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Abstract— This research paper for the practice of work-in-progress presents the training activities designed for students of a new
PhD program in Engineering Education. These activities are based on the study of the training courses of five Engineering Education
PhD programs, and on the literature concerning PhD training challenges. A set of competencies to be acquired is first defined; then
the training activities are designed by means of a SPOOC (Self-Paced Open Online Course) in order to guide the acquisition of these
competencies. The SPOOC is currently under design, taking an initial cohort of 9 students as an experimental group.
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I. INTRODUCTION

This research paper for the practice of work-in-progress presents the training activities designed for students of a new PhD
program called “PhD Program in Engineering, Science and Technology Education” whose first cohort began in September, 2020.

The Field of Engineering Education (EngEd) is a relatively new discipline that has begun to be perceived as an emerging
field of scientific research [1][2]. In 2007, Borrego [3] published a study describing five conceptual difficulties engineering
faculties face when learning about rigorous research in EngEd. Although some EngEd departments has been formed since then,
and new degrees in EngEd have appeared [4][5], most researchers in EngEd have evolved from their own engineering fields of
knowledge, with no well-established EngEd communities in their universities, and therefore face a difficult path to becoming
EngEd researchers [6]. Furthermore, some uncertainty still exists about what constitutes quality research in EngEd [7][8][9] and
about how to promote international collaboration by developing an internationally connected field of inquiry [10][11][12].

Nevertheless, as the field of knowledge has gained maturity, a new generation of professionals and researchers with interests
in EngEd has also emerged. These professionals retain a technical area of expertise while also focusing on the pedagogy of their
discipline, so they can study the teaching-learning process in their field of knowledge. There is a consensus that rigorous and in-
depth research in EngEd is necessary, and some universities around the world have started research departments and doctoral
programs. Despite this interest, there are only a few PhD programs in the area worldwide. According to the Engineering
Education Wiki!, there are about 40 PhD programs in EngEd in the world, the oldest being that established in 2004 at Purdue
University. In the European Higher Education Area (EHEA), to which our university belongs, there are only three programs,
those of Aalborg University, Chalmers University of Technology and Uppsala University. While there are some EngEd
departments in Europe, to our knowledge they have no explicit PhD programs in EngEd. This is the case of KTH Royal Institute
of Technology, Linkoping University or Dublin Institute of Technology.

Several challenges arise when creating a new PhD program in EngEd, one of which is the design of training courses. The
training organization and the context in which the activities take place have an enormous impact, not only in the acquisition of
knowledge and research methodologies, but also on the acquisition of the sense of belonging to a community, autonomy to
become a researcher, academic identity, and other factors that greatly influence the decision to pursue doctoral studies. In order
to design our training activities, we started by comparing five programs with the aim of identifying common ideas on learning
outcomes and courses that might help us to formulate our own design, with the finding that the programs are consistent in terms
of training needs. In this paper, we present the training activities designed for our PhD program, taking into account both the
previous research and the special characteristics of our case.

Most EngEd programs advise their students to enroll in foundations of education courses, usually in their own Education
Schools. Since we are a technical university that only offers degrees in engineering, architecture and sciences, we have no schools
or departments of psychology or education. Given such a scenario, we asked ourselves if we could organize a non-classical
training program using the learning foundations and techniques that we wanted our students to acquire. After all, we are training
engineers in a PhD EngEd program, so why not use the training itself as an example of EngEd theories and methods?
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To that end, we first defined a set of competencies to be acquired in the PhD program. The training activities are currently
designed as a SPOOC (Self-Paced Open On-line Course). The training pack can be adapted to each student according to his/her
background and research interest, with the help of advisors and a small group of experts. The SPOOC is at present in the design
stage, using our first cohort of 9 students as an experimental group.

II. CURRENT SITUATION IN OUR ENVIRONMENT

A. PhD training programs in our country

Spain adapted its higher education program, in particular PhD studies, to the EHEA (European Higher Education Area)
during the first decade of the 21% century. The current general requirement for enrollment in a doctoral program is to have passed
300 ECTS, 60 of them obtained in a master's degree. Each doctoral program contains a list of degrees that allow access to that
particular doctorate, either directly (having passed a specific master's degree, called 'reference master') or by taking some subjects
belonging to the reference master's degree. On the other hand, there are no mandatory courses in the PhD programs, but each
university has a Doctorate School which offers voluntary courses. The training that each doctorate program can offer its students
therefore consists of a series of subjects from the reference master that must be taken before enrolling in the doctoral program,
with the recommendation that students enroll in some of the courses offered by each Doctorate School (such as Research
Methodologies, Statistics, etcetera).

