= ALEKSANDRA KAZAKOVA —

Responsibility in biomedical engineering education

This article adds a comparative perspective to the ongoing debate on the ways
of integrating the principle of responsibility into engineering education. Whi-
le the need for increasing social and environmental awareness is expressed
both by the professional and educational communities, the concrete measures
for restructuring the curricula raise methodological, epistemological and pe-
dagogical questions. The study links the normative debate to the state of the
art in biomedical engineering curriculum in three different educational sys-
tems. The content analysis shows that in contrast to the commonly declared
objective of formation of a responsible engineer, the range of disciplines and
subjects that could contribute to its achievement is underrepresented in the
undergraduate programs in terms of the workload. Despite the differences in
the national standards, the level of institutionalization remains equally low.

Keywords: engineering education, engineering ethics, educational standards,
ABET criteria

Author Information

Aleksandra Kazakova, Gubkin Russian State University of Oil and Gas (National Research
University), Bauman Moscow State 'lechnical University (National Research University)
heeps:/forcid.org/0000-0002-2952-8373

How to cite this article
Kazakova, Aleksandra. ,Responsibility in biomedical engineering education”,
Informadcids Tarsadalom XIX, 4. no (2019): 50-60.
= https://dx.doi.org/10.22503/inftars.X1X.2019.4.4 =T

All materials
published in this journal are licenced
as CC-by-nc-nd 4.0

T

2 O Ik O >t H




Responsibility in biomedical engineering education:

a comparative study of curriculum
in India, Russia and the USA

Aleksandra Kazakova

Abstract

"T'his article adds a comparative perspective to the ongoing debate on the ways of in-
tegrating the principle of responsibility into engineering education. While the need
for increasing social and environmental awareness is expressed both by the profes-
sional and educational communities, the concrete measures for restructuring the cur-
ricula raise methodological, epistemological and pedagogical questions. The study
links the normative debate to the state of the art in biomedical engineering curricu-
lum in three different educational systems. T'he content analysis shows that in con-
trast to the commonly declared objective of formation of a responsible engineer, the
range of disciplines and subjects that could contribute to its achievement is underrep-
resented in the undergraduate programs in terms of the workload. Despite the differ-
ences in the national standards, the level of institutionalization remains equally low.
Keywords: Engineering education, engineering ethics, educational standards, ABET criteria

Introduction

The need for broader engineering education is expressed by the scientific and educational
communities, professional associations and accreditation bodies. At the beginning of the
century, a wave of strategic documents was setting the goals for reforms at the various
levels and reconsidering the principles of professionalism with regard to the visions and
expectations for sociotechnical future, e. g. “Educating the Engineer of 2020” by the Na-
tional Academy of Engineering (2005), “Educating Engineers for the 21st Century” by
the Royal Academy of Engineering (2007), “Engineering: Issues, Challenges, and Oppor-
tunities for Development” by UNESCO (2010), just to name a few.

The normative aspects of developing the engineering curriculum were conceptual-
ized as “a new occupational ideal of Bildung for engineers” (Christensen, Meganck and
Delahousse 2007, 13) which would guide the formation of the responsible “new engineer”
(Beder 1998), or even give rise to the “post-engineering” culture (Mitcham 2009). The
common idea in this debate is that engineering education needs to overcome the narrow
problem-solving approach by recognition of both its societal context and impact, and thus
to increase reflexivity of the actors producing and applying technologies.

T'his work outlines the current level of integrating the concept of professional re-
sponsibility in biomedical engineering curriculum in different national contexts. The first
part is devoted to an overview of the methodological debate on the ways of teaching “re-
sponsible engineering”. It is shown that there is no final consensus on the optimal strategy
of designing the engineering curricula, but the courses in engineering ethics alone, despite
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of their relatively high institutionalization, are increasingly regarded as insufficient for this
purpose. Rather, a range of courses in social and environmental sciences and humanities
are considered “responsible” for responsibility of the future engineers, and there are also
calls for changes in professional training on the whole, such as “ethics across the curricu-
lum”. In the second part, the qualitative analysis of the actual educational programs in
biomedical engineering is undertaken to assess the extent to which responsibility-related
disciplines and subjects are represented in the curriculum. This work follows the national
curriculum studies on the sets of mandatory disciplines (Stephan 1999) and on the struc-
ture of credit hours (Prasad et al. 2018), contributing the international comparison in one
particular field of the engineering education. The analysis of the officially published pro-
grams certainly gives a preliminary picture of the institutionalization process, while the
content and quality of educational practices require in-depth survey and assessment of
the stakeholders.

