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ABSTRACT 

STEM is increasingly a focus for education, from primary 

school through post-secondary (university) level. It is 

increasingly recognized and critically important, 

academically, economically, socially, and politically. At the 

pre-collegiate level, programs have responded to 

recommendations for the inclusion of the arts and 

consideration of medicine and the health sciences, yielding 

STEAM, or in parochial or religiously affiliated schools, 

STREAM. However, engaging in this STEM, STEAM, 

STREAM construct can be complicated and costly in classic 

business, industry and academic structures. It requires key 

personnel willing to collaborate, fuzzy collaboration 

structures which can be hard to granularize in the classical 

silos, and often a vision of understanding how to coordinate 

and integrate multiple views on a project. In this article, we 

consider other complementary disciplines and perspectives, 

including interdisciplinarity and diversity. While some affect 

primary and secondary education, our main emphasis is on 

post-secondary undergraduate education in the STEM 

disciplines, and on approaches to address those concerns 

within the constraints of a typical major in the STEM 

disciplines, and also on implications for team structures in 

STEM enterprises and research. 

1. INTRODUCTION 

The world has become ever more reliant on science and 

technology, and on the mathematics supporting them. They 

impinge on almost every aspect of life, both directly, and 

through the engineering and data science driving and 

direction large-scale research and commercial applications. 

Over the past 45 years, nations and leaders around the world 

have created national and regional initiatives to improve, 

enlarge, or broaden STEM education, the STEM workforce, 

STEM-based careers and research, and STEM-driven 

commerce. 

The STEM disciplines are not only of intellectual interest in 

their own right, but ideally act as a consumer of problems and 

producer of solutions. They also serve as a fruitful source of 

analogies and transformative approaches in other disciplines. 

Further, they can themselves create or exacerbate problems, 

especially if used improperly or carelessly. As a result, 

STEM needs to be understood in a broader educational and 

social context.  

For precision, note that while Science, Engineering, and 

Mathematics are well defined (with Mathematics including 

statistics), Technology covers not only all aspects of 

Computer Science, artificial intelligence, and software 

development, but also Information Science, and other uses 

and applications of computing.  

 

Also, following increasingly common practice, we will use 

“the formal sciences” to encompass mathematics, statistics, 

and computing, and sometimes theoretical physics, and “the 

natural sciences” for biology, chemistry, and physics on the 

whole. More particularly, “physical sciences” usually means 

chemistry, physics, and perhaps biochemistry, and “life 

sciences” covers biology together with the health sciences. 

Ecology, the earth sciences, environmental science, and 

sustainability overlap both of these, and we will consider the 

applied health and environmental sciences separately.  

 

Finally, while data science could be considered part of 

STEM, relying on all of these fields and others, but on 

Mathematics and Technology in particular, it is arguably a 

separate integrated discipline, and we will treat as such 

below. 

This paper addresses concerns about the balance of trying to 

address the various confusions about STEM education and 

the importance of ensuring these issues are addressed. The 

paper will initially look at this issue from the academic 

perspective and the address industry-specific issues in the 

later sections. An integrated approach has already begun, 

with some success, in pre-university education, starting with 

STEM and working outwards. In Section 2, we briefly 

overview this effort.  

Section 3 then addresses successes in looking at problems 

through an interdisciplinary lens, within STEM and again 

incorporating other disciplines and concerns. We consider 

the ways in which knowledge of and experience with these 

interactions can enrich the education, careers, and roles of 

STEM students and professionals. In Section 4, we then 

focus on these complementary perspectives, using the pre-

collegiate STEM efforts as one focus, and identified 

weaknesses in the preparation of STEM professionals as 

another, and at the end of the section, look briefly at 

approaches for integrating some or all of these perspectives 

in the education of STEM professionals. Section 5 then looks 

at examples of disciplinary interaction and the need for a 
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broad knowledge base in two areas. Finally, Section 6 

concludes with conclusions, future work, and a view on the 

future of STEM and STEM education. While our focus 

sometimes concentrates on the formal sciences—

mathematics, logic, computer science, and data science—the 

broad outline is appropriate for all of STEM. 

2. STEM INTEGRATION IN PRIMARY AND 

SECONDARY EDUCATION 

In the past 25 years or so, there has been an emphasis in the 

United States and elsewhere on an integrated approach to 

STEM in primary education (grades 1-5) [29, 128]. A typical 

STEM program may entail not only instructor presentation of 

facts (and hopefully, concepts), but hands-on experience, 

group learning, and individual or group posters or 

presentations, often accompanied by field trips and peer 

interaction/mentoring by students in higher grades.  

It has multiple purposes. One obvious purpose is to interest 

children in STEM study and possible careers, and to provide 

a better understanding of STEM thinking and processes than 

previous approaches to elementary-school science education. 

But it also helps to educate more well-rounded and better-

informed future citizens, and to give students a fuller 

understanding of the applications of STEM and its 

interactions with society. This approach has also extended to 

programs in the intermediate grades (some subset of grades 

5-9) and secondary education (grades 9-12), although the 

latter is more often still siloed into separate courses including 

mathematics, computers, biology, chemistry, and physics, 

with minimal attempts at interaction. 

The concern for an integrated approach, coupled with a desire 

not to have STEM overshadow the rest of the curriculum, has 

led to programs that integrate the arts (STEAM) [55, 93], 

reading and writing (STREAM, which we will label as 

STREAM-1) [91, 113], and the humanities [SHTREAM] 

[82]. In religious, particularly Catholic, schools, religion has 

been integrated—a second interpretation for STREAM, 

which we will refer to as STREAM-2 [16, 46]. In addition, 

many programs include a focus on the environment, ecology, 

earth sciences, and sustainability [22, 45], or on connections 

to medicine and the health sciences [104], sometimes 

collectively denoted as STEAMM. Finally, all variants of 

STEM instruction, both in content and in pedagogy, are (in 

principle) aware of social and interpersonal issues, diversity, 

and often security [39, 118]. 

At their best, these programs can communicate STEM while 

developing other skills, showing interactions of science and 

art, using science assignments to strengthen communication 

skills, addressing ethical issues, and introducing fundamental 

questions of the nature of science, mathematics, knowledge, 

and learning. At the worst, of course, these integrated 

programs use the inclusion of other disciplines to water down 

the coverage of STEM, using STEM as little more than a 

backdrop for business as usual. 

In fact, a review of the best of these programs may be in order 

for insights on how to best integrate the arts, social concerns, 

and consideration of applications into STEM majors. In the 

next section, we look at some interactions of STEM and other 

disciplines, and in the following section, at these and other 

perspectives and their relation to a well-rounded STEM 

education.  

3. AN INTERDISCIPLINARY FOCUS ON STEM 

ACHIEVEMENTS AND MODERN STEM 

CULTURE 

The STEM disciplines themselves have made enormous 

progress, creating new knowledge, applications, and social 

and economic benefits, often through a combination of 

STEM and other disciplines. Knowledge, practices, and 

views overlap and can be shared, and knowledge or insights 

developed in one area can influence others. As one notable 

recent example, agility has spread as both a meme and a set 

of guidelines, processes and techniques, from software 

development into management and production across 

multiple sectors, also influencing education in multiple 

disciplines. Data science in particular is full of these 

examples. For example, we see data collection and AI 

techniques in everything from our ATMs and GPS systems 

through amusement parks and smart home devices to our 

medical experiences.  These techniques are growing at an 

expansive rate, not just for data-driven commerce, research 

and decision making, but with the adoption of Internet of 

Things (IoT) models across many areas. 

 

Clearly, STEM disciplines and their mutual and external 

interactions are a source of solutions, with that interaction 

resulting in an overall improved standard of living, better 

health, and a robust economy. But as STEM adds value, it 

can also raise or worsen problems. One problem is the failure 

to adequately consider side effects or risks. A second is the 

economic and opportunity losses—some may result from 

taking reasonable risks, but too often these come from poor 

planning or shoddy execution. 

 

Additional problems arise from not considering, or in many 

cases, not understanding social and ethical issues, such as 

loss of privacy, increasing social and economic inequality, 

pollution and climate change, and new kinds of crimes and 

improper professional behavior. In the health sciences, for 

example, the increasing use of remote or robotic surgery, and 

the computerization of nursing stations, can result in 

decreased personal contact for patients and practitioners, 

with a possible concomitant loss of practitioner motivation or 

morale. Medical office automation, without consideration of 

its social effects or need for training, may displace qualified 

office personnel, or alternatively, lead to mistakes with 

possibly serious consequences.  

 

One of the reasons for the inclusion in primary education of 

religion in STREAM-2 is to allow discussion of such ethical 
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and social responsibilities in early STEM education, with an 

age-appropriate presentation and focus. This may also be 

achievable through inclusion of the humanities in 

SHTREAM, if humanities are understood to touch on 

philosophy and social science. In either case, it will also be 

desirable to include some understanding (again, at an 

appropriate level) of the processes of learning, knowing, and 

understanding, and of different modes of learning, again 

touching on philosophy and the social sciences, as well as 

cognitive science. 

 

Another aspect of pre-collegiate STEM education is group 

learning and frequently group projects. This corresponds to 

trends in university education, academic research, and 

business and industry. Most science is now very much a 

group or team effort. Quality science, especially dealing with 

large or complex applications that have social or personal 

consequences, is arguably best performed by a team with a 

diversity of backgrounds and a variety of perspectives. These 

perspectives not only provide contrasting yet often 

complementary scientific and technological knowledge and 

insights, backgrounds, but also diverse views on social 

impacts, ethical issues, security, privacy, economics, 

stakeholder interests, and more.  

