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Abstract

The “practice turn” in philosophy of science has strengthened the connections
between philosophy and scientific practice. Apart from reinvigorating philosophy of
science, this also increases the relevance of philosophical research for science, soci-
ety, and science education. In this paper, we reflect on our extensive experience with
teaching mandatory philosophy of science courses to science students from a range
of programs at University of Copenhagen. We highlight some of the lessons we have
learned in making philosophy of science “fit for teaching” outside of philosophy
circles by taking selected cases from the students’ own field as the starting point.
We argue for adapting philosophy of science teaching to particular audiences of sci-
ence students, and discuss the benefits of drawing on research within science educa-
tion to inform curriculum and course design. This involves reconsidering teaching
resources, assumptions about students, intended learning outcomes, and teaching
formats. We also argue that to make philosophy of science relevant and engaging
to science students, it is important to consider their potential career trajectories. By
anticipating future contexts and situations in which methodological, conceptual, and
ethical questions could be relevant, philosophy of science can demonstrate its value
in the education of science students.
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1 Adapting philosophy of science to teaching of science students

Practice-oriented philosophers of science have emphasized the need to increase
the relevance of philosophy of science for science and society (Ankeny et al.,
2011; SPSP Mission statement, 2020; Soler et al., 2014). This aim is increasingly
pursued through philosophical field work in scientific laboratories and collabora-
tions with scientists (Brister & Frodeman, 2020; Laplane et al., 2019). But another
important avenue for increasing scientific and societal relevance is through teach-
ing of science students. Just as practice-orientation in research requires changes in
focus and method, the didactic transposition of philosophy of science to science
students requires adapting what and how we teach. We offer reflections and sug-
gestions towards this end, based on our experience since 2005 with teaching man-
datory courses in philosophy of science to undergraduate students enrolled in BSc
programs at the University of Copenhagen.

Philosophy of science courses of 7,5 ECTS credits are mandatory for all uni-
versity students in Denmark.! These courses are listed on the curriculum as “phi-
losophy of [scientific discipline]”. This signals that the courses are not intended
as generic courses for students from multiple disciplines (cf. Griine-Yanoff, 2014),
but instead have the purpose of promoting critical philosophical reflection through
engagement with the subject matter of the specific program. One important reason
is that the study programs in Denmark differ from university-level educational pro-
grams in many other countries, such as the US, by requiring students to specialize
in a particular discipline from the outset. While national guidelines for philosophy
of science courses exist, a critical task in our course design is to adapt the content
and format of our teaching to increase the relevance to students in specific science
programs. This involves considerations about which topics are relevant to specific
groups of students, and how to best teach these.

Scholars before us have encouraged philosophers of science to critically reflect on
whether their own topics of professional interest are equally well-suited for teach-
ing scientists and science students. For example, Griine-Yanoff (2014) argues that
some philosophical topics are not equally relevant for science students. Boniolo
and Campaner (2020) have similarly emphasized the need to tailor the teaching of
philosophy of science to the needs of students or practitioners within the life and
health sciences. This paper provides additional support for these views and pushes
further towards practice-orientation by considering how we should teach in rela-
tion to science students’ modes of study and specific educational contexts. We do so
by emphasizing the benefits of case-based teaching and active learning approaches
(see also Prince & Felder, 2006; Terry, 2012; Bursten & Finkelstein, 2018). Case-
based active teaching involves alternating between teacher-structured scaffold-
ing and student-centered work on concrete cases within their own discipline (El-
Hani et al., 2020). Our aim is not to conduct a systematic review of the case-based

! European Credit Transfer System (ECTS) was designed to increase the comparability of courses and
study programs across European higher education. A year of study in European higher education corre-
sponds to 60 ECTS. A 7,5 ECTS corresponds to 206 hours of work.
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approach, compared to other alternatives. Rather, we provide suggestions for how
this approach can be used in philosophy of science courses, by introducing abstract
philosophical topics and concepts in connection to cases that already interest the stu-
dents. The paper offers reflections on the background for this choice, reports on our
experiences, and provides suggestions for cases that we invite readers to try in their
own teaching, when relevant.