Teaching “responsible engineering”: the methodological debate

An extensive conceptual and empirical research on the different components of engineer-
ing curriculum has been made internationally. The methodological debate about the struc-
ture of engineering education in general and the responsibility-related subjects, in
particular, is driven by the necessity to find the best possible set under existing limitations
of time and resources in the context of growing specialization and competition on the
global educational market. This stimulates discussion of the comparative advantages of
different disciplines and the arguments legitimating the various ways of socio-humanitarian
“intervention” into technical education.

Engineering ethics has been in the centre of this debate, especially since 2000, when
Accreditation Board for Engineering and Technology (ABET) explicitly included ethics-
related outcomes into its accreditation criteria, though without giving concrete recommen-
dations on the forms and content of teaching (Mitcham 2009). Prior to the implementation
of ABE'T criteria, a catalog-based survey of the engineering programs in the USA was un-
dertaken, which showed “the relative invisibility of ethics-related instruction in present
course requirements” (Stephan 1999, 459), since less than one quarter of institutions re-
quired all their students to take any course addressing this topic.

Almost 10 years later, Bucciarelli (2008, 148) argued that “the way ABE'T’s recom-
mendation for the study of ethics has been implemented within engineering programs
falls far short of the mark”, since the wide-spread methodology of case studies and teaching
codes in the engineering ethics courses reproduced the abstract problem-solving approach,
reducing the complexities of the socially contextualized engineering practice and commu-
nication processes to individual decision-making. This narrow didactic approach along
with the problems of restructuring the curriculum led to the situation in which the engi-
neering students “seldom take, and are certainly not required to take, courses dealing with
the historical and social character of public safety, public health, or socictal welfare”
(Mitcham 2009, 36), which they were considered responsible for. As a result, focus on
teaching micro-ethics which emphasizes individual responsibility was increasingly criti-
cized in the last two decades with repeated calls “to consider questions of macro-ethics




— PAPERS

related to institutional organizations and public policy” (Mitcham and Englehartd 2016,
1739).

Some researchers went further arguing for diversification of the socio-humanitarian
courses in the curriculum. For instance, Conlon (2008) argued for integration of social sci-
ences into engineering education to make it able to reflect on the social nature of the tech-
nical problems and solutions and their relation to social conflict, inequality and power.
Teaching ethics alone, he claimed, is thus insufficient without the focus on “the social
structure and the way it both enables and constrains socially responsible conduct” (Conlon
2008, 151). At the same time, he warned against the utilitarian approach to the socio-hu-
manitarian component of the curriculum, which may replace the goal of developing re-
sponsibility with that of increasing employability through development of non-technical
competencies, or the so called “soft skills” (such as communications, project management,
leadership and teamwork).

In contrast to teaching a general course in social sciences, some scholars argued for
more focused courses in STS. For example, Pinch elaborated the course which combined
the key ST'S concepts, “based upon deep sociological ideas which often extend well be-
yond the boundaries of science, technology, and medicine” with the relevant case studies,
thus showing “how these concepts can be used in many different contexts and historical
periods” (Pinch 2008, 104-5). With its multidisciplinary nature, STS course would touch
upon not only sociological, but also philosophical, anthropological, historical and political
perspectives on science and technology. Apart from that, he emphasized that many STS
researchers have scientific or engineering background. This may facilitate communication
with engineering audience.

Downey insisted that engineering studies need to overcome its marginal position in
the curriculum and “open up engineering formation” itself, hence not only providing the
critical analysis of the engineering activity in society, but also reflecting on the educational
process as such “to make visible the value dimensions of engineering pedagogies inside
and outside of classrooms” (Downey 2015, 218). He claims that this should go beyond
“contextualizing” of engineering and overcome the very distinction between technical
and social. This intervention is a part of wider “scalable scholarship” in engineering stud-
ies, which must “contest the dominant epistemological contents of engineering practices”
(Downey 2009, 55).

