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Abstract. The article presents the philosophy and the basics of Engineering Pedagogy Science —
the key to science-based, effective, interactive and motivating teaching engineering, shaping the
ground of teaching competencies of engineering faculty, ensuring relevantly one of the prerequisites
of the quality of engineering education in general. The foundational questions shaping the philoso-
phy of Engineering Pedagogy Science, as an analytical ground for effective course design and further
course development, based on informed decisions, are presented in this paper. The didactic penta-
gram and the basic didactical model of Engineering Pedagogy Science are discussed in this paper.
Didactical pentagram of Engineering Pedagogy Science forms the ground of the essential pedagogi-
cal competencies of engineering faculty along with the speciality competencies, ensuring effective
teaching engineering. The basic didactic model of Engineering Pedagogy Science follows the prin-
ciples of an iterative process, being an effective tool for the design of a study program, curriculum,
syllabus, course, or a lecture with the aim of effective teaching engineering. Integrated quadruple
instructional model of Engineering Pedagogy Science as the foundation of integrated course design
and one of the preconditions of effective teaching and learning is introduced as the basis of expected
teaching competencies of engineering faculty. Pedagogical competences of the faculty are becoming
more considerable in the quality assessment of higher education. The most effective ground of peda-
gogical continuing education of engineering faculty is Engineering Pedagogy Science, which offers
suitable and relevant didactic models for insurance of effective teaching and learning and integrated
course design based on informed decisions, learning analytics, reflection and metacognition.
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Introduction

Quality of teaching has become an essential
indicator of the quality of higher education
worldwide. For decades, the mission of techni-
cal universities has been the education of engi-
neering faculty and engineering teachers. For
this purpose, there are Engineering Education
Development Centers (or Centers of Engineer-
ing Pedagogy) at most technical universities.

Majority of university faculty members are
interested in improvement of the quality of their
teaching, taking account of students’ feedback,
peer-evaluation, reflection, and teaching port-
folio analysis. On the other hand, mentoring
and the system of continuing pedagogical edu-
cation for faculty has become more systematic
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at universities of technology nowadays — it has
become an important part of the quality sys-
tem as a whole. Technical universities require
the faculty to undergo engineering pedagogical
education before starting with teaching, usually
in the range of 6—25 ECTS, depending on the
university quality policy.

Contemporary effective teaching engineering
assumes not only teaching engineering specialty
knowledge and skills, but also the development
of students’ thinking skills — technical, logical,
creative and critical thinking, along with problem
solving, collaborative learning, communication,
attainment of attitudes and values, support of per-
sonality development, which are of great impor-
tance. The way our students see the future world
depends on how future engineers will be able to
solve non-standardized multidisciplinary real-
world problems [1]. Engineering Pedagogy Sci-
ence is a key to science-based, effective and moti-
vating teaching engineering, and builds the ground
of teaching competencies of engineering faculty.

Philosophy of Engineering
Pedagogy Science

Contemporary Engineering Pedagogy Sci-
ence (EPS) is an interdisciplinary discipline of
Pedagogy, the scientific basis of which was con-
stituted by Klagenfurt School of Engineering
Pedagogy [2]. At present Engineering Pedagogy
Science is being developed specifying its metho-
dological status and subject area [3—4].

There has been an immense development in
the system of teaching and learning in recent
years: proceeding from teacher-centered teach-
ing to learner-centered teaching, and finally
up to contemporary learning-centered and in-
teractive teaching. Processes experienced by
students, negative and positive emotions, ba-
lance between group work and individual work
(individual and social learning), efforts and ac-
tivities, analysis and self-evaluation, success and
failure, metacognition and feedback, learning
from experiences and mistakes, support the de-
velopment of students and from the other hand
are supported by relevant competencies of engi-
neering faculty.

Making mistakes and learning from them
have been one of the most important ideas
and methods of EPS, based on student-teacher
partnership, supported by an interdisciplinary
approach and an integrated learning content —
engineers always learn in an integrated and in-
terdisciplinary way.

Philosophy of EPS relates to the following
foundational questions:

o Why we teach?