As our starting point, we take an analytical concept from science education
called the “implied student” (Ulriksen, 2009). Similar to Iser’s (1984) concept of
the “implied reader” in the context of literary theory, the implied student refers to
the tacit assumptions about students to which both teachers and students try to align
their activities. As an analytical tool, the implied student not only serves to expose
presuppositions we have about students in structuring teaching, but also helps to
show how “structure and mode of teaching are dependent on students being willing
and able to comply with the structure” (Ulriksen, 2009). It highlights how the space
for learning is mutually constrained by the implicit expectations of teachers and by
the ability of students to recognize and meet those expectations. Ulriksen uses the
concept to reflect on academic training in disciplinary educational structures (Kuhn,
1962/1970) and to consider the academic socialization involved in education, which
involves a “hidden curriculum” of social rules (Jackson 1968/1990). We find the
concept useful as a reminder that any course design reflects assumptions about the
students — assumptions which may need to be reconsidered when adapting philoso-
phy of science courses to science students. In particular, we cannot assume that sci-
ence students will be interested in all the canonical themes of traditional philosophy
of science courses, nor that they are familiar with the teaching format or expecta-
tions of such a course.

The science students we encounter in the specialized BSc programs are often con-
fused about what to expect from a philosophy of science course. Since content and
form typically differ greatly from other courses in their curriculum, a lack of clarity
about the intended learning outcomes (ILOs) can lead to frustration and reduced
motivation. Attempts to address this problem can benefit from critically examining
students’ expectations, those held personally by students and through their (implicit)
expression in the study program (Ulriksen, 2009). The course design should fit with
students’ ideas about what it means to study and what they perceive as relevant for
their current and future practice. Moreover, teachers should make the expectations
and learning objectives of philosophy of science courses clear to students, e.g., by
presenting concrete examples of how philosophy of science can deepen important
discussions within or about their own field.

An oft-stated aim of philosophy of science courses is to make science students
better scientists, i.e., to make science students more critically reflective of their
own scientific research practices (Boniolo & Campaner, 2020; Griine-Yanoff, 2014;
Price, 2012). We are supportive of this claim, which also motivates our own teach-
ing. At the same time, closer consideration of the implied student in this approach
calls for further reflection on this assumed aim. First, attention to science “in prac-
tice” reveals a variety of research approaches, which broaden and blur the cat-
egory of “better scientist”. Second, science students today have educational goals
that differ from, and extend beyond, preparation for a research career. Assuming
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that all science students want to become researchers may alienate those who are
instead aiming to pursue careers in industry, policy, consulting, or teaching. Thus,
it is important to consider how philosophers of science can be designed in a way
that is relevant for the existing diversity of study practices and anticipated career
trajectories.

In the following, we explain how we adapt the teaching of philosophy of science
to science students to meet their needs. Our suggestions should be understood within
the context of an educational system in which philosophy of science courses are
mandatory, and we therefore begin by putting our own teaching practices in context.
Regardless of this special context, we hope that reflecting on our experiences are
useful for others who teach philosophy of science to science students. We clarify the
background for our choice of case-based teaching in Sect. 3 and provide examples of
cases taught in Sect. 4. Section 5 offers concluding remarks.

2 Teaching philosophy of science in Denmark

In a European setting, the relevance of philosophy of science for science students
was recognized by the European Qualifications Framework for Lifelong Learning in
2008, which included “critical understanding of theories and principles” and “criti-
cal awareness of knowledge issues in a field” as learning outcomes for bachelor’s
and master’s degrees, respectively (European Commission, 2008, p. 18). However,
no general overview exists of how this part of the framework has been implemented
across the European Union that spans quite different systems for higher education.

In Denmark, our local setting, a 2003 parliamentary debate prompted an agree-
ment between the national universities and the Ministry of Education to introduce a
mandatory philosophy of science course into all bachelor programs. The intent was
to provide students with an opportunity to “qualify their disciplinary specialization
by contextualizing it in a larger perspective” and thus to “connect disciplinary ques-
tions with interesting and relevant issues of a more general character” (translated
from Andersen et al., 2018, p. 24). The courses should therefore cover not only phi-
losophy of science in a strict sense, but also elements that could give students an
understanding of their field within society, including the social and ethical respon-
sibility of scientists. Hence, despite their name, the courses were expected to also
include history and sociology of science as well as ethics.

National guidelines for philosophy of science courses have been implemented
locally at the University of Copenhagen through a generic set of minimal ILOs that
all mandatory philosophy of science courses at the Faculty of Science need to ful-
fill. Importantly, these ILOs differ from traditional philosophy of science courses
designed for philosophy students. To illustrate how, Table 1 lists the differences in
ILOs for philosophy students (left column) and science students (right column) at
the University of Copenhagen. Table 1 shows that in the course for philosophy stu-
dents, the emphasis is on acquiring competences to provide a systematic analysis of
philosophical positions and their historical contexts. This reflects the structuring of
teaching according to the assumption that the “implied student” is already interested
in, and familiar with, central positions and debates within philosophy. This cannot
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Table 1 Learning objectives of the mandatory BA course in philosophy of science course in the philoso-
phy program (left) and for science students (right) at the University of Copenhagen

