1984, 1988) too has studied the role of apparatuses in scientific
experiments and, more particularly, in creating conditions for phenomena which
do not exist in nature. Hacking argues that it is experimentation via manipulation
and intervention that provides a compelling ground to accept the existence of a
postulated unobservable (Hacking 1983, 1984). This intervention indeed means
providing ideal laboratory conditions to manipulate the scientifically postulated
entities. Hacking believes these conditions do not exist in nature and can be
obtained only by using technological instruments:
[T]he Hall effect does not exist outside of certain kinds of apparatus. Its
modern equivalent has become technology, reliable and routinely
produced. The effect, at least in a pure state, can only be embodied by such
devices.
That sounds paradoxical. Does not a current passing through a conductor, at
right angles to a magnetic field, produce a potential anywhere in nature?
Yes and no. If anywhere in nature is such an arrangement, with no
intervening causes, then the Hall effect occurs. But nowhere outside the
laboratory is there such a pure arrangement. (Hacking 1983, p. 226)
Obviously, these ideas are applicable to at least some other unobservable
phenomena as well. Hacking himself makes similar conclusions about the
Josephson effect: “[t]he Josephson effect did not exist in nature until people
created the apparatus. The effect was not prior to theory.” (ibid., p. 229)
Besides these five senses of the technology-dependence of sciences that I just
mentioned, there is yet another sense in which sciences can be said to be
technology-dependent. One can argue that the influence of technologies on
sciences is in shaping at least parts of our understanding of the reality of
scientifically postulated objects. According to this claim, parts of the meanings of
scientific terms are constructed by technologies. This form of the technology173

dependence of scientific theories does not concern the truth conditions of scientific
theories, nor does it directly say anything about the justification of our beliefs
about the existence of scientifically postulated entities. Rather, here the meaning of
scientific terms or, more accurately, our understanding of the reality of the
referents of these terms is claimed to be influenced by technologies. In this way,
one can say, for instance, that our understanding of positrons is (partly)
constructed by Cloud Chambers, or that the meaning of the term ‘microbe’ is
(partly) shaped by (experiments done by) microscopes.
These senses of the technology-dependence of sciences are, of course, not mutually
exclusive. So, for instance, it might be the case that technologies help scientists
both to collect observational data about the world and to provide ideal laboratory
conditions to test the phenomena which do not exist in nature; or that technologies
play roles both in setting the truth conditions of scientific statements and in
assigning meaning to scientific terms.
My focus here is on the last sense of the technology-dependence of sciences. I
examine the extent to which our understandings of scientific concepts are
constructed by the technologies that are used in scientific experiments. I
particularly focus on the sciences of unobservables and the technologies which are
used to experiment the theories of unobservables (namely, objectifying
technologies). However, I also make comparisons between the technologydependence of the sciences of unobservables and the technology-dependence of
other areas of science.
In the next section, I clarify what I mean by objectifying technologies and by
unobservability. Then I make some remarks on the nature of my discussions in this
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chapter. Then I clarify the degree to which our perception of the reality of
postulated unobservables is shaped by objectifying technologies and how this
degree is different in the case of other objects of scientific enquiries.
I dedicate the final section to deal with an objection coming from the so-called
descriptive theories of reference which claim that the meaning of theoretical terms
is derived from theories which often exist prior to the experiments. By accepting a
descriptive theory of reference, therefore, one can question the validity of the main
argument of this part of the fourth chapter that (objectifying) technologies
influence our understanding of the reality of scientifically postulated entities. To
answer to this objection, I make another distinction between ostensibility and
observability, and conclude that causal theories of reference provide better
explanations of ostensible entities, while descriptive theories are more suitable for
non-ostensible ones. On this ground, I show that the reason why our perception of
the reality of postulated unobservables is mostly shaped by technologies is that
after the objectification of postulated unobservables, the reference of theoretical
terms is not fixed by theory anymore, but by what is detected by means of
objectifying technologies in the experiments.
Objectifying technologies
If we consider various technologies which are used in scientific experiments, we
note that there is one group of technologies that make extreme cases in their
contribution to the perception of and the reference to the entities whose reality is
postulated by science. These technologies ‘objectify’ scientifically postulated
unobservables. Here I coin the term objectifying technologies to refer to these
technologies.

Objectifying

technologies
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provide

objective

indications

of

scientifically postulated unobservables. I use the term ‘objective’ precisely in the
same sense that trees, rivers, and mountains can be called objective. Something is
objective in this sense if it can be referred to and perceived by human sensory
organs. This sense of objectivity is what Heather Douglas (2004) identifies as the
first mode of objectivity. This mode of objectivity, according to Douglas, “focuses
on processes where humans attempt to interact with the world, such as scientific
experimentation or interactions in daily life; in particular, these processes attempt
to directly “get at objects” in the world” (Douglas 2004, p. 455). But as Douglas has
argued, and as I shall stress, this sense of objectivity is agnostic about the existence
of entities which are objectified: “Additional (realist) arguments are needed to
move from the bare bones objectivity₁ arising from examination of process to the
ontological claims about the product, e.g., that the objects described are “really
there.”” (ibid. pp. 456-7)
The detector which is called CMS (Compact Muon Solenoid) installed at CERN’s
Large Hadron Collider which helped scientists discover Higgs bosons is a good
example of an objectifying technology. It provides an objective indication of what
scientists refer to as Higgs bosons. The discovery happened through showing
traces of particles born from high energy collisions with properties which matched
the postulated properties of Higgs bosons. Other examples of objectifying
technologies can be Cloud Chambers, bubble chambers, spark chambers, etc. Here
it would be useful to briefly describe how these objectifying technologies work. I
choose Cloud Chambers for this purpose as their structure is rather simple.
During the (successful) experiments done with Cloud Chambers, scientists get to
see the trajectory of postulated particles (such as positrons and kaons) on the
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screen of these technologies. The objectifying mechanism happens inside a
chamber which is supersaturated by water vapour or alcohol vapour. The vapour
is kept at an unstable thermodynamical state in a way that it would condense into
liquid by any disturbance. The particles travelling inside the chamber ionize their
neighbouring vapour molecules and make them condense. The path of this
condensation, as the trajectory of the particle, is made more visible by a light
source. Accepted scientific theories tell us that the trajectory that each particle
makes depends on its mass and electric charge. So, by examining the curves of
condensations, scientists can calculate the mass and the electric charge of the
particle which has made the trajectory, and ultimately, identify the type of particle
which is objectified. Cloud Chambers have historically played an indispensible role
in the acceptance of the theories of positrons.47 Before the experiments done by
means of Cloud Chambers, positrons only appeared in some mathematical
formulae. In a nutshell, what Cloud Chambers and other objectifying technologies
do is provide an ostensible indication of scientifically postulated unobservables.
The simple definition of unobservability that I stick to throughout this paper is
this: an unobservable entity is one which cannot be directly perceived by humans
or by any other subject whose sensory perceptions have similar temporal and
spatial

limitations.48

Note

that

unobservability

does

not

amount

to

unmeasurability. Nor does it entail non-ostensibility. Scientists use objectifying
For a detailed analysis of the experiments which resulted in the acceptance of positrons,
refer to (Xavier 1997).
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The observable/unobservable dichotomy has been challenged by philosophers, such as
Maxwell (1962), who think drawing any line between observable and unobservables entities is an
arbitrary matter. However, following Bas van Fraassen, I believe it still makes sense to talk about
entities that are observable or unobservable for us, humans. For an in-depth discussion of his
arguments, refer to (van Fraassen 1998).
48
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technologies to make postulated unobservables ostensible or to measure their
properties, but these measurements do not turn them into observable entities.
Later on, I will come back to the difference between (un)observability and (non)ostensibility.
The metaphysics of science versus the metaphysics of the actual world
Similar to the previous chapters, here, too, my concern is with what is real and not
with what exists. So, I will not discuss what could justify our beliefs about
unobservables’ existence in an a priori and atheoretical manner. The focus of this
chapter is not on the actual world, but on the reality which we acknowledge by the
scientific theories that we accept.49 One of the main distinctions between being
scientifically real (or being a part of the scientific world) and existing in the actual
world is in the way entities often become parts of each world. For an entity to be
scientifically real, it needs to be accepted by some scientific authority, whereas the
actual world entities do not need to be accepted by anyone. The entities which are
considered scientifically real, therefore, vary over time, depending on the scientific
theories which are accepted in each era. But making a similar claim about the
number of entities which exist in the actual world would be controversial.
Phlogiston, ether, entelechy, atoms, gravitational waves, and black swans, have all
been parts of the scientific reality only in certain periods (some of them still are),
but we do not probably want to say that those entities have existed in the actual

