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Preface

This volume of proceedings from the conference provides an opportunity for readers to
engage with a selection of refereed papers that were presented during the International
Conference on New Music Concepts, Inspired Education and New Computer Science
Generation. The reader will sample here reports of research on topics ranging from a
diverse set of disciplines, including mathematical models in music, computer science,
learning and conceptual change; teaching strategies, e-learning and innovative learning,
neuroscience, engineering and machine learning.

This conference intended to provide a platform for those researchers in music, education,
computer science and educational technology to share experiences of effectively apply-
ing cutting-edge technologies to learning and to further spark brightening prospects. It
is hoped that the findings of each work presented at the conference have enlightened
relevant researchers or education practitioners to create more effective learning environ-
ments.

This year we received 57 papers from 19 countries worldwide. After a rigorous review
process, 24 paper were accepted for presentation or poster display at the conference,
yelling an acceptance rate of 42%. All the submissions were reviewed on the basis of
their significance, novelty, technical quality, and practical impact.

The Conferece featured three keynote speakers: Prof. Giuditta Alessandrini (Universita
degli Studi Roma TRE, Italy), Prof. Renee Timmers (The University of Sheffield, UK)
and Prof. Axel Roebel (IRCAM Paris, France).

I would like to thank the Organizing Committee for their efforts and time spent to ensure
the success of the conference. I would also like to express my gratitude to the program
Committee members for their timely and helpful reviews. Last but not least, I would like
to thank all the authors for they contribution in maintaining a high-quality conference
and I hope in your continued support in playing a significant role in the Innovative Tech-
nologies and Learning community in the future.

March 2020 Mi)(\:/hegg:Z Della V\?Tm{
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Contextual Model Centered Higher Education Course
and Research Project in the Cloud

Laszl6 Horvath

Doctoral School of Applied Informatics and Applied Mathematics and Institute of Applied
Mathematics, Obuda University, Budapest, Hungary
horvath.laszlo@nik.uni-obuda.hu

Abstract. This paper introduces theoretical, methodological, and systemics back-
ground of a novel project to introduce system level, knowledge intensive, auton-
omous, contextually active object models in university courses and research pro-
jects. This project applies world level modeling platform as classroom and virtual
laboratory environment in the cloud. Thematically configured model system is in
the center of course program and student research project in a fully virtual envi-
ronment. Change for model system is motivated and enforced by change of in-
dustry towards system based autonomous products and facilitated by industrially
proven and knowledge and research-intensive modeling platforms which are ac-
cessed in cloud. Beyond introduction of leading computer methodology, technol-
ogy and tools in university processes, purposes of the project include accommo-
dating the recent trend to integrate theory and practice in the same model system.
The work for the project is based on two decades widely published research in
model system-based teaching and student learning. To provide world level pro-
fessional modeling environment, the laboratory joined to the 3DEXPERIENCE
platform for Academia on the Cloud program of Dassault Systémes. The project
includes analyses to reveal possibilities to apply results at areas other than engi-
neering. Main issues in this paper are impact of the relevant development in in-
dustry on university processes, purpose, preliminaries and background of the
work, model centered course and PhD research, and implementation in modeling
platform.

Keywords. Autonomous model centered university processes, teaching and stu-
dent research in cloud environment, model system for university course and PhD
research project, virtual research laboratory.

1 Introduction
Everyone can see the dramatic change in engineering technology resulted by recent

achievements such as cyber physical system (CPS), virtual engineering space, theoreti-
cally grounded and experience proven model of engineering achievement, contextually
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connected computer representation of object structures, and situation driven smart sys-
tem in industry. New paradigm is the basis of a great advancement in which product
and factory for its production are increasingly considered as CPS in industry [1, 11].
Smart methodology and systemics in engineering facilitate integration of recent
achievements in information and communication technology (ICT) [2].