Philosophy of Science for Philosophy Students

Philosophy of Science for Science Students

Competences
- To bring perspectives from different philosophi-
cal traditions into dialogue

Skills

- Clearly and independently present selected
problems, positions, and arguments within the
subject matter of the course

- Describe concepts, theories, and arguments in
their literary context in a precise and well-docu-
mented fashion

- Be able to contextualize problems in philosophy
of science in their historical and systematic
contexts

Knowledge about and understanding of

- The philosophical and epistemological theories
about natural science, social sciences, and the
arts

- The historical context of the concepts, problems,
and methods of the subject matter

Competences

- To analyze, discuss, and critically reflect upon
ethical and philosophical problems in relation to
the scientific practice(s) of the given discipline

- To analyze, discuss, and critically reflect upon the
societal role of science in general and the given
discipline in particular

- To exhibit disciplinary self-understanding and
view one’s discipline in relation to bordering
disciplines

- To discuss different conceptions of what science
is in relation to one’s own discipline through the
entire spectrum from basic research via applica-
tion-driven and strategic research to innovation,
and to critically reflect on the methods of the
given discipline

Skills

- To identify ethical and social problems in relation
to one’s own discipline

- To identify methodological and epistemological
problems in relation to one’s own discipline

- To identify violations of good scientific practice in
relation to one’s own discipline

Knowledge

- Describe selected ethical theories of relevance
for critical reflection about one’s own discipline,
including, e.g., theories about value, about the
right action, and about the just society

- Describe selected central concepts in philosophy

of science and problems of relevance for critical

reflection about one’s own discipline, e.g., meth-

ods, causality, scientific uncertainty, and the limits

of science

Describe the social role and implications of one’s

own discipline and aspects of the historical and

institutional background of the discipline

- Describe scientific processes in one’s own dis-
cipline through the entire spectrum from basic
research via application-driven and strategic
research to innovation

- Describe norms of good scientific practice with
special focus on problems relevant to the particu-
lar field of study

We have here included the ILOs from the course for philosophy students in 2016, as the course was later
merged with another course in applied philosophy, which makes the comparison harder.

We do not believe that this affects the point made here, as the new course also emphasizes the philo-
sophical tradition and scientific traditions more broadly understood than would be the case for courses

tailored to science students.
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be assumed for science students. However, science students will be more familiar
with advanced methods and concepts in their respective scientific discipline, which
can provide an entry for case-based discussions that draw on these experiences
(more on this in Sects. 3 and 4). In other words, it is important to keep in mind how
the “implied student” may differ in the two contexts.

In alignment with these aims, we teach philosophy of science courses targeting
students from actuarial science, biochemistry, biology, chemistry, computer sci-
ence, geography, geology, machine learning and data science, mathematics, math-
ematics-economy, nanoscience, physics, and sports science at the University of
Copenhagen.” Whereas it is an important aim in the course for philosophy students
to describe the different modes of knowledge generation in the broader spectrum
of the natural sciences, the social sciences, and the arts, we aim to further adapt
the generic template to the respective target groups through the design of different
courses for students from each discipline.> While all of our courses contain some
generic elements (such as responsible conduct in research and practice), we make
an effort to design teaching around cases that emphasize the epistemological, ethi-
cal, and social aspects of the specific discipline, as well as the institutional history
relevant to that discipline.

In summary, our courses are intended to target specific scientific disciplines, and
are all situated at the intersection of philosophy of science, history of science, sci-
ence studies, and ethics. From this position, they aim to prompt critical, philosophi-
cal reflection on the specific discipline of study, its central questions and issues, its
history, and its role in society. In the following sections, we illustrate some of the
considerations we face when designing and teaching these courses and reflect upon
the benefits of taking historical and contemporary cases from the specific fields as
starting points for philosophical analysis.

3 Reconsidering content and teaching format

How do we ascertain which topics are engaging and relevant for science students in
particular disciplines? In our experience, dialogues with students and science col-
leagues help make the courses more relevant and engaging. In recent years, text-
books in philosophy of science have emerged that are more accessible to science
students in general (e.g., Giere et al., 2006; Potochnik et al., 2018), and to specific
groups of science students (e.g., Kampourakis & Uller, 2020). Yet, we contend that

2 For examples of course descriptions, see: https:/kurser.ku.dk/course/nndb12002u/; https://kurser.ku.
dk/course/nndb19000u; https://kurser.ku.dk/course/NNDB19006U; https://kurser.ku.dk/course/NNDB1
9002U; https://kurser.ku.dk/course/nndb19005u.

