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ABOUT ASCAAD

ASCAAD is a society of those who teach, conduct research and practice in computer-aided architectural
design (CAAD) in the Arab World regions of West Asia, and North Africa. ASCAAD is also active in
Central Asia, Sub-Sahara Africa, and the Mediterranean. The society holds conferences and educational
events that will be hosted by a different University each time. The output of the conferences and
contributions from the educational events be published as a Conference Proceedings book. ASCAAD aims
to facilitate communication and information exchange regarding the use of digital design technology in
architecture, planning and building science that are dramatically challenging our fundamental assumptions,
theories, and practices of conventional design paradigm.
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PREFACE

This book comprises the Proceedings of the 9™ International Conference of the Arab Society for Computer
Aided Architectural Design (ASCAAD 2021), held as an online event, from March 2-4, 2021 at the
Department of Architecture, The American University in Cairo, Cairo, Egypt. The proceedings contain the
58 accepted papers. All papers are also available digitally at CumInCAD (Cumulative Index of Computer
Aided Architectural Design) — http://papers.cumincad.org.

Conference Theme

The ASCAAD 2021 conference theme is ARCHITECTURE IN THE AGE OF DISRUPTIVE
TECHNOLOGIES - Transformation and Challenges. The theme addresses the gradual shift in
computational design from prototypical morphogenetic-centered associations in the architectural discourse.
This imminent shift of focus is increasingly stirring a debate in the architectural community and is
provoking a much needed critical questioning of the role of computation in architecture as a sole
embodiment and enactment of technical dimensions, into one that rather deliberately pursues and embraces
the humanities as an ultimate aspiration.

We have encouraged researchers and scholars in the CAAD community to identify relevant visions and
challenging aspects such as: from the tangible to the intangible, from the physical to the phenomenological,
from mass production to mass customization, from the artifact-centered to the human-centered, and from
formalistic top-down approaches to informed bottom-up approaches.

A parallel evolving impact in the field of computational design and innovation is the introduction of
disruptive technologies which are concurrently transforming practices and businesses. These technologies
tend to provoke multiple transformations in terms of processes and workflows, methodologies and
strategies, roles and responsibilities, laws and regulations, and consequently formulating diverse emergent
modes of design thinking, collaboration, and innovation. Technologies such as mixed reality, cloud
computing, robaotics, big data, and Internet of Things, are incessantly changing the nature of the profession,
inciting novel modes of thinking and rethinking architecture, developing new norms and impacting the
future of architectural education.

With this booming pace into highly disruptive modes of production, automation, intelligence, and
responsiveness comes the need for a revisit of the inseparable relation between technology and the
humanities, where it is possible to explore the urgency of a pressing dialogue between the transformative
nature of the disruptive on the one hand and the cognitive, the socio-cultural, the authentic, and the
behavioral on the other.

As scholars and thinkers, we must evaluate these nuances in light of the digital humanities and a
comprehensive rethinking of the intricate human-machine discourse. ASCAAD 2021 has thus invited
submissions of original research papers on the following topics related to computer-aided architectural
design:

1) Human-Centered Computation

Design Cognition

Creative Design Concepts and Theories
Human-computer interaction

Machine learning & deep learning in architecture
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2) Emergent Modes of Learning
Generative and Parametric Design
New Modes of CAAD Learning
Design Education

Design of/for MOOCs

Interactive Media and Visualization

3) Architectonic Languages

o Digital tools in design & construction
Shape and Motion Grammars
Responsive and Interactive Architecture
Rapid prototyping and digital fabrication
Design-to-Robotic Production
Programmable and Smart Materials

4) Technology Integration and Collaboration
e Building Information Modeling (BIM)
o Computer-Supported Design Collaboration
e Virtual/Mixed Reality
e loT, Cloud Computing and Digital Twinning

5) Computational Enculturation
e Adoptable Built Environments
e Smart Cities
o Digital Heritage
o Digital Architectural Humanities

Submissions and Statistics

The conference theme of ASCAAD 2021 at the American University in Cairo (AUC) has incited wide
interest regionally and globally. A double-blind peer review process was implemented using the OpenConf
system. In the first round of submissions, authors were asked to send abstracts (in English or Arabic) with
a maximum of 500 words and one figure. We received in this stage 151 abstracts by 226 authors
representing 32 countries. All abstracts were sent anonymously to at least 2 international referees per
abstract and were checked in accordance with the quality measures set out for submissions by ASCAAD.
As aresult, a total of 123 abstracts were forwarded to the second round of peer review process, where they
were invited to submit their full paper submissions. This included one of two types of submissions:

1. Long papers (English or Arabic) that describe well-developed or completed research (max 4000-
5000 words, or 14 pages of the ASCAAD 2021 template).

2. Short papers (English or Arabic) that describe research in progress (max 2500 words, or 10 pages of
the ASCAAD 2021 template).

The ASCAAD 2021 scientific committee asked authors at this stage to include in their full paper English
submissions an Arabic abstract. The committee provided support where needed for non-native Arabic
speakers. Full paper submissions were sent anonymously and were reviewed by two to three international
referees. The review process was only possible with the generous and professional contribution of the
reviewing committee consisting of a total of 68 expert referees from around the globe.
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During the review process, a few papers were not completely elaborated due to the COVID-19 lockdown
situation. The full paper submission deadline was extended to accommodate as much as possible the
researchers and their work under these challenging circumstances. A final number of 58 full papers by 129
authors representing 18 countries from the Middle East, Europe, Asia, North America, South America,
and Australia were identified by the ASCAAD 2021 scientific committee and were invited to submit
camera-ready papers.