 

In addition, teams, whether involved in scientific research 

and development, software engineering and DevOps, the 

health sciences, sustainability and the environment, public 

policy, or data science, will benefit from strong soft skills, 

improving teamwork and team structure, and acquiring 

information and communicating results in an accurate, 

informative, useful, and persuasive manner. One of our 

colleagues observes that too many of the data science 

candidates he interviews or vets seem to have a narrow focus 

on one area, be it mathematics and/or statistics, computing 

and software development, graphic design and visualization, 

data science applications, or business analytics and/or 

management—and few of these narrowly focused 

candidates, without some understanding of the other areas, 

are good candidates for a data science team working on 

innovative or high-value projects [23]. 

 

Overall, there are also obvious implications in post-

secondary education. First, an integrated view will result in 

STEM students taking their general education more 

seriously, and possibly vice-versa, with non-STEM students 

seeing the relevance of STEM education to their own careers 

and intellectual interests. Second, many natural science 

majors (and a few in the formal sciences) will pursue careers 

in the health professions or in sustainability and 

environmental science; conversely, many in the formal 

sciences (and again, some in the natural sciences) will need 

to consider aesthetics in order to pursue careers in design, or 

in developing textbooks and other course material, or will 

need to consider aesthetics as part of their development 

projects—from user interfaces to web pages and beyond. 

Third, law and politics can benefit from technical experts 

with some prior knowledge of business, law, and the social 

sciences. Finally,  for those entering STEM careers, a broader 

background will be important in assessing the implications of 

one’s professional work—particularly in sensitive areas such 

as involvement in military research and development, new 

drugs and therapies, massive engineering projects, invasive 

software applications—and in the management of technical 

projects.  

 

As a result, we consider a number of facets below. First, 

clearly, we consider STEM and its extensions to the health 

and environmental sciences, and additional facets of 

computing. From the arts component of STEAM (and the 

humanities and reading/writing in SHTREAM) come 

communication and the arts, and more generally, soft skills 

and intellectual context. Next, parallel to the religion in 

STREAM-2, philosophy and ethics (which brings with it a 

more serious look at logic). Consideration of social issues 

suggests inclusion of the social sciences, which are already a 

part of many general education requirements, and preparation 

for careers, a look at business processes and management 

perspectives. Finally, we look at interdisciplinary 

perspectives, and at two already interdisciplinary areas 

related to STEM, data science and cognitive science. 

 

4. PERSPECTIVES AND CONSIDERATIONS 

Across STEM disciplines, common themes persist: value 

formation (both economic and disciplinary), team 

development, solid communication skills, analysis of 

requirements and risks, problem solving and critical thinking, 

considerations of aesthetics and style, and concern for 

environmental, social, and ethical issues and impacts.  

 

Taking all of these into account—the integrated perspective 

on STEM, the interdisciplinary nature of much recent 

progress in STEM, and the persistence of common themes, 

we can now survey  perspectives that are desirable for a fully-

rounded education in STEM, and may be needed by a good 

interdisciplinary team in STEM or in data science. While this 

overview in places emphasizes software development and 

data science, most or all of these will prove useful throughout 

the STEM universe—although distinctions have been noted. 

Some topics, such as privacy, will come up repeatedly, but 

each new discipline offers different insights on those issues. 

 

4.1 STEM and its variants 

 

STEM. The heart of STEM activity will of course be in 

STEM. All STEM and data science graduates and 

professionals will require exposure to mathematics, statistics, 

computing, and science, in varying mixes. For the natural and 

life sciences, this will include laboratory skills, but these will 

vary to some extent by discipline; the mathematics, statistics, 

and computing should ideally not be just that needed for their 

undergraduate education, but concepts needed in further 
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education and professional life, plus some focus on modeling 

and design of experiments, to support working with 

interdisciplinary projects, teams, and academic programs.  

 

In the formal sciences, this will involve rather more 

mathematics, statistics, and modeling, together with an 

understanding of the fundamentals of computers and 

computing, plus programming and software engineering. 

Again, and conversely, this should ideally include enough 

exposure to the physical and biological sciences to support 

communication and development in interdisciplinary 

academic programs or scientific and related applications. 

 

The common themes mentioned above must also be 

integrated into STEM education, beginning with STEM 

courses as such. Two career-oriented but more generally 

applicable issues that arise in software engineering deserve 

special mention. The first is consideration of requirements 

and risk, and the second, the need to maintain communication 

with stakeholders, which in software engineering largely 

means the client/customer (a focus of agile methods), 

management (the focus of DevOps), and team members and 

other collaborators on the current project. 

 

STEAMM and further extensions of STEM. Transitioning to 

STEAMM, by inclusion, at least at a conceptual level, of 

medicine and health professions, and of earth and 

environmental sciences, ecology, and sustainability, on the 

one hand, and communication (speaking, listening, reading, 

writing, presenting, and critiquing) and the arts (the visual 

arts, music, dance, theater, film, and others)  on the other, has 

been a recent focus of primary, and to a lesser extent, 

secondary education in STEM. At university level, there are 

clear benefits in increasing interest in both STEM and non-

STEM students, and in improving presentation skills [70].  

 

Further extensions, especially for students in the formal 

sciences, should extend coverage of technology beyond the 

computer and computing, programming, and software 

development, and an introduction to “computational 

thinking”. Extensions should include a fuller understanding 

of software engineering, on the one hand, and information 

technology and modern computing and communications 

infrastructure, on the other, looking at hardware and software 

architectures. Important aspects of software engineering, 

beyond development of simple applications, include 

considerations of stakeholder interests, requirements, and 

risk, and perhaps some idea of agility and the need for 

flexible and dynamic problem solving. Even as agile 

processes make requirements more flexible, increasing 

interconnectivity makes requirements analysis more 

demanding [121]. Understanding of the computer can extend 

from some of the developments in modern computer 

architectures [49, 79] to the cloud, web and mobile platforms, 

and the Internet of Things. Moreover, robotics, artificial 

intelligence, and the Internet of Things are having great 

effects not only in computing and technology, but on the 

practice of science, on engineering and medicine, and in data 

science, as well as raising important philosophical, ethical, 

safety, and other issues. 

 

Science education also should touch on modern perspectives: 

in biology, the implications of genetics combined with 

bioinformatics and tools such as CRISPr [127]; in chemistry, 

the evolution of organic chemistry toward biochemistry [42]; 

in physics, at least an overview of modern physics—

relativity and quantum theory [33, 122]; and in engineering, 

to the extent it is covered, the revolution based on computer 

tools and analyses. There is also much recent discussion on 

how to do statistics and how to interpret and use its results [7, 

18, 58, 90, 108]. 

 

4.2 Data Science and the STEM Framework 

 

Beyond these, almost all fields of education now interact with 

data science—mathematics as a tool, and statistics, science, 

technology, and engineering both as tools and as clients. Data 

science in turn relies for accessibility, understandability, and 

appeal, and sometimes the interpretation of its results, on 

both the graphic arts and cognitive science. Finally, issues of 

security, privacy, confidentiality, and intellectual property, as 

well as safety, affect all of STEM, as well as business, social 

science, and most other knowledge-based domains. 

 

Data science. While data science is mentioned throughout 

this document, there are two reasons with STEM students and 

STEM professionals should have exposure to and knowledge 

of data science [30, 65, 89]. First, almost all scientific 

research, other than in formal theory, is likely in the future to 

involve data science [78]. Second, STEM students and 

professionals are likely to need or to benefit from key ideas 

in data science, data analytics, and data visualization. These 

include: diverse methods of data acquisition, data cleaning to 

provide high quality, well-structured, and consistent data, the 

use of data analysis and data mining to find and assess 

patterns, relationships and linkages, and effective and 

memorable communication of knowledge and results. 

 

Cognitive science. At the intersection of philosophy, biology, 

psychology, linguistics, data visualization, and computer 

science—especially virtual reality and artificial 

intelligence—is the study of how we develop, think, 

understand, learn, communicate, teach, empathize, create, 

and more. Cognitive science [6, 102, 112] and psychology, 

in combination with mathematical and statistical models, 

provide important insights and structures for teaching, 

learning, and childhood and educational development. While 

it may be too much to expect most undergraduate programs 

to reach the point where cognitive science can actually be 

studied in depth, students should become aware of its 

existence, its interdisciplinary nature and fundamental 

questions, and its relevance for their studies and careers. 
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Security, privacy, and safety. All of STEM, except perhaps 

for the theoretical aspects of the formal sciences, must be 

concerned with issues of security, privacy, confidentiality, 

and intellectual property—not just cybersecurity [83, 118] 

and application flaws [54], but physical security of grounds 

and devices, and human factors (social engineering [44, 119]) 

as well, and the complications of distribution and 

collaboration [8, 75]. Thus security in itself will benefit from 

an interdisciplinary and systems perspective [62].  Safety is 

obviously a concern in medicine, environmental science, 

scientific experimentation, engineering and space science, 

and development of active systems in robotics and the 

Internet of Things [10, 13, 34, 47, 66, 87, 129]. These issues 

not only affect the clients and consumers of STEM: 

businesses, social organizations, and consumers, but also, not 

surprisingly, raise substantial ethical concerns.  

 

Security issues are important even in the theoretical aspects 

of mathematics, computer science, and modern physics, since 

those disciplines are and will continue to be responsible for 

many of the cryptographic improvements in cybersecurity 

[12, 15, 59, 88], as well as for program analyses and models 

for security and access control [24, 61]. In particular, the 

potential impact of quantum computing on cybersecurity, 

affecting all digital and many other security and privacy 

guarantees [12, 105], provides still another reason for 

introducing physics to students in computing, and vice-versa. 