3 The point is not that philosophy of the social sciences or arts are not relevant to (some) science stu-
dents, but rather that the relevance should be evaluated on the basis of the specific educational con-
text. For example, our course for sports science students also includes philosophy of social science and
humanities, because many students specialize in sociology, history, or other areas that require the use of
qualitative methods.
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the relevance of some classical philosophical topics should primarily be considered
in relation to how these are taught in the context of a specific science program.

3.1 Teaching traditional topics in new ways

One example of a highly abstract topic primarily of interest to philosophers is the
scientific realism/antirealism debate (Griine-Yanoff, 2014). Yet, philosophers of
scientific practice have shown that this debate can be brought to bear on research
practice by considering whether and how the aim of truth-seeking is relevant in
particular scientific fields and circumstances (Chang, 2012b; Currie, 2018; Potoch-
nik, 2017). A similar approach can be adopted in teaching of philosophy of science.
Rather than starting with the abstract philosophical debate on realism/antirealism,
a more useful entry point would be to consider relevant discussions within science
itself. An example is how scanning tunnelling microscopy (STM) gives us new ways
to “see”, manipulate, and think about phenomena at the scale of atoms (Toumey,
2009). In our experience, students in physics and nanoscience can productively draw
on their own experiences with advanced microscopy in a discussion of how under-
standing sometimes is facilitated through translation of numerical data into highly
idealized visual images, such as the famous “quantum corral” featured on the cover
of Science, 262, 1993 (Crommie et al., 1993).

Another example, taken from the course we teach to geography students, is to
introduce students to basic philosophical questions about laws, explanation, and
idealization using a contemporary example of a “unified theory of urban living”
(Bettencourt & West, 2010). Developed by physicists specializing in complex sys-
tems, this theory has been strongly criticized by geographers for its broad gener-
alizations and law-like approach to answering geographical questions (O’Sullivan &
Manson, 2015). Cases like this allow students to familiarize themselves with philo-
sophical themes without leaving their disciplinary home ground, thus providing a
safe environment for engaging with novel kinds of questions.

The suggestion to reconsider the format, and not only the topic, is equally rel-
evant when teaching ethics. Traditional ethical positions may be experienced as
irrelevant to the students’ own practice, if teaching primarily consists of rehears-
ing “long-standing and insoluble debates among long-dead men” (Bursten & Fin-
kelstein, 2018, p. 1). Of higher relevance to the students is the ability to identify
hidden assumptions in ethical argumentation, as well as the capacity to discuss the
implications of various views. Bursten and Finkelstein suggest using what they call
boundary cases to confront students with examples that promote cognitive conflict.
The aim is to compel students to examine unexpected ramifications and unwelcome
consequences of their own viewpoints. We believe that these competences can be
trained while also reestablishing the lost connection to more abstract theoretical
frameworks in ethics.

To exemplify, Green has in collaboration with colleagues in sports science
designed exercises inspired by previous masters’ projects. Ethical frameworks
were discussed in relation to concrete imaginative research projects, including an
experimental intervention study on the effects of physical activity to reduce obesity
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among school children. The students were asked to identify possible ways in which
the imagined research projects could harm participants, and to discuss which ethical
positions may support such considerations (e.g., deontological ethics or utilitarian-
ism). We found that by drawing on such examples, it is easier for students to recog-
nise the relevance of abstract ethical principles (such as those guiding the Helsinki
declaration or data protection laws) for their own practice. The exercise also pro-
moted critical self-reflection on their own assumptions about the research topic. The
students were further asked to draft interview questions of relevance for the study of
obesity. After reading and discussing text material presenting different views on the
topic, the students were surprised to discover that their questions revealed implicit
epistemic and normative assumptions about obesity and weight loss. This resonates
with Bursten and Finkelstein’s (2018) suggestion that critical reflection can be pro-
moted through examples that uncover and productively challenge the student’s own
presuppositions.

The examples above illustrate the difference between what in science education is
called deductive and inductive teaching strategies (Prince & Felder, 2006). While the
traditional (deductive) approach starts with the history of the philosophical debate
and primarily uses cases as illustrations, inductive teaching takes concrete cases or
the students’ own practice as the starting point. Inductive strategies lend themselves
naturally to active learning approaches. Active learning refers to a spectrum of stu-
dent-centered approaches, ranging from very “open” approaches, where students
formulate their own questions and design their own analysis, to teacher-structured
activities involving a mixture of teacher instruction and group work (Hartikainen
et al., 2019; Terry, 2012). Active learning involves one or more phases of adidactic
teaching (Brousseau, 1997), where the teacher steps back to let the students work on
cases or problems on their own.” It is, however, important that teachers instruct and
follow up on the exercises, as students may need guidance to see relevant connec-
tions to general concepts or themes (El-Hani et al., 2020). Since studies in science
education have documented the benefits of active learning approaches (Entwistle,
2009; Freeman et al., 2014; Prince, 2004), we organize our teaching around cases
that we expect to already interest the students (see Sect. 4 for further examples).