United Arab Emirates
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ASCAAD 2021 full paper submissions by country

Out of the 58 full paper submissions, 18 papers (31%) were more focused on “Topic 3: Architectonic
Languages”, involving aspects related to digital fabrication and manufacturing, parametric modeling and
generative design, design patterns, data-driven design, adaptive facades, daylighting performance
optimization, programmable materials, and shape grammars. 12 papers (20.7%) were focused on “Topic
4: Technology Integration and Collaboration”, involving aspects of building information modeling,
evolutionary algorithms, spatial layout planning, design decision-making, sustainable design, and hygiene-
conscious space planning. 12 papers (20.7%) were focused on “Topic 5: Computational Enculturation”,
involving aspects related to affective computing, phenomenological evaluation, tangible and intangible
heritage preservation, smart cities, digital materiality, human-centered frameworks for analyzing the built
environment, and technology-driven participatory design, in different areas across the Middle East region.
8 papers (13.8%) were focused on “Topic 1: Human-Computer Interaction”, involving aspects related
to artificial intelligence and machine learning in design, generative adversarial networks in modeling and
analysis, agent-based modeling, tacit knowledge transfer, and human-computer interaction for rule
optimization. 8 papers (13.8%) were focused on “Topic 2: Emergent Modes of Learning”, involving
aspects related to immersive virtual reality, online design education during COVID-19, gaming in
education, computational making in design education, and parametric design education and theories. A
salient and anticipated emergent theme in this conference, especially visible in Topics 2 and 4 was the
impact of the COVID-19 impact on different methods, approaches, and techniques, including mixed
methods studies to analyze architecture student experiences, online design studios as the new norm in
design education, developing computational approaches to support hygiene-conscious space planning, and
spatiotemporal modeling of COVID-19 spread in educational settings.
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The Virtual Conference

The ASCAAD 2021 conference was hosted virtually at the Department of Architecture at the American
University in Cairo (AUC) during the period March 2-4, 2021, a first-time experience for ASCAAD
conferences, due to the challenging circumstances of COVID-19. The conference committee has chosen to
move ASCAAD 2021 to a virtual setup to ensure the continuity and sustainability of ASCAAD conferences.
The five main conference topics were structured in 14 sessions that unfolded in two parallel sessions over
the course of two days (March 3 and March 4™), preceded by a number of 4 pre-conference workshops on
March 2", This structure is also followed in the organization of the conference proceedings.

The Eventtus conference management system was used for both registration in the conference and
workshops and the live personalized experience of the conference sessions. We thank the Digital
Transformation team at AUC for the support they provided with the Eventtus virtual conference platform
both prior to and during the conference days.

For the virtual conference setup, the conference committee had asked all authors with accepted full paper
submissions to submit, in addition to camera-ready papers, a 6-minute pre-recorded video of their
presentations and their bios, affiliations, and social media links. This allowed for creating a more engaging
setup during the conference days. In the Eventtus platform, each parallel session comprised basic data about
the presenting authors, the paper PDF camera-ready article, and the pre-recorded video presentation, to
allow the audience to inspect relevant paper material and author information 2-3 days prior to the conference
days to enrich the live discussion and feedback session. Each presenting author was allowed 6 minutes to
give their live presentation, allowing for a 25-30 minutes extended discussion moderated by session chairs.
Live sessions were broadcasted via Eventtus which allowed presenting authors and moderators to test their
audiovisual access in a backstage setup 15 minutes prior to their allocated presentation time. In the event
of a no-show or technical challenge, the moderators or AUC IT team would play the pre-recorded video
presentations on behalf of the authors. Keynote speakers went through technical preparation sessions prior
to the conference days, where they tested their connection and audiovisual material and familiarized with
the virtual conference management platform.

Aside from the formal conference sessions, and in an effort to convert the in-person component of a physical
conference into an all-online virtual conference experience, a “virtual 3D lobby space”
(https://www.ascaad.org/conference/2021/virtual.htm) was introduced to give the audience a flavor of the
conference venue. This virtual space mirrored an existing outdoor area of the AUC campus (the area outside
Bassily Auditorium Moataz Al Alfi Hall). Using hyperlinks, registered participants could navigate through
most conference activities, including access to the conference agenda and running live sessions on Eventtus,
workshop live sessions, keynote speech details, and a virtual tour of the AUC campus.

In addition, and for the purpose of a more engaging setup, a “virtual break area” was introduced as part of
the 3D lobby space. In this space, registered participants and the general audience could access different
venues, including virtual sponsor booths, virtual student galleries featuring works of undergraduate and
graduate AUC students, and a virtual chatroom. Another virtual video gallery of computational design AUC
student and alumni work was available on the Eventtus platform. During the “virtual social event” on March
3", all registered participants were invited to log in to the virtual chatroom that was available thanks to the
Spatial.Chat platform. This allowed for a more engaging informal experience and freely formed discussion
clusters among conference participants, with some light oriental music and video streaming in the
background.

Sherif Abdelmohsen, Tamer El-Khouly, Zaki Mallasi, Amar Bennadji
ASCAAD 2021 Conference Chair and Co-Chairs
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WELCOME NOTE - DEPARTMENT OF ARCHITECTURE, AUC

Dear colleagues and researchers

The Department of Architecture at the American University in Cairo (AUC) is honored to host the 9%
International Conference of the Arab Society for Computer Aided Architectural Design (ASCAAD 2021).
AUC has long been the hub of culture, knowledge, and innovation at both the national and international
levels. We are committed to excellence in research and teaching. At the department of architecture, we aim
through AUC’s unique interdisciplinary and liberal arts education environment to engage in a wide variety
of innovative explorations and pathways that address fast paced and dynamic regional and global
challenges.

The ASCAAD conference is a manifestation of a venue that is attuned with our direction to engage in
critical discussions about disruptive technologies, digital humanities, sustainable development,
computational enculturation, and many other aspects that impact the architectural discourse. It has become
evident in recent times that computational culture is increasingly presenting itself as a driver for much of
our process and decision making in architecture and urban design. The transformation and challenges
introduced by disruptive technologies — the main theme of this conference — have triggered quite an
interesting and much needed debate in the architectural community. The very notion of what counts now
as “disruptive” versus a ‘“new normal” is quite intriguing and opens a new pathway of research inquiry
within and across numerous disciplines, let alone new cross talk within the architectural computing
discipline. Within this unique virtual conference setup, these topics are definitely at the core of the
discussion among researchers, practitioners, educators, and students who are participating in ASCAAD
2021.

Hosting this conference has been such a pleasure. We look forward to extending another face-to-face
invitation to all conference participants in Egypt and at AUC. Special thanks are due to the AUC President
Francis Ricciardone, AUC Board of Trustees, Provost Ehab Abdel-Rahman and Associate Provost Alaa El-
Din Adris for their continuous promotion and encouragement of hosting and supporting such activities and
venues. Special thanks to Professor Ahmed Sherif who has initiated this effort as former Department Chair.
Many thanks to our distinguished keynote speakers who have taken from their time and highly enriched the
conference and sparked a lot of enthusiasm with their insights and reflections. A final Thank You to the
ASCAAD 2021 scientific and organizing committee and to ASCAAD Board of Directors for their excellent
efforts in making this conference a success.