 

More on communication, the arts, and the humanities. The 

integration of the arts into STEM education supports the 

integration of computing into arts instruction, including 

electronic music, computer graphics, and the graphic arts. It 

likewise introduces considerations of aesthetics and style into 

computer graphics, data visualization, and STEM 

presentations. The theater arts also contribute to 

communication skills, including academic and research 

presentations, and studies in communication—the reading, 

writing, listening and presenting aspects of STREAM-1—

can only aid in further education and careers [70].  

 

There are two other important benefits. The first is tailoring 

one’s writing and presentation to different audiences—one’s 

own team, students, professors, colleagues, management or 

the business community, or the public. The second, to which 

STEM education most often contributes, is the need to design 

one’s artifacts to be forward looking, capable of revision, 

versioning, or dealing with future plans. 

 

In addition, there are the humanities, already present in most 

general education requirements. Returning to SHTREAM, 

courses in the humanities can be leveraged to consider 

additional aspects of aesthetics and style, to address 

interculturalism and internationalization (compare [76]), and 

to introduce the digital humanities as a computing and data 

science domain. One interesting example of the interplay is 

the use of data science and a technique inspired by genetic 

reconstruction in deciphering of ancient papyri [125, 126]. 

 

4.3 A Broader Academic and Professional Perspective 

 

Philosophy, Ethics, and Logic. There is a great deal of value 

in philosophy for STEM students and practitioners. Major 

areas of interest include logic, epistemology, ethics, and the 

philosophical aspects of cognitive science. Almost all STEM 

students see some logic in mathematics or computer science 

courses, but there is significant benefit in seeing logic, 

including mathematical logic, in isolation. Exposure to its 

extensions in temporal logic, modal logic, and non-

monotonic, statistical, and fuzzy reasoning can also have 

value in formulating rational arguments, protocols, or 

understanding of behavior [71]. 

 

Epistemology—issues of how we perceive, learn, 

understand, know, and judge—in addition to being at the core 

of the philosophy of science [98], is again relevant for 

cognitive science and, for example, applications in artificial 

intelligence and data science, and for physical, occupational, 

and cognitive therapy. (The philosophy of mathematics [38] 

is a different beast, dealing not so much with the practice of 

mathematics as the nature of mathematical objects, and more 

closely related to ontology. But it too is relevant to cognitive 

science and artificial intelligence, through the Church-Turing 

Thesis [26]—that human reasoning, or at least mathematical 

reasoning, can in principle be performed by a computer with 

unbounded resources.) 

A strongly related topic is the limits to knowledge and 

“paradoxes”. Examples in mathematics and computing 

include Russell’s Paradox (there is no set of all sets) and other 

non-existence results: Gödel’s Incompleteness Theorems, 

and Turing’s Undecidability Theorem [71]; in physics, 

Heisenberg’s Uncertainty Principle [33] and the invariance 

of the speed of light [122]; and in political science and 

mathematical economics, Arrow’s Impossibility Theorem 

[11, 96]. Understanding that there are inaccessible barriers to 

knowledge, and that these may have practical ramifications 

[28], is an important realization. 

And finally, recalling STREAM-2, and SHTREAM in its 

emphasis on humanities, there is a need for a serious study of 

ethics. While professional ethics and codes of conduct 

drafted by professional societies for scientific disciplines and 

health professions suffice for most purposes, at times an 

understanding of their underlying principles, and of basic 

ethical principles and dilemmas, will be helpful and perhaps 

critical [130]. Ethics clearly impacts the conduct of research 

[81]. It also must be considered, in the formal sciences, in the 

use of artificial intelligence and robotics [19, 106], privacy in 

software engineering (leading to the new field of privacy 

engineering [43]), and multiple aspects of data science and 

business analytics [110]. In the natural sciences, ethical 

issues arise in consideration of the environment, dangerous 
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experiments, pharmacology, and elsewhere [40]. And ethical 

issues pervade the health sciences: privacy, security, data 

integrity, informed consent, professional conduct, and issues 

of the rights of women, minorities, children, the dying, and 

more (with well over 20 journals found by searching for 

“ethics and medicine”). Biomedical ethics is now a required 

course in medical schools and in most pre-med programs, 

dealing with social as well as strictly medical issues [14, 27]. 

In addition, ethics also overlaps (at least in principle) with the 

law governing interactions of human beings and institutions. 

Social sciences and economics. The social sciences have 

some significance for STEM education and careers. 

Psychology—roughly, the behavior of individuals, 

sociology—the behavior of groups and institutions, 

anthropology—the behavior of cultures, and political 

science—the behavior of governments, as well as economics 

as a social science—the interactions of individuals, labor, 

capital, and knowledge, are clearly relevant to the practice of 

STEM. More than that, the understanding of these behaviors 

and interactions can be crucial in the health sciences, 

software engineering, and data science, in particular, and 

conversely, these fields and the rest of STEM can supply 

information and insights for those social sciences. Human 

factors, both in terms of social engineering [44, 119] and the 

motivations of attackers, are also important for security and 

privacy, including cybersecurity. 

In addition, the interactions of enterprises and of teams occur 

within the social and intellectual universe, parts of which are 

best understood through the social sciences. These also are 

important for documenting and understanding changes in 

social norms and expectations, and in interpreting the 

motivations and behaviors of individuals, groups and 

institutions. Social/cultural norms and political processes 

also affect research, development, and deployment. Finally, 

civic responsibility as an educated STEM professional will 

benefit from an understanding of these behaviors and 

motivations. 

The social sciences, interacting with the health sciences and 

cognitive science, also provide an opportunity to deal with 

physical, neurological, cognitive, and other differences. 

Understanding these differences can be important not only in 

careers touching on the social or health sciences, but also, for 

example, in formulating and addressing accessibility 

requirements in software engineering. 

4.4 Business and STEM 

 

Business process and management perspectives. Many 

STEM graduates will eventually assume management, 

leadership, or consulting responsibilities, whether in 

academia, software development, applied research and 

development, the health sciences, or other areas—and most 

of the rest will be constrained by economic realities, and have 

to interact with managers, managers and other business 

specialists.  

Thus, a good STEM education should incorporate some 

understanding of management and the business view of 

economics, and probably a bit of marketing as well—an 

understanding that is certainly helpful in understanding the 

DevOps perspective [99, 109]. Likewise, STEM students 

should attain an understanding of the nature, processes, 

benefits and costs of law, standards, and codes of 

professional conduct, especially as applies to STEM 

research, careers, and enterprises. 

 

In addition, studying business processes brings up three 

overlapping and pervasive areas in the intersection between 

business and STEM. The first is social media and e-business 

presence, with social media both a key source of both 

information and a target for marketing, and e-business an 

increasingly important and in some sectors dominant source 

of both customer contact and revenue. The second is business 

analytics [77], using data collection (often from social media 

and e-business), data science, statistics, and artificial 

intelligence to extract business information. Finally, decision 

science uses the results of business analytics plus additional 

mathematical and statistical models to support decision 

making, planning, personnel management, marketing and 

advertising, and other business processes. (Business 

analytics play such an important role that decision science is 

sometimes now identified with it [1].) 

 

These areas also form a key part of requirements and risk 

analysis and management, which are key initial and ongoing 

aspects of most ventures, whether a scientific experiment, a 

software development project, development of a new drug or 

cosmetic, or forming a new startup company. Along with 

physical risks, and security and privacy concerns as 

discussed above, management, marketing, economic, and 

legal concerns need to be identified and addressed (where, 

for example, marketing for an academic research project may 

mean its appeal to the broader research community, its ability 

to attract students, or the possibility for additional research in 

the same area or on similar questions). 

 

Finally, at the intersection of technology and business, there 

is agility. To understand modern software development, one 

must be at least aware of the agile revolution, beginning with 

the Agile Manifesto [2], and founded on earlier codifications 

of object-oriented software development and design and 

other patterns, and structured, tool-supported configuration 

and change management [36, 56, 57, 63, 72, 92], with the 

themes of customer satisfaction and communication, 

continuous delivery of usable products, and rapid, efficient, 

and effective response to change. Even development efforts 

that explicitly use a different methodology will be influenced 

by some of the guidelines and practices that characterize 

agile development. 

In corporate practice, agile software development has been 

extended and complemented by DevOps, driven by 

continuous integration of development and deployment, with 
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management satisfaction and communication and interaction 

with IT operations paralleling agile’s emphasis on the 

customer [99, 109]. Wth the realization that security has to 

be addressed continually and from the start, the combination 

has evolved further into DevSecOps [67, 84], and the 

Agile/DevOps/SecDevOps approach is being adapted in 

varying degrees for engineering, management, scientific 

development beyond basic research, and business processes 

[53, 80, 111, 120]. 

4.5 Professional Competencies, Interdisciplinarity, and 

Diversity 

Soft Skills and Intellectual Context. There is now an 

increasing awareness that long-term success in STEM 

careers is correlated with high-quality soft skills—it is not 

impossible but much more difficult to succeed without them 

[20, 35, 100]. Of prime importance among these skills are 

communication, critical thinking and problem solving, 

teamwork and leadership, lifelong learning, and interpersonal 

skills [31, 37, 68, 73] (also compare [9, 121]). 

Communication notably includes not just the important 

ability to express oneself in speech and in writing—clearly, 

precisely, informatively, constructively, and persuasively, as 

the occasion warrants, but also the equally important abilities 

of reading and abstracting content, and of listening and 

interacting.  