3.2 Historical and contemporary cases

We view case studies as concrete and authentic problem situations or stories that
illustrate the complexity of scientific practice in a manageable way (Allchin, 2013,
pp. 39—40). Focusing on cases reawakens a classical debate in philosophy of science
about the relation between particular cases and general lessons, as well as consid-
erations about which cases are most fitting for this purpose. Our intention is not to

* The concept of adidactic teaching is used within the theory of didactic situations (TDS), where “acti-
vation” presents a central element of the teaching model illustrated here: https://obl.ku.dk/theme/tds-
model/.
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use cases to make inductive inferences about science in general,’ but to use these
iteratively as mediators between concrete examples and abstract analysis (Chang,
2012a; Nersessian, 1995). Cases can put philosophy of science into context, and
make abstract theories more cognitively accessible to students (Herreid et al., 2012).
Conversely, abstract philosophical theories and concepts can help deepen the under-
standing of concrete scientific cases, e.g., by introducing conceptual tools that high-
light similarities and differences between cases.

Another debated topic is whether philosophical analysis should primarily exam-
ine contemporary or past science (see, e.g., Giere, 1973; Burian, 1977). One argu-
ment raised in this debate was that historical cases have a pedagogical advantage
because they tend to be less complex than contemporary cases. In contrast, histo-
rians of science have warned against “pseudohistorical” presentations of historical
cases that reconstruct scientific discoveries as the result of a straightforward scien-
tific methodology (see Allchin, 2013, chapters 4 and 5; Powers, 2020). Such debates
emphasize the importance of situating cases in their historical and contemporary
scientific contexts, which places new demands on the historical and scientific lit-
eracy of philosophy of science teachers. It can be challenging for philosophy teach-
ers to acquire the competences required to discuss scientific cases with science stu-
dents specialized in the same field, or to make sure that the presentation of a case
acknowledges relevant historical nuances. Yet, these challenges can be addressed by
training in dual competences or by collaboration on teaching. Our courses are often
taught by scholars with dual training in a scientific discipline and philosophy or his-
tory, or in philosophy and history of science. Some courses are also taught in collab-
oration with scientists from the students’ discipline. In the latter case, it is important
that both sides of the collaboration are capable of engaging in some detail with both
the philosophical and the scientific literature involved, i.e., both parties should have
what sometimes is referred to as “interactional expertise” (Collins & Evans, 2002;
Goddiksen, 2014; Plasiance, 2020).

Both contemporary and historical cases can be used to stimulate reflections on
the characteristics of “science in the making”, as opposed to teaching “ready-made
science” (Allchin, 2013; Latour, 1987). Whereas textbooks used in teaching science
often present what they take to be uncontroversial exemplar cases of explanations
and problem solutions (Kuhn, 1962/1970), contemporary and historical cases pro-
vide insights into the tentative and exploratory aspects of knowledge generation. But
historical and contemporary cases also have distinct benefits and limitations. Allchin
et al. (2014) make a useful comparison of the complementary merits and deficien-
cies of contemporary and historical cases. Contemporary examples of scientific con-
troversies motivate student engagement through their “here-now” relevance, but are
by definition unresolved and open-ended, and therefore not ideal for illustrating how
controversies can be settled. Historical cases can be harder to relate to the current
practice of the students, but they can foster understanding of how various strategies

> Readers may be familiar with debates on whether and how one can move from individual cases to
more general theory in psychoanalysis and in medicine (Forrester, 2017), or whether inferences can be
made in HPS from single cases to (normative) philosophical claims (cf. Burian, 2001; Pitt, 2001).
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have been used to manage uncertainties and errors in the past. We elaborate on these
points below.

Reassessing historical episodes within their own field from an HPS perspective
provides a good way to engage students and improve their understanding of their
field’s historical development. First, it can help correct misconceptions created by
the way history is presented within the discipline itself. In addition, some charac-
teristics of science that rarely get discussed in science courses can be analyzed in
historical case studies, e.g., the social nature of science and the establishing of sci-
entific consensus, failed theories or experiments, or the social, political and moral
implications of science. In our experience, science students are very interested in
these topics, as they have a direct relevance to their own experience. Historical cases
can also “humanize” science by showing the contingent and chaotic process of dis-
covery of even the greatest heroes, who have also run into dead ends on their way.
This is an eye-opener to students who often struggle themselves when presented
with problems to solve or phenomena to understand (Matthews 2015/1994; Allchin,
2013; Allchin et al., 2014).% Learning how failure and ignorance are integral ele-
ments of scientific practice can improve their confidence going forward, and also
impact their own self-understanding and future career decisions (Firestein, 2012,
2015).