Probably, even more radical steps were suggested by Bucciarelli and Drew (2015)
who elaborated a program for Bachelor of Arts in Liberal Studies in Engineering, which
would not only synthesize education in humanities, social sciences and engineering, but
also make it more inclusive by reducing the barriers, explicating values behind engineering
activity and assigning meanings to it. Even if this Renaissance-like project will not be fully
realized on the contemporary educational market, the very idea of interdisciplinarity and
change of the teaching practices in the core professional (technical) disciplines is not so
odd. It is close to the ideas of “ethics across the curriculum” and “sociotechnical design”,
which do not require such a profound institutional transformation.

The “ethics across the curriculum” approach, despite of its popularity and visible or-
ganizational efforts since 1980s, is still not clearly conceptualized and has received diverse
interpretations and applications in different fields of education. Apart from other peda-
gogical innovations, one of the objectives for the faculties was to “increase the inclusion
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of ethics in courses taught and integrate the discussion of ethical issues with standard sub-
ject matter” (Mitcham and Englehartd 2016, 1745). If applied systematically, this diffusive
strategy could stimulate ethical inquiry at the level of everyday learning routines and thus
change the culture of engineering education from within.

In line with this approach, Date and Chadrasekharan (2017) suggest that developing
commitment to sustainability requires more than just didactic statement of principles. It
requires change of teaching at epistemological level, transforming the problem-solving ap-
proach into “solving for pattern”. They argue that “shift towards sustainability engineering
requires illustrating successful design practices that embed sustainability values, particu-
larly designs that move away from the current focus on input—output efficiency, towards
eco-social and socio-technical approaches to design” (Date and Chadrasekharan 2017, 12).

All the touched upon epistemological and ethical issues, as well as questions of en-
gineering culture and practices, and the wider context of sociotechnical transformations
are discussed in philosophy of science and technology, which also claims for its place in
engineering curriculum. It was characterized by Christensen and Erng-Kjglhede (2008,
563) as a “Socratic element of professional self-reflection in engineering education”. How-
ever, their empirical study of expectations of an engineering faculty from implementation
of this course shows that the attitude to philosophy reproduces rather instrumentalist ap-
proach to education in general. Still, the authors hope that further integration of philo-
sophical courses may compensate this “lack of metadiscourse”, or “metalevel perspective”
in engineering education and engineering as such.

The overview of the debate among the scholars and educationalists permits the fol-
lowing conclusion: there is no royal road to responsible engineering. Apart from the obvious
contribution of engineering ethics, alternative ways of integrating the responsibility agenda
into the curriculum have been suggested. The wide range of disciplines and interdiscipli-
nary courses in social and environmental sciences and humanities can be regarded as re-
sponsibility-related. Apart from this, such approaches as “ethics across the curriculum”
and “eco-social design” aim to problematize social and environmental issues in professional
training. At the same time, the socio-humanitarian component may be reduced to the soft
skills training courses and thus instrumentalized as employability-oriented. For preliminary
assessment of the level of responsibility-oriented instruction it is therefore important to
combine the study of curriculum structure with the content analysis of the syllabus.

Responsibility in curriculum: design of the study

Following the methodological debate described above, the study was designed to trace
the various ways of integrating the principles of social and environmental responsibility
into the curriculum. It is assumed that this may be achieved by systematically addressing
the problems of ethics, sustainability, societal or environmental risks and safety in general
sense (not reduced to safe working conditions) in different disciplines.

The content analysis of 48 baccalaureate programs in bioengineering, biomedical en-
gineering or similarly named engineering programs in three countries (the USA, Russia
and India) was undertaken. The special interest in this field of engineering education
stemmed from an idea that biomedical engineering has the longest tradition of ethical in-




— PAPERS

quiry, inherited from the medical education. When compared to other fields of engineer-
ing, it implies the most obvious “human-machine” interaction, which requires special con-
cern for safety of a user/patient. With that in mind, it can be assumed that biomedical
specialization is especially sensitive with regard to the problems of responsibility.

Only educational programs accredited by the national or international bodies (ABET;
National Board of Accreditation in India, Russian Association of Engineering Education)
were examined, assuming their legitimacy in the eyes of professional and educational com-
munities. The publication of the program documents, including their missions, expected
educational outcomes, curriculum and syllabus, on the official websites of the institutions
are regarded as both the representation of the educational strategies and the minimum
level of institutionalization of the responsibility-oriented instruction. The latest version
of officially published educational programs was analyzed (academic year 2018/2019).

Three questions were posed for analysis:

1. Is development of social and / or environmental responsibility explicitly declared
among the goals of the educational program?