Critical thinking and problem solving seem to be fairly well 

understood in STEM contexts, but more attention to problem 

understanding—we have already mentioned modeling, 

design of experiments or software applications, and 

requirements and risk analysis. But there is more: novel 

problems require creative and often integrative solutions—

finding just the right analogs, often from very different fields 

or applications, and combining them with new insights.  

Elegant modeling and design in software engineering can 

make an application or its interfaces more understandable, 

learnable, and usable. Further, as has been seen with patterns 

and refactoring in software engineering, elegance and clean 

design can support modifiability, extension, and reuse. While 

such approaches may seem interfere with performance, 

efficiency and performance can typically be recovered by 

post-design, largely automated optimization and tuning.  

Similarly, clean, elegant mathematical exposition and proof, 

and designs of scientific and statistical experiments most 

often support generalization or adaptation for other purposes. 

One key principle appears to be orthogonality—identifying 

and where possible separating the handling of weakly 

overlapping or differently motivated concerns. 

Teamwork entails not only working as a member of a team, 

but supporting the team, being willing to differ, to 

constructively critique, and even to warn where needed, and 

taking (formal or informal) leadership when one has the 

expertise or other relevant capabilities, while following 

interactively at other times. Understanding the practices of 

pedagogy, interactive learning, research, and presentation in 

one’s own discipline is also of great value in explaining, 

learning, teaching, and to some extent team formation, in 

both internal and external contexts. 

While we have already mentioned economics and cognitive 

science, exposure to the other social sciences will also be 

beneficial: psychology, which describes and analyzes 

individual and small group dynamics; sociology, which does 

the same for larger groups and institutions; and political 

science and government, which is involved with international 

relations, government institutions and those that interact with 

it, and the making and enforcement of laws. 

Interdisciplinarity and Diversity. Finally, it has become clear 

that teams working on STEM projects in academia or in the 

real world often benefit from diversity—of viewpoints, 

approaches, disciplinary background, and social factors and 

demographics [21]. Ideally, students should be exposed to 

teamwork with varying groups and to interdisciplinary 

courses, to acquire intellectual breadth, to develop social and 

professional maturity, and as preparation for the very real 

possibility of becoming a member of a diverse research group 

or a software development or data science team, and/or of 

working on an interdisciplinary problem [39, 48, 86, 

97]. Another interdisciplinary activity is digital 

transformation, which requires a team with a mix of business, 

STEM, data science, and soft skills [9]. 

Diversity is particularly important in requirements and risk 

analysis, and in model and experiment design [3, 4]. Two 

notable situations both benefit from social/demographic 

diversity, and deal with identifying and differentiating 

stakeholders and their interests or interactions: the need to 

include women and minorities in medical and related 

experiments, and creating marketing strategies for new 

applications or products. In the first case, not having done so 

led to ignoring or misidentifying effects and risks of drugs, 

treatments, or therapies [40]. In the second, lacking diversity 

led to product failures and a good deal of wasted time, effort, 

and money. 

An exposure to cybernetics and systemics, especially second-

order cybernetics [SOC], can complement this approach (see 

for example [52, 103, 115, 116]). The first-order cybernetic 

study of complex, reflexive, and possibly non-linear systems 

can provide an understanding of (mechanical, electronic, and 

computer-driven) systems governed by protocols or 

interacting processes, and a broader view of problem solving 

in engineering and in wider domains for non-engineering 

STEM students and professionals. Second-order cybernetics 

then adds the interaction of observer and observed, more in 

the sense of social science than of quantum physics, and adds 

reflectivity—thought and process evolution—to first-order 

reflexivity—feedback loops and control mechanisms. 

Community and team interactions can also be considered 

from the SOC perspective [37]. 
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4.6 Implementation into Curriculum 

Once the desirable components and complements of a superb 

STEM education, resting on a solid baccalaureate level 

foundation in one’s own discipline, have been identified, we 

can ask: To what extent is such an education feasible? How 

can it be brought about? And what stands in the way? 

 

Four possible routes suggest themselves: an interdisciplinary 

bachelor’s degree, a focused bachelor’s degree with a general 

education component chosen to enhance the degree, an 

interdisciplinary graduate degree, or a post-baccalaureate 

credential such as a certificate or a module in a micro-

curriculum framework.  

 

Each has its advantages and difficulties. The first two 

baccalaureate alternatives will of course be quicker and most 

likely less expensive, and can address all of these 

perspectives over a four-year timeframe. However, the first 

alternative, an interdisciplinary baccalaureate major, would 

require either formation of a new program, and probably new 

department, competing for faculty and students with existing 

disciplinary programs. The second has the advantage of 

complementing a full STEM major program, while selecting 

appropriate general education courses, but runs into at least 

three problems.  

 

The graduate alternatives offer different tradeoffs. The third 

approach, an interdisciplinary graduate degree, could either 

have a content or problem focus, or be fully interdisciplinary. 

The advantage is that students will have had a full 

undergraduate degree—athough this may preclude or offer 

obstacles to those without a suitable STEM undergraduate 

program—and may also allow students to be employed in 

career-relevant positions while seeking their degree. The 

fourth and final approach, a post-graduate credential such as 

a certificate, of perhaps 3-6 graduate courses, arguably 

cannot by itself completely solve the problem, but has the 

possibility of leveraging a student’s prior education—and 

with luck a diverse cohort of students, and planting the seeds 

of a good interdisciplinary perspective, without the need to 

cover the full scope of a graduate-level academic discipline. 

The certificate could, either as a structure or as an option, be 

coupled with a graduate subject degree, or serve as a stand-

alone credential. 

 

Each of these alternatives relies on a substantial institutional 

commitment and investment, and change in institutional 

perspectives, policies, and processes. Except to some extent 

for the second, they are impractical for an individual to 

otherwise pursue. In most cases, this will mean faculty will 

need to commit to change (to varying extents) their approach 

to teaching, and to commit to more involvement in advising 

and interacting with students. This can be risky for non-

tenurable faculty unless the program is well-established, and 

for probationary faculty in the face of ever greater 

institutional demands for greater research and grant 

productivity. Departments, and offices such as Career 

Services and Admissions, will also be affected. One would 

also need to persuade employers—including management, 

technical, and personnel departments—of the enhanced value 

of applications with such a credential. 

 

We will note that, although we have presented these as 

alternatives, these could in principle be used in various 

combinations as components of a broader interdisciplinary 

yet focused education. But this would appear to require even 

more changes in institutional structure, and an agreement 

among multiple institutions and their faculty, so as to make 

the components reinforcing rather than repetitive. 

 

We discuss these issues further in [50] and our companion 

paper in this issue [51]. 

 

5. THE IMPORTANCE OF A BROAD STEM 

PERSPECTIVE 

Section 4 has presented a number of perspectives and content 

areas and argued for a broad education, in particular for 

STEM professionals. In this section, we look at the 

interdisciplinary nature of modern STEM and STEM careers. 

As examples, we consider a number of developments in or 

affecting the health sciences, and then look at perspectives 

affecting development of a mobile application interacting 

with IoT sensors. 

Medicine and the health sciences also provide some striking 

examples. There have been major effects on both theory and 

practice. A few diverse examples: 

 

● Genetic research has been enabled possible by a better 

understanding of the underlying science, better models 

and algorithms, more powerful computer hardware and 

networks, and tools and techniques developed by 

biologists, bioengineers, data scientists, and others, and 

is having major effects [17]. (And conversely, 

understanding of genetics has led by analogy to genetic 

algorithms [124].) 

● Medical research and drug testing have been under some 

fire for the lack of diversity in the test population [85]. 

There have been serious problems and failures in 

extrapolating the benefits and risks of drugs and medical 

procedures from, say, active adult white men to women, 

children, seniors, or people with different ethnic 

backgrounds. Medicine and the health sciences have had 

to make additional adjustments to cultural and ethnic 

differences [41]. 

● Cumbersome equipment and tests have in some cases 

been replaced by computer-based systems or techniques 

based on developments in physics, bioengineering, and 

biochemistry. Likewise, some surgical procedures have 

been replaced by laser-based surgical techniques, and/or 

complemented by non-surgical interventions. For 

example, laparoscopic surgery has reduced hospital time 
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as well as complications [60]. Also, while dealing with 

cataracts was infeasible in the past, laser eye surgery is 

now routine [114]. As a more complex example, NMR 

spectroscopy, which can be used to detect protein 

structures and thus anomalies, relies on quantum 

physics, engineering of instrumentation, the 

mathematics of nuclear resonance, computer and storage 

architecture, algorithms, and data science [5, 64, 69]. 

● In the practice of dentistry, we see the interaction of 

materials sciences/engineering, chemistry, laser physics, 

and medicine in developing families of durable, laser-

polymerized composites as a viable alternative to 

amalgams for filling cavities, saving time, increasing 

convenience, and reducing possible dangers [107]. In 

addition, dentists and their patients have benefitted from 

better x-ray technology, real-time display of x-rays, and 

visualizations of fittings. 

● Statistical analyses and studies of motion and reaction, 

and of muscle and nerve biochemical processes, have 

improved cognitive, physical, and occupational therapy, 

and the internet allows these to be shared easily and on-

demand among practitioners. This, together with lessons 

from physical therapy, improved instrumentation and 

visualization, has also led to the growth field of sports 

medicine [74]. 

