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PREPARING FOR THE PHILOSOPHICAL
CHALLENGES OF DIGITAL TECHNOSCIENCE:

“PHILOSOPHY IN TECHNOLOGY”
FOR MODERN ENGINEERING TEACHING

Abstract. The article presents philosophical challenges to the development
of modern technoscience in the context of engineering education. We use the
term technoscience because modern technology not only makes extensive use of
the results of science, but also applies elements of scientific methodology. We
find many philosophical issues in technology, but their influence is particularly
evident in modern technoscience. Hence the question of how to prepare engineers
for the rapid development of technoscience and the growing role of philosophy.
To this end, it was proposed to introduce philosophy as one of the pillars of
engineering education and to base philosophical education on the concept of
“philosophy in technology”. Why this concept is extremely useful for engineers
is justified, allowing them to be well prepared for the uncertainties associated
with the development of technoscience and to stimulate innovation. Concrete
proposals for such a curriculum are also indicated.

Keywords: Engineering education, philosophy education, uncertainty, innova-
tion, computer science.

Introduction

Technology has always had a particularly powerful impact on society,
with it even affecting the way we think (e.g., Bolter, 1984). While any new
technology has always changed the way that societies function, the trans-
formation that is currently underway is unique in many ways, such that it
is sometimes referred to as the Fourth Industrial Revolution (Schwab, 2017;
Schwab & Davis, 2018) or even Industry 5.0 (Gürdür Broo et al., 2022).1

New digital technologies not only pose various philosophical challenges –
they are also driving an evolution in the concept of engineering. Indeed, they
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are blurring the traditional disciplinary boundaries, especially between engi-
neering and the humanities and social sciences.2 Consequently, the question
of how to prepare for the momentous changes in technology and engineering
has become one of great importance.

In this paper we seek to analyze the question of whether and how phi-
losophy should be involved in shaping future technological development.3

This question is discussed using the example of digital technologies, and
key ideas are presented as to how the teaching of philosophy at technical
universities could provide opportunities for ensuring appropriate technolog-
ical development.

Literacy could be used as a way to prepare for new technologies and
the need for a transdisciplinary, integrative perspective, and three forms
of literacy are mentioned: data literacy, technological literacy, and human
literacy (Aoun, 2017; Gürdür Broo, 2022).4 One characteristic of new digital
technologies relates to how they introduce into engineering some questions
that go beyond our previous understanding of technical issues (Polak, 2023).
Moreover, in modern technologies we can directly find philosophical issues,
such as epistemic filters (i.e., provoking epistemological harm), artificial en-
tities, new forms of human relations, ethical or social machines, and so on
(Cervantes et al., 2019; Kroes & Verbeek, 2014; Misselhorn, 2022).

The philosophical issues in technology that are listed above are perhaps
some of the more commonly cited examples of how humanities’ concepts
affect new technologies today. Indeed, the relationships between philosophy
and technology have already been analyzed (e.g., Poel & Goldberg, 2010),
and the need for philosophy has often been raised (e.g., Bowers, 2023;
D’Alessandro, 2021; Pirtle et al., 2021; Grimson, 2007; Mitcham, 1998).
What is important to us in this article, however, is how it is becom-
ing increasingly clear that the concept of engineering has expanded con-
siderably to include issues that are typically associated with the hu-
manities, especially philosophy. This then raises a question about how
to educate engineers in a way that will prepare them for the ever-
expanding concept of engineering and the unknown challenges that lie
ahead. While this discussion has already begun (e.g., part II of Christensen
et al., 2012), this paper aims to contribute to it from a specific philosophical
perspective.

We recall here the concept of technoscience.5 We do this to show that
modern technology is not only closely related to science, with it being based
on scientific results – it also adopts many aspects of scientific methodology
(e.g., Boon, 2021). With science bringing benefits to technology, it becomes
apparent that this modern view of technology and engineering must be rec-
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onciled with human values, otherwise technology could become one of the
greatest existential threats to societies and even civilization as a whole.
This has been a classic problem in the philosophy of technology. Once we
discovered that modern technology directly applies philosophical concepts in
an uncritical and simplified way, we recognized a new kind of technological
threat. In this paper we draw inspiration from Stanisław Lem’s visionary ap-
proach to technology development (Polak & Krzanowski, 2022). He showed
how bad philosophy could affect engineering, with philosophy being the best
way to prepare for an unknown technological future.