B. Our university situation

Our university, the Universitat Politécnica de Catalunya, only offers degrees in engineering, sciences and architecture. We
have no schools or departments of psychology or education, and neither does our faculty have a tradition of social science
methods. However, our university has a Master Degree in Education for Secondary School and Vet Studies. In Spain, it is
mandatory to hold this degree in order to be employed as a Secondary or Vet teacher, and each university offers this degree in
its own specialties. In our case, the Master Degree is aimed at teachers of technology and sciences subjects, and constitutes our
PhD program’s reference master.

While it may seem contradictory that a technological university such as ours, with little tradition in education, intends to
create a PhD program in this field, the fact is that the universities leading the way in EngEd are precisely technological
universities. This is hardly surprising when one considers that research in education in each discipline must be guided by experts
in that discipline. Boyer [13] defined the scholarship of teaching and learning as the study of the teaching-learning processes of
each discipline, while Bruner [14] argued that quality teaching requires in-depth knowledge of the difficulties and peculiarities
of learning in a certain discipline. This is why specialists with a deep knowledge of the epistemology of that discipline are
required, and who have also been trained in educational aspects, thereby enabling them to study the teaching-learning process in
their own field of knowledge.

Our university is one of the leading Higher Education Institutions in Europe in the field of engineering and technology, and
is also one of the top HEIs in the number of papers published in EngEd [15]. It is therefore perfectly reasonable that a doctoral
program should emerge in our university. Nevertheless, given the way PhD training programs are designed in Spain, we have no
courses on research methods in social sciences, or a master degree in education where our students might learn the fundamentals
in education. However, rather than regarding this situation as a problem, we seized upon it as an opportunity to develop a novel
training program for our students by designing it from scratch.

III. BACKGROUND AND PREVIOUS WORK

A. EngEd PhD training programs

The first step was to study other PhD programs at EngEd. The programs analyzed were the three offered at the EHEA
(Aalborg, Chalmers and Uppsala) and two of the oldest in the USA (Purdue and Virginia Tech). The results of this study have
been previously published [16]. We found that the five programs are consistent in terms of the training needs they seek to cover.

All programs insist on the importance of training in Foundations of Engineering Education, including theoretical methods,
the ability to conduct effective and rigorous research, with special emphasis on qualitative and qualitative research, mixed
methods, and so on. All the programs include courses on generic competencies, such as writing research papers, or values in
society and research. Some programs provide courses on engineering knowledge in an engineering field other than EngEd.
Finally, a common trend of all the programs is that they provide a flexible, tailored organization for each student according to
his/her ow interests and goals.

B. Current research in PhD training programs

The need to rethink doctoral studies has long been recognized in the community, and we identified several drawbacks in PhD
training in the literature. One of the challenges of doctoral programs is balancing the need for support and student autonomy:
advisors should provide guidance for students to acquire competencies, while also providing them with the autonomy required
to become confident and independent researchers [17].

The study by Ferguson, Hovey and Henson [18] indicates that doctoral students in education “often come to their doctoral
program without a strong grounding in scientific methods (... it) requires graduate programs to introduce students to scientific
research”. Kittur and Brunhaver [19] indicate that much of engineering research is still being conducted by researchers with a
background in traditional engineering disciplines, but without formal training in EngEd research methods.



Since the beginning of the 2000s, it is commonly accepted that the decision to undertake doctoral studies depends on various
individual, interpersonal and contextual factors, including supervision, competencies to be developed, and the influence of the
social environment [20]. It is widely reported in the literature that PhD students undergo considerable pressure, solitude,
uncertainty and stress, which may lead to depression and anxiety [21]. There are many factors that must be considered, both
internal (motivation, academic identity, self-regulatory strategies, writing skills) and external (supervision, financial support
opportunities, personal/social lives) [22].

In recent years, there has been an increase in accounting and efficiency in doctoral studies, especially in the idea of completing
the doctorate in a limited time (usually between 3 and 4 years). This pressure in accounting is leading to a greater importance
given to the product of the doctorate (the dissertation and published papers) than to the formation of the identity of the student
as a researcher [23]. However, the focus on doctoral education in current research is shifting from the 'PhD as a product' to 'PhD
as a process' [24], as the notion of 'becoming peer’ has more meaning for students than becoming an 'independent researcher' [20]
[23].