Of course, I do not mean to say that one cannot philosophically examine scientific theories
as providing ‘models’ of the objects in the actual world, their properties, and the causal relations
between them. In fact, philosophers who write on the debate between realism and anti-realism
discuss scientific theories from this angle (van Fraassen 1980 and 1998; Hacking 1983 and 1984;
Maxwell 1962; Stace 1980; Nola 2002; Clarke and Lyons 2002). However, to repeat, whether these
models are ‘correct’ models and whether successful scientific experiments imply the truth behind
the scientific theories are out of the scope of this chapter.
49
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world only in certain periods. In this chapter, it is the scientific reality which
interests me and not the actual world. In fact, I intend to distance my discussions
from any theory that approaches the metaphysics of unobservables in an a priori
manner and ignores (a) the scientific context in which the postulated
unobservables are named and given significance, and (b) the technological means
that aid scientists in their activity of solving epistemic problems.
Let me clarify this point a bit further with an example. When in ordinary language
we make the claim that numbers exist, there are two things which we might mean
by this claim. On one hand, by saying that numbers exist we might mean that
numbers appear in our mathematic formulae, or that we know how to add them
together or subtract them from each other, or that when we go to the supermarket
to buy five apples, we count from one to five and pick five apples, and the like. In a
nutshell, in this sense, saying that ‘numbers exist’ means they play roles in our
activities; we do things with them. As the reader should be able to tell, I prefer to
refer to this sense of existence as reality. But by saying that numbers exist, we
might mean that they exist in the actual world in the same manner that the 1st
elephant which was born in Australia in the 21st century, the foods which are now
stocked on the International Space Station, and the stars which are over
46,000,000,000 times further away from the earth than the sun exist. The second
sense of existence is what myself too have been referring to as existence. It means
that they exist in a mind-independent way, and it does not matter whether they
play any roles in our activities or not. In discussing the metaphysics of the science
of unobservables, I assume the former sense. I also use the word ‘reality’ (instead
of ‘existence’) in order to avoid confusions. Similarly, I use ‘postulated
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unobservables’ or ‘science of unobservables’ instead of using the term
‘unobservables’ in and by itself to stress my agnosticism towards the ontological
status of unobservables in the actual world, and to underline the fact that my
discussions are embedded in what we accept as scientific reality.
Technology-dependence of the sciences of unobservables
After clarifying the domain of this chapter’s claims and what is meant by
objectifying technologies, we are now ready to analyse the technology-dependence
of the sciences (of unobservables). In this section, I put forward an argument
which supports the claim that (parts of) our understandings of the reality of
postulated unobservables is constructed by technologies. In the next two sections,
I give more depth to this argument by contrasting the sciences of unobservables
with other areas of science and by discussing how the meaning of theoretical terms
is shaped by objectifying technologies.
The argument, in a nutshell, is this. The reality of a postulated unobservable is
radically changed after its detection by an objectifying technology. Prior to the
experiments done by means of the objectifying technology, the postulated
unobservable only appears in theoretical formulae, giving it a minimum status in
what we accept as (scientifically) real. But after the corresponding experiments,
scientists have become capable to perceive the postulated unobservable and refer
to it by ostension. This change in our perception of the reality of the postulated
unobservable (from a theoretical term which we are not sure about the reality of
its referent to something which we observe on the screen of our objectifying
technology and can point at), I believe, is sufficient for us to conclude that our
understanding of the postulated unobservable—as a part of the content of the
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scientific theory it is associated with—is mostly constructed by the objectifying
technology.
I shall elaborate on this argument in more detail in the next two sections, but here I
should stress the fact that the argument is not that postulated unobservables are
not real before they are objectified; rather, the argument is that before postulated
unobservables are objectified, they are minimally real compared to the time after
their objectification. The gradual nature of what we perceive as real, therefore,
becomes important to understand my arguments.
Interestingly, the debates on when to accept a postulated entity as a part of science
can be explained by the gradual nature of what we consider as real as well.
Scientists and philosophers of science use and propose different criteria on when a
postulated entity can be said to actually exist. Of course, by existence they mean
mind-independent existence of the entities in the actual world; but if we translate
their debates as debates on when a postulated entity can be said to be sufficiently
scientifically real (in the sense that I am concerned with), then we can present the
criteria which different authors have proposed as suggestions for the minimum
level of reality that entities should possess before being accepted as a part of
science. To some, this minimum level is satisfied when the name and properties of
the postulated entity appear in theoretical discussions and mathematical formulae.
In this way, some might argue that the mere fact that scientists use a term to
provide explanations for given phenomena is sufficient to justifiably accept the
reality of the referent of that term. To some others, if an entity is not
experimentally observable or testable, it is not real enough to be included as a part
of our sciences, even if accepting the entity would have explanatory values. Some
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others might believe that we can confidently accept an entity as a part of our
scientific world only if we are able to use and manipulate the entity in our
experiments. And so on. As I mentioned earlier, traditionally, these standards are
proposed in the context of justification of our scientific beliefs (i.e., what justifies
our beliefs in the existence of an entity). But based on the way I defined the
concept of ‘reality’, we can explain the existence of different standards by the fact
that being real is a matter of degree, and that people set different standards for the
minimum level of reality that something should possess in order for them to accept
it as a part of science.
Notwithstanding, an experiment that leads to the objectification of a postulated
unobservable entity—whose reality was formerly restricted to the usage of its
name in some theoretical discussions—does radically change our perception of the
reality of that entity. The recent detection of the cosmic gravitational waves from
billion years ago which corroborated the inflation theory in cosmology and last
year’s detection of Higgs bosons at CERN are good examples of this sort. After such
experiments, our perception of the reality of postulated entities and phenomena
drastically changed to the extent that it becomes hard not to accept those entities
and phenomena as a part of scientific world. When the reality of a postulated entity
looms so large that we cannot help including it as a part of our sciences, and when
a great deal of this reality comes from the experiments done by a particular type of
technology, then one can conclude that some parts of our sciences are technologydependent.
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Objectifying technologies versus other technologies used in scientific
experiments
In the previous section, I proposed an argument for why the sciences of
unobservables are shaped by objectifying technologies. Before elaborating that
argument further, there is a question which deserves attention: what about other
sciences? Can we make similar arguments for the technology-dependent nature of
other areas of science too? In this section, I show that the conclusions of the
previous section can be generalized to other sciences, but only to a limited extent.
More specifically, I argue that the technology-dependence of our understanding of
scientifically postulated entities is a matter of degree, and that this degree is at its
maximum in the sciences of unobservables. By showing the differences between
the technology-dependence of the sciences of unobservables and the technologydependence of other areas of science I shed more light on my arguments of the
previous section as well.
The difference between objectifying technologies and other technologies is that,
unlike other technologies used in scientific experiments, objectifying technologies
do not measure or detect entities which are atheoretically accessible to scientists.
As an example let us consider Cloud Chambers and compare them with the
technological objects that we call ‘micrometers’ or ‘speedometers’. What a Cloud
Chamber shows is not the same type of thing that speedometers or micrometers
show. A perceptual understanding of objects’ length and speed can be achieved
temporally and logically prior to the invention of Newtonian mechanics, the theory
of relativity, and any other contemporary scientific theory that in one way or
another deals with the concepts of length and speed. The reality of length and
speed for us, in other words, is to a great extent independent of what micrometers
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and speedometers do, even though the quantification of these concepts relies on
the technological objects that we use. Even in hunter-gatherer societies, length and
speed were real for the villagers/tribe members who were assessing the urgency
of the threats coming from animals or estimating the force they needed to throw
their spears. What micrometers and speedometers have done to the reality of
length and speed and to our understanding of these concepts have only been
adding few more activities to a multitude of existing activities in which length and
speed were already playing roles. Therefore, micrometers and speedometers have
not significantly altered the reality of length and speed for us. The concepts of
‘length’ and ‘speed’ are already so grounded in our web of beliefs that it is up to the
quantities that we read on the gauges of micrometers and speedometers to match
our pre-existing understandings of length and speed, and not the other way
around. If a micrometer shows the thickness of a mountain bike wheel bigger than
that of a road bike wheel, or if a speedometer measures the average speed of a
runner higher than that of a racing car (for one and the same observer who is
standing still on the earth that is), we would not redefine our conceptions of length
and speed; instead, we discard those objects as proper functioning micrometers
and speedometers.
Similar arguments can be made about any scientific theory which gives
explanations of (properties of) observable entities. This, of course, depends on the
type of object, but most of the time, we already have an understanding of
(properties of) observable objects before we are faced with new hypotheses about
the objects or with new technologies which measure their properties. It is, again,
up to new scientific hypotheses and up to new technologies to provide technical
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definitions ((or measurements of the properties of the referents) of terms which
refer to observable (properties of observable) entities) that more or less match our
prior understanding of their referents, and not the other way around. If a
hypothesis defines length and speed in a way that the new definitions are
inconsistent with how we understand length and speed, then we have one reason
not to accept the hypothesis. Obviously, if the new definitions are inconsistent with
our prior beliefs, one way to ‘save’ the hypothesis would be giving its technical
terms different names. For instance, instead of calling them ‘length’ and ‘speed’, in
the new theory, we refer to them as ‘nength’ and ‘nespeed’. By doing so, we can still
keep the hypothesis because if we do not have any prior understanding of ‘nength’
and ‘nespeed’, there is nothing which contradicts the technical definitions of these
terms provided by the new hypothesis. But if we do so, the theory would not be
about length and speed anymore.
Willard van Orman Quine and Joseph Ullian have considered consistency with our
prior beliefs about the subject matter of a new hypothesis as a virtue of the
hypothesis and a sign of its plausibility. They identify five virtues of scientific
hypotheses, the first one of which is conservatism:
In order to explain the happenings that we are inventing it to explain, the
hypothesis may have to conflict with some of our previous beliefs; but the
fewer the better. Acceptance of a hypothesis is of course like acceptance of
any belief in that it demands rejection of whatever conflicts with it. The less
rejection of prior beliefs required, the more plausible the hypothesis—
other things being equal.50 (Quine and Ullian 1978, p. 44)

