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WH)KEHEPHUSI U IUJAKTUKA: MHTETPATUBHBII OIXO0/1
ENGINEERING AND DIDACTICS: BLENDED APPROACH

AHHoTanus. B 1aHHOM Mccne0BaHUN IETabHO U3Y4YaeTCsl B3aHMOCBSI3b HHKSHEPHU
U TUJAKTHKH C EJbI0 OCMBICIEHHS! KOHCTPYKIMU JUIAKTHYECKOH MHKEHEPUH KaK NPUMEeHe-
HHS HHXKCHEPHOU METOMOIOIUH K W3YYCHHIO IIPeroAaBaHus U o0ydeHus. KiroueBble TepMu-
HbI (HanpuMep, MH)KEHEepHsl, TUJaKTHKA, MH)KCHEPHOE NPOSKTUPOBAHHE U MH)KEHEpHAs Ju-
JIAKTHKA) aHAIU3HPYIOTCS UL IPOBEPKU HOBOM KOHCTpYKIMU. IIpenMerHas o6nacTh auiak-
THYECKON MH)KEHEPHU ONPEeNseTCsl KaKk MPOSKTUPOBAHUE M MOCTPOCHUE OPUEHTUPOBAHHBIX
Ha pe3ynbTaT 00y4alolUX MPOAYKTOB IyTeM MPHMEHCHHS HaydHOTO METOJa M IPOEKTHOIO
MBIIUICHHS K aHAJIM3Y AWAAKTUYECKUX CUCTEM, MPOLECCOB U CUTYAlUit 11t co3nanus 3 hek-
TUBHOH y4eOHoU cpeabl. Taxke 00CyXIaeTcs MECTO AUAAKTHUECKOH MHKEHEPHUHU B 1ICTIOYKE
CMEXHBIX OHATHH, a TAKXKE BIUSHIE HOBOU CTPOUTEIBHON MEPEONpeeIIOMIeH TUIaKTHKN.

Abstract. In this proposal, relationship between engineering and didactics is closely
examined in order to conceptualize the construct of didactical engineering as an application of
engineering methodology to studying of teaching and learning. Key terms (e.g., engineering,
didactics, engineering design, and engineering didactics) are analyzed to validate the new
construct. Subject domain of the didactical engineering is determined as design and construc-
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tion of outcome-oriented teaching products via application of a scientific method and design
thinking to the analysis of didactical systems, processes and situations for creating effective
learning environments. The place of didactical engineering in the chain of related concepts as
well as an impact of the new construct on redefining didactics is also discussed.

KiroueBble ¢J10Ba: MHXCHEPHAS TUIAKTHKA, TUAAKTHICCKAS HHXKECHEPHS, IPOCKTHOE
MBIIICHHE, OPUCHTHPOBAHHAs Ha PE3yJIbTaT JHIaKTHKA.

Keywords: engineering didactics, didactical engineering, design thinking, outcome-
oriented didactics.

1. Introduction

Raising demands in digital age require interdisciplinary approaches to
face challenges of intensive implementation of information and communication
technologies (ICT) in higher education [13]. This paper examines potential ben-
efits of interdisciplinary integration of engineering and didactics to address
problems of designing effective learning environments. The blended construct of
didactical engineering is considered as one of the innovative approaches to study
and design effective teaching and learning [1, 4, 10, 11].

In order to unpack the meaning of didactical engineering, in Section 11 we
provide definitions of key components of the new construct: engineering, didac-
tics, and engineering didactics. Section III reviews prior research in didactical
engineering and establishes its subject domain. Section IV describes relationship
of didactical engineering to other related constructs such as teaching philosophy,
learning theory, and teaching practice.

II. Engineering, didactics, and engineering didactics

According to Blocklye [2], “Engineering is, in its most general sense,
turning an idea into a reality — creating and using tools to accomplish a task or
fulfill a purpose” (p. 1). Analysis and design are the most important components
of engineering. Moreover, “design is widely considered to be central or distin-
guishing activity of engineering” [5, p. 103]. On the other hand, design "not only
reflects the activities of designers, architects and other professional engineers,
but also economists, legislators, administrators, journalists, scientists, ..." [7, p.
23]. Consequently, engineering as a human activity may be applicable to various
professions and it involves analysis, design, construction, and quality control of
objects and processes for practical purposes.