In this design phase of our training program, it is necessary to decide on exactly what we should focus. The literature indicates
that intellectual abilities and knowledge alone are not sufficient to complete doctoral studies successfully [20]; the training
organization and the context and conditions in which doctoral studies take place have an enormous impact on the process [25].
Breitenbach [26] indicates that the perception of usefulness of the curriculum and instruction is a key factor, especially in PhDs
with a strong online component. Ways of organizing instruction in a more structured way have been studied, such as the Ewing©
model “characterized by a highly structured, sequential curriculum; intense facilitation and dialogue; collaborative learning with-
in a cohort model; and performance-based assessment of core research competencies” [27]. Therefore, we decided to focus on
common problems reported in training programs.

IV. ORGANIZATION

A. A program based on competencies

Since the Bologna process, bachelor and master degrees in Europe are based on competencies rather than on knowledge.
Despite this fact, doctoral studies are not usually defined by competencies, at least in our environment. We have organized our
doctorate according to competencies that should be acquired, as is done in models such as those of Durette, Fournier and Lafon
[24] or Ewing et al [27]. In our model, we decided to divide them into Foundational Competencies (which all PhD holders should
master) and Specialized Competencies (dependent on every specific program). After analyzing and discussing the literature,
seven foundational competencies (F) and three specialized competencies (S) were chosen as those to be acquired in our doctoral
program, a description of which is given below:

e Innovation and creativity (F1): The ability to generate ideas, move from design to implementation creating solutions.
Ability to propose new approaches to existing problems or pose new problems, connecting ideas and proposals, with
flexibility and resilience, adapting to circumstances.

e Information management (F2): The ability to search and relate information, recognize reliable sources, compare
information critically, and justify in a well-founded manner the assumptions made in one's own research.

e Experiment design, analysis and interpretation of data (F3): Ability to analyze facts, situations or problems in a reflective,
rational and subjective way, conducting an analysis without biases based on evidence, which leads to an informed and
reasoned judgment. Ability to design and conduct appropriate experiments, analyzing and interpreting data to generate
conclusions. Ability to create a reasoned and complete investigation plan.

e Communication of research results (F4): The ability to communicate both in writing (in articles, reports or thesis) and
orally (in conference presentations or defense of articles or thesis) the results of one's own research, adapted to the
available media and to a wide range of audiences, with special emphasis on audiences composed of experts.

e Teamwork (F5): The ability to function effectively in a research team (preferably multidisciplinary and multicultural),
creating a collaborative and inclusive environment, with the ability to manage time, leadership, effective communication
within the team, establish objectives and tasks, and fulfill them with responsibility towards the team.

e FEthics (F6): The ability to show ethical behavior as a researcher, as well as to know the ethical implications in the
development of an investigation and the ethical consequences that could be derived from it.

e Autonomy and sense of belonging (F7). The ability to work unsupervised and undirected, to experience choice and
volition in one’s actions, having at the same time the feeling of being a peer within the world of research.

e Epistemology of STEAM education (S1): The ability to develop a solid theoretical framework for tackling a problem or
situation in a STEAM education environment, based on educational theories and the epistemology of the area of
knowledge in which the problem arises, developing reasoned and coherent research questions with the existing
knowledge.

e Design of a research in STEAM education (S2): The ability to design and conduct research in STEAM education, using
the most appropriate methods and methodologies, given the research questions, and conducting scientific, ethical and
evidence-based research that leads to reasoned and unbiased conclusions.



e Practice and products of engineering and science (S3): Knowledge of the basic principles of complex problems faced in
the world of engineering, science and technology, and how these problems are identified, formulated and solved on the
basis of these areas of knowledge.

B. Materials and tools for students

The training program is organized as a SPOOC (self-paced open online course). The idea is to offer students a series of
resources together with a general guide on how to conduct their research. With the help of the guide and the advisors and experts
in each competency, the students will be able to develop the competencies proposed herein.

Students are encouraged to begin by defining their own topics of interest. According to the chosen topics, a suitable advisor
is assigned and the investigation can start.

The first documentation that students receive is on how to pose research questions and how to develop a state of the art.
Students should start by reading literature on the subject they choose to work on and formulate some initial questions (still very
basic), always with the guidance of the advisor.