Other four virtues of hypotheses that Quine and Ullian identify are: modesty, simplicity,
generality, and refutability. They also introduce ‘matching with observation’ more of as a metavirtue (or a sixth virtue) which hypotheses should possess. For more discussions on this, see (Quine
and Ullian 1978).
50
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Here I want to add one important point to what Quine and Ullian call the virtue of
conservatism. The significance of matching with our prior beliefs looms large
especially in the case of theories which deal with (properties of) observable
entities. This is because, as I explained, observable entities often enter into a
multitude of human activities which shape our understanding of them. Before the
introduction of new hypotheses, we already have a variety of beliefs about the
observable entity, and therefore, there is more reason to be conservative in the
case of observable entities because there are more restrictions coming from our
prior beliefs. If someone wants to suggest a new theory about length and speed,
due to our existing understandings of these concepts, she should be careful in how
length and speed are defined in her theory; otherwise, the radical definitions that
her theory might give can result in the rejection of her theory. However, similar to
the hypotheses about ‘nength’ and ‘nespeed’, in the case of unobservables the
rejection of a hypothesis due to its inconsistency with our prior beliefs is almost
impossible to happen. Conservatism does not make much sense in how we define
properties of a newly accepted elementary particle as we do not have many prior
beliefs about the particle in the first place.
A Cloud Chamber (as a positron- and a kaon-objectifying technology) provides an
objective and perceivable indication of certain postulated unobservables (i.e.,
positrons and kaons) to which scientists do not have atheoretical access. Before
the experiments which resulted in detecting positrons, positrons only appeared in
theoretical formulae written on pieces of paper. That was as much real as they
could get. It is only as a consequence of the introduction of positron-objectifying
technologies (in the form of Cloud Chambers, Spark Chambers, etc.) that scientists
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have become able to perceive something and refer to it by ostension as the
representation of (properties of) positrons. The level to which postulated
unobservables are perceived as real, thus, has significantly changed by means of
objectifying technologies. Now we can even point at a curve on the screen of a
Cloud Chamber as the trace of a positron and show it to each other. Prior to the
objectification of positrons, we did not have many beliefs about them (except for
our theoretical understandings of them). After their objectifications, however, we
are equipped with a set of beliefs that shape our understanding of positrons and
make conservatism a more important virtue for new hypotheses about positrons.
It is in this sense that our understanding of the reality of postulated unobservables
is (partly) constructed by objectifying technologies. Even though, at least
sometimes, postulated unobservables are predicted before the invention of their
respective objectifying technologies and are represented in scientific theories by
theoretical terms, and for these reasons, are minimally real, a great deal of our
perception of the reality of postulated unobservables has been or will be shaped by
objectifying technologies. This is to such an extent that, even though postulated
unobservables often initially start as a part of sheer conjectures, after the
experiments done by means of objectifying technologies, it is up to theories to fulfil
the task of explaining the reality of objectified postulated unobservables. The
relation between the reality of the postulated unobservable and the theories which
we accept is now reversed. It was first the postulated unobservable which derived
its minimal reality from the hypothesis. But now it is a requirement of new
hypotheses to be able to acknowledge the reality of the objectified postulated
unobservable and provide explanations of its properties. There is now something
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(a curve, a dot, a pattern, …) on the screen of the objectifying technology which
deserves our attention. We might, for any reason, abandon the current theories
which, say, explain the interaction of positrons with some other subatomic
particles. But even if we do so, it is hard to deny the reality of what appears on the
screen of Cloud Chambers in certain experiments anymore. Positrons have entered
into what we accept as the scientific reality and they owe this status of theirs to
positron-objectifying technologies.
Note, again, that the argument is not that unobservable entities come into
existence or are somehow created by objectifying technologies; rather, the
argument is that what is perceived as the reality of postulated unobservables is
contingent on the experiments done by means of objectifying technologies. So the
distinction between reality and existence becomes important here.
Note also that not all postulated unobservable entities (or phenomena) are
predicted by some theory before being ‘objectified’. X-rays and radioactivity, for
instance, were accidentally discovered before scientists got to theorize about them.
But these examples provide even stronger cases of technology-dependence of
sciences. Due to those experiments, we already had a conception of X-rays and
radioactivity before theories were devised to give an explanation of their
properties. It was up to the proposed theories to match what were observed in the
experiments.
Therefore, one can conclude that the particular sense of the technologydependence of sciences which is the focus of this chapter is valid only in the case of
the sciences of unobservables and objectifying technologies. But this conclusion is
not very precise. A more precise conclusion would be that this particular sense of
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the technology-dependence of sciences is in fact a matter of degree. This
technology-dependence is at its extreme in the case of the sciences of
unobservables and objectifying technologies—which is due to the fact that our preexperimental understandings of postulated unobservables is only limited to some
mathematical formulae, and to become able to perceive (the effects of) these
entities and to refer to them by ostension is a major improvement in our
perception of their reality. But this sense of technology-dependence of sciences
also exists in the case of other areas of science, only to a less extent. Think about
the bacteria that we see through microscopes or about the former planet of the
solar system, Pluto, which we can only observe by telescopes. Now imagine using a
telescope to observe the planet Mars, which is (hardly) visible to the naked eye.
Then, consider using technological instruments to do experiments in order to
understand phenomena like volcano eruptions or solar eclipses. And finally think
about measuring objects’ thickness and speed by means of micrometers and
speedometers. These examples show a spectrum of cases in which the reality of the
objects of the experiments becomes less and less dependent on the technologies
which are used in the experiments. The low degree of the technology-dependence
of the theories of the last few cases is precisely due to the fact that the
objects/phenomena in question enter into a variety of our activities that are not
conditioned by technologies used in the experiments. The less our perception of
the reality of the objects of the scientific inquiry depend on the technologies which
are used in the scientific experiments, the less the respective sciences will be
dependent on the technologies in question, and the more conservative we should
be in suggesting new hypotheses about the objects, due to the restrictions coming
from our prior beliefs.
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Thus, the influence of technologies on our understanding of objects which we
accept as parts of the scientific reality is a matter of degree. In the case of
objectifying technologies, this influence is at its extreme, but that does not mean a
similar influence does not exist in the case of other technological instruments
which are used in scientific experiments. Anytime we develop new theories about
an entity, anytime we observe a subject matter through scientific instruments, or
anytime we do measurements to quantify our perception of the properties of an
object, we add new dimensions to our prior conception of the object—which will
influence how we treat future hypotheses about that object as well.
Reference of theoretical terms
What I argued to be the dependence of our understanding of the reality of
scientifically postulated unobservables on objectifying technologies entails that the
meaning assigned to the theoretical terms that are meant to refer to postulated
unobservables are shaped by what we perceive as the traces of these entities by
means of objectifying technologies. Even if a postulated unobservable is predicted
by some theory well before its objectification, and even if its corresponding
theoretical term can get its meaning from its place in the theory, still, after the
objectification, the meaning of the theoretical term is mostly derived from the
experiment and not from the theory.
Is that a sound argument though? Is it implausible to think that even after the
objectification of the postulated unobservables the meanings of the theoretical
terms are still mainly determined by the theory and not by the experiment?
The above objection is normally advanced by philosophers who defend a
descriptive theory in regards to the reference of theoretical terms. According to
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these theorists, the meaning and the reference of theoretical terms is set by
descriptions which are derived from the theories to which the terms belong.
Descriptive theories contrast the so-called causal theories of reference which claim
that speakers do not need to associate any descriptive content to the (theoretical)
terms which they use. According to causal theories, hence, there is not necessarily
anything more into the meaning of (theoretical) terms than the things to which
they refer. Since the referents of theoretical terms are worldly objects, and hence
theory-independent, according to causal theories, the meaning of theoretical terms
is independent of theoretical descriptions.
People like Berent Enç (1976), David Cummiskey (1992), and Frederick Kroon
(2006) have discussed the problems with the causal theories of reference when
applied to theoretical terms. The main objection against causal theories of
reference, in a nutshell, is that causal theories cannot account for the cases of
reference change. Think of the theoretical term ‘phlogiston’ as an example.
Although this term had a meaning during the time the phlogiston theory was
accepted, it has become a vacuous term because now we believe that phlogiston
does not exist. Notwithstanding, if we stick to a purely causal theory of reference,
we should conclude either that phlogiston still refers or that it has always been
vacuous and meaningless, even during the time the phlogiston theory was
accepted. Both conclusions are implausible. This conclusion is due to the fact that
according to causal theories of reference, the identity of two proper names which
refer to one and the same thing or that of two terms which refer to one and the
same natural kind is necessarily true (Kripke 1980) (Putnam 1975). So, in these
theories if Water=H2O, then it is necessarily the case that Water=H2O. Or if
