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Abstract

The new horizon for research & development in AEC is directed through an interdisciplinary design-thinking
approach. The design paradigms are not only as they were about form and function but now also about
efficiency, sustainability, productivity, desirability, feasibility, and viability in current day. As a result of this
approach, the term design innovation approves oneself. Correspondingly, emerging technologies such as
robotic fabrication & construction tools, self-fabrication & assembly, information and communication
technologies, computer science and related software technologies, enable the designers and engineers to push
the edges of their creativity, productivity and sensitivity upon global issues. The emergence of those new
technologies is defined as digitalism, and both academy and industry have almost totally adapted to this
digital-design thinking approach. Consequently, the smooth communication between machines, makers and
designers dominates the progression in architecture, science, technology and engineering. However, because
of this shift, a research gap has emerged between new academic research and classical industrial production
as theory and practice do not overlap anymore. For the adoption of this emergent holistic design-thinking
approaches; a new learning methodology has been introduced by the authors under the title of
‘Multidimensional Exploration Methodology.
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1. Introduction developments in the industry and adapt to the
contemporary world as active thinkers and future's
change-makers.

The method has three principal variables, such
as the student; as an object, the time; as an indicator,
and the knowledge flows rate; as the acquisition.
MDEM is a combination of various classical and
modern learning approaches that augments
creativity and design skills, and creating a more
responsible manner as well as constantly

The Multidimensional Exploration Methodology
(MDEM) is a holistic learning approach based on
spiral progress loops of design-thinking and
experimentation. The main objective of the
methodology is to augment the creativity,
productivity and learning efficiency thanks to
cognitive learning styles and self-challenges that
trigger design-driven innovation. This method
helps the learner to align with the recent
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challenging the learner with developing new skills,
following technological updates and considering
global issues.

In this paper, an adaptation of the
Multidimensional Exploration Methodology in
education to professional practices in the
Architecture — Engineering — Construction (AEC)
industry is explained by a conceptual compass -
diagram. The alternation from digital design-
thinking  education  through  design-driven
innovation and related production practices is also
discussed. The aim of this work is to fill the gap
between academy and industry by the usage of this
methodology, generating design driven innovations
that could potentially expedite the progression on
the way of sustainable development, innovative
results, generation of new knowledge, and
environmental conscious design.

2. Multidimensional exploration methodology

“Academic knowledge always needs to take earlier
knowledge into consideration, and to build upon a
similar epistemology... From an academic
perspective, this plurality in discourses within
designedly ways of thinking is not a sign of
weakness but rather a sign of maturity” [1]. The
Multidimensional ~ Exploration ~ Methodology
applied in academy, empowers the learner with
self-challenges on the way of creation of new
information and it is completely solution oriented.
Throughout the learning loop, the learner seeks an
applicable solution for an existing problem with a
designedly-way. This approach is completely
interdisciplinary, so that the learner must get out of
the comfort-zone of a single discipline and
investigate and interpret the answers in various
other fields for a specific question.

The method is based on various learning
methods such as Cognitive Learning Theory [2-3],
Kolb’s’ Experiential Learning Methodology [4-5]
and Design Science Research Methodology [6-7].
Our learning methodology is developed based on
aforementioned learning techniques and finally
adapted to the Challenge-Based Learning theory.
‘Challenge-Based  Learning (CBL) is a
collaborative learning experience in which teachers

and students work together to learn about
compelling issues, propose solutions to real
problems, and take an action. The approach asks
students to reflect on their learning and the impact
of their actions and publish their solutions to a
worldwide audience’ [8-9].

The main objective of the new hybrid learning
method is to rebuild the cognitive activities of the
learner aligned with the new generation
architectural design requirements. This method has
four main phases within a spiral loop:
= |dentification of Objectives
= Performing Risk Analysis
= Developing and Testing
» Review and Evaluation.

This method empowers and inspires the student
by their own learning style [10-12] depending on
their background, personal life experience,
previous knowledge and cognition. “Learning
strategies, on the other hand, involve conscious
choices about how a learner aims to handle how
they will behave in a certain learning situation” [13-
14]. Relatively, MDEM encourages the learner to
concentrate deeply on introspection on the initial
stage of learning and design. So that the students
intentionally start the design thinking by the
previous knowledge and within the scope of their
pre-constructed cognition and personal abilities
[15]. As, “students are mostly expected to create
without a given method as they are to develop their
own; the general fallback is that a high ratio of
students lacks confidence upon feeling unable or
not gifted” [16]; within this methodology, student
feels comfortable of choosing the unconditioned
way of doing things. As a matter of using cognitive
methods, the learner feels more comfortable,
motivated and inspired during the very beginning of
the project. Especially, concerning digital-design
thinking approaches effects of cognitive learning
styles of design students are significant [17].