* How we teach?

* What we teach?

* Whom we teach?

* Who will teach?

* Where we teach?

* When we teach?

* How much should we teach?

* How our students learn?

* How to interact with students?

* How to manage the course?

* How to enhance learning?

* How to motivate students?

* How to develop as educators?
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Fig. 1. Didactic Pentagram of EPS [5]

To ensure prerequisites of effective teaching
it is important to analyze the relevance of engi-
neering teaching accordingly to the foundation-
al questions introduced above. Foundational
questions create an analytical ground for the ef-
fective course design and further development,
based on informed decisions.

Didactic Pentagram of Engineering
Pedagogy Science

In Engineering Pedagogy Science, effective
teaching engineering depends on a number of
variables, which form the foundation of EPS
Didactic Pentagram (see Fig. 1) designed by
T. Riiitmann [ 5] developed from M. Uljens [6]:

* Instructional goals and learning outcomes
for higher level learning;

* Students’ psycho-structure (psychology,
students’ individual differences, learning styles,
level of motivation, prior knowledge, self-regu-
lation, feedback, ethics, etc.);

* Instructors’ competencies and roles (com-
petencies in specialty and didactics, learning
theories, motivation, self-analysis, reflection,
life-long learning, feedback, rhetoric, ethics,

classroom management skills, entrepreneur-
ship, learning analytics, etc.);

¢ Course content (learning materials, visual
aids, literature, videos, etc.);

 Socio-structure (learning environment,
cooperation, teamwork, creativity, critical
thinking, collaboration, communication; etc.);

o Teaching technology, media, e-learning
(blended learning, distant, remote and e-labs,
robotics, flipped classroom and hybrid class-
room, drones, virtual and augmented reality,
simulations, etc.);

¢ Teaching methodology, models and stra-
tegies (deductive and inductive teaching, active
learning, case-analysis, studio learning, engi-
neering design, lab methodology, interactive
teaching, PBL, peer-instruction, etc.);

* Assessment and feedback methodologies;

o Analysis and reflection (strengths and
weaknesses, analysis of students’ feedback, com-
pilation of teaching philosophy statement and
teaching portfolio, peer-evaluation, coaching
and mentoring, etc.).

According to Figure 1, the so-called “Clas-
sic didactic triangle” (Teacher — Students —
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Fig. 2. The Basic Didactic Model of EPS [5]

Course content) based on the grounds of di-
dactics serves as the basis of EPS Didactic Pen-
tagram [5]. Accordingly, a teacher will have
to teach students the course content (taking
account of students’ individual differences and
prerequisites) by explaining, supervision, ques-
tioning, integration, showing connections, us-
ing didactic basics for supporting learning with
deep understanding, etc. Additionally, the fol-
lowing triangles support the described basic one
in the didactic pentagram[5]:

o Students —  Independent  learning —
Classroom management: for independent learn-
ing via e-leaning it is essential to teach students
to learn, teachers have to learn how to teach via
Internet, use learning analytics, participate in
coaching and mentoring, learn classroom ma-
nagement and entrepreneurship;

o Teacher —  Independent  learning —
Course content: for supporting classroom
learning, individual learning or e-learning,
teachers use contemporary methodology, ac-
tive learning structures, and integration, sup-
porting communication, collaboration, creati-
vity and critical thinking;

o Classroom management — Course con-
tent — Students: teachers have to master the ba-
sic principles of psychology and sociology, and
know learning theories for supporting learning
and motivation;

o Teacher — Independent learning — Class-
room management: for supporting classroom
and independent learning teachers have to mas-
ter the basics of rhetoric, ethics, supportive
communication and scientific writing for com-
pilation of effective learning aids and materials.

The above-discussed Didactic Pentagram of
EPS (Fig. 1.) forms the ground of the pedagogi-
cal competencies of engineering faculty along
with the speciality competencies, ensuring ef-
fective teaching and learning engineering.