Historically, didactics was considered, primarily, as an art of teaching. In
traditional textbooks, didactics is defined as a theory and practice of teaching
and learning. More specifically, didactics addresses issues related to analysis of
learning objectives, content and curriculum development, selection of instruc-
tional methods and techniques, and construction of assessment for the purpose
of designing effective teaching and learning environments [11, 12]. Didactics is
a discipline that extensively uses findings from research in the fields of learning
theory and learning sciences [3].

Recently, term engineering/ design pedagogy is articulated among schol-
ars [5, 8] to refer to a specific pedagogical model such as problem-based learn-
ing in engineering education. We propose to use a term engineering didactics, in
a broader sense, as an application of didactical theory (e.g., theory of teaching
and learning) to engineering education.
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III. Didactical engineering

Didactics is an evolving field that expands its theory based on linking re-
search and teaching [10]. To address challenges and complexities of learning
and teaching in digital age with intensive use of information and communication
technologies, scholars look for innovative solutions. One of the solutions is
grounded on the application of engineering methodology in studying of teaching
and learning. It is called didactical engineering.

The construct of didactical engineering is a relatively new in modern ped-
agogy. First attempts to implement an engineering approach into didactics took
place in early 90-s [1, 4]. Douady [4] defined didactical engineering activity as a
series of teacher-engineer’s didactical actions to construct teaching products and
implement learning projects with a group of students in order to achieve certain
learning outcomes. Ruthven [10], on the other hand, emphasizes its replicability
feature and believes that didactical engineering focuses on the "precise design”
of the learning process, which later could be reproduced at another "point in
time and space” under the same predetermined conditions. Interpretation of di-
dactical engineering by Ruthven has much in common with the definition of
pedagogical technology — outcome-oriented didactics [11].

Analysis and design of learning technologies are key objectives of didacti-
cal engineering. Therefore, didactical engineering aims at using scientific method
in pedagogical design and fosters the development of instructors’ analytic skills
and design thinking [5, 9] in conducting macro and micro analysis of didactical
systems, processes and situations. Accordingly, didactical engineering has it is
own subject domain that is characterized by the following main parameters:

- study, design and construction of outcome-oriented teaching products
(e.g., learning technologies);

— application of a scientific method and design thinking into the analysis
of didactical systems, processes and situations in order to create effective learn-
ing environments.

Didactical engineering has a dual nature: it is both a product and a process
of an educational design activity. It is a product of didactical analysis and design
as well as a process of applying an engineered teaching product into the learning
environment. Thus, as an instructional activity, didactical engineering can be de-
fined as a series of steps in analyzing, designing, and constructing of teaching
products and their use in the instructional process in order to achieve desired
learning outcomes [12].

IV. Didactical engineering and related constructs

While introducing new construct, it is useful to define its place among
similar construct. To this end, let us consider the relationship between the key
categories of learning and teaching chain: teaching philosophy - learning theory
- didactical engineering - teaching practice. Teaching philosophy is a belief sys-
tem about effective learning and teaching, about the role of a teacher in student
learning. The teaching philosophy may reflect different aspects of the phenome-
non of learning: its ontology, epistemology, logic, and aesthetics. Teaching phi-
losophy may be informed by learning theories; at the same time it could serve as
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a tool for selecting a learning theory that best fit the teaching philosophy. Learn-
ing theory is a system of ideas that provides a holistic view of the nature and
patterns of learning. The application of learning theory to design of outcome-
oriented learning technologies is the essence of didactical engineering. Imple-
mentation of the teaching products designed by using the didactical engineering
approach takes place in teaching practice. The teaching practice is a purposeful
activity of the teacher and students to achieve the desired learning outcomes. Fi-
nally, technological innovations are constantly provoking a paradigm shift in
teaching and learning that, in turn, influences the teaching philosophy.

The new construct also provokes rethinking of traditional definition of di-
dactics which is limited to theory and practice of teaching and learning. In a dig-
ital era with emphasis on interdisciplinary approach, didactics encompasses sci-
entific method and engineering methodology to design effective learning envi-
ronments. Therefore, didactics could be reconsidered as science, engineering,
and art of teaching and learning with emphasis on designing outcome-oriented
learning technologies [11, 12].
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