The main contribution of this methodology is to
lead the learner to generate knowledge rather than
the teacher teaching it in a classical way. Students
develop a project during the course, but most
important outcome is never the end-result, on the
contrary, it is the learning process gains thanks to
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the challenge-based learning. This is the reason
why, this method is developed as a spiral graph, so
that the learner repeats the process until the required
results are achieved and the learner is satisfied.

In Fig. 1, the spiral graph that describes the
methodology can be seen. The spiral model is
crucial on this method because of the inclusion of
risk analyzed learning loops, creating a self-
evaluation and exploration process until cognitive
activities are transformed into new knowledge.
Moreover, thanks to the spiral different phases, the
knowledge is not learned from a unique source, yet,

thanks to the experiential learning techniques, the
learner generates it as is progresses down the design
path.

“Design thinking has gained notoriety across
various disciplines because its tools and methods
are often associated with innovation” [18]. Even
though  the  Multidimensional  Exploration
Methodology is proposed and applied only to
academic learning and research practices so far, yet;
it has a great potential to be adapted to professional,
industrial and planning practices, such as in
industrialization, production and construction.
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3. Multidimensional exploration method: From
academy to industry

The alignment with the aforementioned new
architectural design understanding takes the
reference from cognitive background of the young
professionals.  Architecture, engineering and
construction students learn the new contexts and
up-to-date methods during the last part of their
university education. As a result of this translation
of knowledge from university to industry, the re-
generation of the cognition upon the requirements
of built environment depends on the learnt facts.
During the learning period in academy, the student
develops skills and generates knowledge by the
exploration method, which becomes an intrinsic
part of their knowhow and experience.

In Fig. 2, the shift of applied phases from
academic research to industrial practice is
described. The transition of the generated
knowledge from academy (research) to practice
(development), could be applied according to the
list shown in figure.

Since usually in the academic research the
outcomes of the project are mostly theoretical,
generally no real application is required. Theory to
application needs to be covered in the holistic
‘research and development” with prototyping
(production) practice. In the industry, the research
and development tend to be inseparable, as the
development can be based on real testing. By the
Multidimensional Exploration Method, prototyping
is included as one of learning phases, as it adds a
substantial contribution to the generation of
knowledge through learning by doing principles, as
well as it is used as a tool for upgrading the value
of the research projects.

ACADEMIC RESEARCH

Identification of the Problem
Introspection (Cognition & Thinking)
Design: Representation + Simulation
Prototyping (Application)

Testing and Interaction (Evaluation)
Discussion

Knowledge Generation

Loop: Repeat the process until the required goal is fulfilled.

‘The Design-thinking educational outcomes
ladder diagram’ [19-20] explains the journey of the
learner by five steps, such as 1. Factual
(Understand: interpretating, explaining and
identifying), 2. Skills (Apply: implementing,
executing, translating), 3. Conceptual (Analyze:
deconstructing, differentiating, organizing), 4.
Synthesize: (coordinating, criticizing, testing) and
lastly, 5. Meta-cognitive: (Evaluate: appraising,
valuing, selecting). This model is a reference for the
MDEM by summarizing the pathway from the
cognitive learning outcomes, and transferring them
into skill-based learning outcomes and finally,
developing personal affective learning outcomes.
Transferring this learning and workflow method to
the professional practice is done via the same
principles. The spiral model adds more sub-steps
and check points to the development scheme. Upon
this model, MDEM proposes a more practice-based
model, where the learners not only research or learn
about a current problem, but also; they eventually
produce the design-theory and develops an actual
solution for the initial hypothesis or the problem. As
a result, the learner becomes the ‘knowledge
generator’ by this approach. The generated
information and knowledge would be transferred,
by following the spiral loops of the method.

In academic research, the student uses his
current skills, previous knowledge and cognition to
develop new skills and generate aligned knowledge.
In industry, the young professional uses the
regenerated cognition and knowledge to develop
prudent and innovative products and systems
aligned with a much more specific goal that has
place in the market.