Basil Kamel
Chair, Department of Architecture
The American University in Cairo (AUC)
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FOREWORD - ASCAAD
Dear ASCAAD friends,

The 9" International Conference of the Arab Society for Computer Aided Architectural Design (ASCAAD
2021) has invited scholars, researchers and students worldwide to address methodologies, approaches, and
processes within the framework of disruptive technologies in the architectural discourse. The ASCAAD
community has been highly motivated, on top of confirming its presence since its last conference in 2016,
to work on this exciting theme in the city of Cairo and together with a leading institution in Egypt and the
Middle East; the American University in Cairo (AUC). Faced with a global crisis due to the COVID-19
outbreak, a joint decision and adjustment however had to be made to move to a virtual conference.

If there is one silver lining to the pandemic, it is that the CAAD community has come closer, both at the
regional and global level. The ASCAAD community is now on a positive trajectory to develop stronger ties
within its regional networks and much tighter bonds with sister organizations. Indeed a disruptive time this
is that has shaken the whole world but that has however created a platform for engagement and opportunities
for closer collaboration in the CAAD community.

As president of ASCAAD, | cannot but express my deep gratitude and optimism working side by side with
a highly enthusiastic, active and committed group of researchers and scholars within the Arab World and
the Middle East. This conference would not have been possible without the year-round dedication and
commitment from conference committee members and previous ASCAAD presidents Zaki Mallasi and
Amar Bennadji, and AUC faculty member and colleague Tamer El-Khouly, whose spirit of cooperation
and generosity throughout this past year has been exceptionally rewarding and key to the success of this
conference. Furthermore, and since September 2020, the newly elected ASCAAD Board of Directors has
pumped much needed energy into the organization and have provided incessant support to the making of
this conference.

I cannot but thank deeply all members of the CAAD community who have offered consistent support to
ASCAAD. Special thanks and gratitude to presidents of ACADIA Jenny Sabin and Kathy Velikov,
president of eCAADe Birgiil Colakoglu, president of CAADRA Christianne Herr, and president of SIGraDi
David Sperling for their endless endorsement and encouragement.

Sherif Abdelmohsen
President of ASCAAD
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CHRISTIAN DERIX
Principal, Derix & Associates

Keynote:
Computational Design: From Origin to Urban Computing
Keynote Speech Video

Christian Derix founded the first 'Computational Design' group in
architectural industry and is a global leader in computational urbanism
and architectural Al. With 20 years of experience in academic and
professional R&D, he is one of the early pioneers at the nexus of human-
centric planning with generative design, data science & machine
learning.

He is the founder of many state-of-the-art computational planning
consultancies. Developing the business strategies and IP behind applied
research, he founded and directed: Aedas|R&D and its Computational
Design Research [CDR] group in 2004, Woods Bagot's design research
agency SUPERSPACE in 2014 and Urban Systems of ERA-co in 2019.

The work of his groups have won awards in various domains such as the
2010 President’s Medal commendation of the Royal Institute of British
Architects (RIBA) for Research in Practice for its work on the
September 11th Memorial Museum in New York; the 2011 Compasso
d’Oro Honoray Mention for the first participatory web-based furniture
system called VITA in Milan; the 2012 CTBUH Innovation Award for
the Activated Facade for the Al Bahr Towers in Abu Dhabi; and the 2019
Fast Company ‘World Changing Ideas Awards’ Finalist and Honorable
Mention in the two categories of ‘Spaces, Places and Cities’ and ‘Al and
Data’ for the MoreLA urban planning research.

Derix completed his MSc in 2001 by developing the first Al application
for urban analytics using artificial neural networks. He holds a PhD from
the Technical University Vienna on the subject of ‘People, Space and
Computation’ and has taught and researched the subject across Europe
at University College London, University of East London, Politecnico
di Milano, TU Vienna, ETH Zurich, TU Munich, IE University Madrid
and the University of Sheffield. He co-founded the Centre for
Evolutionary Computing in Architecture [CECA] at the University of
East London in 2002 with Paul Coates where many of the foundations
for Al and machine learning in space planning were laid.
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DENNIS SHELDEN

Director, Center for Architecture Science and Ecology
(C.A.S.E.), Rensselaer Polytechnic Institute (RPI)

Keynote:

What can we learn from Tech?

Building Industry and Technology Driven Disruption
Keynote Speech Video

Shelden spent 17 years as an associate of legendary architect Frank
Gehry. In 1997, he joined the firm Gehry Partners, where he was
responsible for the management and strategic direction of the firm’s
computing program including the software and process development.

In 2002, he co-founded the spinoff company Gehry Technologies,
serving as chief technology officer on the development of several
software products and project executives on numerous groundbreaking
building projects until the firm’s acquisition by Trimble in 2014.

“In terms of moving Rensselaer forward as a global leader in next-
generation buildings and smart cities, the appointment of Dennis
Shelden as the new director of CASE represents a significant strategic
opportunity for the entire Institute,” said Evan Douglis, the dean of the
School of Architecture. “He has a stellar profile as a leading educator
and technologist in the profession of architecture. He approaches
complex problems with a visionary stance, and over many years has
consistently arrived at highly creative and radically innovative solutions
that have contributed to advancing the built environment. We are thrilled
to have Dennis Shelden join the School of Architecture at Rensselaer.”

Shelden joins Rensselaer from Georgia Tech, where he was an associate
professor of architecture, director of the Digital Building Laboratory,
and director of the School of Architecture’s doctoral program. Shelden
was also previously an associate professor of practice in MIT’s Design
and Computation program, and he held teaching positions at the
University of California, Los Angeles and the Southern California
Institute of Architecture.
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HANAA DAHY

Professor, Biobased Materials and Materials Cycles in
Architecture (BioMat), ITKE, University of Stuttgart

Keynote:
Vernacular Architecture of the Digital Age — Triggering a Debate
Keynote Speech Video

Hanaa Dahy is a registered architect, engineer and material developer
who established in the frame of her professorship the research
department BioMat (Bio-based Materials and Materials Cycles in
Architecture) as a Junior Professor at ITKE (Institute for Building
Structures and Structural Design) since July 2016 at the Faculty of
Architecture and Urban Planning in the University of Stuttgart. She
earned her PHD from ITKE in Stuttgart in 2014 with Excellence and
earned her Bachelors and Master Degree in ‘Architectural Engineering’
in 2003, 2006 respectively from Ain Shams University in Cairo with
Honors. She established her office in 2003 in Cairo and worked on
different architectural projects in Cairo and the Middle East before
moving to Germany in 2009 to complete her doctoral studies and to
merge her experience with the European architecture and industry.