● 3D printing and computer graphics visualization, using 

approaches and guidelines from the arts and cognitive 

science, including visualizations of the brain, are used to 

guide consultations and surgery, and are especially 

useful for remote surgery [95, 101]. Another recent 

application of 3D printing is bioprinting [32], actually 

printing tissues and organs, current for research, but 

eventually for transplantation. 

● Patient sensors and monitoring, combined with better 

models and understanding of many medical conditions, 

have improved the effectiveness and efficiency of in-

facility medical, nursing, and therapist care. Self-

monitoring and remote monitoring via computer-

mediated and other devices such as FitbitTM 

(https://www.fitbit.com/), and more effective and 

(somewhat) less intrusive devices for monitoring blood 

sugar in diabetics, have also improved both individual 

health and medical care. 

● Computer-based systems have also improved medical 

office systems, patient records, insurance claims, and 

more, across the health sciences, and allowed (at least in 

principle) records to follow patients from facility to 

facility and practitioner to practitioner [117]. 

 

As an example in the formal sciences, consider a website or 

mobile app design team for a commercial venture, where the 

product is to interact with the Internet of Things, for example, 

an enhanced GPS navigation system [25, 94, 129]. The 

development team will benefit from an understanding of user 

expectations and capabilities, which will rely not only on 

software engineering, but on data visualization and art, 

cognitive science, learning theory, and epistemology, 

psychology and sociology, social media and advertising, and 

economics and marketing. Also important will be an 

understanding of the delivery system, which relies on 

computer and network architecture, engineering of mobile 

devices, the nature and structure of the IoT and its sensors 

(and if needed, actuators), and security and privacy 

protections. All of these will affect user acceptance, 

learnability and usability, performance, reliability, and 

geographical penetration. There are also legal and ethical 

expectations, problems to be addressed with business 

analytics, relying in turn upon databases and data analyses as 

well as the IoT, and in many cases, knowledge of political 

and economic trends. 

 

Examples in data science are equally easy to find [123], and, 

as we remarked above, someone seeking employment in data 

science will benefit from some knowledge of techniques 

(from mathematics, statistics, artificial intelligence, and 

operations research), effective communication (advertising 

art, cognitive science, computer visualization, and 

marketing), business practices, and understanding the 

application domain and its standard practices. 

A strong interdisciplinary and multi-faceted approach will 

afford better professional preparation, and results both in 

more elegant and effective designs and products, and in 

academics and professionals who are willing and able to 

consider the broader effects, including social and 

environmental effects, of decisions and actions. It supports 

better communication and teamwork, improving work 

efficiency as well as effective and informative sharing of 

information with peers, management, and the public. 

Professionals with this background will also be much better 

prepared for greater responsibility and more complex 

projects, and for possible transitions into management or 

other semi-technical roles, and will be better able to 

contribute as informed citizens and experts to civil and 

political discourse. 

6. CONCLUSIONS AND FUTURE WORK 

We believe that this paper has made a persuasive case that 

even as STEM disciplines become more complex and more 

focused, STEM students and professionals will benefit from 

developing skills and acquiring and integrating multiple 

perspectives, from within STEM and its allied disciplines and 

from without. 

This paper has looked at perspectives and bodies of 

knowledge, concepts, insights, processes, and techniques that 

may prove valuable for STEM students and practitioners. We 

began by considering the STEM movement in primary and 

secondary education and its variants. Looking at changes in 

STEM and allied fields, and capabilities identified as 

desirable for careers and for research, we then presented a 

structured catalog of complementary perspectives and bodies 
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of knowledge. We then very briefly considered four 

alternatives for providing that broad and integrated base, a 

topic more thoroughly explored in our companion paper in 

this issue. Finally, we looked at how an integrated 

perspective would benefit a STEM professional in three 

areas—medical and health sciences, mobile application 

development, and data science.  

In the future, we will develop an integrated view of data 

science as an exemplar of our perspective, and continue to 

work for the establishment of graduate certificate programs. 

 

ACKNOWLEDGMENTS 

 

The authors would like to thank Nagib Callaos of the 

International Institute for Informatics & Systemics for his 

encouragement and insights, and Fr. Joseph Laracy of Seton 

Hall University and Dr. Vassilka Kirova of Bell Labs 

Consulting for their comments and suggestions. 

 

REFERENCES 
 

1. Active Wizards (2019). Data Science vs. Decision Science. 

KDScience, May 2019. 

https://www.kdnuggets.com/2019/05/data-science-vs-

decision-science.html  

2. The Agile Manifesto (2001). https://agilemanifesto.org/ 

3. S.-A. A. Allen-Ramdial, A. G. Campbell (2014). 

Reimagining the Pipeline: Advancing STEM Diversity, 

Persistence, and Success. BioScience, vol. 64, no. 7, pp. 

612–618, Jul. 2014. 

4. American Association for the Advancement of Science 

(2001). In Pursuit of a Diverse Science, Technology, 

Engineering, and Mathematics Workforce. American 

Association for the Advancement of Science and National 

Science Foundation, Washington DC, Dec. 2001. 

5. American Chemical Society National Historic Chemical 

Landmarks (2011). NMR and MRI: Applications in 

Chemistry and Medicine, Commemorative Booklet, 2011. 

http://www.acs.org/content/acs/en/education/whatischemistr

y/landmarks/mri.html 

6. American Federation of Teachers (2014). Ask the Cognitive 

Scientist. 8 August 2014.  

7. V. Amrhein et al. (2019). Nature, comment, March 20, 2019. 

https://www.nature.com/articles/d41586-019-00857-9 

8. R. Anderson (2020). Security Engineering: A guide to 

building dependable distributed systems. Wiley. 

https://www.cl.cam.ac.uk/~rja14/book.html 

9. S.J. Andriole (2020). Skills and Competencies for Digital 

Transformation. Computing Edge, January 2020, 31-34. 

10. Armstrong Institute for Patient Safety and Quality (2016). 

Principles of Safe Design. Johns Hopkins University. 

https://www.hopkinsmedicine.org/armstrong_institute/_files/c

usp_guides/spreading_science_of_safety.pdf 

11. K. Arrow (1963). Social Choice and Individual Values, 2nd 

ed. Yale University Press. 

12. J.-P. Aumasson (2018). Serious Cryptography: A Practical 

Introduction to Modern Encryption. No Starch Press. 

13. Battelle (2016). The Safe Conduct of Research. 

https://www.aplu.org/projects-and-initiatives/research-

science-and-technology/task-force-laboratory-safety/Guide-

for-Implementing-a-Safety-Culture-in-Our-

Universities/TheSafeConductofResearchV17.pdf 

14. T.L. Beauchamp, J.F. Childress (2012). Principles of 

Biomedical Ethics, seventh edition. New York: Oxford 

University Press.  

15. M. Bellare, P. Rogaway (2005). Introduction to Modern 

Cryptography. On-line textbook, University of California.  

May 11, 2005. 

https://web.cs.ucdavis.edu/~rogaway/classes/227/spring05/bo

ok/main.pdf 

16. Blessed Sacrament School (2020). What is STREAM 

Education? http://school.blessedsacrament.org/stream-

education 

17. C.S. Bloss, D.V. Jeste, N.J. Schork (2011). Genomics for 

Disease Treatment and Prevention. The Psychiatric Clinics of 

North America, 34 (1), 147-166, March 2011. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3073546/ 

18. W.M. Bolstad (2004). Introduction to Bayesian Statistics. 

Wiley. 

19. N. Bostrom, E. Yudkowsky (2014). The ethics of artificial 

intelligence. In: Frankish & Ramsey, The Cambridge 

Handbook of Artificial Intelligence, Cambridge University 

Press, 2014. https://nickbostrom.com/ethics/artificial-

intelligence.pdf  

20. K. Burnham (2019). Soft Skills: 5 Ways to Tell if Yours 

Work. The Enterprisers Project, April 1, 2019. 

https://enterprisersproject.com/article/2019/4/soft-skills-5-

ways-tell-if-yours-need-work 

21. J. Carney and K. Neishi (2010). Bridging Disciplinary 

Divides: Developing an Interdisciplinary STEM Workforce. 

Abt Associates Inc., Cambridge, Mass., Prepared for the 

National Science Foundation, Oct. 2010. 

22. M. Carrillo Martinet (2012). A New Agenda for STEM 

Education. The Journal of Sustainability Education, March 

2012. http://www.susted.com/wordpress/content/a-new-

agenda-for-science-education_2012_03/ 

23. G. Chang (2019), personal communication. 

24. B. Chess, J. West (2007). Secure Programming With Static 

Analysis. Addison-Wesley. 

25. C. Consel, M. Kabac (2014). Internet of Things: A Challenge 

for Software Engineering. ERCIM News 98, July 2014. 

26. B.J. Copeland (2017). The Church-Turing Thesis. Stanford 

Encyclopedia of Philosophy. First published Wed Jan 8, 

1997; substantive revision Fri Nov 10, 2017. 

https://plato.stanford.edu/entries/church-turing/ 

27. B.-J. Crigger (1998). Cases in Bioethics: Selections from the 

Hastings Center Report. Macmillan Learning. 

28. T.S. Cubitt, D. Perez-Garcia, M.M. Wolf (2015). 

Undecidability of the spectral gap. Nature, 528 (7581), 207-

211. 

29. Curriculum Development Council (2015). Promotion of 

STEM Education: Unleashing the Potential. Government of 

Hong Kong, November 2015. 

https://www.edb.gov.hk/attachment/en/curriculum-

development/renewal/Brief%20on%20STEM%20(Overview)

_eng_20151105.pdf 

30. V. Dhar (2013). Data science and prediction. 

Communications of the ACM. 56 (12): 64–73. 

doi:10.1145/2500499. Archived 9 November 2014. 