INDUSRTIAL APPLICATION

Idea

Prudence

Design-Thinking

Knowledge Generation

Prototyping (Application)

Testing, Interaction, Invention
Outcomes (Discussion & Evaluation)
Added Value

Fig. 2. The shift of applied phases from academic research to industrial development
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4. Design-driven innovation through MDEM

Design and innovation processes have been
competing throughout the history [21]. Even today,
it stands as an important topic in design industry.
However, the term design-innovation corresponds
to a new paradigm, by proposing a hybrid of design
and innovation. This holistic design approach
contains design with added values, authentic ideas,
actual technologies, sustainable development that
develop innovative outcomes. “The focus is on how
the design process can be organized and managed
towards product and service innovations on
corporate and community (users) levels” [22].

The term Digital-Design Thinking includes
significant use of new digital paradigms in design
and representation practices [23]. Consequently,
the design-driven innovation covers up both the
design innovation aligned with current digitalized
trends, where the term digitalism [24] also applies.
After the arise of Industry 4.0, innovative projects
are produced via digital-design thinking and
design-innovation altogether. Regarding the design
and innovation processes, the aforementioned
holistic design approach is a key to combine the

Identify
objectives

Identification
Introspection

Review and
evaluate

Evaluation
and Discussion

D

generated knowledge by research and development
in academic world. On the other hand, the current
technologies used in the industry can benefit
immensely from it. Integrating design thinking
models in which strategy building, innovation, and
design management become one unified process,
has various advantages [25].

Design-driven innovation is an approach that
describes how to design an innovation that provides
the customer with a new meaning — an added value.
The approach is described by [26] as an approach
to innovation based on the observation that people
do not just purchase products, or services, they buy
meaning — where users’ needs are not only satisfied
by form and function, but also through experience.
The experience also could be described as the
meaning of the product.

In Fig. 3, the diagram shows the overlapping of
the Multidimensional Exploration Methodology
spiral method and the Innovative Industrial practice
steps. This diagram can be read as a visual reference
of the transition from the academic research and
development to the Design-Driven Innovation in
professional AEC field.

Perform risk
analysis
Desing and
Representation
Idea
Prudence
Design-Thinking
Knowledge Generation
Prototyping (Application)
Testing, Interaction, Invention
Outcomes (Discussion & Evaluation)
Added Value
Develop
and test
Interaction
and Prototyping

Fig. 3. Multidimensional exploration methodology spiral graph with design driven innovation approach steps
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5. The design-driven innovation compass

The theory is that the needs of people are not only
satisfied by functions (or technology), but also in
the form of experience (meaning). The meaning of
a product to the user includes aspects like
memories, who gave it, the amount of care and
repair involved, enjoyability, and how close the
user links the product to the definition of himself. A
meaning can therefore make a product embody
goals, make skills manifest and shape the identity
of its users. But a new meaning can also be
designed, for example when adding a social aspect
to a previously plain functional product.
The applicability of design-driven innovation:
= Technology push can be created by following an
analytical approach.
= Market pull (or user-centered design) can be
created by stimulating open innovation.

= Design-driven innovation is an approach that
makes use of closed innovation networks and
new methods.

= So, learning innovative techniques and learning
by a sustainable approach such as

Multidimensional Exploration Methodology,

applying the gained knowledge by digital

design thinking, will enable the practitioner to
engage with the emergent technologies and new
production practices.

As a result, the design-driven innovation is
applied in practice by; Investigation to Innovation
and Discovery to Development.

Fig. 4 shows the four poles of the Design-
Driven Innovation Compass as;

= Discovery
= Development
= Innovation
= Investigation.
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The approach flows between those conceptual
poles, without any significant variety of importance
of the terms. Every stage of the research is equally-
balanced since the process is not linear. In between
of the four main axis, the young practitioner’s work
should flow through the phases that are adapted
from the learning methodology. Starting from the
inspiration and the initial idea (1% cycle — Discovery
to Investigation), the facts should be discussed and
evaluated by prudence. Later on, the design
thinking and the applicability should be processed.
On this phase (2" cycle — Investigation to
Development), digital-design thinking approach
should be concerned. Moreover, while the
practitioner is designing the project, the learning
method is actively used and the person generates
new knowledge upon previous research and
development examples from academic
environment. On the following phase (3 phase —
Development to Innovation), the main contribution
is done by testing, prototyping and application of
new technologies. The tests should continue until
the required results are achieved. On the last phase
(4™ phase — Innovation to another Discovery), the
spiral loop continues with reviewing and evaluating
the outcomes, and documentation of added values.
On the last phase, the economic and technologic
outcomes are visible, regarding to the feasibility
and the originality of the project.