2. What is the share of the workload for mandatory courses specialized in the prob-
lems of social and environmental responsibility (ethics, sustainability, societal / environ-
mental risks / safety)?

3. Are the relevant topics discussed in non-specialized (introductory or other profes-
sional) courses?

To answer the first question, a qualitative analysis of missions, objectives, outcomes
and competences was made. For the second and third questions, the catalogues of courses,
their abstracts and schedules were examined.

On the basis of the previous methodological debate, the category of “specialized”
courses was defined broadly, including courses in ethics (“Professional Ethics”, “Engi-
neering Ethics”, “Bioethics”) as well as in philosophy and sociology, ST'S, environmental
studies, safety and risks, technology assessment or integrated courses, combining the listed
above. Regardless of their belonging to socio-humanitarian component, the “soft skills”
courses (writing, communication, rhetoric, time management, language courses, entrepre-
neurship), as well as the courses in economics, law, [IPR and management were not taken
into account as related to emplovability and liability rather than responsibility (see the dis-
cussion above). The courses in national history, political system and diversity were also
excluded, being not specific for professional activity. For the non-specialized courses the
syllabus descriptions were analyzed in search of the relevant topics (keywords: “responsi-
bility”, “sustainability”, “ethics”, “risk”, “safety* and the cognates).

Results

Most of the programs in the US contain a standard list of educational objectives and learn-
ing outcomes based on the official ABE'T criteria of previous years (ABE'T, 2016; ABE'T,
2017), such as “an ability to design a system, component, or process to meet desired needs
within realistic constraints such as economic, environmental, social, political, ethical, health
and safety, manufacturability, and sustainability”, or “the broad education necessary to un-
derstand the impact of engineering solutions in a global, economic, environmental, and
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The USA

Reference to social/environmental Number of | % of total | Average working

responsibility programs | number load (% of total
program credits)

Declared objective/outcome 21 100%

At least one mandatory specialized course 11 52% 2.2%

* two or more specialized courses 0 0% 0%

Part of an introductory course 5 24% N/a

No mandatory (specialized or

introductory) course 7 33% N/a

References in the other professional

courses 7 33% N/a

Total (programs) 21

Table 1. Reference to social / environmental responsibility in the educational
programs in biomedical engineering (the USA)

societal context”, etc. Some of the programs reformulated the ABE'T list in more concise
manner and with minor variations. However, all the examined programs explicitly declared
responsible professional activity as priority.

11 educational programs included at least one mandatory specialized course address-
ing the topics in question, even though their share of workload was relatively small, for
example: Professional Responsibilities of Engineers (3 of 186 Credits), Safety and Ethics for Re-
search (1 of 182 Units), Biomedical Engineering in the Real World (1 of 129 Credits), Biomedical
and Bioengineering Ethics (1 of 120 Credits, lectures only).

5 programs offered short introductory courses for the first or second year, which are
sometimes department- or college-wide (that is, not specific for biomedical engineering),
but explicitly address the problems of professional responsibility according to their syn-
opsis: Professional Development in FEngineering (2 of 126 Credits; the annotation says:
about one-third of the semester is dedicated to professionalism and ethics”™), Professional
Communication for Engineers (1 of 133 Credits), Engineering Success for First-Year Students (1
of 128 Credits), Engineering Disciplines and Skills (2 of 128 Credits), etc. However, with one
exception mentioned above, it is not clear what share of the working load is actually de-
voted to this topic within the course.

“Ethics-across-curriculum” approach. 7 institutions have made visible efforts to ad-
dress the problems of responsible engineering in the professional courses. However, often
these are the practical courses of the last years, i.e. the students are required to make an
assessment of their individual or group projects without previous systematic training.

Non-mandatory / elective courses. The overall share of credits in Humanities and
Social Sciences in the sample reached 13% of the programs’ total. However, this was
achieved by the variety of elective courses. In order to estimate the comparative popularity
of the electives on professional responsibility, additional attendance data is needed.
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According to the data, 7 of 21 programs did not include any mandatory (specialized
or introductory) courses on professional responsibility, except for possibly chosen electives
and occasional mentioning in professional courses (3 programs).