The novelty of our approach lies in providing a clear conceptual frame-
work for the relationships between philosophy and technology, and profit-
ing from experiences with a similar, fruitful program named “Philosophy
in Science” that was pioneered by M. Heller (Heller, 2019; Polak, 2019).
By adopting Heller’s concepts, we propose a philosophical program named
“Philosophy in Technology” (Polak, 2023) to better understand technolo-
gies, especially digital ones. This approach was formulated to understand
the role of philosophy in technology and rationally shape it for fruitful long-
term development.

We begin this article by pointing out the novelty of modern engineering
problems in digital technologies. We do this by comparing classical electri-
cal engineering with modern digital engineering problems, and then we take
a closer look at the presence of philosophy in modern engineering in order
to better understand the contemporary challenges. We then show how phi-
losophy in engineering could serve to prepare for these challenges. Finally,
we present a proposed philosophy program to prepare engineers at technical
universities for the philosophical challenges of modern engineering.

Classical engineering problems vs. modern ones

The above-mentioned incorporation of classical humanistic issues into
the field of technology has led to a broadening of technology and engineer-
ing concepts, and this should be taken into account when preparing for
the challenges of developing modern technology. In order to highlight the
characteristics of the transformations taking place, we briefly compare the
typical features of engineering issues in classical technology with those of
contemporary technologies. This overview is of course sketchy and far from
exhaustive, but the aim here is to simply demonstrate how the role of the
humanities, especially philosophy, has changed in relation to technology and
engineering.
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Let us very briefly compare two example systems: First, take the de-
sign of an electronic tube amplifier as a classic engineering example. Such
devices were developed more than a century ago, so they can certainly be
considered classic from today’s point of view. As a modern technology ex-
ample, we use social robots as a good example of something that presents
emerging engineering challenges. Of course, such a comparison seems so
far apart that it seems like we are comparing incommensurable things.6

Nevertheless, note that in both cases we are referring to concepts from en-
gineering, so these very different sorts of technologies are within the same
field. This example shows that classical engineering was able only to develop
artifacts like an amplifier (e.g. one modality, one-function), while modern
engineering develops multi-functional, multi-modal artifacts (e.g. a social
robot).7 More specifically, the comparison is intended to highlight the qual-
itative differences between electronic engineering and digital engineering.
I chose these two cases because modern digital systems rely on electronic
circuits at a deeper layer, so a new form of activity (modern engineer-
ing) has been superimposed on classical engineering, so a modern engi-
neer should be able to understand both when creating or analyzing a digi-
tal system.

In classical engineering, including with our amplifiers, we encounter
problems that are well defined with known constraints. They are measurable
and easily described through mathematical theories. In the case of tube
amplifiers we could cite many specific problems that should be taken into
account by an engineer, such as:

– Frequency Response,
– Signal distortion,
– Output impedance,
– Output power,
– Power consumption,
– Amplifier dimensions,
– Amplifier weight,
– Accessibility of components (tubes),
– And last but not least, amplifier cost.

Each of these aspects is well defined and can be measured, and the design
of an amplifier is based on circuit theory (e.g., Belevitch, 1962).

When designing a specific device, engineers need to find a balance be-
tween the defined requirements, the available parts, known circuit solu-
tions, and so on. The existing engineering education system precisely sup-
ported this way of approaching engineering problems, and it has clearly
been effective from a classical engineering perspective. Of course, there have
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also been problems of a more general nature that go beyond the estab-
lished engineering canon, such as aesthetic issues related to the appear-
ance of the amplifier or the subjective quality of the reproduced sound.
(For a general view of such problems see, for example, the work of Schum-
mer et al. [2009].) From the point of view of the technical design itself,
however, a professional consensus has been developed based on the adopted
norms and values, or such issues were successfully marginalized without
major problems.