Dahy raised different sustainability aspects and ecological concerns
towards building materials and addressed this in different teaching
courses, publications and within collaborations with industrial partners
in diverse research-industrial projects.

She developed, designed and manufactured a number of innovative
sustainable building products that were widely presented in international
exhibitions and attracted a lot of industrial interests. Among other
research areas, she is particularly interested in biomimetic principles,
sustainability and their impact on architectural practice and applications.
She has pending European and international patents, earned the best of
Materials and Design award (Materialica) in Munich in 2015 and the
Material Prize award (MaterialPreis) in 2016 from the Design Center of
the state Baden-Wirttemberg in Germany, a fellowship for the
innovation of university-teaching in 2017, a number of
research/industrial project funds and is a member of a number of
European and international scientific and professional bodies. Her
teaching and training are in the area of architectural design, composites,
structure and materials, smart systems, fabrication and biomimetics.
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PATRIK SCHUMACHER
Principal, Zaha Hadid Architects (ZHA)

Keynote:

Tectonism: Engineering and Fabrication Logics as Stylistic
Drivers

Keynote Speech Video

Patrik Schumacher is the principal of Zaha Hadid Architects (ZHA) and
is leading the firm since Zaha Hadid’s passing in March 2016. He joined
Zaha Hadid in 1988 and was seminal in developing Zaha Hadid
Architects to become a 450 strong global architecture and design brand.

Patrik Schumacher studied philosophy, mathematics, and architecture in
Bonn, Stuttgart, and London. In 2010, Patrik Schumacher won the Royal
Institute of British Architects’ (RIBA) Stirling Prize for excellence in
architecture together with Zaha Hadid, for MAXXI, the National Italian
Museum for Art and Architecture of the 21% century in Rome. He is an
academician of the Berlin Academy of Arts.

In 1996, he founded the Design Research Laboratory at the Architectural
Association (AA) in London where he continues to teach. Patrik
Schumacher is lecturing worldwide and is currently a guest professor at
Tongji University, Shanghai.

In 2008, he coined the phrase “Parametricism” and has since published
a series of manifestos promoting Parametricism as the new epochal style
for the 21 century. In 2010/2012, he published his two-volume
theoretical opus magnum “The Autopoiesis of Architecture”. Patrik
Schumacher is widely recognized as one of the most prominent thought
leaders within the fields of architecture, urbanism, and design.
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TECHNICAL WORKSHOPS

Workshop 1:

Al VISION IN DESIGN:

MULTISTYLE TRANSFER WITH NEURAL NETWORKS
Workshop Video

Workshop Moderator:
Joy Mondal, WEsearch Lab, India

Artificial intelligence (Al) and machine learning (ML) have been integrated in the workflow and the
creative processes of many industries in the recent years. This 3-hour long workshop is designed to be
an introduction (for the uninitiated) to the use of Al and ML in the fields of architecture, design and art.
The workshop presents the current state of the art developments, speculates the future trajectory of Al,
addresses the concepts of neural networks, and demonstrates (multi) style transfer using neural network.
Neural (multi) style transfer uses a pre-trained image classifier to map the “style” of one or more image(s)
(analogous to the visual ethos of ‘colour’ and ‘texture’) onto the “content” of another image (analogous
to ‘geometry’). The method offers ways of understanding how machines see the world. It will be used to
cross-breed architectural visuals (facades, silhouettes, massing, plans, diagrams, sketches, photographs
etc.) of various styles, e.g., reimagining the plans of van der Rohe articulated in the style of bulky
Baroque plans. The investigations in the workshop provokes deliberations over the role of the machine
as the “doer”, the “thinker” or the “creative companion”; the authorship of the final output; and the design
implications of cross-breeding artefacts of different styles. The open access nature of the development
of Al tools has presented an opportunity to the architecture community to not only borrow the already
developed techniques, but also to reinterpret them to supplement our tacit knowledge.

Workshop 2:

ARTIFICIAL INTELLIGENCE-BASED GENERATIVE MODELING
Workshop Video

Workshop Moderators:
Ahmed Hassab, American University in Cairo, Egypt
Hossameldin Mohammed, University of British Columbia, Canada

The goal of the workshop is to provide participants with the essential knowledge about how to preprocess
and build generative architectural models. The program of the workshop includes the steps for data pre-
processing, data post-processing and live coding of generative adversarial networks (GANSs) and
CycleGANSs on grasshopper. The procedure includes the general framework that can be applied to any
generation process, and a description of the software and computational requirements including required
processing and graphics cards, data quality and formats, and harnessing the power of computational
platforms such as Google Cloud or Amazon Web Services.
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Workshop 3:

DESIGN SPACE CONSTRUCTION:

GENERATION, SIMULATION AND DATA ANALYSIS
Workshop Video Part 1, Workshop Video Part 2

Workshop Moderator:
Marcelo Bernal, Perkins & Will, Atlanta, GA, USA

This workshop introduces a conceptual framework and computational models to explore design spaces,
understood as all the possible alternatives produced by combinations of input parameters. The main
objective is modeling the complex decision-making process in multidimensional problems. To tackle
this challenge, we transit from generation of population of design alternative to the visualization and
analysis of data of the performance results of each design option with respect to two typical conflicting
objectives: Minimize energy consumption and maximize natural lighting.