Loops might happen faster or slower, depends
on the practitioners’ self-pace and evaluation loops
within loops do exist in this method. While the four
main poles define the principal contributions of
design-driven innovation processes, the sub-steps
determine the applications and detailing. The sub-
steps also follow each other in a spiral fashion, until
the required results are obtained with the following
order: inspiration with the initial steps, generates
the idea with the scope of cognition in the 1% phase.
Afterwards on the 2" phase, during the
investigation, by knowledge flows, collaboration
between disciplines and co-creation occurs. During
the 3" phase, as a result of the previous phases, the
development of the project by prototypes and
testing happens, and might result as concrete
invention that was envisioned on phase 1 and 2. On

4™ phase, if the invention is successful and
worthwhile pursuing, other interest can be further
achieved and the project could be developed further
as bigger scaled productions.

6. Current design and production practices in
AEC industry

Regarding the importance of actual software and
workflows, productive and efficient visualization
and documentation technologies have emerged in
relation with the digitalism in AEC industry. As a
matter of fact, digital-design thinking and the
design-driven innovation are enhanced because
they have found proper applications and projects to
thrive.

Thanks to the Fourth Industrial Revolution [27],
the technologies for data collection have become
more eligible and accessible on the last decade.
Multitude of sensors are now cheap and available
for personal use. Moreover, the user’s daily life has
adapted to the usage of intelligent embedded
systems, smart phone applications, and cameras
now surveil the built environment. Since the usage
of smartphones has dictated nearly every action of
quotidian life, and the personal dataflow is stored in
big data, the information of these actions can be
accessible and exists for further usage. As a
consequence, and even not obvious, people live in
a big data cloud. As the term Interactive
Architecture indicates, it “includes contributions
from the worlds of architecture, industrial design,
computer programming, engineering, and physical
computing” [28]. By the collaboration of several
disciplines with a contemporary understanding,
adapting the architecture to the conscience modern
worlds’ necessities and user’s expectations is now
the underlaying design thinking process behind the
project. “The concept of embedded intelligence in
buildings is not new; rather what makes it currently
possible are cheap digital sensors, access to
computer power to handle big streams of data, and
the development of software specifically developed
for on-going operations and maintenance of
buildings” [29]. Since the technologies of sensing
and data collection became eligible and accessible,
the design research that corresponds to digital data
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collection also has augmented. Additionally, by the
deepening of accuracy in data, the research quality
also shows significant increase. On the other hand,
the design of the built environment is almost totally
adapted to the Digital-Design Thinking [30] and
related production methodologies. Recently the
digital tools for design, modeling and visualization
have been extremely advanced and easy to use,
empowering the designers for data-led,
environmentally responsible decision-making. The
built environment also has become smarter by the
help of Internet of Things (10T) and data gathering
devices. As a result, there is a continuous
development in smart home technology that
translates  subsequently into smart cities
development.  Correspondingly,  the  built
environment is being regenerated by the users and
society, rather than by only designers. The new
technologies for construction and design, take
reference from the real-time information and are
able to create reactive environments with live
interactions.

For instance, by the prevalence of the usage of
Building Information Modeling (BIM), the
understanding of the modeling tools swiped from
just being a visualization medium to an information
smart file that can be built upon reality and
accuracy. Architects and engineers use BIM to
model as they construct the exact building in real
world, as new technologies and concepts such as the
‘digital twin’ [31] appear. The anticipated benefit
of BIM is to be able to hold the material
information, geographic and location data and even
pursue energetic analysis [32]. Besides all these
possibilities, the benefits of BIM are limited to the
design and construction areas to be used by the
technical agents, and not yet adapted to the post-
construction phase for occupant’s appropriation. To
take the benefit from the existing passive data of the
building and to combine the passive data with the
real-time ambient and environmental data as well as
the personal data, a step further in design and
development is needed. BIM is a good example of
digitalization in architecture and a holistic digital-
design thinking approach, which also leads the
practitioner to take pseudo design innovation