31. L. Dishman (2016). These Are the Biggest Skills That New 

Graduates Lack. Fast Company, 17-May-2016. 

32. A. Dove (2020). Prints of pieces. Science, 367 (6474), 215-

217, January 10, 2020. 

84                              SYSTEMICS, CYBERNETICS AND INFORMATICS        VOLUME 17 - NUMBER 5 - YEAR 2019                             ISSN: 1690-4524

https://www.kdnuggets.com/2019/05/data-science-vs-decision-science.html
https://www.kdnuggets.com/2019/05/data-science-vs-decision-science.html
https://agilemanifesto.org/
http://www.acs.org/content/acs/en/education/whatischemistry/landmarks/mri.html
http://www.acs.org/content/acs/en/education/whatischemistry/landmarks/mri.html
http://www.aft.org/newspubs/periodicals/ae/summer2002/willingham.cfm
http://www.aft.org/newspubs/periodicals/ae/summer2002/willingham.cfm
https://web.cs.ucdavis.edu/~rogaway/classes/227/spring05/book/main.pdf
https://web.cs.ucdavis.edu/~rogaway/classes/227/spring05/book/main.pdf
http://school.blessedsacrament.org/stream-education
http://school.blessedsacrament.org/stream-education
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3073546/
https://enterprisersproject.com/article/2019/4/soft-skills-5-ways-tell-if-yours-need-work
https://enterprisersproject.com/article/2019/4/soft-skills-5-ways-tell-if-yours-need-work
http://www.susted.com/wordpress/content/a-new-agenda-for-science-education_2012_03/
http://www.susted.com/wordpress/content/a-new-agenda-for-science-education_2012_03/
https://plato.stanford.edu/entries/church-turing/
https://www.edb.gov.hk/attachment/en/curriculum-development/renewal/Brief%20on%20STEM%20(Overview)_eng_20151105.pdf
https://www.edb.gov.hk/attachment/en/curriculum-development/renewal/Brief%20on%20STEM%20(Overview)_eng_20151105.pdf
https://www.edb.gov.hk/attachment/en/curriculum-development/renewal/Brief%20on%20STEM%20(Overview)_eng_20151105.pdf
http://cacm.acm.org/magazines/2013/12/169933-data-science-and-prediction/fulltext
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1145%2F2500499
https://web.archive.org/web/20141109113411/http:/cacm.acm.org/magazines/2013/12/169933-data-science-and-prediction/fulltext


33. R.M. Eisberg (1961). Fundamentals of modern physics. John 

Wiley & Sons. 

34. A. Erol (2017). How to Conduct Scientific Research? Noro 

psikiyatri arsivi, 54(2), 97–98. 

doi:10.5152/npa.2017.0120102 

35. C. Forrest (2018). Lack of soft skills holding IT pros back 

from getting hired, promoted. TechRepublic, 23-Jan-2018.  

36. E. Gamma, R. Helm, R. Johnson, J. Vlissides (1994). Design 

Patterns: Elements of Reusable Object-Oriented Software. 

Addison Wesley, 1994. ISBN 978-0-201-63361-0. 

37. P. Gannon-Leary, E. Fontainha (2017). Communities of 

Practice and Virtual Learning Communities: Benefits, 

Barriers and Success Factors. Social Science Research 

Network, Rochester, NY, SSRN Scholarly Paper ID 

1018066, Oct. 2007. 

38. A. George, D.J. Velleman (2002). Philosophies of 

Mathematics. Blackwell Publishers. 

39. K. Gibbs, Jr. (2014). Diversity in STEM: What it is and why 

it matters. Scientific American Blog, September 10. 2014. 

https://blogs.scientificamerican.com/voices/diversity-in-stem-

what-it-is-and-why-it-matters/ 

40. W.G. Gilroy et al, University of Notre Dame (2012). 

Emerging ethical dilemmas in science. Science Daily, 

December 12, 2017. 

https://www.sciencedaily.com/releases/2012/12/12121716244

0.htm 

41. M.-J. D. Good (2011). Shattering culture: American 

medicine responds to cultural diversity. New York: Russell 

Sage Foundation, 2011. 

42. N. Graulich (2015). The tip of the iceberg in organic 

chemistry classes: how do students deal with the invisible? 

Chem. Educ. Res. Pract., 16, 9-21, 2015. 

https://pubs.rsc.org/en/content/articlehtml/2015/rp/c4rp00165

f 

43. I. Hadar, T. Hasson, et al (2018). Privacy by designers: 

software developers’ privacy mindset. Empirical Software 

Engineering 23 (1), 259-289, February 2018. 

44. C. Hadnagy (2018). Social Engineering: The Science of 

Human Hacking. Wiley Publishing. July 2018. ISBN:978-1-

119-43338-5. 

45. R. Hailstorks (2013). Sustainability Improves Student 

Learning (SISL) in STEM. American Psychological 

Association Psychology Teacher Network, February 2013. 

https://www.apa.org/ed/precollege/ptn/2013/02/sustainability  

46. Archdiocese of Hartford, Office of Education, 

Evangelization, and Catechesis (2018). The Importance of a 

STREAM Education. https://catholicedaohct.org/blog/the-

importance-of-a-stream-curriculum  

47. R.D. Hawkins, T.P. Kelly (2009). Software Safety 

Assurance – What Is Sufficient? 4th IET International 

Conference on Systems Safety 2009. Incorporating the SaRS 

Annual Conference. https://www-

users.cs.york.ac.uk/~rhawkins/papers/HawkinsKelly%20IET

%2009.pdf 

48. J. Helble (2014). The Promise of Interdisciplinary 

Education: Blending STEM and Liberal Arts. The 

EvoLLLution, 26-Aug-2014. 

49. J.L. Hennessy, D.A. Patterson (2019). A New Golden Age for 

Computer Architecture. Communications of the ACM, 

February 2019, 62 (2), 48-60. 

https://cacm.acm.org/magazines/2019/2/234352-a-new-

golden-age-for-computer-architecture/fulltext 

50. K.G. Herbert-Berger, N. Goodey, S. Ruczszyk, et al. (2019). 

Infusing CS Graduate Transition Curriculum with 

Professional, Technical and Data Science Competencies, 

Poster, ACM SIGCSE 2019 Annual Conference, April 2019. 

51. K.G. Herbert, T.J. Marlowe (2020). An Interdisciplinary 

Graduate Certificate in the Formal and Natural Sciences—A 

Proposal. JSCI, this issue. 

52. F. Heylingen, C. Joslyn, V. Turchin (1999). What are 

Cybernetics and Systems Science? Principia Cybernetica 

Web. Modified October 27, 1999. 

http://pespmc1.vub.ac.be/CYBSWHAT.html 

53. D.X. Houston (2014). Agility beyond software development. 

ICSSP 2014: Proceedings of the 2014 International 

Conference on Software and System Process, May 2014.  

54. M. Howard, D. LeBlanc, J. Viega (2010). 24 Deadly Sins of 

Software Security: Programming Flaws and How to Fix 

Them (1st Edition). McGraw-Hill, 2010. 

55. The IAS Team (nd). What is STEAM education? Institute for 

Arts Education and STEAM. 

https://educationcloset.com/what-is-steam-education-in-k-12-

schools/ 

56. I. Jacobson, M. Christerson, P. Jonsson; G. Overgaard (1992). 

Object Oriented Software Engineering. Addison-Wesley 

ACM Press. ISBN 0-201-54435-0. 

57. I. Jacobson, G. Booch, C. Rumbaugh (1998). The Unified 

Software Development Process, Addison Wesley. ISBN 0-

201-57169-2. 

58. V. Johnson (2019). Is it the end of statistical significance? 

The battle to make science more uncertain. Phys.Org, The 

Conversation, April 1, 2019. https://phys.org/news/2019-04-

statistical-significance-science-uncertain.html 

59. J.M. Kizza (2017). Computer Network Security Protocols. In: 

Guide to Computer Network Security. Computer 

Communications and Networks. Springer, Cham 

60. Laparascopic.md (nd). What is Laparascopic Surgery? 

https://www.laparoscopic.md/surgery 

61. J.R. Laracy (2017). A Systems-Theoretic Security Model for 

Large Scale, Complex Systems Applied to the US Air 

Transportation System. International Journal of 

Communications, Network, and System Sciences 10(5): 75-

105. 

62. J.R. Laracy, T.J. Marlowe (2019). Systems Theory and 

Information Security: Foundations for a New Educational 

Approach. Information Security Education Journal 5(2):35-

48, 2019. 

63. C. Larman (2005), Applying UML And Design Patterns, 3rd 

edition, Prentice Hall. 0-13-148906-2.  

64. W. Lee, M. Tonelli, J.L. Markley (2015). NMRFAM-

SPARKY: enhanced software for biomolecular NMR 

spectroscopy. Bioinformatics. 31 (8): 1325–1327. 

doi:10.1093/bioinformatics/btu830. ISSN 1367-4803. PMC 

4393527. PMID 25505092. 

65. J. Leek (2013). The key word in "Data Science" is not Data, it 

is Science. Simply Statistics. Archived 2 January 2014. 

66. N.G. Leveson (2011), Engineering a Safer World: Systems 

Thinking Applied to Safety (Engineering Systems). MIT 

Press. ISBN 978-0262533690. 