Workshop 4:

MASS AND SPACE:
AN EXERCISE IN INTERACTIVE ARCHITECTURE TO PROMOTE

THE QUALITY OF THE USER EXPERIENCE OF SPACE
Workshop Video

Workshop Moderators:
Mohammadjavad Mahdavinejad, Tarbiat Modares University, Tehran, Iran
Shahaboddin Fathi, Tarbiat Modares University, Tehran, Iran

This workshop explores new possibilities of mass and space, combines architecture with space and time
and shows the impact of movement on architecture. It attempts to enhance the quality of the user
experience of space with interactive architecture. The workshop explores how to achieve an inspiring
design in interactive architecture and provide a maquette of the final design to create a part using tools
such as wood and foam. The workshop activities include using computer design, using Grasshopper or
AutoCAD, cutting parts, assembling parts, and finally examining the performance of design components.
The significance of the workshop lies in using inspirations from the past to produce interactive
architecture, gaining a better understanding of mass and space, reaching a complete experience of human
interaction with the environment, and enhancing the quality of the user experience of space.
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APPLYING MACHINE LEARNING TO ENHANCE THE
IMPLEMENTATION OF EGYPTIAN FIRE & LIFE SAFETY CODE
IN MEGA PROJECTS

MOHAMED ALBASSEL, MUSTAFA WALY

BIM Specialist, Dar Al-Handasah (Shair & Partners)
Email address: moh.albassel@gmail.com

Senior Architect and Technical Team Leader, Studio Five
Email address: mustafa.waly93@gmail.com

Abstract. Machine Learning has become a significant research area in
architecture; it can be used to retrieve valuable information for available
data used to predict future instances. the purpose of this research was to
develop an automated workflow to enhance the implementation of The
Egyptian fire & life safety (FLS) code in mega projects and reduce the
time wasted on the traditional process of rooms’ uses, occupant load,
and egress capacity calculations to increase productivity by applying
Supervised Machine Learning based on classification techniques
through data mining and building datasets from previous projects, and
explore the methods of preparation and analyzing data (text cleanup-
tokenization- filtering- stemming-labeling). Then, provide an algorithm
for classification rules using C# and python in integration with BIM
tools such as Revit-Dynamo to calculate cumulative occupant load
based on factors which are mentioned in the Egyptian FLS code,
determine classification and uses of rooms to validate all data related to
FLS. Moreover, calculating the egress capacity of means of egress for
not only exit doors but also exit stairs. In addition, the research is to
identify a clear understanding about ML and BIM through project case
studies and how to build a model with the needed accuracy.

Keywords: Building information modeling (BIM), Artificial intelligence (Al), Machine
learning (ML), Data mining, Computational design, fire and life safety, passive fire
protection, classification.
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1. Introduction

construction industry in (MENA) Middle East and North Africa is growing
tremendously fast, and these projects are considered as mega projects due to
the scale and complexity of geometries of projects. In addition, they need to
be constructed in minimum duration with high quality and low budget. Thus,
it generates inefficiencies and various challenges similarly experienced in
global construction industry context. These include low profitability,
inefficiency, fragmentation, lack of collaboration, and fast track projects
causing cost and time overruns. Building Information Modelling (BIM) is
anticipated to improve the current performance of the global construction
industry and use machine learning to revolutionize architectural design and
production. Machine learning provides more accurate information without
wasting time that is reflected on decreasing the project budget.

Despite the benefits and potentials of BIM and ML technologies, they are
not applied in the AEC industry in Egypt just like many other regions of the
world. Therefore, the purpose of this research is to develop a clear
understanding of ML and to implement an automated workflow using fire and
life safety codes by the practitioners in the AEC industry.

1.1 PROBLEM STATEMENT

It is believed that the process of producing fire and life safety drawings takes
tremendous time because of the calculation criteria which is based on a
particular fire code such as, NFPA, Egyptian Fire Code, and Saudi Fire Code
SBC 801. The aim of this paper is to diminish the time taken to finalize the
calculations and presentations of data of a specific project based on Machine
learning technique and add all the data required for all projects.

In other words, to calculate the occupant load of a certain project, it is
needed to measure the area of each room of the building and divide this area
over the occupant load factor. Then, a sum of all rooms occupant load to
generate the total occupant load of a specific fire zone/ floor/ building. This

D1P151 HUMAN-COMPUTER INTERACTION | 8 | ASCAAD 2021



APPLYING MACHINE LEARNING TO ENHANCE THE IMPLEMENTATION
OF EGYPTIAN FIRE & LIFE SAFETY CODE IN MEGA PROJECTS

process usually takes roughly three to four days. Having said that, if there are
several projects are running in tandem, there might be a problem related to
time management and accuracy as well. Hence, a new tool is done to notably
shrink the time taken to finalize this task from 3-4 days to 2 minutes.

1.2 OBJECTIVES

This research aims to develop an automated workflow for rooms’ Occupant
Loads calculation according to The Egyptian Code or any other code for the
fundamentals of design and implementation requirements for the protection of
building (Fire Code) to identify a clear understanding of BIM and machine
learning, and explore the capabilities of data mining and create datasets related
to classification for fire codes.

2. Machine Learning

Machine learning is a type of artificial intelligence that enables a system to
learn from data as a training set from past experiences (Judith Hurwitz, 2018).
Then, build a mathematical model based on algorithms that can improve,
describe data, and predict outcomes. And well-developed ML model can
predict or decide based on large given training sets and more applied testing
sets. (Catarina Belém, 2019)

3. Machine Learning Types
3.1 SUPERVISED MACHINE LEARNING

An artificial system is created that can learn the mapping between the input
and the output. and can predict the output from new inputs. If the outputs of
dataset are from class label it leads to classification technique and if the
outputs are from continuous values it leads to regression of the inputs. The
relationship between the inputs and outputs information is represented with
learning model parameters. When these parameters are not directly available
from training samples, a learning system can estimate these parameters.
(Qiong Liu, 2012)

3.2UNSUPERVISED MACHINE LEARNING
It is a methodology where the model is working on its own to determine

patterns and information that was previously undetected instead of supervising
the model. It is mainly used to extract conclusions from large datasets
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consisting of unlabeled data to classify the output based on pattern or cluster
(groups) to determine the outputs. (Aized Amin Soofi, 2017)

3.3 SEMI-SUPERVISED MACHINE LEARNING

The model is created based on classified and unclassified data. The given data
has a few labeled data and plenty of unlabeled data. The aim of semi-
supervised classification is to build a model that can predict outputs better than
that from the model generated by using the labeled data alone. (Mohssen M.
Z. E. Mohammed, 2017)

3.4 REINFORCEMENT MACHINE LEARNING

Reinforcement learning (RL) is an area of machine learning concerned with
how smart agents should take actions. It is a method to produce intelligent
programs called agents by collecting the observed data from the interactions
with environment based on actions that would maximize the reward or
minimize the risk. (Mohssen M. Z. E. Mohammed, 2017)

4. Data mining
Data mining is a process of knowledge discovery by extracting data and

analyzing its pattern based on logical process to make certain decisions.
(Ramageri, 2010)