In parallel to reading articles related to their research topic, students are encouraged to read about the foundations of education
and research methodologies in STEAM education in selected chapters from the books by Coe et al [28], Cohen et al [29], Creswell
and Guetterman [30], Heywood [31], Johnson et al [32], Patton [33] and Tight [34].

These readings are intended to familiarize students with the basic concepts required in the program. Once acquired, students
must write a report indicating the most appropriate methodology for conducting the research work proposed and for defending
it before the board of advisors. Once the proposal is accepted, a list of research papers and dissertations employing the proposed
methodology will be recommended to the student. This is what defines the course as self-paced, since students can advance at
their own pace, making decisions and receiving training adapted to the needs of their research.

The training is complemented by courses on statistical tools, on how to write a research article or how to defend a paper in a
conference, to name a few. These courses are online and asynchronous.

During the years devoted to the completion of the doctorate, students must present a set of documents. In the first year, they
are required to present an initial state-of-the-art proposal, some initial research questions, the report on the methodology to be
developed and a time frame for the activities. In the following years, a report on the evolution of the research must be presented
annually, and must include the evolution of the research as well as a description of what paths the research is opening up.
However, this will not form part of their final dissertation, indicating how the student as an advisor should organize a thesis on
topics that will not be included in that dissertation.

There is one last point that is subject to evaluation: in addition to the previously mentioned master in education, we also have
a postgraduate degree in STEAM education as part of the training program offered to our lecturers. We want our doctoral students
to get involved in the final master and postgraduate theses of these degrees in the topics closest to their own research, and always
acting as a co-advisor with the collaboration of another experienced professor.

All the aforementioned documents, together with the papers and reports produced by the student, will form part of each
student's portfolio, on the basis of which the board of advisors will evaluate the acquisition of competencies. The information in
this portfolio will be used to recommend to each student the activities that are considered necessary for the full acquisition of
skills.

V. DISCUSSION

The training design is based on competencies, Competency being defined as the sum of Knowledge, Skills and Dispositions.
With regard to Knowledge, especially at the doctoral level, it may be more interesting to acquire it by reading the relevant
literature than by conventional courses. The most important target is the acquisition of Skills and Dispositions, which is what has
guided the design of the program.

The evidence to present includes the courses followed, the different reports sent, and the articles published, which will enable
verification of the acquisition of competencies related to information management, design, analysis and interpretation of
experiments, communication of results, ethics knowledge. of the epistemology of STEAM education and design of a research in
STEAM education (F2, F3, F4, F6, S1 and S2).

The novelty of this proposal resides in certain key points. First, due to the training guided by the interests and needs of the
students themselves, it will have an impact their autonomy (F7). The delivery of the annual report containing a description of the
paths opened up by the research, together with an outline of how students would continue research work on these topics, even if
they do not form part of their theses, will assist them in their autonomy, innovation, creativity and design of a STEAM research
project (F1, F7, S2). Finally, their participation as advisors in a master or postgraduate thesis will have an impact on the
competencies of innovation, creativity, teamwork and sense of belonging, as well as on the epistemological bases and research
design in STEAM (F1, F5, S1, S2).

The only competency for which there is no designed training is S3 (practice and products of engineering and science), because
it is currently mandatory to hold a bachelor or master degree in engineering or science in order to enroll in the doctorate program.
Therefore, it is assumed that our students will have become proficient in this competency. However, in the future it is our intention
that students from other fields of knowledge will enroll in our program (for example, psychologists, educators, linguists, ...),



based on the assumption that their objective is to conduct research in science and engineering education. When these new students
undertake the PhD program, they will be required to undergo training in this competency.

VI. CONCLUSIONS

The design of a training program for a PhD in engineering education is presented in this paper. The proposal is based on the
study of other similar PhD programs, but adapted to the special circumstances of our university and including some novel
activities. There are no traditional doctoral courses in this proposal, but rather a SPOOC guided by the interests and needs of
each student. The program is based on the acquisition of 10 competencies, defined by taking into account the drawbacks in of
the PhD training programs found in the literature. The acquisition of competencies will be evaluated by evidence, using a
portfolio.

The training program is currently under development with an initial cohort of 9 PhD students. These students are currently
receiving personalized training, but it is a very expensive system that must be reorganized in the future for the inclusion of many
more students. Student feedback on the SPOOC in development will allow us to fine-tune it.
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