67. S. Lietz (2015). What is DevSecOps? DevSecOps Blog, June 

1, 2015. https://www.devsecops.org/blog/2015/2/15/what-is-

devsecops 

68. D. Linthicum (2019). How to find DevOps staff who are good 

at both technology and people. InfoWorld, March 15, 2019. 

https://www.infoworld.com/article/3366263/how-to-find-

ISSN: 1690-4524                              SYSTEMICS, CYBERNETICS AND INFORMATICS        VOLUME 17 - NUMBER 5 - YEAR 2019                             85

https://blogs.scientificamerican.com/voices/diversity-in-stem-what-it-is-and-why-it-matters/
https://blogs.scientificamerican.com/voices/diversity-in-stem-what-it-is-and-why-it-matters/
https://www.sciencedaily.com/releases/2012/12/121217162440.htm
https://www.sciencedaily.com/releases/2012/12/121217162440.htm
https://pubs.rsc.org/en/content/articlehtml/2015/rp/c4rp00165f
https://pubs.rsc.org/en/content/articlehtml/2015/rp/c4rp00165f
https://www.apa.org/ed/precollege/ptn/2013/02/sustainability
https://catholicedaohct.org/blog/the-importance-of-a-stream-curriculum
https://catholicedaohct.org/blog/the-importance-of-a-stream-curriculum
https://www-users.cs.york.ac.uk/~rhawkins/papers/HawkinsKelly%20IET%2009.pdf
https://www-users.cs.york.ac.uk/~rhawkins/papers/HawkinsKelly%20IET%2009.pdf
https://www-users.cs.york.ac.uk/~rhawkins/papers/HawkinsKelly%20IET%2009.pdf
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
https://cacm.acm.org/magazines/2019/2/234352-a-new-golden-age-for-computer-architecture/fulltext
http://pespmc1.vub.ac.be/CYBSWHAT.html
https://educationcloset.com/what-is-steam-education-in-k-12-schools/
https://educationcloset.com/what-is-steam-education-in-k-12-schools/
https://archive.org/details/objectorientedso00jaco/page/77
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-201-54435-0
https://phys.org/news/2019-04-statistical-significance-science-uncertain.html
https://phys.org/news/2019-04-statistical-significance-science-uncertain.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4393527
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4393527
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4393527
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1093%2Fbioinformatics%2Fbtu830
https://en.wikipedia.org/wiki/International_Standard_Serial_Number
https://www.worldcat.org/issn/1367-4803
https://en.wikipedia.org/wiki/PubMed_Central
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4393527
https://en.wikipedia.org/wiki/PubMed_Identifier
https://pubmed.ncbi.nlm.nih.gov/25505092
https://en.wikipedia.org/wiki/Jeffrey_T._Leek
http://simplystatistics.org/2013/12/12/the-key-word-in-data-science-is-not-data-it-is-science/
http://simplystatistics.org/2013/12/12/the-key-word-in-data-science-is-not-data-it-is-science/
https://web.archive.org/web/20140102194117/http:/simplystatistics.org/2013/12/12/the-key-word-in-data-science-is-not-data-it-is-science/


devops-staff-who-are-good-at-both-technology-and-

people.html 

69. G. Liu, Y. Shen, H.S. Atreya et al. (2005). NMR data 

collection and analysis protocol for high-throughput protein 

structure determination. Proc. Natl. Acad. Sci. U.S.A. 102 

(30): 10487–92. Bibcode:2005PNAS..10210487L. 

doi:10.1073/pnas.0504338102. PMC 1180791. PMID 

16027363. 

70. T.J. Marlowe (2014). Enhancing Teaching, Adaptability and 

Presentation Skills Through Improvisational Theater, 12th 

International Conference on Education and Information 

Systems, Technologies and Applications (EISTA 2014). In: 

8th International Multi-Conference on Society, Cybernetics & 

Informatics (IMSCI), pp. 270-275, Orlando, FL, July 2014. 

71. T.J. Marlowe (2017). Extensions and Limitations to Logic. 

Chapter 5, in Philosophical Perceptions of Logic and Order, J. 

Horne (ed), IGI Global, June 2017. 

72. R.C. Martin (2009), Clean Code, Prentice Hall, 2009. ISBN 

0-13-235088-2. 

73. K. Matsudaira (2019). How to Create a Great Team Culture 

(and Why It Matters). ACMQueue, 17 (1), April 3, 2019. 

https://queue.acm.org/detail.cfm?id=3323993%22 

74. P. McCrory (2006). What is sports and exercise medicine? 

British Journal of Sports Medicine, 40 (12), 955-957, 

December 2006. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2577455/ 

75. G. Meng, Y. Liu, J. Zhang, A. Pokluda, R. Boutaba (2015). 

Collaborative Security: A Survey and Taxonomy. ACM 

Computing Surveys (CSUR), 48 (1), 1-42, July 2015. 

https://doi.org/10.1145/2785733 

76. Microsoft (2017). Software Internationalization. 

https://docs.microsoft.com/en-us/globalization/software-

internationalization 

77. Microstrategy (nd). Business Analytics: Everything You 

Need to Know. 

https://www.microstrategy.com/us/resources/introductory-

guides/business-analytics-everything-you-need-to-know 

78. T. Murphy (2017). Why data-driven science is more than 

just a buzzword. The Conversation, 10-May-2017. 

http://theconversation.com/why-data-driven-science-is-

more-than-just-a-buzzword-76949.  

79. O. Mutlu (2018). Future Computing Architectures 

Challenges and Opportunities (with a Large Focus on 

Memory), Euromicro PDP 2018 Keynote Talk. 

https://people.inf.ethz.ch/omutlu/pub/onur-PDP-Keynote-

Future-Computing-Architectures-March-21-2018-final.pdf  

80. A.S. Mutschler (2016). Using Agile Methods for Hardware. 

Semiconductor Engineering, January 28th, 2016. 

https://semiengineering.com/using-agile-methods-for-

hardware/ 

81. Nature (2018). A code of ethics to get scientists talking. 

Editorial, Nature 555 (5), February 27, 

2018.  https://www.sciencedaily.com/releases/2012/12/12121

7162440.htm 

82. C. Nelson (2019). What is STEM? STEAM? STREAM? 

SHTREAM? SSTALAKTLKJTA? Auslytics, February 02, 

2019. https://auslytics.com/blogs/news/what-is-stem-steam-

stream-shtream-sstalaktlkjta 

83. H. Nemati (2006). Information Security and Ethics: Concepts, 

Methodologies, Tools, and Applications. 

https://www.researchgate.net/publication/237344283_Inform

ation_Security_and_Ethics_Concepts_Methodologies_Tools_

and_Applications 

84. New Context (nd). The “What” “How” and “Why” of 

DevSecOps: What is DevSecOps?. 

https://newcontext.com/what-is-devsecops/ 

85. S.S. Oh, J. Galanter, N. Thakur, M. Pino-Yanes, et al. (2015). 

Diversity in Clinical and Biomedical Research: A Promise 

Yet to Be Fulfilled. PLoS Med 12 (12): e1001918. 

https://doi.org/10.1371/journal.pmed.1001918  

86. Open University (2017). What are the benefits of 

interdisciplinary study? OpenLearn. 

http://www.open.edu/openlearn/education/what-are-the-

benefits-interdisciplinary-study. 

87. B.D. Owens, J.R. Laracy, M.S. Herring, N.G. Leveson 

(2007). A Classification of Open-Loop and Closed-Loop 

Risk Management Actions. Proceedings of the Second 

Annual Conference of the International Association for the 

Advancement of Space Safety (IAASS), Chicago, IL. May 

14-16, 2007. 

88. C. Paar, J. Pelzl (2010). Understanding Cryptography: A 

Textbook for Students and Practitioners. Springer-Verlag, 

2010. ISBN-13: 978-3642041006 

89. M. Palmer (2016). A Campaign for Data Science in STEM 

Curriculum. The TIBCO Blog, 28-Sep-2016.  

90. Michael Pearson, Ron Wasserstein (2019). The end of 

“statistical significance”. MAA Focus, September 27, 2019.  

91. A. Pietrowski (2017). The Differences of STEM vs. STEAM 

Education (and the Rise of STREAM). EdTech Magazine, 

August 14, 2017. 

https://edtechmagazine.com/k12/article/2017/08/history-stem-

vs-steam-education-and-rise-stream 

92. R.S. Pressman, B. Maxim (2015). Software Engineering: A 

Practitioner's Approach, 8th ed. McGraw Hill, 2015, 0-07-

301933-X.   

93. E. Raby (2015). STEM in the Primary Classroom: 4 Ways 

Educators are Acclimating to STEM Education. NWEA, 

January 8, 2015. https://www.nwea.org/blog/2015/stem-

primary-classroom-4-ways-educators-acclimating-stem-

education/ 

94. V. Rahimian, R. Ramsin (2008), Designing an agile 

methodology for mobile software development: A hybrid 

method engineering approach. 2008 Second International 

Conference on Research Challenges in Information Science, 

June 2008. 

95. M. Randazzo, J.M. Pisapia, et al, (2016). 3D printing in 

neurosurgery: A systematic review. Surgical Neurology 

International, 7 (Suppl. 33), S801-S809. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5122816/  

96. F.S. Roberts (1976). Discrete mathematical models, with 

applications to social, biological, and environmental 

problems. Prentice-Hall. 

97. A.J. Rodriguez, P. Bell (2018). Why it is crucial to make 

cultural diversity visible in STEM education. Stem Teaching 

Tools, Practice Brief 55, October 2018. 

http://stemteachingtools.org/brief/55 

98. A. Rosenberg (2012). Philosophy of Science: A 

Contemporary Introduction, 3rd ed. Taylor & Francis. 