Figure 1: Knowledge discovery Process (Ramageri, 2010)
4.1 CLASSIFICATION TECHNIQUES
To classify large data of records, classification is the most used technique in

data mining by analysing data with algorithms. The accuracy of classifier
should be acceptable after applying it on test data. (Ramageri, 2010)
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Machine
Learning
Supervised Unsupervised su:::'il;e q Reinforcement
learning learning leaming learning
Linear Non-linear - ;
Classifier classifier f g Qrlernng
Logical Decision K meens Policy
regression Tree optimization
Naive bayes Logistic hlcm:ch'.\cal
regression clustering
SVM
K-NN
NN

Figure 2: Taxonomy of machine learning algorithms (Muhamedyev, 2015)

4.1.1 Decision Tree (DT)

It consists of a decision tree generated to classify instances at the root node
and sorted based on their feature values (S. B. Kotsiantis, 2007). Test nodes is
the nodes with outgoing edges, and all other nodes are decision nodes (leaves).
Each test node can split the spaces into more subspaces based on used function
to predict a new instance. (Ramageri, 2010)

—~ . i
Q \ Decision
/ tree

E| - Leafnode

Figure 3: Decision tree model (Ramageri, 2010)

5. Machine Learning Cycle

Creating machine learning model is a cycle process that need to identify first
the problem, then collect all useful data and information about the issue,
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prepare the data and clean inaccurate data, explore the data then start to
identify the pattern to select best prediction tool, train the algorithm with
cleaned data, then start to deploy ML model and evaluate the model with test
data set and assess the prediction output that require precision, accuracy and
minimum error. (Akinsola, 2017)

, TN

| Problem |

N
i

Identification
»  of required
data

!

» Data pre-processing

Definition of
traming set

Algonthm

- .
selection

Evaluanon
with test set

No ~ Yes
S

Figure 4: The Processes of Supervised Machine Learning (Akinsola, 2017)

Parameter mmng

5.1 DATA PRE-PROCESSING

It plays a main role in text mining techniques. it is the first step in the process
that starts with cleaning up the data.

5.1.1 Tokenization
It is the method to break the sentence to individual words with removing
spaces, commas, symbols (Gohil, 2015)

5.1.2 Filtering

It is the method to remove stop words from text to make the analysis process
much easier. These common words that does not give meaning and not used
as keyword for analysis like prepositions and pro-nouns, etc. for example: the,
in, a, an, with, etc. . (Mohan, 2015)
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5.1.3 Stemming

This method is used to identify the root/stem of a word. The aim of the method
to reduce the number of words by removing suffixes to get accurate matching
and save time and memory space. (Mohan, 2015)

Connect
Connected
Stemming
Connectin
A 4
Connectio | Connect |

Figure 5: Stemming Process (Mohan, 2015)

5.2EVALUATION

5.2.1 Accuracy
It is the method that evaluates the machine learning model by calculating the
total number of correct predications made over the total predictions. where,
TP/TN = True Positives/Negatives, FP/FN = False Positives/Negatives.
(Sharma, 2000)
I TP+TN 1
Accuracy = TPLTN+FPLFN ( )

5.2.2 Precision
It is defined as the correctly predicted classifications over the total predicted
classifications. High precision relates to the model's low error in classifying
the data. (Sharma, 2000)

Precision = TP/(TP + FP) 2

5.2.3 Recall
It is defined as the correctly predicted classifications over all the
classifications of members of a certain class. The model gives the information
as to how many objects that belong to the class in question get non-classified
or get classified outside that class. (Sharma, 2000)

Recall = TP/(T'P 4+ FN) (3)
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5.2.4 F1-Score

It essentially brings in both the False Positives and False Negatives to weigh
in the error in decision making. It can be declared as the mean value between
precision and recall. (Sharma, 2000)

1 1 1
F1 Score — Precision * Recall (4)

2 % Precision * Recall

F1_ Score = Precision + Recall

6. Application & Case Study
6.1 APPLICATION

A machine learning model and application (FiRaa) is created as a Revit add-
in with C# language, python and Revit APl (Application Programming
Interface) based on text mining algorithm which applies fire codes on BIM
models. It can be adjusted by adding more fire codes to be applied and more
datasets can be added for better classifications. The source code is available
on (https://github.com/mohamedalbassel/FiRaa).

FiRaa - [m] X

Fire Codes Door

(®) Egyptian Code

———
(O NFPA

(O Qatari Code

(O Emitati Cods Stair

Set Value

Export Missing Data

Set Egress Capacity

Update Ocoupancy Hazardous Spaces

Fire Rating
Wall Fire Riating [] Ovenide Update Fire Rating 7] Door Tag

Path of Travel
® &l Rooms O Selected Rooms Travel Path Tag

Building Data Active Firefighting system

Height P Sprinkler System
Ma of Floars [] Fire &larm
area [0 ] O Standpie

@ coication [ Fire estinguizhers

Set Project Info i
About

@ FiRaa 2020

Figure 6: FiRaa application interface (Author)

The below figure is an illustration for the whole process of machine
learning model started from defining the problem then collecting data until
deploying and validation.
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Figure 7: Machine learning model workflow (Author)
6.2 MAGDI YACOUB HOSPITAL

Magdi Yacoub Global Heart Centre is located in the city of October 6, on a
piece of land with an area of 150,000 m2. The project occupies an area of
110,000 m2 and the rest of the land is dedicated to future expansion. The
project consists of: Hospital building, Generator and Power Stations Building,
Surface parking, Underground fuel storage tank, 5 security rooms, liquid
oxygen tanks, Underground rainwater tank.

6.2.1 Applied codes and regulations

The applied codes in this project are the Egyptian fire code (Fundamentals of
Design and Requirements, System Requirements, fire detection and alarm
systems, Fire Fighting systems) and NFPA (National Fire Protection
Association) in addition to Civil Defense instructions.