In our courses, we also use existing and unresolved scientific controversies to
stimulate reflection on how regulatory decisions often have to be taken in contexts
of scientific uncertainty, and in situations where epistemic and ethical questions are
intertwined. For instance, biology students are presented with scientific publications
that have different views on whether fish and invertebrates can feel pain. They are
asked to discuss the strengths and weaknesses of the methods and evidence pre-
sented for the respective claims, as well as the ethical implications of different views.
This can lead to stimulating discussions on the possibility of conducting “crucial
experiments” in this field and about the possibility of operationalizing seemingly
irreducible and difficult concepts such as pain and (animal) sentience. Students are
rarely encouraged to ponder such questions in their science courses, and philosophy
of science courses can offer a welcome space for such reflections.

3.3 Considering student trajectories

Lastly, to reap the benefits of case-based teaching, an additional level of tailoring to
students is required: Among, and even within, undergraduate programs, student pro-
files and future career plans vary enough to require reflection on how to make philo-
sophical discussions relevant to all of them. All programs, of course, produce can-
didates for research — either in academic or industrial settings. But some programs
also serve other markets, in particular upper secondary education, public adminis-
tration, and the private sector. In the programs in mathematics at the University of

6 A useful resource for teaching sociology, history, and philosophy of science is the SHiPS resource
center: http://shipseducation.net, which contains teaching modules and exercises searchable by topic and
level.

@ Springer


http://shipseducation.net

European Journal for Philosophy of Science (2021) 11: 75 Page 110f 18 75

Copenhagen, for instance, we know from directly asking students that some of them
wish to become teachers, some to pursue research careers, and most to enter jobs in
industry.” Some course topics, such as the reliability of mathematical knowledge,
are relevant to all mathematics students, while other topics, such as the historical
development of mathematics as a discipline, may be less relevant to some (e.g., stu-
dents identifying with industry careers). The variety of prospective career trajecto-
ries, therefore, should be taken into account when selecting topics and cases.

The diversity of student identities presents new challenges for philosophy of sci-
ence teachers but also new opportunities for making philosophy of science relevant
in multiple contexts. In science education, for instance, philosophy of science has
been recognized as an important part of the training of science teachers (Scheffler,
1971; Abd-El-Khalick, 2005; Matthews, 1994/2015), which connects to the widely
accepted view that upper secondary school students should not only learn scientific
concepts, but also about how scientific knowledge is produced (“nature of science”,
or NOS). This perspective has been historically tied to scientific literacy as a broad
goal in science education (Hodson, 2014), however, one of the main obstacles to
effective inclusion of history and philosophy of science in secondary science class-
rooms is teachers’ lack of subject knowledge and understanding of how it connects
to the scientific content they must teach (Hottecke & Silva, 2011). Thus, philosophy
of science can help prepare teachers to convey a better-informed image of science to
their students.

For example, philosophy of science courses can provide a forum for students to
share and reflect upon their experiences conducting laboratory experiments or mak-
ing field observations. This can provide practical guidance for how to handle anoma-
lous results in different situations, e.g., in teaching and research contexts where the
aims of experiments may differ. Discussion of realistic and tangible case examples
can also help them develop the sound judgment needed when the idealized norms
of good scientific practice cannot be applied in simple and straightforward ways
(Johansen & Christiansen, 2020). Students are also often positively surprised to
learn that their own experiences can be used to promote critical reflection on philos-
ophy of science itself. For instance, discussion of the complexity of experimentation
and observation can provide a more nuanced perspective on the ideal of reproduc-
ibility, which may differ depending on the circumstances and aims of experimenta-
tion in different fields (see also Leonelli, 2018; Guttinger, 2020).

Of course, a single course cannot be tailored to the individual interests of each
student, and it is also important to build a common professional identity among the
students, no matter their career path. But when planning a course, it is crucial to
make informed choices to ensure the relevance of the course to the students; simply
realizing that not all students wish to pursue academic careers may be eye-opening.

7 Recent graduate surveys show that about 23% of the science students are enrolled as PhD students
within the first three years at the University of Copenhagen, while about 56% report work in the private
sector and about 10% teach in secondary school and adult education. The latter number varies greatly
between different science programs, ranging from 3-50%, which underscores the importance of consid-
ering student diversity at different levels. The graduate surveys are available at: https://kunet.ku.dk/arbej
dsomraader/uddannelsesadm/quality-of-assurance/graduate-surveys/Sider/default.aspx.
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4 Case-based teaching: examples from our courses

In hope of stimulating further discussion and collaboration on developing teaching
materials, we present four examples of cases from our courses in further detail. This
selection corresponds to the four competences described in the generic template for
the learning outcomes (see Table 1, right).

