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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.

Keywords: Engineering Pedagogy Science, continuing pedagogical education for faculty, didac-
tic model, effective teaching engineering, integrated quadruple instructional model, pedagogical 
competencies, course design

Cite as: Rüütmann, T. (2019). Engineering Pedagogy as the Basis for Effective Teaching Com-
petencies of Engineering Faculty. Vysshee obrazovanie v Rossii = Higher Education in Russia.  
Vol. 28, no. 12, pp. 123-131. (In Russ., abstract in Eng.)

DOI: https://doi.org/10.31992/0869-3617-2019-28-12-123-131

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:

•  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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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. Rüütmann [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.);

•  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;
•  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 – 

Fig. 1. Didactic Pentagram of EPS [5]
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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]:

•  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;

•  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;

•  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;

•  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. Rüütmann [5] (see Fig. 2).

The basic Didactic Model of EPS follows the 
principles of an iterative process, being an ef-

Fig. 2. The Basic Didactic Model of EPS [5]
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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:

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

•  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. Rüütmann [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.

•  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, 

* Engineering Pedagogy Science
Fig. 3. Integrated Quadruple Instructional Model of EPS
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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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Инженерная педагогика как основа эффективных педагогических  
компетенций преподавателей инженерных факультетов

Рюютманн Тийа – доктор философии по педагогике, доцент, заведующая Центром Эстон-
ской инженерной педагогики. E-mail: tiia.ruutmann@taltech.ee
Таллиннский Технический Университет, Таллинн, Эстония 
Адрес: Эхитаяте тээ 5, 19086, Таллинн, Эстония

Аннотация . В данной статье представлены философия и основы инженерной педагогики. 
Они рассматриваются как ключ к научно обоснованному, эффективному, интерактивному 
и мотивирующему обучению инженерным наукам, формирующему основу для компетенций 
преподавателей инженерных факультетов, обеспечивающему, соответственно, одну из 
предпосылок качественного инженерного образования в целом. Основополагающие вопросы 
философии инженерной педагогики являются аналитической основой для эффективного пла-
нирования и дальнейшего развития курса при условии обоснованных решений, представленных 
в этой статье. В статье обсуждаются дидактическая пентаграмма и базовая дидактическая 
модель инженерной педагогики. Дидактическая пентаграмма инженерной педагогики являет-
ся основой базовых педагогических компетенций преподавателей инженерных факультетов 
наряду со специальными компетенциями, обеспечивающими эффективное преподавание ин-
женерных специальностей. Базовая дидактическая модель инженерной педагогики следует 
принципам итеративного процесса, являясь универсальным инструментом для разработки 
учебной программы, учебного плана, курса или лекции с целью эффективного обучения инже-
нерным специальностям. Реализация интегрированной четырёхкомпонентной модели обуче-
ния инженерной педагогике как основы для разработки интегрированного курса, учитывающей 
основные теории обучения, предварительные знания и характеристики студентов, – одно из 
предварительных условий эффективного обучения и предпосылка для формирования ожидае-
мых педагогических компетенций преподавателей инженерных факультетов. Педагогические 
компетенции преподавателей приобретают всё большее значение в оценке качества высшего 
инженерного образования. Современный подход к преподаванию предполагает не только обу- 
чение студентов инженерным знаниям и умениям в рамках специальности, но и развитие у 
них навыков технического, логического, творческого и критического мышления, а также на-
выков решения проблем, совместного обучения, общения, достижения ценностей, поддержки 
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развития личности, которые все без исключения имеют ключевое значение. Наиболее эффек-
тивной основой для педагогического непрерывного образования преподавателей инженерных 
факультетов является инженерная педагогика – наука, которая предлагает подходящие и 
актуальные дидактические модели для эффективного планирования, обучения, а также для 
комплексного, интегрированного дизайна курса, основанного на осознанных решениях, анали-
тике обучения, рефлексии и метапознании.

Ключевые слова: инженерная педагогика, непрерывное педагогическое образование, пе-
дагогические компетенции преподавателя, дидактическая модель, интегрированная четы-
рёхкомпонентная модель обучения, разработка учебной программы, дидактическая пента-
грамма, дидактическая модель инженерной педагогики
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