If we compare our example of a classical engineering problem with mod-
ern attempts to create social robots, we see that in addition to the require-
ments that are typical of classical engineering, new types of requirements
are superimposed over the classical ones. Thus, while classical requirements
continue to play an important role, new problems are emerging that, for
the sake of brevity, we will present in the form of questions that need to be
answered within engineering practice. These are:

– What is an artificial agent?
– Is every robot an artificial agent?
– What does it mean for a robot to have a social attitude?
– Is it possible to measure social/ethical attitude?
– Is it possible to appropriately describe a desired social/ethical attitude

for a technical implementation?
– How do we choose an appropriate ethical system for the robot?
– Is it possible to validate the robot’s ethical behavior?
– What will change in the structure of the reaction/behavior of the person

who interacts with such systems?
These questions were selected due to their underlying philosophical nature,
which is evident in the general tone of the questions and the direct refer-
ences to some philosophical concepts. The emerging new questions could
also of course touch upon psychological and sociological issues. For this pa-
per, which is intended for a philosophical journal, we focus on philosophical
questions. We also chose this perspective because AI-based technologies,
such as social robotics, are based on a new kind of engineering that has
philosophical issues at its core. For example, consider Alvarado’s concept
of AI as an epistemic technology (Alvarado, 2023).

We must note here, however, that the philosophical questions above
would be relevant to any system that we label a social robot, because any
specific social robot will need to be based on some resolution of similar philo-
sophical questions. With the advent of such advanced modern technologies,
the need to apply philosophy has become more obvious, yet at the same
time the real philosophical roots of technology have become more obscured.
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Moreover, the roles played by philosophy in modern technology go beyond
just fundamental assumptions. We will discuss this matter in more detail in
the following section.

Philosophy in technology: An unseen but essential presence
in technology

Philosophy plays various roles in technology and engineering these days,
but its presence is typically only partially seen. Research into the philosophy
of engineering (Miller, 2021; Miller et al., 2021) has revealed that philosophi-
cal traditions influence engineering from the general perspective, but we are
interested here in a more detailed perspective. We want to focus on the
philosophical assumptions and philosophical concepts that are directly used
in engineering systems and artifacts.8 The example of social robotics that
we mentioned above exemplifies how every system involves some concrete
philosophical assumptions and concepts, even if the designers are not (fully)
aware of it.

Philosophy in Technology (PinT) is a research program that seeks to
explore the philosophical roots of engineering and technology (Polak, 2023),
although similarities, even in the name, can also be found in the works of
Christensen et al. (2007) and especially that of Grimson (2007). Broadly
speaking, this program seeks to reveal the philosophy that is “internal”
to technology. We mentioned above that the design and use of technical
artifacts is based on some, usually tacit, philosophical assumptions, so we
could surmise that some philosophy is embodied in technical artifacts. Note
that we should keep in mind that we are using the concept of philosophy
here in a broad sense that is far removed from the typical academic disci-
pline sense.9

It is convenient to familiarize ourselves with the PinT concept by consid-
ering its four main goals. First, it seeks to explore the implicit philosophical
foundations of technology and engineering and the role they play in shaping
technological solutions. Second, it tries to explain the ontological, meta-
physical, axiological, and methodological dimensions of technology. Third,
it reveals how technology development contributes to traditional philosoph-
ical problems (e.g., agency). Fourth, it clarifies the semantic gap between
technical and philosophical concepts and attempts to bring them together
under one perspective. The latter plays a crucial role in developing digital
technologies due to the direct application of some philosophical concepts,
such as for ethical machines.
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This approach is not entirely new, however, because some aspects could
be found in a traditional philosophy of technology. In general, though,
PinT is intended to complement the existing philosophies of technology.10

The need for such an approach is driven by the various pitfalls of digital and
AI technologies (Wooldridge, 2021; Krzanowski, 2021). Indeed, the AI pro-
gram has stalled due to failed philosophical ideas that were not evaluated
critically enough.