Case 1: Can algorithms predict student dropouts? In 2014, a student from Univer-
sity of Copenhagen wrote his master’s thesis on the use of machine learning algo-
rithms. As part of the thesis, the student developed an algorithm that could predict
if a student in upper secondary school would drop out with about 93% accuracy.
The algorithm was trained on performance data and data related to gender, ethnicity
and socio-economic background from 72.598 upper secondary students, who had
used the learning platform Lectio (Sara et al., 2015). MaCom, the company behind
Lectio, had given the master student access to the performance data without consult-
ing with the schools, and MaCom implemented the drop-out prediction algorithm
as part of Lectio when it was developed. School administrators, however, protested
that their students’ privacy had been violated, and the algorithm was removed from
Lectio after a week (Mgllerhgj, 2015).

We use the case as a starting point for several important ethical discussions relat-
ing to mathematics and computer science. These include: The rights of data subjects
(was it acceptable that MaCom used students’ data without their consent?), algorith-
mic bias (the algorithm includes sensitive information such as gender and ethnicity,
but can we know if its training has given it gender or other biases?), and the con-
nection between epistemology and ethics (the utilitarian argument in favor of using
the algorithm is confronted with uncertainties about how the algorithm works and
affects the behavior of the teachers, students, and administrators interacting with it).

Case 2: Risk assessment and scientific uncertainty To promote reflection on the
societal role of science, several courses include exercises where students discuss
how their field can inform risk assessment and political decision making. Biology
students watch a video where different stakeholders discuss the results of a cohort
study documenting a statistical association between prenatal exposure to a chemical
preservative and reduced head circumference of male infants (Lassen et al., 2016).
Students in the chemical sciences discuss the merits and problems of estimating tox-
icity of new chemical compounds from knowledge about structurally similar ones
(Bschir, 2017). And physics students discuss the earthquake in L’Aquila in 2009 as
a case highlighting the difficult ethical and epistemological choices physicists have
to face when they advise the public on the basis of incomplete or unclear data (Hall,
2011). These cases illustrate that waiting for conclusive scientific evidence is often
not an option. Students must therefore evaluate different types of evidence (and
uncertainty) against the “inductive risks” of assessments that may under- or over-
estimate potential harm. The cases also raise discussions on whether and how to
inform the general public about potential harm and scientific uncertainty, which is
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challenging in societal contexts where mistrust in science is a pressing concern (see
also El-Hani et al., 2020).

Case 3: “Functional” in biochemistry, chemistry, nanoscience To address the learn-
ing goal of being able to “exhibit disciplinary self-understanding and view one’s
discipline in relation to bordering disciplines”, students in a course for chemistry,
biochemistry, and nanoscience discuss the notion of ‘functional’ from their respec-
tive backgrounds, engaging with both commonalities and differences. The case is
preceded by brief introductions to the history of the three fields, and is initiated with
discussion exercises. We ask the students to reflect upon a well-known concept from
their field, and to contrast it with a seemingly similar concept in a neighboring field
— in this case the chemical concept of a functional group, the biochemical concept of
molecular function, and function in “nanomachines”. The exercise starts out broadly,
asking about the roles of these notions in research. The students are often puzzled by
this question, albeit in different ways; nanoscience students may see molecular func-
tion as the workings of engineerable structures at the nanoscale, while biochemistry
students are more interested in the evolution of macromolecular “active sites” than
in functional groups. The question “Can the concept of ketone as a functional group
be reduced to quantum chemistry or physics?” is then discussed and used to intro-
duce the more general question of how scientific disciplines interact, not only from a
positivist perspective on theory reduction, but also integrating contemporary views
of disciplines as systems of practice with a variety of interactions (Chang, 2015).

Case 4: Disciplinary and professional identity in computer science To activate stu-
dent reflections on the spectrum of science within their own discipline, the tutori-
als in philosophy of computer science start with an introductory exercise, with 25
students divided into five groups. Each group receives one of five short primary
texts by leading computer scientists presenting positions on the methods, purposes,
and functions of computer science.® Using a matrix setup, the groups discuss their
assigned text before being reshuffled into five new groups with representatives from
all of the original five groups. The students share information from their original
group, and then comparison and discussion begin.