Response of higher education to the changes must be of high priority, not solely in en-
gineering. In this way, first new thinking must be adapted at university processes to
accommodate new achievements in university processes. Essential changes are needed
in methodology and technical background of teaching and student research. Integration
of formerly separated solutions into systems and autonomous operation of these systems
enforce nesting teaching and research content in integrated solutions. Conventional
teaching and learning methods, materials and laboratory environments are not suitable
for using at the teaching and research content in the new age of cooperating systems,
wide area contextual object structures, and autonomous equipment. It is obvious that
future university courses and PhD research projects increasingly need autonomously
operating models when all required contexts are included in chains. Missing context for
any important relationship may result not proper reaction of model system. Moreover,
contexts are frequently changed and rearranged during the life cycle of modeled objects.
Higher education course and student project here act as objects to be modeled.
Important concept is virtual engineering space (VES) [10]. VES is organized computer
representation of a contextual segment of the physical world. Key part of essential meth-
odology for a VES comes from systems engineering (SE) [11]. Other related emerging
area is biologically inspired engineering which researches engineering solutions based
on observations in nature [13]. Fortunately, new principles, methodologies and
systemics are integrated in computer model and modeling solutions to fulfill the above
new requirements against industrial engineering. Knowledge intensive and research
eligible modeling systems are available as very complex software platforms offering
tools which also can be utilized at higher education processes to be able to cope with
the new requirements. Work in this paper assumes availability of suitable modeling
platform. In this way, this paper introduces a research to prepare application of
industrial professional modeling platform at university processes. First, main recent
changes in engineering technology, their impact on university processes, and essential
idea of the proposed model centered teaching and research methodology are discussed.
Following this, purpose, preliminaries and background of the reported research are ex-
plained. The subsequent section of the paper outlines the proposed model centered
higher education course and PhD research project scenarios. Finally, implementation of
research results in professional modeling platform laboratory environment is intro-
duced.

2 Changed Industrial Technology and its Impact on University
Processes

Current engineering related university processes, teaching content and programs, and
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research projects behind them still often are based on industrial technology which is on
the level of end of the past century. However, well proven conventional methods, teach-
ing materials and practice together with joint programs with industrial companies may
be outdated soon as result of the current transformation of the industry. Changes are
mainly in integration of processes and operations into computer-controlled systems, de-
velopment of conventionally controlled equipment towards CPS, integration of engi-
neering knowledge and processes into lifecycle applied complex model systems, and
development of smart products with increasingly autonomous features. Another essen-
tial change is in interactions between equipment and human. Equipment is situation
controlled by numerous cooperating systems. Humans who operates this equipment
must be aware of actual situation to intervene work of systems in case of malfunction
of highly automated autonomous equipment.

Essential trend is integration of everything in networked computer system, mainly in
high level actual knowledge dependent organizations as universities. Any connected
human can worldwide access publications, knowledge, office affairs, stores, etc. Access
conventional and not efficient knowledge and information sources required long time,
work, and expenses till recent years. Today access takes only minutes using the complex
info-communication device which is in the pocket of all students. The key word of
knowledge communication is stay connected! The connected sites and accessible con-
tent are increasingly active. The long era of passive documents will be ended soon. By
now, the cloud technology has become essential for geographic independent access of
university course and research content.

Dramatic changes make the stay connected style essential for universities among others
because of wide spread of intelligent and smart systems in engineering. Autonomously
working model systems with consistent outside and inside context structures serve en-
gineering processes from the first idea to recycling including research and other stages
of the innovation. Universities which are involved in different levels of engineer edu-
cation must cope with this new situation. Other challenge is that the above model system
is developed in group collaboration with participation by systems engineers, infor-
mation engineers, modeling and simulation experts, mathematicians, physicians, and
experts from relevant areas of engineering depending of the multidisciplinary charac-
teristic of systems in product under development.

The above changed situation revealed strong need for advanced model-based university
laboratories which can serve university courses and research activities. Relevant publi-
cations emphasize importance of university laboratories in virtual to utilize new infor-
mation technology [3], high level expertise to enhance engineering related education
[4] and learning sciences to theoretical and empirical support of research in engineering
education [5]. Laboratory of Intelligent Engineering Systems at Obuda University joined
to efforts to establish multipurpose virtual research laboratory (VRL, [9]).

3  Purpose, Preliminaries and Background
Obuda University (OU) places emphasis to theoretically grounded practice orientation at

teaching and student research processes in engineering. This emphasis is the same as that
is prevailing in professional lifecycle modeling of smart products at leading industries.
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Moreover, developers of smart products are enforced to include fundamental, problem
solving, and product related research activities in engineering modeling practice. As a re-
sult, advanced industrial modeling platforms offer suitable capabilities for research. Mo-
tivated by these platforms and the virtual technology realized in them, Laboratory of In-
telligent Engineering Systems at OU recently started a program to establish model cen-
tered teaching and student research processes using latest knowledge and research eligible
industrial modeling technology and platform.