The Basic Didactic Model
of Engineering Pedagogy Science
Based on cited upon EPS Didactic Pentagram,
the Basic Didactic Model of Engineering Peda-
gogy Science has been designed by A. Melezinek
[2] and upgraded by T. Ritiitmann [5] (see Fig. 2).
The basic Didactic Model of EPS follows the
principles of an iterative process, being an ef-
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fective tool for the design of a study program,
curriculum, syllabus, course, or a lecture with
the aim of effective teaching engineering. Each
step should be analysed in particular relying on
the selected suitable didactic models. Possible
influence of every further step planned should
be analysed taking account of the analysis and
decisions of all previous steps [2; 5].

Design of Learning Outcomes. Implemen-
tation of the model starts from this first step
with the design of learning outcomes and their
analysis based on the selected didactic models
(e.g. Feisel = Schmitz’s Technical Taxonomy
[7], Problem-Based Learning Taxonomy [8],
Domin’s Taxonomy of Laboratory Instruction
[9], Bloom’s Taxonomy [10], etc.), analysing the
level of thinking for supporting of higher level
learning. Students have to learn not only the facts
and conceptions, but they will also have to imple-
ment their knowledge, analyse, evaluate and cre-
ate, find solutions, build connections, and solve
real-life problems, learning from experiences.

Learners’ Individual Differences. The second
step of the basic model is to take account of learn-
ers’ individual differences: learning styles, inborn
psychological differences (temperament, ability
to switch attention, persistence of attention, self-
expression, introvert, extravert, etc.), prior know-
ledge, learning motivation, self-regulation, com-
munication, etc. [11]. A suitable learning styles
model may be selected for the analysis of students’
learning styles (Felder — Silverman’s Model [12],
Kolb’s Learning Styles Model [13], Gardner’s
Model [14], Myers — Briggs’ Model [15], etc.).

Course Content. Design relevant course con-
tent, learning aids and materials, assignments
and select literature accordingly, to support the
learners to reach designed learning outcomes.

Teaching Aids and Technology. Select suita-
ble teaching technology, learning environment,
classroom or lab, e-learning or blended learn-
ing, flipped classroom or hybrid classroom, ICT
tools, suitable for the students, course content,
and for reaching designed learning outcomes.

Teaching Methods, Models, and Strategies.
Select relevant teaching model (build the ba-
lance between deductive and inductive teach-

ing), consider the fact that traditional (direct/
deductive) teaching gives students systematic
knowledge and abstract thinking; inductive (in-
direct) teaching gives analytical thinking but do
not give systematic knowledge. Select a variety
of suitable teaching methods, both from direct
and indirect teaching model for the design of
an effective teaching methodology (interac-
tive lectures, seminars, practical lessons, labs,
PBL, projects, active learning structures, stu-
dio learning, CDIO [7], simulations, discussions,
educational games, engineering design, etc.).
Elaborate relevant teaching strategies (clear
expectations, questioning, peer-teaching, col-
laborative learning, visualisation, building con-
nections and relations, analysis and evaluation,
critical thinking, conclusions, reflection, meta-
cognition, etc.).

Assessment and Feedback. Select relevant
assessment tools for the designed methodology
and course content suitable for assessing whe-
ther the students have gained the designed learn-
ing outcomes. Select relevant feedback models
and formative assessment tools. Give constructive
and coaching feedback. Ask for students’ feed-
back. Use self-assessment and peer-assessment.

Analysis, Reflection and Metacognition.
Analyse students’ feedback along with your
teaching with the aim of improving teaching
and supporting learning with deep understand-
ing. Compile and renew teaching philosophy
statement and teaching portfolio. Participate
in coaching, mentoring and peer-evaluation.
Design your self-development and contribute to
life-long learning.

Follow the iterative process, analysing the
following indicators:

e What will students have to be able to
know/do after your course?

o Are the designed learning outcomes clear
and understandable?

* Are the designed learning outcomes as-
sessable?

* How can students prove that they have
reached learning outcomes?

* Have you taught (or provided) the mate-
rial you will assess?
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* Have you provided multiple of activities
for implementation, analysis and evaluation of
the course content?