India

Reference to social/environmental Number of | % of total | Average working

responsibility Programs number load (% of total
program credits)

Declared objective/outcome 19 100%

At least one mandatory specialized course 18 95% 2.3%

* two or more specialized courses 8 42% 2.3%

Part of an introductory course 3 16% N/a

No mandatory (specialized or introductory) 1 5% N/a

course

References in the other professional courses 5 26% Nia

Total (programs) 19

Table 2. Reference to social / environmental responsibility in the educational programs
in biomedical engineering (India)

19 programs were examined, 18 of which are accredited by the National Board of Ac-
creditation, and one by the ABET. Regardless of being accredited by ABET or by the na-
tional accreditation body, all the Indian programs contain similar lists of Program
Educational Objectives (PEOs) and Program Outcomes (POs) which are close to ABET
criteria. 'Typically, it includes understanding of “ethical and professional responsibility” as
well as of “impact of engineering solutions in a global, economic, environmental, and so-
cietal context” and “realistic constraints such as economic, environmental, social, political,
ethical, health care and safety, manufacturability, and sustainability” with minor modifi-
cations.

A significant share of the programs (8 out of 19) combines both social and environ-
mental aspects of responsibility, offering more than one mandatory specialized course, for
example: Professional Ethics and Human Values and Introduction to Environmental Science (6
of 173 Credits), Introduction to Society and Culture and Environment and Safety Engineering (6
of 215 Credits), etc. However, their share in the overall workload is close to that in the US
(2.3%). One of the programs has mandatory, but no-credit courses in both areas. As for the
rest, 10 programs contained only one specialized course, and with one exception, most of
them were focused on environmental responsibility or sustainability.

“Ethics-across-curriculum” approach. Only in 5 programs explicit and systematical
reference to the problems of responsibility was found in the professional courses, such as
Stem Cells and Healthcare or Decision Support Systems.

16 programs contained relevant elective courses, such as Environmental Impact As-
sessment, Human Factors in Engineering, Engineering Law and Ethics, Engineering and Society,
Green and Sustainable Development, but no data is available to estimate demand for them.
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Russia
Reference to social/environmental Number of | % of total | Average working
responsibility Programs | number load (% of total

program credits)

Declared objective/outcome 8 100%
At least one mandatory specialized course 8 100% 3.4%
* two or more specialized courses 7 88% 3.7%
Part of an introductory course 2 25% N/A
No mandatory (specialized or introductory) 0 0% N/A
course
References in the other professional courses N/a N/a N/A
Total (programs) 8

Table 3. Reference to social / environmental responsibility in the educational programs in
biomedical engineering (Russia)

There are only few, but large with respect to enrollment, relevant bachelor programs
in Russia. Russian educational programs are regulated by the Federal State Educational
Standard (FSES), with a few universities authorized to establish educational standards in-
dependently (only one for our list of programs). The earlier versions of FSES contained
the list of competencies and educational outcomes along with the basic list of courses re-
quired in the curriculum. Consequently, all the examined programs contained similar “gen-
eral cultural competencies”, such as “ability to develop one’s own world view basing on
the philosophical knowledge” or “professional competencies”, such as “ability to monitor
compliance with environmental safety”. In the latest version of FSES the list of compe-
tencies converged with the criteria of European Network for Accreditation of Engineering
Education (EUR-ACE), which results in more concrete wording, e. g. “taking into account
the economical, environmental and social constraints”.

In compliance with the previous version of FSES, all the programs included at least
3 Credits in Philosophy and 2 in Ecology (5 of 216 Credits). However, the institutions nor-
mally increased this share by adding more credits to both courses or by adding other
courses, such as Sociology, Philosophy of Technology or Environmental Monitoring. 'This has led
to relatively higher proportion of the responsibility-related courses (3.4%). Yet, the latest
version of FSES contains no explicit requirement of the environmental course and one of
the examined programs has already been updated to relocate this workload for “soft skills”
training (foreign language and time-management) for the next year.

At least two programs address issues in ethics and risks in their introductory courses.
Still, these introductory courses are typically very short (2 of 216 Credits).