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Superman and Clark Kent refer to the same individual, then it is necessary that
Superman=Clark Kent. Similarly, if a theoretical term refers to a scientifically
postulated (unobservable) entity, then the identity of the term with that entity
would be necessarily true. Either the theoretical term (e.g. ‘phlogiston’) has to
always refer to the postulated unobservable it was given as a name to (i.e.,
phlogiston)—even if at some point we come to believe that the postulated
unobservable does not exist—or the theoretical term can never be said to refer to
any entity and for this reason has always been meaningless—because in the case of
proper names and natural kind terms, having no referent entails meaninglessness
as causal theories deny the (necessary) existence of descriptive contents which
would associate these terms.
Descriptive theorists pick up on this aspect of causal theories and by giving
examples which contain reference changes show the weaknesses of causal
theories, arguing that the meaning and the reference of theoretical terms are set by
descriptions given by the theories within which the terms are embedded. These
theories do not face the problem of causal theories to explain the reference of a
term like ‘phlogiston’. They can simply say that the term had its meaning derived
from the phlogiston theory, but after the theory was abandoned, there was no
theory to provide a descriptive content for the term, and for this reason the term
became vacuous.
This objection against causal theories can work against my position on the
technology-dependent nature of the science of unobservables. But the reason why
this objection can work against my position is not because my arguments of the
previous sections presuppose a purely causal theory of reference; rather, it is
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because if we agree that the meaning and the reference of theoretical terms are
derived from their corresponding theories, then, unlike what I have argued, we
should also agree that our understanding of postulated unobservables does not
(significantly) change after their objectification. In other words, if we accept a
purely descriptive theory of reference, we are committed to the conclusion that
our beliefs about postulated unobservables come from the descriptions provided
by theories, and the experiments which result in the objectification of these
entities can only confirm those beliefs, without adding anything to or changing the
content of those beliefs. So all I need to do here is to argue that purely descriptive
theories of reference do not provide satisfactory explanations for all theoretical
terms. I will do so and will go on to show how the mechanism through which
theoretical terms refer works.
To deal with this objection, I should first mention that descriptive theories
themselves face their own problems in regards to the reference of theoretical
terms. Since they entrust the role of determining the reference of theoretical terms
to the descriptions given by theories, they should interpret any change in theory as
a change in reference. As Cummiskey has put it:
One of the main objections to description theories of reference is that they
have the unwelcome consequence that revolutionary theory change results
in a change in the referential properties of theoretical terms. If the
reference of a term is determined by a cluster of descriptions associated
with the term, and if the cluster of descriptions changes significantly as the
result of a scientific revolution, then it seems to follow that the term will
refer to something different in the new theory. (Cummiskey 1992, pp. 2526)
This is an unwanted consequence of descriptive theories. We do not want to accept
that scientific revolutions totally change the scientific reality. We expect new
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theories to be able to give explanations of the properties of the same objects that
the previous theories were giving explanations of. Consider the history of theories
of electron for example: the blueberry muffin atomic model of Joseph Thomson,
Rutherford’s planetary model, Niels Bohr’s atomic model, and the electron cloud
model of quantum physics. Each of these theories provides a different description
of the position of electrons in relation to atoms’ nuclei. The difference between
these theories is so that each theory was considered revolutionary compared to its
predecessor(s). So according to purely descriptive theories of reference, the term
‘electron’ should have different meanings in each theory, or in other words, these
theories are about different subject matters. This, of course, is not an acceptable
conclusion because we believe that these theories strive to give descriptions of the
same entity. Each of these theories gives a more convincing explanation of the
structure of atom and the position of electrons in relation to the nucleus compared
to the one(s) which preceded it. Even though some of the properties that we assign
to atoms and to electrons differ in each theory, we still believe these theories talk
about the same reality.
Interestingly, then, although ‘phlogiston’ and ‘electron’ both refer to unobservable
entities, it seems that different theories should be employed to explain the
reference of these two terms. Descriptive theories provide a better explanation of
the reference of the term ‘phlogiston’ because we believe that the reality of
phlogiston was purely theory-dependent and abandoning the theory meant the
term became vacuous. But in the case of the term ‘electron’, causal theories are
preferred as we believe that the reference of ‘electron’ is fixed and that different
theories of electron talk about the same entity. But what is the difference between
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the case of phlogiston and that of electron? What gives an advantage to descriptive
theories in the former case and to causal theories in the latter? The difference
cannot be in the fact that the phlogiston theory is now abandoned whereas
electron is still accepted as a part of science. This fact does not provide a
convincing explanation because we cannot be sure that we keep our electron
theory either. Moreover, perhaps scientists of the 17th and the 18th century were as
confident about the truth of phlogiston theory as we are now about that of the
theory of electron. What can justify the difference between the theory which
explains the reference of ‘electron’ and one which explains the reference of
‘phlogiston’ then? I believe the difference between these cases is that electron got
objectified and became ostensible, but phlogiston did not. To elucidate this point, I
need to say a few words on the distinction between (un)observability and (non)ostensibility.
Although some philosophers, like Cummiskey (1992), take unobservability as
synonymous with non-ostensibility, here I want to underscore the distinction
which I made earlier between these two concepts. Observability and
unobservability are contingent on the spatial and temporal limitations of our
senses yet in a timeless and placeless fashion. If an entity is unobservable, it
remains so forever and to all observers who have the same sensory limitations. But
ostensibility and non-ostensibility are about one’s epistemic access. Whether or
not an entity is ostensible is spatially and temporally a relative matter. Something
can be ostensible for a person at one particular point in time and space, and be
non-ostensible for another (or the same) person at a different point in time or
space. Pluto, the former solar system planet, is not unobservable in principle and
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has never been because if we get closer to it, we will be able to see it. In fact, it is
likely that from the places where the spacecrafts Voyager 1 and 2 are located now
(i.e., February 2014), Pluto is visible to the naked eyes. However, although Pluto
used to be non-ostensible, since 1930 astronomers have been able to spot in the
sky. In other words, Pluto’s status has changed from a non-ostensible entity to an
ostensible one. If any planet exists outside the Milky Way, on the other hand, it
would be observable in principle but non-ostensible for us because no one has
found a way to spot them yet.
An important point in regards to the distinction between observability and
ostensibility is that it is not the case that the category of observables includes that
of ostensibles. Something can be ostensible but not observable. Positron is an
example of this sort. Positron is unobservable because any being with similar
spatial and temporal sensory limitations as humans is unable to sense positrons.
However, positron is ostensible because we have learned how to objectify it by
means of Cloud Chambers (or other technological objects). Objectifying
technologies, in this way, function as technologies that make unobservable entities
ostensible.
So what does the distinction between observability and ostensibility have to do
with the reference of theoretical terms? I believe this distinction, or more
precisely, the concept of ‘ostensibility’, can be used to explain why while ‘electron’
and ‘phlogiston’ are both theoretical terms and both refer to unobservable entities,
in the case of the term ‘phlogiston’ descriptive theories of reference are preferred
but in the case of terms like ‘electron’ causal theories provide better explanations.
The theory which explains how a term refers is not sensitive to whether the
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referent of the terms is observable or not, nor is it sensitive to whether the theory
is accepted as a part of science. The theory which explains how a (theoretical) term
refers is sensitive to whether the object of reference is ostensible or not. In the
case of non-ostensible entities, descriptive theories of reference are often more
successful, and in the case of ostensible ones, causal theories provide better
explanations. (As I shortly argue, the theory which explains how a (theoretical)
term refers is sensitive to, but is not fully determined by, whether or not the object of
reference is ostensible.)
What makes a difference between the case of phlogiston and the case of electron is
that phlogiston remained non-ostensible, and for this reason its meaning was
purely determined by theory. After the theory was abandoned, the term became
vacuous. Electron, on the other hand, was objectified, and for this reason its
reference was determined by objectifying technologies and not by theoretical
descriptions anymore. Thomson’s cathode ray experiments provided the
possibility for electron to be dubbed as ‘electron’. After Thomson did his cathode
ray experiments, the term ‘electron’ refers to the same type of entities despite the
fact that the atomic theory has changed a few times ever since.
Objectifying technologies, therefore, provide the possibility for the referents of
theoretical terms to be dubbed. This act of dubbing constitutes the first
indispensible step of the causal link that the causal theories of reference appeal to
in order to explain how a term refers to its referent. Dubbing, however, can be
performed only on ostensible entities, entities which are objective in the sense
which I discussed earlier. If an entity remains non-ostensible, its referential
properties cannot be explained by causal theories, simply because the causal chain
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of reference does not even start. This is what happened to the term ‘phlogiston’.
The necessary condition for causal theories to explain the referential properties of
‘phlogiston’ was never met: no act of dubbing was performed. It always remained
an unobservable, non-ostensible entity. But unobservable entities do not always
remain