Follow the principles of constructive align-
ment: align designed learning outcomes, course
content, teaching and learning, assessment and
feedback, in relation of students’ individual dif-
ferences, teaching technology, ICT tools, and
supportive learning environment.

The Basic Didactic Model of EPS guarantees
informed decisions for effective course design
and the further course development.

Integrated
Quadruple Instructional Model

Integrated Quadruple Instructional Model
of EPS (see Fig. 3) designed by T. Ritiitmann [2]
on the ground of:

¢ The Basic Didactic Model of EPS (Fig. 2);

* Psycho-didactics — science integrating
pedagogy and psychology;

* The basic learning theories [16];

* Methods and principles of acquisition of
competencies (knowledge, skills and values).

This model integrates the most consider-
able learning theories for engineering education
along with their basic principles [5]:

* Behaviourism. This learning theory con-
tributes to engineering education with safety
regulations and requirements, ergonomics,
learning goals and outcomes, course learning
guide, timetable, deadlines, rules and regula-
tions, assessment criteria, learning environment,
and roles of a learner and instructor. Firstly,
behaviourism creates the basis of psychomo-
tor dimension of learning — acquisition of skills.
Professional skills should be acquired accurate-
ly and according to the specialty requirements.

o Cognitivism/ Constructivism. This lear-
ning theory creates the basis of the cognitive
dimension of learning — acquisition of know-
ledge. It supports critical and logical thinking,
learning with understanding and comprehen-
sion, active learning, course design, integration
and building connections for construction of
knowledge. Experiential learning, creativity,
visualisation, memory peculiarities, interdis-
ciplinary learning, processing of information,
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building connections, methodology are all the
elements of this learning theory. This theory
justifies the need for taking account of stu-
dents’ prior knowledge, individual differences
and learning styles for effective teaching and
learning.

* Social Learning Theory/Social Construc-
tivism. This theory integrates group processes,
group work and teamwork to the process of
learning. Social interaction plays a fundamental
role in the development of cognition and think-
ing. This learning theory integrates interaction,
discussions, peer-instruction, cooperation, col-
laboration, communication, developing the
process of learning into the meaningful learning
for acquisition of social skills.

* Humanism. This learning theory creates
the basis of affective dimension of the process
of learning — acquisition of values. The theory
integrates the principles of motivation, self-
analysis, self-regulation, self-management, self-
development, time management, responsibility,
peer-assessment, peer-evaluation, adult educa-
tion, reflection and metacognition into the pro-
cess of learning.

It is recommended to design the study pro-
gramme, course, lecture, etc. taking account
of the above-introduced integrated model.
The model is a convenient tool for the design
of pedagogical courses for engineering faculty
continuing education. Integrated Quadruple
Instructional Model is the foundation of the in-
tegrated course design and precondition of ef-
fective teaching — accordingly, it is the basis of
effective teaching competencies of engineering
faculty.

Conclusions

The quality of engineering education cru-
cially depends on the specialty and pedagogi-
cal competencies of engineering faculty. Peda-
gogical competences are becoming more con-
siderable in the quality assessment of higher
education. The basis of pedagogical education
of engineering faculty is Engineering Pedagogy
Science, which offers suitable and relevant di-
dactic models for insurance of effective teach-