decisions.  Moreover, regarding to the
interdisciplinary approach and interoperability of
BIM; Industry Foundation Class (IFC) is a term that
is a standardized, digital description of the built
asset industry. It is an open, international standard
ISO 16739-1:2018, and promotes vendor-neutral,
or agnostic, and usable capabilities across a wide
range of hardware devices, software platforms, and
interfaces for many different use cases [33]. One of
the key aspects of BIM, which is interoperability,
requires a fluid workflow between professions,
offices. Even though BIM is a methodology to
follow, each designer chooses to dominate one
software, and specializes using that software as the
main BIM tool. Working with files of different
formats and the need to exchange information
quickly and accurately, regarding to the burden of
BIM. To face this type of problems on exchanging
the information between software, the transfer of
information which are both geometric and non-
geometric; are carried out with the help of a
common extension of IFC [34]. The Industry
Foundation Classes is fundamental for BIM
practice, and mostly when it comes to openBIM,
which aims to allow the compatibility of flows.
Using BIM provides transparent data flow, builds
data collection and creates a system for sustain
information gathering [35]. Moreover, in current
day, the BIM research and development includes,
but is not limited to, the sustainable practices,
management and organizational issues around
technology, and assisting technologies and methods
[36].

On the other hand, sensor technologies, and the
network by them; also known as: 10T provides
interesting outcomes for built environment when
integrated to current system. It is defined as the
“interconnection of sensing and actuating devices
providing the ability to share information across
platforms through a unified framework, developing
a common operating picture for enabling innovative
applications” [37]. Implementing loT technologies
into AEC can improve the quality of human
interaction experience within the built environment,
allow real-time monitoring, enable smart built
environment and reduce energy consumption.
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The interdisciplinary information sharing of
BIM, which also could be defined as
interoperability; when combined with 10T, has a
great potential to be developed further. As a matter
of fact, today there are over 40 billion connected
devices worldwide. Moreover, there are thousands
of new cities (and they are smarter ones), also new
needs of those emergent territories and
communities. The academy and industry must
adapt to this emergence.

Furthermore, by this great emergence the data
production reach to an extreme amount and the
companies are collecting data more then they ever
collected before. With all this data and all this
processing power the industry now have incredibly
smart computers and technologies which depend on
the big data inputs. On the other hand, the digital
revolution also affected the AEC industry, where
almost all design and construction decisions are
taken by digital means. Consequently, thanks to
current technologies, the way that AEC industry
consructs the built environment or how cities are
planned and developed are changing accordingly.

In fact, being extremely smart is not enough
anymore neither for devices, for buildings or cities.
The built environment is evolving through being a
living system or even an organism that constantly
respond to the changes. The system requires smart
citizens to operate them.

The role of BIM in understanding the future
built environment intersects with the invisible cloud
of existing and constantly produced information.
Moreover, the real-time values would be crucial for
planning new generation technologies for better
futures. The big term of early 2000’s;
‘Sustainability’ is not about preservation of energy
or conservation of resources; it is also evolving
through being a regenerative system. Efficient and
reproductive planning for future built and natural
environment are cohesive. For example, BIM could
be a key feature to tackle to approach the global
climate crisis, since it has all the information of a
building, it can facilitate necessary information for
current problems, to make us think and solve them.
Those problems could be handled by data driven
design solutions. Parallel to BIM logic, the

aforementioned sensor technologies propose and
interconnection of existing data and real-time
information concerning energy efficiency or
sustainability or even regenerative design.
Blending BIM with loT could make an impact on
global climate change and give outstanding
proposals for lowering the energy risk.

In current built environment, thanks to BIM,
AEC industry is capable of analyze, monitor and
document the information that is embedded into
buildings. Yet, without integrating the user into this
procedure, the system will always remain ‘smart’
and never be converted into ‘responsive’. Human is
the actuator of all of the functions and reasons, and
we are the principal producer of all the
aforementioned data in real-time. Smart systems
make the user use the facilitated tools for specific
goals. However, responsive systems enable the user
to interact with the setting and be a part of the
system. Therefore, the user both controls and
manages the context. [38]. Sensor technologies are
capable of capturing almost all kinds of data, but
without the interaction of the smart user, the data
would just perish and I don’t see those types of
smart systems could be considered as innovative
anymore. We need data-driven design, which
generates design-driven innovation. This requires
engagement and interaction. This generates
experience and a new type of ‘innovation’ [39-40].
This fact can be covered by a term; ‘From Smart to
Responsive’.