Proposed curricular changes for philosophical studies
at technical universities in Poland

Since there are various academic traditions, we adopt a local perspective
in this section. The existing teaching model at Polish technical universities
focuses only on selected aspects of new technologies, with it usually omit-
ting most of the broader humanistic context and fundamental philosophical
issues. Such a model blocks innovation at the grassroots level and misses
opportunities to set new directions in technological development. As such,
Polish technical thinking is essentially limited to reproducibility and imita-
tion. This educational model also means engineers do not understand the
goals of the technologies they are developing, leading to an instrumental-
ization of these engineers’ role in the modern world.

Although the teaching of humanities, including philosophy, forms part
of the curricula at technical universities, it is served as a separate appendix,
so it fails to show the role that philosophy plays for engineers. Some attempts
are being made to address this shortcoming, and the following reflections are
based on the experience of attempting to introduce elements of PinT at the
Wroclaw University of Technology. A theoretical preparation is provided by
a series of Philosophy in Technology conferences organized by the Pontifical
University of John Paul II in Kraków together with leading Polish technical
universities. (In 2022 it was held together with the Warsaw University of
Technology, while in 2023 it was held in coordination with the Wrocław
University of Technology).

The goals of incorporating the PinT program (Polak, 2023) into the
curricula of technical universities are (1) to show the concrete role that
philosophy plays in modern technology; (2) to highlight the philosophical
assumptions of technology; and (3) to study how certain philosophical con-
cepts are unconsciously adapted by engineers for use in their designed tech-
nical systems. In general, the goal of this new approach to teaching phi-
losophy at Polish Technical Universities is to encourage future engineers to
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be sensitive to philosophical problems related to the development of tech-
nology, so they can be more creative and avoid the philosophical pitfalls
of technology.

The underlying idea is to provide the knowledge and skills needed to
correctly recognize the role of philosophical assumptions in technology and
show the importance of conceptual work in new technology. It acts as
a means for raising engineers’ awareness of the role that values play in
technology (e.g., Schummer et al., 2009; van de Poel, 2009) and how such
values are wider ranging than just the utilitarian ones. The proposed course
does not aim to make philosophers out of engineers11 but rather prepare
them to work in inter/transdisciplinary teams and make reasonable use of
philosophy. A complementary task, of course, would be to properly train
philosophers with the skills needed to work fruitfully in such teams. We be-
lieve that in order to understand their role in such teams and be open to
different perspectives and goals, philosophers could also benefit from re-
search into philosophy in technology.

To prepare the engineers of the future, we should demonstrate how
philosophy has contributed to the development of technology and how this
development has depended on philosophical foundations. By analyzing case
studies and selected classical texts, we could also build some basic philosoph-
ical skills. Since we must assume a general lack of philosophical preparation
among the students and a limited number of class hours,12 we propose that
the program develop the following skills, which currently seem the most rel-
evant for engineering digital technologies. This list should of course be the
subject of interdisciplinary discussions between philosophers and the engi-
neers developing the latest technologies. Given the dynamic development
of digital engineering, it will also undoubtedly be necessary to constantly
revise the list of skills and the examples used.

These are the suggested basic philosophical skills for a future engineer-
ing education:
• General cultural, sociocultural, and sociolinguistic competencies as

foundations for contributing to society (e.g., Varava et al., 2021): The point
here is to strengthen such competencies and highlight their importance,
because it is obvious that such competencies are the result of an overall
long-term educational process rather than being developed from scratch
in classes.
• Critical thinking. This is typically mentioned as a fundamental skill

because it forms the basis for being open to a dynamically changing real-
ity, so it seems to be the best preparation for the unknown unknowns of
technology development (Polak & Krzanowski, 2022).

578



Preparing for the Philosophical Challenges of Digital Technoscience...