6.2.2 Classification of occupancy
Structures or portions of structures shall be classified with respect to
occupancy in one or more of the groups listed below. A room or space that is
intended to be occupied at different times for different purposes shall comply
with all of the requirements that are applicable to each of the purposes for
which the room or space will be occupied.
The predominant occupancy in hospital building is “health care” group (I-2)
and some incidental spaces as per below sketch. (dar alhandasah, 2020)
Machine learning model initiated with collecting all data for classification
from previous projects and trained the model according to room names
extracted from Revit files, then room names are categorized based on
classification. The second step is data preprocessing and cleaning data with
splitting the words and stemming method to identify the root of the word.
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TABLE 1. Building classifications as per Egyptian Fire Code

A-1 theatres and Cinemas

s A-2  schools/faculties/court halls/lecture halls/worship
sukel houses

Assembl o A
Y e A-3 Closed halls such as gym/swimming pool halls
A-4 open halls such as Stadiums

o 1-1 Detention/ spaces for people with mental issues
‘:, EX - .
Institutional iy w1 under restrictions
Gl 1-2 Healthcare
. R-1 Private Residential units/ villas/ small hotels for less
Residential "3\;}"“5 \1“ ' ¢ R than 25 p. -
- R-2 hotels/dorms/solidarity for more than 25 p.
. AN B business spaces/ offices/ banks
Business Lyl A B
)
M-1 areas more than 3000 m2 or more than 3 floors
P — RN s M M-2 areas between 300 and 3000 m2 with more than 1
ERgER] floor and less than 3 floors
M-3  areais less than 300 m2 with only ground floor
F-1 high hazard storages
_ ey F-2 Medium hazard such as helipads/ print shops/
Industrial Lelial) s F labs/substations/car services/cold storages
F-3 Low hazard such as parking and workshops and
storages

TABLE 2. Data collection and preprocessing from previous projects (dar alhandasah, 2020)

Project Project  Building Room ML Model train Run Traditional
Name Part Type numbers  Accuracy Time way
percentage
Magdi Hospital 2466 60% Data 3days 3days
Yakoub preprocessing/analysis
100% add missing to achieve  2hr
100% accuracy
tower Hospital 758 92% add missing to achieve  0.5hr 3days
2-5 100% accuracy
tower 993 99.80% add missing to achieve  0.25hr
NGHA 6-10 100% accuracy
GF 854 98.20% add missing to achieve  0.25hr
100% accuracy
ABE Office 521 73% add missing to achieve  0.25hr lday
100% accuracy
Elkhafgi Office 321 81% add missing to achieve  0.25hr 1day
100% accuracy
TMG Office 457 94% add missing to achieve 1 min lday

100% accuracy

After data preprocessing, the training set is defined, and the classifier is
built based on decision tree algorithm using C# and python. To elaborate, the
algorithm is looping in each room name in BIM model, and if the room name
is in training set, it is converted to occupant load classification in each branch
from decision tree and if the name is not in this branch then it starts to search
in the other branches. This algorithm could be done in dynamo and python
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code as open source so it can be adjusted to add the missing and new data, and
more fire codes.

6.2.3 Occupant load factors
In determining means of egress requirements, the number of occupants for
whom means of egress facilities are provided shall be determined. To explain,
to calculate the total occupant load for a certain building, it is needed to
determine the occupant load for each space/room in the building. The
cumulative occupant load of all rooms/spaces equals the total building room
(SBC801, 2018). Hence, the occupant load of each room/space is based on the
main function of it. (NFPA101, 2018)

Area (x) (5)
Occupant Load Factor (x)

Occupant Load (x) =

Where xthe space/room, and all the factors is are related to the data of
this space/room. To illustrate, the area (x) is space/room area. And the
Occupant Load Factor (x) is the factor intended for the function of the space.
Moreover, to calculate the cumulative occupant load for all the building, it is
needed to follow the following the below equation:

Building Occupant Load = Z Occupant Load (X,) (6)

The occupant load factors are determined based on the table below
according to Egyptian code. (Egyptian Fire Code, 2007)

TABLE 3. Occupant load factors

10
2/bedroom
1.2

10

10

50

5

30

0.65

After classification, a dictionary is created in the application to look up and
assign the occupant load factor according to fire code. Then calculate the
occupancy by extracting all room areas and divide it on occupant load factor
then assign occupancy to each room.
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6.2.4 Validation & Accuracy

After applying the model on many projects, we need to evaluate the model
and extract the missing data then calculate the model accuracy using
(Accuracy chart) and (Export Missing Data) buttons as below figures. The
following figure show the missing data as a list in the model and also, the
second column is for spelling check to highlight the errors and suggest a
correct name for rooms. Then we have a button to export the missing data to
be added to the ML model and send an email to author.

Accuracy Chart - m} X
Accuracy Chart
500 4.1.4 I Classification
400+—
300+—
200142
12
100— —1
E3h
0
§28f8:
5103
R
w g
- - =5
@ Assigned @ Missing _.E

oint, string> labelPoint = chartPoint =» string.Format("{@} ({1:P})", chartPoint.Y, chartPoint.Participation);

117/ Defin
Serdes

collection of items to display in the chart
52 = eries riesCollection

on piechartData = new Se

Values = new Chartvaluescdoubles {c},

7
8

59 rue,

60 LabelPoint = labelPoint
2

3

valuescdoubles {cnull},

b

71 pieChartl.Series = piechartData;
72 pieChartl.legendiocation = Legendlocation.Bottom;

Figure 8: Accuracy chart and corresponding code (Author)

6.2.5 Protection of construction elements

For any building, in any Fire and Life Safety Codes, the type of construction
is determined based on the same criteria. In other words, there are five factors
have influence on the type of construction and the required level of protection.
The factors are Building Classification, Building Height, Building Area,
Number of levels in the building, and whether the building is equipped
throughout with Automatic Sprinkler system or not. the below figure is
considered as a sample from the NFPA 5000 Code. According, every type of
construction is translated to a particular fire protection level. (NFPA5000,

2018).
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Hospital Building: According to Egyptian fire protection code part no. 1,
table no. 6.2.2.1.b titled “Allowable Building Height, Area, no. of public ways
around the building and Fire Resistance Ratings for structural elements require
a minimum of 2 hr. fire rated construction. Generators and power stations:
According to Egyptian fire protection code part no. 1, table no. 6.2.2.1.b titled
“Allowable Building Height, Area, no. of public ways around the building and
Fire Resistance Ratings for structural elements require a minimum of 1 hr. fire
rated construction.

Project info method is to identify the type of building through the building
data (height, number of floors, area, classification) and the active firefighting
system (sprinkler system, fire alarm, standpipe, fire extinguishers) based on
decision technique and assign it in Revit parameter.