All the smart technologies are developed for the
user, which is the occupant in the building or the
citizen in the city. Which makes the user, the main
generator of the life, and consequently, the data.
Every action produce data and trigger another
consequence, so that; all those actions and
information should be issued for a purpose. This
makes a building more than an object; it transforms
an object that interacts and responds to conditions.
Create symbiotic relations, or even act as an
independent organism.The data of mobility, power,
internet, energy delivery, water management,
HVAC, sewage, recycling, food management,
health-care, emergency and many more concerns
could be embedded to those types of digital
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platforms, even with today’s technology. Even
well-being and happiness could be involved to the
data information, by simply capturing their
response.

On the other hand, Lean Construction is good
example for the design-driven innovation. The term
stands for a “way to design production systems to
minimize waste of materials, time, and effort in
order to generate the maximum possible amount of
value" focusing on the whole life-cycle of the
building. This approach tries to manage and
improve construction processes with minimum cost
and maximum value by considering customer needs
[41]. Therefore, thanks to digital technologies and
the regeneration of the cognition of the practitioner
in academy, leads the future of built environment
through the sustainable development.

7. Discussion of MDEM upon design-driven
innovation and production practices in AEC
industry

Companies within the AEC and architecture
production related sectors tend to struggle when
trying to adapt to new methodologies and
technologies, as architecture has always been a
slow paced and traditional field. Disruptive
innovators and young professionals that can apply
Multidimensional Exploration Methods in a regular
basis have the power to bring new life into the field
and push boundaries forward [42]. New digital
fabrication technologies have brought together
design, research and fabrication [43],closing the
gap between what can and cannot be done in
architecture offices and construction sites. New
material developments also advance the knowledge
further [44], where they can be thought and
understood as proper digital materials, where matter
can be encoded and located only where is needed.
Production softwares that uses BIM principles
start to also close the gap between the designers’
table and the industry; in example, Tekla [45]; offer
the possibilities to embed data and user behavioral
patterns into design and construction elements, in a
deeper way than just adding information to the
model and use as a visualization tool. Translating
reality into parametric based modelling [46] is the

preferred tool to be used by the sector. By all
indicators, the future of design and production in
AEC, incorporates data and parameters in the built
environment, likewise, leading design and
engineering companies started to adapt the required
changes to their application and production
methods.

Applied research projects in the material and
automatization field can be a good example to
illustrate how prototypes and proof of concepts
from academic projects can be transferred and
developed even further to suit architectural
applications. 3D printing technologies for
architecture using concrete and other cement-based
materials, studied in a project by Dini on 2005 [47];
differ and add value in scale to first additive
manufacturing concepts.

Moreover, the project results documented by the
patent for the world’s first 3D printer [48] prove
that, the research with positive applied results
within forty years’ time-span. The development is
shown by Apis Cor’s research and development
project [49] as; “The two-story government agency
building in Dubai is reportedly the largest ever 3D
printed” [50]. This generates new technological
niches within the AEC sector. Usage of robotics in
different stages of construction have proven
positive to enhance human possibilities and what
can be done with traditional materials when
advanced technologies are used [51]. New systems
and elements that have the possibility to self-
assembly [52] prove that new ways of thinking,
designing and even understanding the build
environment are possible and efficient. New
technologies such a VR-AR (Virtual Reality —
Augmented Reality) [53] demonstrate that human
cognition and skill can be augmented by the use of
technology, closing the gap between skilled on-site
labor and digital BIM coordination models.

AEC companies need to adapt quickly to the
new paradigm shift that is already happening in the
academic sector, which inevitably will force the
whole AEC industry to shift into innovative
approaches to projects to stay competitive in their
market niche. Moreover, the interdisciplinarity is an
extremely important factor nowadays to develop
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and investigate outstanding results. As it is
discussed above, AEC sector is triggered by various
disciplines and so that, the practitioner must get
used to combining knowledge from many other
fields. MDEM allows the practitioner to develop
the project with such a manner, because the method
suggest questioning the unknown, therefore, the
linear design-thinking with a single discipline, and
a main concert that address a particular outcome.
By the design phases and loops, the main goal is to
accomplish one end-result. This end-result might be
a very sophisticated and focused artifact, and it is
highly appreciated. But on the other hand, with the
interdisciplinary and empirical approach as there
are several disciplines are blended in one project,
the end results are also various. Each discipline that
is included in the designed artifact contributes with
the project by its’ own particular content.
Consequently, within the design thinking loops,
each phase directs to another end-result, and
outcomes direct the research to another. The
outcomes trigger the innovation and more advanced
research scope. Consequently, design-driven
innovation procures.