non-ostensible.

Objectifying

technologies

turn

non-ostensible

unobservables into ostensible ones and enable them to be dubbed.
Interestingly, the term ‘atom’ itself used to be an unobservable, non-ostensible
entity for millennia. The term was coined by the ancient Greek philosopher
Democritus who suggested that material objects are composed of unbreakable
particles which he called ‘atoms’. The term was then picked up and used by other
philosophers but remained a theoretical non-ostensible term until the experiments
in the nineteenth century gave us some empirical data on the structure of atoms.
Up to the nineteenth century, thus, the reference of the term ‘atom’ was
determined by theoretical descriptions, and indeed different atomistic theories
could be said to have been talking about different entities. When electrons,
protons, and neutrons got objectified, however, the references of ‘electron’,
‘proton’, ‘neutron’, as well as that of ‘atom’ got fixed. Ever since that point, causal
theories of reference are more successful in explaining the reference of these
terms than descriptive theories.
Having a perceptual access to an object, therefore, makes that object ostensible
and changes the way the object is understood and referred to. In the case of most
observable entities, this perception is direct, but in the case of unobservables, the
perception is made through objectifying technologies. Michael Devitt refers to this
latter type of perception as “quasi perception”:
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Our problem with a theoretical term is that its referent cannot be perceived.
We need some substitute for perception in our adaptation. However, not
any old causal link will do: we do not want ‘phlogiston’ to refer to oxygen
because it was in fact oxygen that caused people to come with the
phlogiston theory. Our substitute must be very like perception: quasi
perception. I suggest that what we seek here is a relation consisting of an
instrument “perceiving” the referent and our “reading” of the instrument:
we are “perceiving the referent through the instrument.” It would, of
course, be difficult to fill out the details of this suggestion. I shall not
attempt to do so. (Devitt 1981, pp. 200-201, italic in the original)
In this way, Devitt defends causal theories of reference for those theoretical terms
that we can make quasi perceptions of their referents. Without getting into the
details, he also acknowledges the role that technological instruments play in
making this type of perception possible. I believe the explanations of this and the
previous sections can fill out the details which Devitt did not attempt to discuss.
Showing that the reference of ostensible, unobservable entities is best explained by
causal theories of reference and that this reference is fixed at the instance of the
objectification of those entities supports and gives another dimension to my main
point: the meaning of theoretical terms, or in other words, our understanding of
the reality of postulated unobservables is partly constituted by objectifying
technologies. When the reference of a term like ‘electron’ is fixed, it becomes much
harder to neglect its reality, even if our current theories get substituted by new
ones. We might (as we already have) come to the conclusion that electrons are not
elementary particles, and that they are made of other elementary particles. But
these new theories do not change the referent of the term. Nor do they easily lead
us to abandon the reality of electrons as we accepted back in the nineteenth and
early twentieth century. As long as we believe in the reality of our electronobjectifying experiments, electrons would be a part of the scientific reality, and
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whatever theory we accept, we still need to provide explanations of their
properties.
Before concluding this part of the fourth chapter, I should make it clear that it is
not the case that after the objectification of a postulated unobservable there is no
possibility of withdrawing the postulated unobservable from what we accept as
the scientific reality. Also, unlike what purely causal theories would argue, it is not
the case that the theoretical terms which refer to objectified unobservables do not
have any descriptive contents. A part of our understanding of the reality of
postulated (unobservable) entities is still shaped by the theories in which they are
embedded, and that part would partially constitute the meaning of the terms used
to refer to those entities. But objectification does make something so real that it
becomes much more costly to withdraw it from the scientific world. Objectification
provides the possibility of dubbing postulated unobservables and freeing them, to
a significant degree, from the theories to which they belong. Electrons can still
possibly be withdrawn from our physics. But it is now more costly to say electrons
are not real than to say the strings which String theorists talk about are not real.
Yet at the same time, it is less costly for us to say electrons are not real than to say
length and speed are not real.
What we should pay attention to, therefore, is the activities which make something
more real for us. Having an objective representation of an object, dubbing an
object, theorizing about an object, providing predictions or explanations of what
happens in the world based on the theories, building instruments which work on
the basis of those theories, having ceremonies which involve the usage of those
instruments or the object itself, these all make something more real for us.
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Objectification of a postulated unobservable significantly improves its status in
what we accept as reality. When we point at things and give them names, we start
acknowledging their reality to a greater extent. However, this does not mean that
an objectified, dubbed entity finds an immutable place in our scientific reality. One
day we might question the significance of some of our scientific experiments and
decide to redefine our reality by new theories. But until that day it is up to our
theories to concede to the reality which is partly shaped by objectifying
technologies.
Conclusion to the first part
One particular sense in which the sciences of unobservables are technologydependent is in the influence of objectifying technologies on our perception of the
reality of postulated unobservables and on the meaning of theoretical terms.
Objectifying technologies play crucial roles in creating the conditions of
possibilities of the activities which enhance the reality of scientifically postulated
unobservables. These activities include any activity which requires an objective
indication of objects or those which require referring to objects by ostension and
dubbing them.
This sense of technology-dependence is valid in other areas of science as well, but
to a more limited degree. This degree is determined by the extent to which our
prior beliefs put restrictions on our understanding of the subject matter of the
scientific theories, or in other words, the extent to which we perceive the subject
matter of the scientific theories as real. The significance and the variety of our
prior beliefs about the subject matter of a scientific theory also determine the
degree to which conservatism in regards to proposing new theories becomes an
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epistemic value. The more the reality of the objects of the scientific inquiry depend
on the technologies which are used in the scientific experiments, the more the
respective sciences will be dependent on the technologies in question, and the less
conservative we should be in suggesting new hypotheses about the objects.
Part two: on the science-dependence of (objectifying) technologies
There is one uncontroversially accepted sense in which technologies are sciencedependent. Technologies are material objects whose behaviours and interactions
with their surrounding objects are explainable by scientific theories. And for this
reason scientific developments would open up possibilities of designing new