• Creative thinking. This complements critical thinking and plays a cru-
cial role in developing and constantly adapting.
• The art of argumentation. This is needed to find and communicate rea-

sonable solutions among non-homogeneous teams with different educational
and theoretical backgrounds, so it plays a crucial role in the efficiency of in-
ter/transdisciplinary teams.
• Understanding the role of philosophical assumptions in technology. This

represents a kind of sensitivity and openness to philosophical problems in
technology and engineering.
• Open-mindedness. This general attitude allows engineers to understand

and rationally evaluate different positions.
• Basic knowledge of scientific epistemology, such as falsification, theory-

ladenness, observation, a doxastic view of knowledge, and so on. Since mod-
ern technology is closely related to science (i.e., technoscience), we need
to understand the specificity of the scientific approach in order to avoid
imposing simplistic, popular stereotypes on technoscience.
• Basic hermeneutic skills. These are needed to better understand others

and analyze given texts.
• Basic knowledge of the ontologies involved in technoscience (e.g., a com-

parison of Reism with systems ontology) and the importance of systems
ontology. Systems thinking has been identified as one of the basic skills for
modern engineering for decades now (e.g., Konieczny, 1983; Aoun, 2017;
Gürdür Broo, 2022).
• Basic knowledge about ethical issues in engineering.

The proposed method for developing the above competencies should be
primarily based on case studies, with the idea being to analyze cases where
the impact of philosophy on technology can be demonstrated. Part of this
case analysis should be devoted to the role of philosophical assumptions
(e.g., an analysis of the AI program’s pitfalls) and values for technology.
The second part of these case analyses should be devoted to examining the
use of philosophical concepts in engineering and a basic attempt to com-
pare it with other ways for understanding these concepts (e.g., the concept
of ethics in machine ethics, concepts of ontology in computer science, episte-
mological concepts in AI). After analyzing the selected examples, especially
if time permits, it would be worthwhile to devote part of the course to ana-
lyzing selected classical texts. In the context of computer science, Alan Tur-
ing’s texts about the theory of computation and AI (Turing, 1937, 1950)
may be of particular interest. It would also be worthwhile to analyze at
least the introduction to Shannon’s classic work and the caveats that fol-
low it (Shannon, 1948, 1956), because this will help students to under-
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stand that Shannon’s concept, while important, is not scientific dogma, and
it has certain limitations that are even mentioned by the author himself.
Similarly, other classic texts, or fragments of such texts, could be selected
to demonstrate how the problems that engineers deal with have a much
broader background and significance than is usually implied in engineer-
ing lectures.

At a later stage, of course, the course could be supplemented with a tex-
tual analysis and discussion of important theses that extend the initial field
of philosophy of technology to the basic questions of philosophy of technol-
ogy, such as a philosophical discussion on the nature of technology. A discus-
sion of selected interesting theses about the relationship between technol-
ogy and philosophy, such as Bolter’s thesis about the impact of technology
on thinking (Bolter, 1984; Polak, 2015), could also be undertaken. At a later
stage, following the acquisition of basic skills, such a course could also of
course greatly benefit trained engineers, but we should not start with them
because they would require a solid preparation.

How to teach philosophy for engineers

The philosophical pitfalls of AI exemplify the need to better prepare en-
gineers for future technology development. We need not only more of the so-
called “soft skills”13 but also a more transdisciplinary approach, greater cre-
ative thinking, and so on. The story of AI’s development has taught us
that future technology development can be unfruitful when there is bad
philosophy behind it. This then begs the question of how to prepare for the
unknown unknowns.14 We will therefore try to show what we should change
in philosophy education to better prepare engineers to face the sophisticated
technological pitfalls.

The question of how to adjust our education system for these challenges
is of special interest, with existing proposals focusing on including human
factors in technical education (dos Santos et al., 2023), proposals for lifelong-
learning, and a remodeling of the entire education system (Aoun, 2017),
and so on.