One of the important topics of discussion in computer science is the relation-
ship between basic research and technological innovation, often phrased as a ten-
sion between computer science and software engineering. Historically, this tension
is inherent in their discipline and students will discuss how it revolves around dif-
ferent conceptions of the computer’s role: Is it a tool to study the science of data,
a fundamental model of computation, or is its purpose to train programmers? Stu-
dents report that after this exercise, they develop a new vocabulary to talk about
their own qualifications and better understand the structure of their own curriculum.

8 We use texts by recognized authors within the discipline, such as Peter Naur on ‘The Science of Datal-
ogy’, Peter Denning on ‘The profession of IT: Who are we?’ and ‘The science in computer science’, and
Ivar Jacobson and Ed Seidewitz ‘A new software engineering’. These all originate from the Communica-
tions of the ACM, the discipline’s main professional journal, which can be a fruitful source of short texts
with a combination of disciplinary and philosophical ramifications.
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Using this as an introductory exercise stimulates student activity and discussion cul-
ture, and sets the stage for discussions about scientific methods and the spectrum of
knowledge production from basic research to technological products.

We find that discussion of short texts exemplifying different views on a topic is a
good way to train competences that are perceived as relevant to the students. It is in
this context also relevant to consider how teaching strategies and evaluation of these
competences are aligned (Biggs, 1996). Some courses have oral exams and accord-
ingly include more emphasis on training the students to orally present case mate-
rial in relation to philosophical positions taught in the course. Other courses have a
written exam and include writing exercises where students get formative feedback
from other students and teachers. In tutorials, we also sometimes use student pres-
entations and role playing as teaching strategies, where students are asked to present
(and sometimes defend) a specific position. We have found this particularly use-
ful when teaching ethics, as presenting positions train the students to identify the
distinctive features and strengths of specific positions, relate this to similar (more
general) positions, as well as to consider weaknesses and counterarguments. We
emphasize that our evaluation of their oral or written exam will value their ability to
present a given topic from multiple perspectives, rather than to merely describe one
position or express their own opinions. Our view here resonates with other literature
in science education emphasizing a shift of focus in assessment from ‘“declarative
statements” to “interpretative analysis” and other competences higher on Bloom’s
taxonomy (Allchin, 2011; Biggs & Tang, 2007).

We hope that our case examples give an impression of how cases can be selected
and used in teaching of philosophy of science to science students. As a final point,
our cases also illustrate the diversity of text material that can be included in the
curriculum. While it is no doubt useful to keep developing good textbooks in phi-
losophy of science, we often use textbook material in combination with papers in
contemporary philosophy of science, scientific publications, policy documents, and
news media. Aside from being motivating for students to read, exposing the stu-
dents to a variety of materials can promote critical evaluation of sources, for which
they often lack explicit training. Moreover, letting students identify and compare the
arguments expressed in different texts can help them develop competences they will
need in future projects, such as the ability to identify, analyze, and evaluate argu-
ments against the strength of supporting evidence.

5 Concluding remarks

The focus on teaching philosophy of science of relevance to future scientists entails a
number of considerations, not only about which philosophical dimensions to include
but also about how to teach them. The internal development of and debate within the
academic field of philosophy of science, which in many places structures the teach-
ing of philosophy of science in ways relevant to philosophy students and their needs,
is much less relevant to future scientists. Instead, we have highlighted the benefits
of case-based teaching, which takes examples closer to students’ practices as the
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starting point for philosophical reflection, and which can promote active learning.
It is our experience that science students find case discussions engaging and useful,
which is also reflected in their oral and written course evaluations.

We have illustrated our approach through examples of cases we teach and how
we use elements in exercises involving adidactic teaching situations where students
discuss the cases on their own. To what extent such exercises, and active learning
in general, are possible will of course depend on the context of specific courses.
One should be aware that constraints on time and resources often impose a trade-
off between student-centered learning and the scope of “content-based” teaching.
Moreover, the number of students is an important factor. Our group teaches more
than 1000 science students per year, and we combine active student-centered tuto-
rials (25-30 students) with larger lectures (up to 150-200 students) that naturally
are more teacher-structured. Yet, we find that discussion exercises can also improve
the teaching of large classes, and that there are benefits of rethinking the traditional
“deductive” approach to teaching philosophy of science. Hence, we prioritize active
and case-based approaches whenever possible, because we have seen that student
outcomes are better if they engage deeply with selected philosophical topics rather
than receiving less in-depth coverage of all major debates in philosophy of science.

We have commented on how practice-oriented teaching imposes new require-
ments on philosophy teachers. In addition to demands regarding interactional exper-
tise, it can be time-consuming to find relevant cases. We hope that initiatives such as
this topical collection can help facilitate a higher degree of international collabora-
tion on the task of finding and developing suitable teaching materials and engaging
student exercises.
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