99. ScaledAgileFramework (2019). DevOps. Last update 

December 27, 2019. 

https://www.scaledagileframework.com/devops/ 

100. M. Schneider (2019). LinkedIn Surveyed 5,000 Talent 

Professionals and Found The Top 3 Ways Employers Are 

Screening for Soft Skills. Inc., April 18, 2019. 

https://www.inc.com/michael-schneider/soft-skills-are-key-

86                              SYSTEMICS, CYBERNETICS AND INFORMATICS        VOLUME 17 - NUMBER 5 - YEAR 2019                             ISSN: 1690-4524

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1180791
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1180791
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1180791
https://en.wikipedia.org/wiki/Bibcode
https://ui.adsabs.harvard.edu/abs/2005PNAS..10210487L
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1073%2Fpnas.0504338102
https://en.wikipedia.org/wiki/PubMed_Central
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1180791
https://en.wikipedia.org/wiki/PubMed_Identifier
https://pubmed.ncbi.nlm.nih.gov/16027363
https://dl.acm.org/journal/csur
https://dl.acm.org/journal/csur
https://auslytics.com/blogs/news/what-is-stem-steam-stream-shtream-sstalaktlkjta
https://auslytics.com/blogs/news/what-is-stem-steam-stream-shtream-sstalaktlkjta


to-landing-your-dream-job-according-to-a-linkedin-survey-

heres-how-employers-are-assessing-them-today.html 

101. R. Schmidt (2016). Practicing Brain Surgery with 3D 

Printing. Autodesk Research, June 13, 2016. 

https://www.autodeskresearch.com/blog/practicing-brain-

surgery-3d-printing 

102. Science Direct (2020). Cognitive science. [Reference to 

books and chapters.] 

https://www.sciencedirect.com/topics/neuroscience/cognitive-

science 

103. Science Direct (2020). Cybernetics. [Reference to books and 

chapters.] https://www.sciencedirect.com/topics/computer-

science/cybernetics 

104. Science Under the Microscope (nd). Should STEM Include 

the Medical Field? TeachHub.com. 

http://www.teachhub.com/should-stem-include-medical-

field?real-teacher-blogs 

105. S. Sham (2019). The impact of quantum computing on 

cybersecurity. Okta, July 12, 2019. 

https://www.okta.com/security-blog/2019/07/the-impact-of-

quantum-computing-on-cybersecurity/ 

106. J. Shaw (2019). Artificial Intelligence and Ethics: Ethics and 

the dawn of decision-making machines. Harvard Magazine, 

January-February 2019. 

https://harvardmagazine.com/2019/01/artificial-intelligence-

limitations 

107. S. Simos (2017). Focus On: Composite Material 

Advancements. Dentistry Today, August 10, 2017. 

https://www.dentistrytoday.com/focus-on/10327-focus-on-

composite-material-advancements 

108. D. Spiegelhalter, K. Rice (2018). Bayesian statistics. 

Scholarpedia, 4(8):5230, doi:10.4249/scholarpedia.5230. 

http://www.scholarpedia.org/article/Bayesian_statistics 

109. Stack Exchange (2017). What could be a valid definition of 

DevOps to introduce it to a novice? March 2017. 

https://devops.stackexchange.com/questions/788/what-could-

be-a-valid-definition-of-devops-to-introduce-it-to-a-

novice#806 

110. Stanford Data Science Initiaitive (nd). Ethics and Data 

Science. Stanford University. 

111. G. Straçusser (2015). Agile project management concepts 

applied to construction and other non-IT fields. Paper 

presented at PMI® Global Congress 2015—North America, 

Orlando, FL. Newtown Square, PA: Project Management 

Institute. 

112. P. Thagard (2018). Cognitive science. Stanford Encyclopedia 

of Philosophy. (First published Mon Sep 23, 1996; 

substantive revision Mon Sep 24, 2018.) 

https://plato.stanford.edu/entries/cognitive-science/ 

113. A. Trachta (2018). STEM vs. STEAM vs. STREAM: What’s 

the Difference? Niche.com, September 11, 2018. 

https://www.niche.com/blog/stem-vs-steam-vs-stream/ 

114. W. Tullo (2014). What is Laser Eye Surgery? Lasik.com, 

April 14, 2014. https://www.lasik.com/articles/laser-eye-

surgery-what-is-it/ 

115. S.A. Umpleby (1990). The science of cybernetics and the 

cybernetics of science. Cybernetics and Systems: An 

International Journal 21 (1), 109-121. 

116. S.A. Umpleby (nd). Reconsidering Cybernetics. 

https://sites.nationalacademies.org/cs/groups/dbassesite/docu

ments/webpage/dbasse_176892.pdf 

117. United States Department of Health and Human Services, 

Agency for Healthcare Research and Quality, Digital 

Healthcare Research Archive (nd). Electronic Medical 

Records Systems. No date. [Overview and references] 

https://digital.ahrq.gov/key-topics/electronic-medical-record-

systems 

118. United States Department of Homeland Security (2016). 

CISA Cybersecurity Overview. 

https://www.dhs.gov/cisa/cybersecurity-overview 

119. United States Department of Homeland Security (2019). 

CISA. Security Tip (ST04-014): Avoiding Social Engineering 

and Phishing Attacks. Last revised November 15, 2019. 

https://www.us-cert.gov/ncas/tips/ST04-014  

120. L. van Moergestel, E. Puik, D. Telgen, J.-J. Meyer (2012). 

Production Scheduling in an Agile Agent-Based Production 

Grid, WI-IAT ‘12: The 2012 IEEE/WIC/ACM International 

Joint Conferences on Web Intelligence and Intelligent Agent 

Technology - Vol. 02, 293-298, December 2012. 

https://doi.org/10.1109/WI-IAT.2012.139 

121. K. Villela, E.C. Groen, J. Doerr (2020). Ubiquitous 

Requirements Engineering: A paradigm shift that affects 

everyone. Computing Edge, January 2020, 36-40. 

122. R.M. Wald (2010). General relativity. University of Chicago 

Press. 

123. J. Wetterstein, D. Malmgren (2018). What Happens When 

Data Scientists and Designers Work Together. Harvard 

Business Review, March 5, 2018. 

https://hbr.org/2018/03/what-happens-when-data-scientists-

and-designers-work-together 

124. D. Whitley (1994). A genetic algorithm tutorial (PDF). 

Statistics and Computing. 4 (2): 65–85. CiteSeerX  

125. A.C. Williams, J.F. Wallin, et al. (2014).  A Computational 

Pipeline for Crowdsourced Transcriptions of Ancient Greek 

Papyrus Fragments. IEEE 2014 Conference on Big Data, 

2014. 

http://csc.columbusstate.edu/carroll/pubs/williams2014compu

tational.pdf  

126. A.C. Williams (2015). Computationally Accelerated 

Papyrology. MS Thesis, Middle Tennessee University, May 

2015. https://acw.io/pubs/thesis2015.pdf 

127. L. Woolfe (2019). CRISPR survey: the results are in! 

BioTechnology, 12 August 2019. 

https://www.biotechniques.com/crispr/crispr-survey-the-

results-are-in/ 

128. A. Wuchik (2013). The Teacher Report: What Are the Pros 

and Cons of STEM Education? We Are Teachers, March 27, 

2013. https://www.weareteachers.com/the-teacher-report-

what-are-the-pros-and-cons-of-stem-education-2/ 

129. F. Zambonelli (2016). Towards a General Software 

Engineering Methodology for the Internet of Things. arXiv, 

21 January 2016. (See also references therein.) 

130. Hassan Zohoor (2003). Appendix J: The Impact of Moral 

Values on the Promotion of Science. In The Experiences and 

Challenges of Science and Ethics: Proceedings of an 

American–Iranian Workshop. NCBI, 

https://www.ncbi.nlm.nih.gov/books/NBK208723/ 

 

ISSN: 1690-4524                              SYSTEMICS, CYBERNETICS AND INFORMATICS        VOLUME 17 - NUMBER 5 - YEAR 2019                             87

http://dx.doi.org/10.4249/scholarpedia.5230
https://devops.stackexchange.com/questions/788/what-could-be-a-valid-definition-of-devops-to-introduce-it-to-a-novice
https://devops.stackexchange.com/questions/788/what-could-be-a-valid-definition-of-devops-to-introduce-it-to-a-novice
https://devops.stackexchange.com/questions/788/what-could-be-a-valid-definition-of-devops-to-introduce-it-to-a-novice#806
https://devops.stackexchange.com/questions/788/what-could-be-a-valid-definition-of-devops-to-introduce-it-to-a-novice#806
https://devops.stackexchange.com/questions/788/what-could-be-a-valid-definition-of-devops-to-introduce-it-to-a-novice#806
https://www.lasik.com/articles/laser-eye-surgery-what-is-it/
https://www.lasik.com/articles/laser-eye-surgery-what-is-it/
https://dl.acm.org/doi/proceedings/10.5555/2457525
https://dl.acm.org/doi/proceedings/10.5555/2457525
https://dl.acm.org/doi/proceedings/10.5555/2457525
https://doi.org/10.1109/WI-IAT.2012.139
http://www.cs.uga.edu/~potter/CompIntell/ga_tutorial.pdf
https://en.wikipedia.org/wiki/CiteSeerX
https://acw.io/pubs/thesis2015.pdf
https://www.weareteachers.com/the-teacher-report-what-are-the-pros-and-cons-of-stem-education-2/
https://www.weareteachers.com/the-teacher-report-what-are-the-pros-and-cons-of-stem-education-2/

	IP083LL19.pdf