Once we agree that we need to learn how to deal with the emerging
philosophical pitfalls of technology and prevent modern technologies from
drastically deforming society’s humanistic dimension, we should seriously
try to introduce the philosophical perspective into engineering education.
Consequently, we need to fundamentally change the way that philosophy is
taught in technical universities.
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Nevertheless, we do not need to teach philosophy at technical universi-
ties starting with the classics from the history of philosophy, nor do we need
to analyze the basic concepts. Indeed, the former is almost impossible with-
out a proper context, something that cannot be provided within a relatively
short philosophy course for engineers. Understanding such classical problems
requires various philosophical skills, such as critical thinking and hermeneu-
tics. This is obviously the wrong approach, because we need to prepare fu-
ture engineers for such skills during philosophy courses. The latter approach
is also inappropriate because it would be too abstract and require advanced
philosophical skills. Thus, we need to rethink how to teach engineers about
philosophy. Some interesting and promising attempts at the philosophy of
computer science were made by Rapaport (2005), and we can benefit from
his ideas while developing our view.

Philosophy for engineers should be considered in two different areas: The
first important area of philosophical education for future engineers should
relate to questions of practical philosophy. For example, courses in ethics are
necessary to educate responsible engineers, and there are already concrete
proposals in this regard as to how to adapt to the contemporary challenges
(Frigo et al., 2021; Gwynne-Evans et al., 2021, see also the literature review
of Lawlor, 2021). Ethical issues also play a fundamental role for technol-
ogy assessment, especially in ethical technology assessment (see, e.g., Palm
& Hansson 2006; Harris et al. 2011).

The second, generally neglected area of philosophical education for
future engineers relates to questions about understanding the philosoph-
ical assumptions of technology, as well as the technological use of philo-
sophical concepts. Such topics should be taught to students who have
already gained adequate technical knowledge and experience, such as in
their final year of study. The idea is that they should have the neces-
sary background to understand the examples used while teaching philos-
ophy, because moving from the known to the unknown is a classic teaching
method.

In this regard, it seems that the PinT approach could be a reason-
able way to include such philosophical issues in an engineering curricu-
lum. We choose PinT because it demonstrates how classical engineering
is philosophy-laden, or it at least has philosophical consequences, so it is not
philosophically neutral. This is a crucial point when understanding the role
of philosophy in technology and engineering. By discovering such aspects of
philosophy in technology through case studies and discussing some classical
texts, we can demonstrate the importance of the philosophical perspective
for technology and engineering.
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The PinT approach is also significant because by exposing and critically
evaluating philosophical assumptions, we can avoid the pitfalls of technolog-
ical development. Such philosophical pitfalls were first revealed on a large
scale within the AI program. This example serves to show that to develop
new technologies properly we need to understand the philosophy involved.
We should also reject simplistic, caricatured philosophies that are embodied
by engineers who are ignorant of philosophy, such as for the ethical concepts
that are typically embodied in so-called ethical machines.15 These assump-
tions underlie the proposed changes in philosophical curricula at technical
universities.

Conclusions

In this paper we have considered the question of how to prepare for
the future development of digital technoscience. We took a philosophical
perspective, which while it is not the only one, it plays a key role in techno-
logical development. Technology is never philosophically neutral, because it
is based on certain philosophical assumptions and has philosophical conse-
quences. This is especially important today as we design and use increasingly
complex systems. This is true not only at the level of assumptions but also
at the level of directly used concepts, so these systems require more and
more philosophical input.

This paper proposes that the concept of “philosophy in technology” is
the most convenient perspective for describing the ways in which philoso-
phy is “invested” in the development of contemporary digital technoscience.
By analyzing selected examples of classical and modern artifacts, we can
show how philosophical challenges are posed by the further development of
technology. We then showed how the concept of “philosophy in technology”
makes it possible to reflect on the role that philosophy plays in technology.

On this basis, the issue of formulating methods and defining philosoph-
ical content for an engineering education was addressed. Given the diverse
academic traditions, proposals for a program of philosophical study for en-
gineers, based on the given approach, were formulated within the context
of the needs of Polish technical universities. Nevertheless, these solutions
could easily be adapted to other conditions after appropriately diagnosing
the current educational system that is to be enhanced.