technologies.
There is, however, another more extreme sense in which technologies can be
science-dependent. In this more extreme sense, not only are the physical
behaviours of technologies explainable by scientific theories, but the functions
assigned to technologies also depend on what is accepted as scientific reality in
such a way that after abandoning our scientific theories, technologies would not
have their function anymore. In this second part of the chapter I argue that
objectifying technologies are science-dependent in this more extreme sense as
well.
Functionality of technologies
In the first part of the fourth chapter, I examined the influence of technological
instruments on scientific theories and argued for the technology-dependent reality
of the scientific reality. Now I focus on the other side of the coin and analyse the
influence of scientific theories on the reality of technologies. Similar to the
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previous part, my focus here is mainly on objectifying technologies and the
sciences of unobservables.
To examine the sense in which (objectifying) technologies are science-dependent,
one needs to first understand technologies better. I elaborated on the metaphysics
of technologies as problem-solving physical instruments in the previous chapters
of this dissertation, but here I want to mention a few important points about
technologies’ functions which would be relevant to our current discussions.
One important characteristic of technologies is that they are physical objects. Each
technology, like any other physical object, is material and correspondingly, its
behaviour is explainable by the same scientific theories that explain behaviours of
other material objects. A micrometer, for instance, is an object which would fall to
the ground in response to gravitation, would expand when heated, would
accelerate if pushed by an external force, would break if hit by a hard material, and
so on. In this way, we can say that micrometers, similar to other technological and
non-technological physical objects, are science-dependent in the sense that their
behaviours and their interactions with their surrounding objects are explainable
by scientific theories.
However, next to their physical properties, technological objects also have
problem-solving functions: a micrometer is used to measure (small) lengths. The
fact that a micrometer has certain physical properties is independent of the fact
that it is used as a micrometer, even though its physical structure makes it more
suitable to be used as a micrometer than, say, a hammer. So, technologies’
materiality is different from their problem-solving functionality.
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The thesis that technologies have dual characteristics (i.e. physicality and problemsolving functionality) has two important consequences. First, it is possible for two
physically similar objects to make two different technologies by virtue of having
different functions. Consider the technology T1 which has a given physical
structure and a particular problem-solving function. If one takes the same physical
object and uses it for a different problem-solving purpose, then that physical object
would be identified with a different function, and consequently, T1 would turn into
T2. For instance, think of a piece of machinery whose functionality is alarming
shopkeepers of possible shoplifting cases. As I discussed in the second chapter, this
technology would be an anti-shoplifting gate because we would be justified in
believing that, as a consequence of this technology’s beeps, shopkeepers get
suspicious of the customers who have just passed through the gate. But at the same
time, this piece of machinery can also be used as goals in soccer matches in order
to make sure whether and when the football passes the line. In such cases, the
piece of machinery would turn into smart soccer goals because the function that
we have identified the object with has changed. In this case, smart soccer goals and
anti-shoplifting gates would be two different technologies even though their
physical aspects are alike.51 Or as another example, think about a piece of rock
used as a paperweight. Now if I grab the rock and use it to hit the nails into the
wall, it turns into a new technological object.
Secondly, if the function of a technology for any reason is taken from it, the
technology would turn into a piece of machinery and cannot be called a technology
anymore. Think about the same piece of rock or the smart soccer goals. If we stop
For a detailed discussion of function theories refer to the second chapter of this
dissertation.
51
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using them and throw them to the garbage bin, they would not be technologies
anymore. This, to repeat, is due to the fact that social contexts and the purposes for
which a technology is used are as constitutive to the kind of technology that the
object is as its wires, transistors, hydraulic pumps and its other physical
characteristics.
Science-dependence of objectifying technologies
In the case of most technologies used in scientific experiments (micrometers,
barometers, speedometers, etc.) the functionality of the technology is in its
intentional character. Intentional here has a broad meaning; something is
intentional if it represents or refers to something else. The grades on a micrometer
(partly) constitute its functionality as a micrometer, but at the same time, they
refer to the length of the object which is measured by the micrometer. The
functionality of a barometer is in the height of its mercury column. The mercury
column of a barometer is not a random mercury column. Its height represents the
pressure of the fluid which surrounds the barometer. And so on. Objectifying
technologies share this characteristic with other types of technologies used in
scientific experiments. The curves on the screen of a Cloud Chamber which
represent a positron at the same time (partly) define the functionality of the Cloud
Chamber as a positron-objectifying technology. The curves on the screen of a Cloud
Chamber which represent a kaon at the same time (partly) define the functionality
of the Cloud Chamber as a kaon-objectifying technology.
Note that a piece of machinery like a Cloud Chamber can have multiple functions
for objectifying multiple elementary particles. The name Cloud Chamber does not
necessarily say anything about the particles that it can objectify. The name only
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refers to that piece of machinery; it is only a name!52 So, the functionality of a cloud
chamber as a positron-objectifying technology is different from its functionality as
a kaon-objectifying technology. And for reasons provided earlier in this section we
can see this piece of machinery as two different technologies when used to
objectify positrons and when used to objectify kaons, in a similar way that we see
the RFID detecting gates as two different technologies when used as antishoplifting gates in stores and when used in football games as smart goals to make
sure whether the ball has passed the line or not. There difference between these
cases is that, unlike the piece of machinery used in anti-shoplifting gates or in
soccer games, in the case of positron-objectifying technologies and kaonobjectifying technologies, similar to many other technologies used in scientific
experiments, what partly constitutes their functionality also represents an aspect
of scientific reality.
The function of a given objectifying technology in its objectifying character is,
therefore, linked to the scientific theories that predict and explain the behaviour of
the postulated unobservable which the technology objectifies. It would be
unjustified to identify the technology with the same function while the relevant
scientific theory is abandoned. Objectifying technologies are science-dependent
(also) in the sense that in order for them to have their functions, the respective
scientific theories of unobservables should be accepted. Let me clarify this point
with an example.