Due to the lack of published syllabus, the non-specialized professional courses were
not examined. 3 programs offer relevant electives in addition to the basic specialized
courses, such as Sociology and History of Science and lechnology.
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Interpretation of the results and limitations

The analysis shows that the responsibility-related disciplines and subjects are underrep-
resented in the educational programs, in contrast to their declared objectives and outcomes.
Although all the examined programs explicitly declare professional responsibility among
their priorities, 17% of them contained no mandatory (introductory or specialized) course
addressing social and environmental responsibility, safety or risks. As for the rest, the share
of the workload devoted to these courses constituted only 2.5% on average, with little vari-
ation between the highly centralized and standardized educational system (Russia) and
the system with high autonomy of the universities (the USA). According to the available
syllabus, some institutions did formalize the responsibility agenda in the professional
courses (up to 33% in the USA); however, the “ethics across the curriculum” approach has
not been yet implemented consistently as a paradigm of a whole educational program. It
1s more likely to see occasional discussion of ethical and safety issues in a small number of
professional courses within a program.

A few strategies of curriculum design are minimizing the workload devoted to this
“impractical” part of engineering education. Firstly, the problems of professional impact
of engineering can be addressed in the short introductory, sometimes even university-wide
course (that is, before the students could face any particular professional challenge). Sec-
ondly, ethical, social and environmental assessment may be assigned as a task in the indi-
vidual or group project courses — that is, with “ad hoc” approach, which seems to require
students to “solve” it as a problem among others and without preliminary systematic in-
struction. Thirdly, the responsibility-related courses are sometimes positioned as manda-
tory but provide no credits, which may influence attendance. Finally, relevant courses are
often found in the lists of electives. This seems to be the least desirable strategy due to
the following considerations. The large institutions offer tens and hundreds of elective
courses in social sciences and humanities, which may be extremely narrowly focused. It
seems hard for responsibility-related topics to compete with more pragmatic courses, such
as management, economics, psychology or “soft skills” development as well as with ex-
tremely attractive courses, such as “Philosophy of Food” or “Happiness in a Difficult
World”. More than that, it can be assumed that the very choice of a responsibility-related
course implies at least preliminary awareness of the student, leading to reproduction of
some kind of esoteric knowledge. In addition, the status of the electives (therefore, “op-
tional” or “unnecessary” courses) may strongly influence the students’ attitudes to the
questions of professional responsibility.

Since only the actual available educational programs were considered, we have
merely a simultaneous picture of the present-day educational policies. The sample for the
USA was limited to 21 (out of more than hundred) accredited programs, which graduated
more than 90 students in the last year (approximately 40% of the nation’s total). Thus, the
sample is non-representative, due to the possible peculiarities of organization in the largest
universities and departments. Despite of the process of unification, credit count is still in-
compatible in different educational systems. Elaborating a universal unit of students’ work-
load is a special methodological problem.
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Conclusion

The study shows that, despite the differences in national and international standards, pro-
fessional responsibility has become a declared outcome of biomedical engineering educa-
tion at the undergraduate level in three different educational systems. The lively
international methodological debate in the last two decades has suggested variety of ways
to design curriculum to achieve this objective. Still, the content analysis of current educa-
tional programs revealed the underrepresentation of the responsibility-related disciplines
and subjects. The existing strategies of economizing the most valuable time resource in-
clude “electivization” or substitution of the responsibility-related disciplines with more
instrumental and popular courses. The curriculum study has its obvious limitations, giving
merely a preliminary picture of the formally documented educational policies. The struc-
ture of curriculum reflects the state of institutionalization of educational practices. Still,
the questions of content, quality, informal mechanisms and outcomes of teaching require
further in-depth study and assessment by the stakeholders.

Acknowledgments

I thank Prof. Carl Mitcham (Colorado School of Mines) for stimulating ideas and Dr. Erik
Fisher (Arizona State University) for constructive criticism. I thank the colleagues from
Bauman Moscow State Technical University and the Institute for Technology Assessment
and Systems Analysis of Karlsruhe Institute of Technology for support. I thank the organ-
izers of Budapest Workshop on Philosophy of Technology 2019 for opportunity to present
this study and the anonymous reviewers for their detailed comments.

References

Accreditation Board for Engineering and "Technology. Crizeria for Accrediting Engineering Programs.
Baltimore: ABE'T, 2016. https://www.abet.org/wp-content/uploads/2016/12/E001-17-18-EAC-
Criteria-10-29-16-1.pdf

Accreditation Board for Engineering and "Technology. Crizeria for Accrediting Engineering Programs.
Baltimore: ABE'L; 2017. https://www.abet.org/wp-content/uploads/2018/02/E001-18-19-EAC-
Criteria-11-29-17.pdf

Beder, Sharon. 7%e New Engineer: Management and Professional Responsibility in a Changing World. South
Yarra: Macmillan Education Australia, 1998.