In this paper, the main objectives of the reported research are developing methodologies
for the integration of active knowledge in model system for thematic units of course pro-
gram and organizing student research project around purposeful experimental model. Task
specific course and experimental model systems are developed and configured to accom-
modate teaching competences and research results. Models, simulations, systems, proce-
dures, mathematical functions and other applied informatics, mathematics and physics re-
search results are placed in proper context then tested, analyzed, and verified using model
system in accordance with experiment plan.

The platform environment which is applied at model centered higher education processes
is introduced in Fig. 1 in connection with smart CPS. The whole scenario in Fig. 1 is full
contextual. This means that models and other cyber units have contexts as representation
of all active inside and outside connections. In this way, any context change results auto-
matic update of all related object parameters in the actual model system. Context and the
knowledge represented in it are always actually active. This method is well proven in pro-
fessional modeling platforms and supposed as capability available at model-based univer-
sity activities.

Contexts for active connections with outside systems have outstanding importance be-
cause they control both model in platform and smart CPS. Driving direction of context in
each block connection is represented by arrows in Fig. 1. Modeling platform consists of
management, cloud services, APPs, and multilevel model. Management activities are for
modeling capabilities, human roles with given set of accessible capabilities, projects to
organize group of participants, and assigning roles for participants. Multilevel model
serves engineering activities for the lifecycle of smart CPS. Organized intellectual content
(IC) drives requirements against CPS. IC is available in outside systems and/or collected
inside of multilevel model. Requirements drive system level CPS components on system
levels of multilevel model. System levels are for functional and logical component struc-
tures of CPS [4, 14]. This type of system level modeling comes from systems engineering
(SE). It is well proven in the recent professional product modeling practice [5] and it is
also applied at research and higher education activities by the Laboratory of Intelligent
Engineering Systems for several years.

Physically operating smart CPS cannot be omitted in the scenario of Fig. 1 because one
of the key research issues is connection of virtual CPS with physically operating CPS.
This research is one of the preliminaries of research for this paper [6]. Key concept of
smart CPS is automatic situation recognition which applies models, contexts from outside,
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and actual sensor information abut real parameters of physical units. Recognized situation
drives autonomous decision making on control of physical units. In case of malfunction
of smart CPS caused by system generated erroneous situation, human recognized correct
situation is critical often in time pressure. Situation awareness is key issue in model cen-
tered teaching and PhD research methodology.

Contexts for active connections Modeling platform

with outside systems -
t | Apps | | Cloud services |
| Decision | | Models | -
i i Capabilities | Intellectual content |
Situation l

Control recognition | Human roles | | Requirements |

Physicalunits Projects | | System

Smart cyber-physical system /J Participants | | Physical |

Human intervention surface

r/ Management Multilevel model

Fig. 1. Modeling platform driven smart cyber physical system.

Preliminary relevant research results were published in model mediated higher educa-
tion course [7], in model mediated university course in engineering [8], in laboratory in
cloud for model systems of system-based engineering structures [9], and in virtual re-
search laboratory for smart engineering in the cloud [10].

4 Model Centered Higher Education Course and PhD Research
Project

Increasing complexity, system level development, deep knowledge, bionics, and other
advanced features of industrial products enforced engineering practice to accommodate
best object modeling, intelligent computing, applied mathematics, cloud computing,
and other latest achievements. Conventional engineering methods including entry level
modeling and application of passive documents cannot provide suitable media for com-
munication and representation purposes anymore. New media complex is introduced in
the form of full contextual, generic, self-adaptive multilevel model system for any com-
plex engineering achievement. The main objective of the research in this paper is to
analyze, establish, and implement the same in the form of model centered higher edu-
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cation processes. As it was discussed above in this paper, model centered higher educa-
tion is proposed to apply the same theoretical, methodological, and systemics back-
ground which is researched, developed and implemented for leading industries during
the past four decades. The main essence of model centered higher education and PhD
research processes is explained below in Fig. 2. and Fig. 3, respectively.

Fig. 2 outlines activities on course model system. It also lists special participant roles
because any activity is human role dependent. One of the main features of a modeling
platform is the high configurability which is essential for model based higher education
processes. Although a modeling platform product includes a choice of roles with mod-
eling capabilities assigned to them, task specific roles can be configured and defined.
Main task in case of a model centered course is development of structured content for
teaching within a purpose-built model system. Main challenge is to provide any com-
munication between participants strictly through model system which generates re-
sponse for any interaction using previously defined active content.