Thanks to the MDEM, and its connection
between the academy to industry, the gap from the
knowledge to the practice would be closing up.
Based on the spiral application method of MDEM,
the learnt outcomes could be easily covered into
practice. Moreover, when applied to the shift from
the classroom to the professional field, by using the
same method, the practitioner obtains satisfactory
results by this holistic design-thinking approach.

By MDEM, the learner or the practitioner
adopts a holistic design-thinking [54]. Designing by
this holistic approach allows the designer to
question and answer a wide range of essential
concerns, as the design would be the output of the
multidisciplinary modality. Using this approach
that blends art, engineering, technology, science
and sociology in proper means to the context, the
result would be holistic, innovative and avant-
garde. Relatively, the interdisciplinary approach
between research fields should be considered for
design-driven innovation. Actual design innovation
is based on knowledge flows and the re-generated

cognition of the new generation designers and
engineers work in collaboration and gain inputs
from several disciplines.

8. Conclusion

From academy to industry or from production
practices back to research and development, there
needs to exist a constant two-way connection. By
this paper, we would like to create a link between
academy to industry by Multidimensional
Exploration ~ Methodology, from  learning
environments to application and production
practices, and vice-versa.

During their specific careers, the students
should be trained by not only theoretical knowledge
but also by a sustainable thinking and learning
methodologies, which would guide them through
design-driven innovation in later professional
practice, much more connected to reality and
matter. By this method, the learner digests the
requirements of the actual built environment as well
as the forthcoming necessities of global concerns,
concepts that are needed in the current world. On
the other hand, the designer, could apply this
learning methods to generate knowledge within
companies and industrial applications, professional
fabrication, construction and production practices,
and following the Design-Driven Innovation
Compass techniques the projects would lead to
outcomes in sustainable, innovative and efficient
development.

Academic research and development are
inseparable and they are both essential for the
industry. Especially in current day where AEC
based companies in hybrid technologies and
investment on interdisciplinary approaches do not
have time to focus on long term goals. The basis of
innovation knowhow comes from the academy,
even that the development, results and outcomes are
specific to industry. In this paper, the focus is on the
knowledge generated in academia and transferred
and developed in professional practice, as is
understood that Research & Development tends to
happen naturally in other industries apart from
Architecture.
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Adapting the Multidimensional Exploration
Method essentials to production practice directs the
professionals to achieve design-driven innovation
in their projects with unexpected but extraordinary
results, since it is a journey to the unknown. The
importance of interdisciplinary approaches by this
research and development method is to achieve
compatibility between knowledge fields and build
bridges between them. Hybrid projects, learning
from other disciplines and using co-creation as a
design approach is highly encouraged in design-
driven innovation as a process to increase interest,
utility and complexity. Further vision of AEC
industry has various enthusing prospectus. From
theory to fabrication, construction and production,
emergence of new technologies, software, devices
and tools develop extremely fast. Digital-design
thinking is essential for current practices, as well as
design-driven innovation, in which staying
connected and up-to-date is essential and crucial.

To conclude, MDEM in academy teaches by
challenges, reshapes the cognition with added
values and collective conscience, generates
knowledge, enhances discovery and investigation.
On the other hand, MDEM in industry leads the
practitioner; (who is also a constant learner), to
discover and develop solutions for existing
problems.

This is how the industrial practice of new design
and production practices in AEC industry (such as;
BIM, lean construction, sustainable practices new
materials, emergent technologies such as 3D
printing, self-assembly, interaction and big-data)
might be engaged to each other and to be developed
further. The whole process has digital-design
thinking in current day which applied to MDEM as
well.

The gains from academy are applied into
industrial production, and it triggers the augmented
results of the interdisciplinary projects, as well as
creating more possibilities for adapting new
generation technologies into practice. As a result,
interconnection of innovation and development
generates new knowledge, and creates knowledge
flows between disciplines. This method provokes
progressive results for AEC industry as proposing

design-driven innovation examples, and creates
many benefits for the industry and has positive
outcomes for socio-economic and environmental
aspects.
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