In the second chapter, I explained the difference between the semantics and the
metaphysics of functions.
52
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Think of a Cloud Chamber, as a piece of machinery, which could have two different
functions and, hence, could be seen as two different technologies. It could function
as a positron-objectifying technology or as a kaon-objectifying technology. Now, if
scientists (for any reason) abandon the theory which predicts and explains the
behaviour of positrons, then it suddenly becomes meaningless to refer to certain
curves on the screen of the cloud chamber (which used to be seen as the
trajectories of postulated positrons) as representations of positrons. This is
because if scientists do not believe in the theory of positrons, they would not be
justified in perceiving what appears on the screens of Cloud Chambers in certain
experiments as traces of positrons. In that case, Cloud Chambers could still be
kaon-objectifying technologies if scientists do not abandon the kaon theory, but
they can no longer be positron-objectifying technologies. Thus, the existence of any
positron-objectifying technology (in the form of Cloud Chambers, Spark Chambers,
etc.) depends on whether or not the scientific theory in which the theoretical term
‘positron’ is embedded is accepted.
As another example, think of a phlogiston-meter type of technology existing during
the times the theory of phlogiston was accepted. Imagine those who had accepted
the theory of phlogiston believed that the consequence of using this particular
piece of machinery (i.e., the phlogiston-mere) was that the technology was
measuring the phlogiston flow from one object to another. Such a technology, had
it existed, would have lost its functionality the moment at which the theory of
phlogiston was put aside. This moment became the very moment at which the
existence of the referent of the term ‘phlogiston’ was questioned, and also the very
moment at which no curve, dot, etc. on any piece of machinery could represent
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phlogiston anymore. Phlogiston-meter could have been a technology for those who
accepted the theory of phlogiston and described its properties by that theory, but
for us, who do not accept the theory of phlogiston, there cannot be any technology
as a phlogiston-meter. As I explained in the second chapter, we can still refer to the
object as a phlogiston-meter, but the name that we give to it does not say anything
about its metaphysical status. As long as we do not justifiably believe that what we
call a ‘phlogiston-meter’ measures the amount of phlogiston flow, that technology
is not metaphysically a phlogiston-meter. Thus, objectifying technologies are
science-dependent in a stronger sense as well: the functionality of objectifying
technologies depends on the scientific theories whose theoretical term(s) is (are)
objectified by the technology in question.
Note that these conclusions are valid because in the belief-based consequentialist
theory of function developed in the second chapter function identification is a
matter of having justified and not true beliefs. To repeat, in this definition the
function of an object is identified by justified beliefs about the intended
consequences of its (possible) usage. Here some might argue that the so-called
phlogiston-meters never had the function of measuring phlogiston because if we
believe that phlogiston does not exist, we also believe that it did not exist back in
the 17th and 18th centuries. According to this objection, then, function identification
is a matter of having true beliefs about what objects do. This, of course, is a very
demanding requirement. If we replace having justified beliefs in our definition of
functions with having true beliefs, then we should be very confident about the
status of our current scientific theories and our scientifically postulated entities;
otherwise, we can never identify the function of our voltmeters, thermometers,
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cloud chambers, etc. Since we cannot guarantee that our current theories are true
and that terms like ‘electric potential’, ‘temperature’, ‘positron’, etc. refer to
existing objects or properties of objects in the world, we have to stay indecisive
about the functional status of voltmeters, thermometers, cloud chambers, etc. until
we become certain about the ontological status of electric potential, temperature,
positrons, kaons, etc. which, of course, may never happen. According to the beliefbased consequentialist theory of functions, however, the function of what we may
call ‘a phlogiston-meter’ is measuring phlogiston for those who believe in the
theory of phlogiston and have justified belies that such devices measure the
amount of phlogiston flow. What is needed to identify an object’s function is a
justified, but not necessarily true, belief about the intended consequences of its
usage.
There are two other points about the science-dependent character of objectifying
technologies which should be clarified here. First, as I explained earlier, the
scientific reality should not be confused with the actual world and things which
exist in it. My focus here is on the former and not the latter. So, the sciencedependent nature of objectifying technologies should not be understood as the
dependence of objectifying technologies on the existence of unobservables.
Objectifying technologies are dependent only on the existence of the relevant
theories of unobservables. The existence of a scientific theory here means that it is
accepted. In fact, even if a scientific theory of a postulated unobservable is false, as
long as it is (for any reason) accepted, then its corresponding objectifying
technology would be still functioning.
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The second point which I want to clarify is this. As I previously argued, the thesis of
the science-dependence of objectifying technologies can have a weaker sense as
well. This weaker interpretation of the thesis applies not only to objectifying
technologies but to all types of technologies: all technologies are sciencedependent in the sense that their behaviour is explainable by scientific theories.
However, in addition to this weak sense of science-dependence, objectifyingtechnologies are science-dependent in yet another, much stronger, sense too; they
cannot have their functions independently of certain scientific theories which
predict and explain the behaviour of postulated unobservables. This latter sense of
science-dependence does not apply to other types of technologies. Ships would still
float on the water even if scientists dramatically revise the current science of
hydraulics. Telephones would still make distance audio communications possible
even if the current electromagnetic theories get replaced by other ones. Chimney
fires would warm us up in winter independently of the theory of thermodynamics
scientists agree on. But cloud-chambers will not be positron-objectifying
technologies anymore if scientists abandon the positron-theories.
Part three: the interdependence of science of unobservables and objectifying
technologies
So far I have argued for the technology-dependent nature of the sciences of
unobservables and the science-dependent nature of objectifying technologies. I
dedicate this section to elaborate more on the interdependence of science and
technology. I start this task by mentioning different reasons for which scientists
might use an objectifying technology.
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(1) Scientists might run an objectifying technology to test the accuracy of the
technology itself. For instance, after designing a new Cloud Chamber, a group of
physicists might carry out some basic experiments to find out if the technology is
reliable, and for example, there is no vapour leakage from the chamber. If the
results derived from the new Cloud Chamber will be what scientists expect them to
be, then scientists could confidently rely on the new technology in their future
experiments.
(2) Sometimes scientists rely on a given objectifying technology and apply it to
gather more information about a particular subject matter. Ordinary applications
of a technology (say, for educational purposes) fall into this category.
(3) Scientists might apply an objectifying technology to verify a hypothesis about a
postulated unobservable by means of that technology. Verification of a hypothesis
about a postulated unobservable here means predicting certain curves to appear
on the screen of the physical instrument and detecting those curves during the
experiment.
Besides these three reasons, objectifying technologies can be used for other
reasons as well. Hacking, for instance, believes there does not always have to be a
conjecture behind any experiment. He thinks that scientists can once in a while do
crazy experiments. These experiments probably lead to nothing interesting, but
they might bring surprising results which could lead to new discoveries (Hacking
1983, p. 154). Carrying out crazy experiments is an idea that Paul Feyerabend
(1975) and Karl Popper (1959) would also prescribe for scientists.
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Back to those three applications, it should be mentioned that in the third type of
application, due to the science-dependent nature of objectifying technologies, the
physical instrument which is used to carry out the experiment cannot decisively be
identified with any particular function before the experiment has taken place. This
is because prior to the experiment, we still do not have a justified belief about what
(if anything) we would perceive by means of the physical instrument. Only after
observing the postulated unobservable (P) can we identify the function of the
physical instrument as a P-objectifying technology. A Cloud Chamber used to test
the hypothesis which predicts positrons cannot literally be a positron-objectifying
technology prior to the experiment or after the failed experiment. During the
experiment, the functionality of the Cloud Chamber as a positron-objectifying
technology is itself only postulated. Of course, now (i.e., in the 21st Century) that
we have accepted positrons as a part of our scientific reality we can confidently say
Cloud Chambers are positron-objectifying technologies. But we were not sure
about this function of Cloud Chambers the time positrons were not objectified yet.
What happens when scientists test the theory which predicts the theory of
positrons with a Cloud Chamber is this. Scientists predict to observe a given curve
(C) on the screen of the Cloud Chamber as the trajectory of a positron (P). If C
appears on the screen of the cloud chamber, firstly, the scientific hypothesis passes
the test, and secondly, scientists could assign the meaning of positron-representing
to C, and define the function of cloud chambers as positron-objectifying
technologies.53

I have, of course, simplified the experiments that led to the acceptance of positron, because
the historical details are not relevant to the arguments of this chapter. To see a detailed story of the
historical events in the scientific community that resulted in the acceptance of positron see (Xavier
53
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This conclusion can be generalized to other objectifying technologies. The moment
at which a scientific hypothesis about a postulated unobservable is passed is the
same moment at which scientists assign the meaning of P-representing to the
predicted curve C on the screen of the objectifying technology, which is also the
same moment at which they define the function of the physical instrument as a Pobjectifying technology. Moreover, the moment at which the theory which predicts
and explains the behaviour of a postulated unobservable is put aside for any
reason is the same moment at which scientists can no longer assign the meaning of
P-representing to the curve C, and that piece of machinery would no longer be a Pobjectifying technology. This piece of machinery may or may not still have other
functionalities, including being a P΄-objectifying technology, but in any case, it
would not be the same technology with the same function anymore.
Objectifying technologies are, therefore, science-dependent in two senses. The
first, weak sense of science-dependence of objectifying technologies is in the fact
that their physical behaviours, similar to other physical objects, are predictable
and explainable by scientific theories. The second, strong sense of sciencedependence of objectifying technologies is in the fact that they cannot even have
their function if certain scientific theories are not accepted. An objectifying
technology can be the kind of technology scientists expect it to be only as long as
its corresponding scientific theory is accepted. After abandoning the theory of the
postulated unobservable which the technology was believed to objectify, it would

Roque 1997). Roque shows that how moving from experiments done on the basis of cosmic rays
toward experiments done by means of technologies that ‘manufactured’ positrons played an
influential role in this acceptance.