We therefore proposed a set of basic philosophical skills to teach in
future engineering education, namely general cultural competencies, socio-
cultural and sociolinguistic skills, critical thinking, creative thinking, the art
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of argumentation, an understanding of the role of philosophical assumptions
in technology, open-mindedness, basic knowledge of scientific epistemology,
basic hermeneutic skills, and a basic knowledge of the ontologies involved
in technoscience. The intention here is to start a discussion among philoso-
phers about the philosophical skills that will be needed by future engineers,
as well as how they can be taught within time-limited philosophy curricula.

The considerations presented here also reveal the need to include a dis-
cussion about the role that philosophy plays in contemporary discussions of
future engineering. For example, we should analyze what philosophical as-
sumptions are involved in the three ways of thinking that were described by
Gürdür Broo (2022). It is then worth discussing them critically and deciding
if they also need further revision or clarification.

After all, the evolution of technology constantly presents us with new
unknowns, so it requires us to constantly reassess the adequacy of our ideas
and the solutions we apply. Moreover, we must be prepared for the need to
constantly adapt, including in how we prepare the next generation for the
evolution of technoscience and the unknown unknowns it may bring.
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N O T E S
1 Research is already underway to determine the skills that future engineers will need.

We could recall here some examples, such as Motyl et al. (2017) and Varava et al. (2021). In
this article, however, we take a different starting point: we do not examine the opinions of
employers, teachers or students, because while they are important, they are always based
on a rather limited perspective. We instead try to diagnose the basis of the emerging
problems in order to determine how to rationally address them and consciously shape
the development of technology.
2 A typical expression of such problems can be found in this excerpt from the already

quoted work of Gürdür Broo et al. (2022): “The connections between different disci-
plines are becoming the core of the new technologies, in a not multi-, not inter-, but in
a trans-disciplinary, seamless manner. At the same time, the boundaries between differ-
ent disciplines (and many other things) are eroding [...]. In fact, what engineering is and
what basic sciences are (even the social sciences for that matter) is nowadays difficult to
define. In short, we are going through a phenomenon of convergence of different disci-
plines, necessitating a thorough discussion on what engineering education should be like
in the future.”
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3 We focus here on the influence of philosophy, since this discipline based on rational
thinking has been an important factor in the transformation of civilization since Ancient
Greece, and the specific role of philosophy in the positive reception and taming of new
technologies has been repeatedly pointed out (see, e.g. Polak & Krzanowski, 2022).
4 It is noteworthy that Gürdür Broo’s (2022) proposals are mainly based on how to adapt

ways of thinking to the requirements of new technologies. This implies that changes are
needed at the general level of thinking, something that we traditionally call philosophical
assumptions. Gürdür Broo’s three proposed mindsets (system mindset, design mindset,
futuristic mindset) reflect three different future fields of engineering with different philo-
sophical assumptions, although he does not explicitly mention philosophy.
5 In this paper, we use the term technoscience to reflect how the distinction between

the classical concepts of science and technology has been blurred by the emergence of
deep interdependencies between science and technology. We do not attempt to define this
concept, however, due to its nebulous nature and the varying views on the matter. Hot-
tois (2023) explained this concept along these lines: “Technoscience refers to the strong
interactions in contemporary scientific research and development (R&D) between that
which traditionally was separated into science (theoretical) and technology (practical),
especially by philosophers. The emphasis that the term techno(-)science places on tech-
nology as well as the intensity of the connection between science and technology varies.”

By digital technoscience, we refer to the area of technoscience that relates to digital
technologies (i.e., technologies based on existing digital computers and computing). For
the sake of brevity and due to their marginal use in contemporary technologies, we do
not include here applications of broader concepts of computers and computing, such as
natural computing. Their role may also of course be important in time, and they should be
analyzed further. In this paper, we often use the traditional term “technology” instead of
technoscience for convenience, but the reader should keep in mind that it is referring to the
modern composite of science and technology. In contrast, the term “classical technologies”
refers to the older technologies that were not so closely associated with science.
6 Roman Krzanowski pointed out to me in personal communication that this comparison

seems inappropriate because an “amplifier tube may be better compared to a screw or
a wire rather than a complex system such as a robot, while a social robot may be better
compared to something more complex, such as a factory or similar.”