In a conventional course, material consists of passive documents. Teacher explains top-
ics using documents and assesses student performance using oral interviews and written
documents. In model centered course, passive documents are replaced by active model
system. Depending on the level of the realized abstraction, theory, methodology, object
background, and engineering practice are represented in the model. High level modeling
practice must be applied together with rich active knowledge content at the development
of model system during the lifecycle of a course. As preliminary of the research reported
in this paper, Laboratory of Intelligent Engineering Systems has been engaged in prob-
lem reveal, conceptual, and case study analysis research in model centered university
course for six years [6-9].

Model system for a group of competences in a university course is developed in the
course of definition of objects, contextual connections between object parameters, and
representations. Beyond its development and management, course model system serves
university activities such as presentation using active model to explain given thematical
elements, supervision and assessment of student work for tests and assignments, and
individual or group study of existing active course model system.

Model centered course is included in modeling platform installation where task specific
user defined roles are required for participants with specific responsibilities. Course
developer uses modeling to build course for its lifecycle. Lifecycle starts from decision
on the course and ends with its last use. Course activities are tracked and checked by
participants with supervisor role. As normal in classical courses, lecturer conducts
course as well as assesses tests, coursework, and assignments. Student roles authorize
participants for passive studying of active model with no contribution allowed, for tests
where student is active under inspection of model assessing knowledge and skill using
response of course model. Finally, model developer is active student who works on
assignment or degree work.
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Activities on course model system Specific participant roles

Development of structured content for h ">| Course developer |
teaching *,
i ‘lﬂ-->| Course activitiessupervisor |
Model system Definitionof | [\
fora group of objects, ™ J Course conducting lecturer |
. les| parameters, !
competencesin contexts, and "
. . i W 4 Student assessment lecturer
a university representations |7

~l

14
course I ___'.'_‘..‘(,I Model studying passive student |
i Management of H
e ~” course model O

Studying |<” Fa Model inspected active student |
course Presentation, supervisionand |/ '

model assessment of course model :’ 1 Model developer active student |
system system

! !

Participant interaction surface |

Fig. 2. Model centered higher education course.

Fig. 3 shows model centered research work by students for PhD degree and other stu-
dent research. This also may be high level realization of project-based teaching and
learning. Activities on experimental model system and the relevant roles are purposeful
and different from ones with model centered course. An interesting issue for the future
is mixed application of the two areas using specific connecting contexts.

Virtual research laboratory (VRL, [9]) was inspired by replacing conventional labora-
tory arrangement by full virtual arrangement. During development history of laborato-
ries, mechanical units were extended by electric, electronic, measuring, and computer
units. VRL is considered as XXI. century solution for university laboratory to cope with
the dramatically changed tasks in engineering and other education.

Development of experimental model system for a research project is twofold. Research
result purposed components (segments) of model system are developed by students who
work on PhD or another project. On the other hand, virtual laboratory offers modeling
tools as assistance to elaborate research tool purposed model components of the exper-
imental model system in which the research result components are contextually placed.
Development of model system for research includes definition of objects, parameter
contexts, and representations similarly to the case of model system for course.
Research specific activities are experiments according to plan and thesis recognition
based on models and experiment results. Modeling platform to be installed in the labor-
atory system of the VRL at the Laboratory of Intelligent Engineering Systems includes
numerous representations, analyses, simulations, communication surfaces for outside
solvers, and experiment planner as research related software service in the cloud.
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Specific participant roles for research (Fig. 3) start with researcher student and research
supervisor who do the same as in case of a conventionally operated doctoral school but
in a potentially enhanced level using changed methodological and technical environ-
ment. Research tools developer prepares model system environment for research result
to represent, analyze, simulate, and evaluate it. Industrial, modeling, and analyzer ad-
visers provide outside professional support for research. Doctoral process supervisor
follows and evaluates the progress of the doctoral research project considering
applicable laws and regulations.

Activities on experimental model system

Development of experimental model - —
Specific participant roles

Researchresult le|.  Researchtools Mt htools devel
purposed components pﬁFﬁosedqqmponents Research tools developer |

w i —=J.
R -
.

Defin ition of

W2

Researcher student |

.