Bucciarelli, Louis L. “Ethics and Engineering Education.” European Journal of Engineering Education
33 no. 2 (2008): 141-49. hteps://doi.org/10.1080/03043790801979856.

Bucciarelli, Louis L., and David E. Drew. “Liberal Studies in Engincering —a Design Plan.” Engi-
neering Studies 7 no. 2-3 (2015): 103-22. hteps://doi.org/10.1080/19378629.2015.1077253.
Christensen, Steen Hyldgaard, and Erik Erng-Kjglhede. “Epistemology, Ontology and Ethics:
‘Galaxies Away from the Engineering World’?” European Journal of Engineering Education 33

no. 5-6 (2008): 561-71. https://doi.org/10.1080/03043790802568070.

Christensen, Steen Hyldgaard, Martin Meganck, and Bernard Delahousse. “Introduction. Occupa-
tional building in engineering education.” In Philosophy in Engineering, cdited by Steen
Hyldgaard Christensen, 13-22. Aarus: Academia, 2007.




— PAPERS

Conlon, Eddie. “The New Engineer: between Employability and Social Responsibility.” European
Journal of Engineering Education 33 no. 2 (2008): 151-59. https://doi.org/10.1080/03043790801996371.

Date, Geetanjali, and Sanjay Chandrasekharan. “Beyond Efficiency: Engineering for Sustainability
Requires Solving for Pattern.”  Engineering  Studies 10 no. 1 (2017): 12-37.
hteps://doi.org/10.1080/19378629.2017.1410160.

Downey, Gary Lee. “What Is Engineering Studies for? Dominant Practices and Scalable Scholar-
ship.” Engineering Studies 1 no. 1 (2009): 55-76. https://doi.org/10.1080/19378620902786499.

Downey, Gary Lee. “Opening up Engineering Formation.” Engineering Studies 7 no. 2-3 (2015): 217-
20. hteps://doi.org/10.1080/19378629.2015.1121612.

Mitcham, Carl, and Elaine E. Englehardt. “Ethics Across the Curriculum: Prospects for Broader
(and Deeper) Teaching and Learning in Research and Engineering Ethics.” Science and Engi-
neering Ethics 25 no. 6 (December 2019): 1735-62. https://doi.org/10.1007/s11948-016-9797-7.

Mitcham, Carl. “A Historico-Ethical Perspective on Engineering Education: from Use and Conven-
ience to Policy Engagement.” FEngineering Studies 1 no. 1 (2009): 35-53.
https://doi.org/10.1080/19378620902725166.

National Academy of Engineering. Educating the Engineer of 2020: Adapting Engineering Education to
the New  Century. Washington, DC: The National Academies Press, 2005.
hteps://doi.org/10.17226/11338.

Pinch, Trevor. “Teaching sociology to science and engineering students: some experiences from an
introductory science and technology studies course”, In Integrating the Sciences and Society: Chal-
lenges, Practices, and Potentials, edited by Harriet Hartman, 99-114. Bingley: Emerald Group
Publishing Limited, 2008. https://doi.org/10.1016/S0196-1152(08)16005-7.

Prasad, Jitendra, Avijit Goswami, Brijesh Kumbhani, Chittaranjan Mishra, Himanshu Tyagi, Jung
Hyun Jun, Kamal Kumar Choudhary, et al. “Engineering Curriculum Development Based on
Education Theories.” Current Science 114 no. 09 (2018): 1829-34. https://doi.org/10.18520/cs/
v114/i09/1829-1834.

Stephan, Karl D. “A Survey of Ethics-Related Instruction in U.S. Engineering Programs.” Journal
of Engineering Education 88 no. 4 (October 1999): 459-64. https://doi.org/10.1002/j.2168-
9830.1999.tb00474.x.

The Royal Academy of Engineering. Educating Engineers for the 21st Century. Loondon: The Royal
Academy of Engineering, 2007. https://www.raeng.org.uk/publications/reports/educating-en-
gineers-21st-century

The United Nations Scientific, Educational and Cultural Organization. Engineering: issues, challenges
and opportunities for development; UNESCO report. Paris: UNESCO, 2010. https://unesdoc.
unesco.org/ark:/48223/pf0000189753_eng