Roman may have been right that we are dealing with completely different levels of
complexity, but the same applies to his example, where the level of complexity is also
different. Indeed, if you look at various artifacts – such as a hammer, an amplifier, and
a social robot – they have all been designed to serve specific functions. The comparison
is therefore possible, although of course the actual function is radically different in each
case. Nevertheless, we certainly should not replace a hammer with an amplifier or a social
robot, or vice versa.
7 This sentence, which accurately summarizes the difference, was formulated by the

second reviewer, to whom I am very grateful for this clarification. I found that he/she
expressed the problem of interest perfectly and succinctly, so I thought it best to use
his/her formulation directly.
8 For examples of how working with ideas could look, see, for example, Chapter 2

of (Aoun, 2017).
9 The philosophy we have in mind here, however, is closely related to the entire philo-

sophical tradition. First, like any reasonable philosophy, it is a response to general prob-
lems of a philosophical nature that arise in various areas of human activity. Second, it
draws on methods and concepts developed in the philosophical tradition. Third, like any
critical philosophy, it is based on critical rationalism. What distinguishes it from typi-
cal academic philosophy is that it is not based on the analysis of traditional texts, but
attempts to reconstruct, explain, and critique issues that arise in engineering practice.
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This understanding of philosophy should not be confused with fashionable expressions
of philosophy as a set of general rules, such as ‘philosophy of programming in C++’
or the like.
10 Comparing it to some well-known distinctions like Carl Mitcham’s distinction between

the engineering philosophy of technology and the humanistic philosophy of technology, we
could say that the PinT proposal is orthogonal to them.
11 Even more absurd would be the expectation that students of philosophy could become

engineers after a short course. Of course, the personal union of philosopher and engineer
is an ideal solution for overcoming specialization barriers. However, we are aware that
although more and more engineers are studying philosophy in its entirety, on a larger
scale it is only possible to introduce a certain compromise model, which we describe in
this article.
12 Similar assumptions for modernizing the education system for engineers were made,

for example, in the work of Varava et al. (2021).
13 In (Varava et al., 2021, p. 1), soft skills are defined as “non-technical” as opposed to

(technical) hard skills. Many studies (Grimson, 2007; Mitcham, 1994, 1998; Polak, 2023)
have shown that this is an oversimplification, but such concepts are still used in debates
about technology education.
14 An interesting case pointing to the effectiveness and further potential of philoso-

phy to prepare for an unknown future; we previously analyzed the example of the frac-
tious effectiveness of Stanislaw Lem’s predictions about the future of technology (Polak
& Krzanowski, 2022; Krzanowski & Polak, 2021).
15 For example, one of the typical gross oversimplifications is to reduce ethics and ethical

behavior to AI rule systems with built-in hierarchies.

B I B L I O G R A P H Y

Alvarado, R. (2023). AI as an Epistemic Technology. Science and Engineering
Ethics, 29(5), 32. https://doi.org/10.1007/s11948-023-00451-3

Aoun, J. (2017). Robot-proof: Higher education in the age of artificial intelligence.
The MIT Press.

Belevitch, V. (1962). Summary of the History of Circuit Theory. Proceedings of the
IRE, 50(5), 848–855. https://doi.org/10.1109/JRPROC.1962.288301

Bolter, J. D. (1984). Turing’s man: Western culture in the computer age. University
of North Carolina Press.

Boon, M. (2021). Scientific Methodology in the Engineering Sciences. In D. P. Mi-
chelfelder & N. Doorn (Eds.), The Routledge Handbook of the Philosophy of
Engineering (pp. 80–94). Routledge Taylor & Francis Group.

Bowers, J. (2023, April 26). Engineer-philosophers: Thinkers of the future and men
of action. Polytechnique Insights. https://www.polytechnique-insights.com/
en/columns/society/engineer-philosophers-thinkers-of-the-future-and-men-
of-action/
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