ing and meaningful learning. Integrated Quad-
ruple Instructional Model as the foundation of
the integrated course design and precondition
of effective teaching may provide grounds for
effective teaching competencies of engineering
faculty.
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Annomayus. B dannoti cmamve npedcmabaenvr purocogpus u ocrnobue urnsxeneprori nedazozuiu.
Onu paccmampubaromes xax K04 K Hay4Ho 060cHoBanrnomy, sppexmubrnomy, unmepaxmubromy
U MOMUBUPYIOUEMY OOYHEHUIO UHKEHEPHDIM HAYKAM, Popmupyrouemy ocHOBY 0as KomnemeHyut
npenodabamenesi urxeneprvix gaxysvmemol, obecnewubarowemy, coombemcmbenro, o0ny u3
npednocviaok Kauecmbennozo unkeneprozo obpasobanus 6 yeaom. Ocrobononazarouue bonpocu.
purocogpuu urxenepHol nedazozuru A6AAIOMCA AHAIUMUECKOU OCHOBOTL 025 3ghhexmubrozo naa-
Hupobanusn u darvrenuiezo pasbumus kypca npu ycaobun 06ocnobarmvix peuweruil, npedcmabaennvix
6 smoui cmamwe. B cmamve o6¢yxdaromes dudaxmuueckasn newmazpanma u 6a306as oudaxmuuecxas
Mo0env unxeneprou nedazozuru. Audaxmuneckan nenmazpamma unxenepro nedazozuxu sbasem-
cs ocHobott 6a306vix nedazozumeckux Kommemenyutl npenodabamenrer unKeHepHvix aiyrvmemos
Hapady co cheyuarvHbimu Kommemenyuamu, obecnewubarouumu sgppexmubroe npenodabarue un-
Keneprvix cneyuarvrocmen. bazobaa dudaxmuueckan modeav unkenepron nedazozuxu caedyem
npuryunam umepamubrozo npoyecca, 26aaacv yHubepcarvroim uncmpymenmon 0as paspabomxu
y4eOHOU npozpamnmot, y1ebHOZ0 NAGHA, KYPCA UM AEKUUY C UEABIO IPPexmubrozo 0by1enus urKe-
Heprvim cneyuarvnocman. Pearusayus unmezpupobannoni wemvipéxxommonenmmno modeau oby4e-
HUAUHKEHEPHOU nedazozuie Kax 0cHOBvL 028 paspabomxuunmezpupobarrnozo kypca, yuumuvibaroweri
0cHoBHbie meopuu 06y4uerus, npedbapumervroie 3HaHUA U Xapaxmepucmuxu cmydenmob, — 00HO u3
npedbapumervrvix ycaobuii sppexmubrozo obyuenus u npednocvirra 015 gopmupobarus oxudae-
Mlx nedazozuneckux Kommemenuun npenodabameneti unxeneprvix gaxyavmemob. Iledazozunecrue
Komnemenyuu npenodabamenen npuobpemarom bcé boavuiee 3uanerue 6 oyenie xauecmba Bvicuiezo
unxeneprnozo obpasobanus. Cobpemennvii nodxod x npenodabarnuro npednorazaem ne moavko 06y-
ueHue Cmyo0eHmob uHKEHEPHVIM SHAHUAM U YMEHUAM 6 PAMKAX CHEUUaIbHOCIL, HO U pasbumue y
HUX HABLIKOB MEXHUECKOZ0, A0ZUMECKO20, MBOPHECKO20 U KPUMUIECKOZO MbIUAEHUS, 4 MAKKE Ha-
Bviob peusenus npobaem, cobmecmnozo 06yuernus, obueHus, Jocmuxenus yeHHocmer, noddepixxu



Cunepeus-2019 131

Dasbumus awunocmu, komopuie bce 6e3 uck mouenus umerom xkaoueboe snavenue. Haubonee sgppex-
mubHoU 0croB0t 025 nedazozuueckozo Henpepvibrozo 00pasobarnus npenodabameneli unxenepHvix
axyrvmemol abasemcs unxenepras nedazozura — HayKa, Komopas npedrazaem nodxodsuue u
axmyanvrvie Oudaxmueckue modeau 045 3ppexmubrozo naanupobarus, obyuenus, a maisie 05
KOMNAEKCHOZO , UHMezpupoBarnozo Ousaiina Kypca, 0CHOBANHOZ0 HA OCOSHAHHDIX PEULEHURX , AHATU-
muxe 06yuenus, pepaekcun u Memano3HaHuu.

Karouebuie caoba: unxeneprnas nedazozuxa, nenpepoibroe nedazozunecxoe obpaszobanue, ne-
dazozuneckue Komnemenyuu npenodabamens, dudaxmuuecias nodeav, unmezpupobannas wemot-
péxxommnonenmmas modeav 0byuenus, paspabomxa yueonou npozpammot, dudaxmuuecxkas newma-
zpamma, Judaxmuueckas modeav unixenepro nedazozuxu
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