Experimental object‘sy/', ’ ‘| Research supervisor |
model system [« Parameterso| L
coptéxts, ad % Industrial adviser |
foraresearch _representations ]
project K o i 7 ‘| Modeling adviser |
t /"’ Management of
Thesis [ -~ e efp,eﬂmental __,| Analyzer adviser |
recognition e model .}
Pre&epfétion, syperﬂf;ion and «’1 Doctoral process supervisor |
Experiments |/ assessmenfofresearchand | [’
accordingtoplan ::-" the model system

| Participant interaction surface |

Fig. 3. Model centered PhD research project.

S Issues at Implementation of Model Centered Higher Education

The reported research supposes full featured availability of world leading engineering
purposed modeling platform at the Laboratory of Intelligent Engineering Systems. At
planning stage of VRL it was concluded that installation, update, upgrade, operation
and service of the extremely complex platform need system and human related re-
sources which are impossible to provide for VRL in the premises of the university. The
solution was found as own system which is provided as service in professionally oper-
ated cloud. For that reason, the laboratory joined to the 3DEXPERIENCE platform for
Academia on the Cloud program of Dassault Systémes. This solution provides modeling
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platform in cloud with all the demanded capabilities for the VRL including APPs for
modeling (SaaS), platform for custom applications (PaaS), and infrastructure (IaaS).
Activities at research for PhD degree under control in the above modeling platform are
summarized in Fig. 4. Topic of PhD student research is one of the accredited topics at
the doctoral school. Students are enrolled in the usual way. VRL start is planned with
research project which are in research topics related with the laboratory modeling sys-
tem. Besides making own research in this system, these students build up the VES ini-
tially and prepare it for students work on other research topics. Doctoral School of Ap-
plied Informatics and Applied Mathematics (DSAIAM, OU) offers four accredited re-
search topics for this purpose [8].

Topic of PhD student research |

!

| Definition of research plan |

!

| Definition of experiments |

!

Definition of objects, their parameters, and contextual
connections between parameters

Researchtools Experiment Researchresult
purposed objects | | purposed objects | | purposed objects

!

Access APPS available for the role of participant (see Fig. 3).

!

Activate APPS carryingthe demanded modeling capabilities
for role-initiated modeling activities

!

Virtual (model) spaces in the lifecycle continuous
engineered model system of research project

Fig. 4. Research for PhD degree under the scope and management of professional modeling platform.

Next tasks are definition of research plan and elaboration of plan of experiments. These
serve research in VRL specific configuration. Future research is needed to find and
elaborate methodology which allows replacing the currently used passive documents by
active models. Requirements level modeling from system engineering (SE) is available
in the modeling platform for this purpose.

Definition of the required model objects, contextual connections between object param-
eters and research specific represented procedures are done. Objects represent and de-
scribe developing set of research results during the lifecycle of a project. Other objects
serve as research tools in the modeling environment of research in the experimental

194



model system. Experiment purposed objects are also included for experiment plan, vir-
tual execution of model, organized structures of simulations, etc. Object classes are in-
itially available and are defined by participants in the platform

Access to APPS is critical to ensure modeling capabilities as it is allowed for assigned
roles of participant. On the other side, role-controlled access to APPS prevents unau-
thorized activities on any experimental model system. This is increasingly important in
case of group work on a research project [16]. Model system consists of virtual (model)
spaces. Continuous engineering methodology [15] serves safe modification of model
system at its any point with organized propagation of modification throughout the whole
model system and its related environment along chains of contextual connections. PhD
research can utilize this recent methodology in software and modeling technology.

6 Conclusions and Future Research

Recently implemented new scientific and technological developments in industrial
technologies dramatically changed thinking, curriculum, research, teaching content, and
methodology in higher education for engineering and other areas. Industrial engineering
and equipment control activities are moving into cloud computer systems where ad-
vanced smart model system provides lifecycle activities for an achievement such as
product, experimental equipment, prototype, artistic configuration, etc. Change for con-
struction of these new achievements using collaborating systems thoroughly transforms
engineering activities in these days and has great impact on higher education processes.
The main concept in this paper is moving course and research activities into purposeful
model systems and developing and maintaining these model systems in professional
modeling platform available as program product service in professionally managed
cloud. Change for the modeling proposed in this paper is advantageous at handling of
knowledge, at active knowledge based response of model system, at integrated theoret-
ical and experience based teaching and PhD research, and at active model supported
assessment, and updating and upgrading of teaching and research content.

In addition to future research issues above this paper, future work is planned to provide
continuous development of VRL regarding system related achievements, algorithms,
procedures, intelligent computing methods, object structures, and context connected
knowledge representations.
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