213

not make sense to define the function of the technology as objectifying that
unobservable anymore.
The sciences of unobservables are technology-dependent in two senses as well.
According to the weak sense of the technology-dependence of the sciences of
unobservables, objectifying technologies, like many other technologies used in
scientific experiments, facilitate scientific experiments and provide objective
measurements of the subject matters. It would be practically hard, or even
impossible, for scientists to collect certain observational data without using
(objectifying) technologies. But the sciences of unobservables are technologydependent in a stronger sense as well because the content of these sciences is
partly constructed by objectifying technologies. Postulated unobservables become
much more real (in the sense that I have been using the term throughout this
dissertation) after their objectification. After the objectification of the postulated
unobservable, the reference of its corresponding theoretical term is not fixed by
the theory anymore; the reference of the theoretical term is fixed by an act of
ostension and by what we perceive or quasi perceive (as Devitt would put it)
through the objectifying technology.
Thus, the sciences of unobservables and their respective objectifying technologies
cannot obtain independently of each other. The scientific theories of
unobservables are technology-dependent, and objectifying technologies are
science-dependent. Sciences of unobservables and objectifying technologies are
born together and are put aside together. They are indispensible constituents of
the same reality.
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Conclusion
In this chapter, I examined the degree to which our understanding of technologies
is shaped by scientific theories and the sense in which technological instruments
contribute to the epistemic problem-solving activities of scientists. I showed that
the reality in which objectifying technologies and postulated unobservables get
their meanings is shaped by both of them, and neither science nor technology can
obtain its reality independently of the other.
I argued for the technology-dependence of the sciences of unobservables by
showing the influence of objectifying technologies on the way we understand the
reality of postulated unobservables. After the objectification of postulated
unobservables, or in other words, after the postulated unobservables have become
ostensible, the reference of the theoretical terms are not determined by theories,
but (mostly) by what we perceive through the objectifying technologies.
And I argued for the science-dependence of objectifying technologies by using the
function theory which I developed in the second chapter. According to my beliefbased consequentialist theory of functions, the function by which a physical
instrument is defined would change if our beliefs about what it does alter. One of
the conditions of identifying the function of an instrument as an objectifying
technology, in this way, is having beliefs about the reality of the postulated
unobservable. Objectifying technologies, therefore, can only function if their
respective scientific theories are accepted.
In the case of other technologies, only the weak versions of the technologydependence of the sciences and the science-dependence of technologies are valid.
On the one hand, the physical behaviours of technologies are explainable by
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scientific laws, and on the other hand, technologies facilitate scientific experiments
and provide objective measurements of the subjects of scientific studies.
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Conclusion
Many instances of human conscious behaviour take place as instances of problemsolving activities. Humans find certain situations as problematic ones, devise
creative plans to solve them, act according to the plans, and evaluate the plans
based on the degree to which they feel the problems are solved. Problems do not
need to be actual problems for humans to try to find solutions for them. We
sometimes become aware of potential (future) problems and, depending on our
assessments of their likelihood and importance, we might engage in problemsolving activities in order to make sure that we know how to deal with them if and
when they actualize.
Moreover, problems can be epistemic or practical. Epistemic problems are related
to human understanding, which is the idea that Karl Popper holds in his Objective
Knowledge (Popper 1972, p. 166), and the portrayal of science that Larry Laudan
exhibits in his Progress and its Problems (Laudan 1977). Practical problems, on the
other hand, are related to the worldly facts and particularly those facts which we
believe should change in order for us to reach our goals and values. If epistemic
problems, then, are about gaining knowledge of what we want to know, practical
problems are about bringing about our wanted states of affairs. Practical problems
are often solved by different means: legislations, negotiations, body movements,
etc. Among different forms of means, we sometimes appeal to material objects in
order to solve our problems. Epistemic problems too are sometimes solved by
means of material objects. Scientific experiments done by (laboratory) instruments
are paradigmatic examples of this sort.
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In this thesis, I introduced, defended, and explored the thesis that technologies are
problem-solving physical instruments. In the first chapter of the first section, I
argued for the problem-dependent reality of technologies—which is the claim that
the reality of technologies depends on the mental states of reflective beings who
engage in problem-solving activities. I argued that something is a technology if it is
(intended to be) used to help its user(s) solve a given problem by virtue of its
physical characteristics. This definition of technologies has four implications. (1)
We can differentiate between technological and non-technological objects:
technological objects are those which are (intended to be) used in problem-solving
activities. (II) Technologies are open to evaluative and comparative judgments: a
technology can be a good or a bad technology; it can be a better or worse
technology compared to another. (III) Objects can be technological to different
degrees, depending on the requirements posed on the material structure of objects
by their functions: a computer is more technological than a hammer. (IV)
Metaphysically, the property of being technological is more fundamental than
objects which are technologies.
In the second chapter, I moved from the question ‘what differentiates technological
objects from non-technological ones?’ to the question ‘how can we differentiate
between different types of technologies?’ I addressed this second question by
appealing to the concept of ‘function’. I made a distinction between the
metaphysics and the semantics of function, arguing that most essentialist theories
of function are generated due to not making a distinction between the metaphysics
and the semantics of function. I criticized the essentialist theories of function and
suggested that instead of searching for intrinsic properties of technological objects,
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in order to conceptualize function, we look outside and examine what happens in
the world as the result of using these objects. I suggested that identifying an
object’s function amounts to having particular beliefs about the consequences of its
(possible) usage. On this basis, I defined my belief-based consequentialist account
of function as follows. The function of an object is identified by justified beliefs
about the intended consequences of its (possible) usage.
In the second section of this dissertation, I went deeper into the conception of
technological objects as problem-solving physical instruments on the one hand and
the belief-based consequentialist theory of functions on the other. I worked out the
extent to which other things, beside human attributes, construct the above
conceptions of technologies and that of (technical) functions.
Although in my discussions in the first chapter technological objects are defined
based on their (potential) place in human problem-solving activities, it became
clear later on that purely human attributes are necessary but not sufficient to
understand technologies as problem-solving physical instruments. I discussed the
degree to which this conception of technologies relies on purely human attributes
and the extent to which technologies themselves shape this conception in the third
chapter. (At least) three aspects of this conception of technologies rely on purely
human attributes. (I) The concept of ‘problem’ itself makes sense only for reflective
beings: something is a problem if it is perceived as a problem by a reflective being.
(II) Evaluative and comparative judgments of technological objects are made by
beings with a certain level of mental life. And (III) each technological object exists
only as long as there are individuals who plan and intend to use the technology for
particular purposes. At least the current generation of technologies do not
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influence these three basic phases of using material objects in problem-solving
activities. On the other hand, however, technologies can shape our goals and
(perception of) values. By doing so, they condition the states of affairs which we
find problematic ones and prompt us to engage in problem-solving activities to
change them into more desirable situations. These are the ways in which our
understanding of a given technology can be influenced by other technological
objects.
Finally, in the fourth chapter, as the second chapter of the second section, I
investigated the degree to which technologies’ functions are influenced by what is
accepted as the scientific reality. I did so by analysing the semantics of theoretical
terms and by analysing the conditions under which a technological instrument
used in scientific experiments can be said to have the function which it is identified
with. I argued how technological objects which are used in scientific experiments
of postulated unobservables (i.e., objectifying technologies) shape the meaning
that we assign to theoretical terms, and by doing so, influence our understanding
of the reality of scientifically postulated unobservables. On the other hand, since
for an object to have a particular function, it should be justifiably believed to
produce

the

relevant

consequences,

abandoning

scientific

theories

of

unobservables results in divorcing objectifying technologies from their objectifying
functions. In other words, for objectifying technologies to have their objectifying
functions, we need to keep believing in the reality of the referents of theoretical
terms. In this way, I concluded that the sciences of unobservables and objectifying
technologies are interdependent: theoretical terms get their meaning from
experiments done by objectifying technologies and objectifying technologies have
220

their objectifying functions only as long as we believe in our theories of
unobservables. I showed that in the case of other technologies and other areas of
science, this interdependence still exists, but to a more limited degree.
Now if we stand back, we observe all these human problem-solving activities
which have practical or epistemic motivations. As a part of the solution to our
problems, we sometimes introduce material objects and this very fact turns them
from ordinary objects into problem-solving physical instruments, or, technological
objects. If technologies have any essence, therefore, it is in the type of activities in
which they are used. There is a particular type of activity, or in other words, there
is a reality that we acknowledge by accepting the technological objects which we
(intend to) use. To understand technological objects, we need to pay special
attention to things which condition them in shaping the contexts in which ordinary
material objects turn into technological objects. In this dissertation, I disclosed
three important sources which condition the reality of a given technology by
shaping its respective context. These sources are our scientifically accepted
theories and entities, other technologies, and human mental abilities (including
our perception and evaluation of worldly states of affairs and (moral) values, our
goals, our linguistics abilities, etc.). The activity realist approach which I have been
talking about since the introductory chapter of this work requires us to put all
these sources together and understand technologies in the context of activities
which are made up of the abovementioned three types of entities. Although not all
(elements of) these three sources always appear in problem-solving activities.
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