6.2.6 Egress capacity by Egyptian Code Methodology

The Egyptian Code defines exit width in terms of the number of ‘exit units’
required for a given occupant load. An exit unit is defined by table 4-2-3-1 as
‘the width which allows a single person to pass’ and is given a value of
550mm.The exit unit capacity for a given exit is dependent upon the
occupancy classification of the building. (Egyptian Fire Code, 2007)

TABLE 4. Egress capacity by Egyptian Code (Egyptian Fire Code, 2007)

Ground Floor Above/ Below
Ground Floor

Corridor 90 60
Staircase N/A 60
Door 110 75
Cor.& St. 30
Doors 36*
Cor.& St. 30
Doors 45
Cor.& St. 30
Door 45

Door openings in means of egress need to be not less than 900mm in clear
width for exit door and 800mm for access door. Any door in a means of egress
is side-hinged or pivoted-swinging and swings to the full required width of the
opening. Door leaf swings in the direction of egress. Doors are readily open
from the egress side whenever the building is occupied.

FiRaa can automatically assign fire barrier rating for walls and doors by
extracting data from rooms after classification to wall boundaries then doors,
after that it can draw the crystal lines that represent the hours of fire rating or
color it with Revit filter.
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Figure 9. Modeling crystal lines for wall fire rating in Revit using FiRaa

6.2.7 Path of travel

Every corridor provides access to not less than 2 approved exits without
passing through any intervening rooms or spaces other than corridors and
lobbies. Where 2 exits, exit accesses, or exit discharges are required they are
located at a distance from one another not less than 1/2 the length of the
maximum overall diagonal dimension of the building or area to be served.
Travel distance and Dead-end corridors are arranged in order not to exceed
the relevant distances.

0
- -l’
FE

i
i 55
. il |'1|||i|

Figure 10: Modeling path of travel in Revit using application on Autodesk sample project
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The travel path is a tool in the application to draw the lines in Revit to
validate the shortest path from specified access point and all rooms in the floor
and then highlight the paths in red that exceed the mentioned distance in fire
code and highlight the longest path in blue from all rooms to access point.
also, it can tag the lines in Revit for documentation.

7. Conclusions

This research is a demonstration for an automated workflow for classification
based on machine learning and decision tree technique. In other words, an
application with datasets is created for fire codes implementation on BIM
models. Building Information Modeling (BIM) and machine learning (ML)
adoption increase building performance by predicting the outcomes and
increase working productivity. In addition, it shrinks the time wasted on the
traditional Fire and life safety process of the production and analysis of a
certain project. Moreover, it reduces cost by decreasing the needed number of
man hours for a certain project. Accordingly, it increases the profitability of
construction projects. Machine learning model needs to consider the collected
training datasets, and the model needs to be scalable to enable the classifier to
make correct predictions and increase accuracy and precision.

8. Recommendations

e According to the research, it is paramount to follow a pedagogy to
improve the academic curriculum to involve machine learning
awareness in architecture, additionally, build an experience of ML
and algorithmic thinking in educational sectors.

e There is a need for further research about using virtual reality in
evacuation studies to simulate the egress of people.

e Reinforcement learning, unsupervised machine learning, generative
design, digital twin and internet of things (I0T) in architecture need
further research to solve problems with optimum solution.

e Users need to follow naming convention for room names to be
consistent to facilitate ML model training.

e Users ought to be vigilant for the code and regulations of the country
where the project will be constructed.
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Abstract. The main focus of this research is to uncover the underlying
intuitive knowledge of architecture with the help of machine learning
models. To achieve this, a generic architectural design process is
considered and divided into iterative portions based on their output for
each phase. This study looks into the initial portion of the architectural
design process called “Briefing”. The authors search for the intuition
that exists within the design process and how it can be learned by
artificial intelligence (Al) that is currently gained through master-
apprentice relationship and experience that builds up this knowledge.
In this study, a way to enable users to attain an architectural design
sketch while defining an architectural design problem with text is
explored. This on-going research decomposes the components of the
briefing and preliminary design sketching processes. Therefore the
domain knowledge at each phase is considered for translating to
constraints via natural language processing (NLP) and machine
learning (ML) models such as Generative Adversarial Networks
(GANS).

Keywords: Architectural design brief, artificial intelligence, machine learning,
natural language processing, CGANSs.
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1. Introduction

Architectural design is a solution response to a defined spatial need. Design
decisions starting from briefing of the design problem to construction phase
of built environment involve many stakeholders such as clients, occupants,
architects, engineers, constructors including as well as developers and
contractors etc. The diversity of expertise and decision making authorities puts
the architect into a role of a participant rather than a leader. Therefore the
preliminary design phase is the one that the architect is the lead decision maker
and/or the main expert (Akin, 1987). The preliminary design phase is where
the spatial need is defined. The defined spatial need is the problem that the
architect is expected to solve. Therefore the problem should be defined in a
very elaborate way so that the solution options become as clear as possible.
Ill-defined problems are solved at the expense of time and budget while
causing dissatisfaction both for clients and occupants.

Architects’ response to design problems display the presence of a design
methodology. However, design processes cannot solely be explained by an
explicit procedure that can be taught to a next generation. Eastman calls the
remaining procedure of the design process as intuitive design and defines it as
the antithesis of a design methodology. (Eastman, 1970) The intuition
underlying the design process makes it hard to “teach or instruct” within a
methodology however the authors are searching how it would help to invert
the process and ask how it can be “learned” through master-apprentice
interaction where Al is the apprentice and data is the master.

This study suggests the construction of a representational framework to
serve as a template for the definition of an architectural design problem (figure
1). The proposed framework takes the client’s speech or textual description of
the design problem commonly known as “the brief” and works on generating
corresponding images depicting visual versions of attributes that are briefed.
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Brief Sketch

Figure 1. A high-level representational framework for briefing Al

2. The Brief as a Launchpad for Design

Design processes has been analyzed innumerous times and from a wide range
of standpoints (Akin and Lin, 1995; Oxman, 1995; Gero and Tang, 2001).
Therefore, the authors keep the one that they anticipate as the closest
definition to lay a clear ground for this research which is: “The translation of
information in the form of requirements, constraints and experience into
potential solutions, which are considered by the designer to meet required
performance characteristics.” Luckman (1967) Phases of design reveal a list
containing analysis, synthesis and evaluation on which researchers come to a
consensus. Adding to this list, the feedback loop that holds the iterative cycle
of design involves simulation and decision steps (Bogers et. al, 2008). Being
the launchpad for design the briefing process needs optimum perfection.

2.1. PROBLEMS CONCERNING BRIEFS

This feedback loop starts with the briefing phase. It is a critical phase
for the architect. Therefore the architects expect a proper structure as
well as a clear understanding of what the client really wants. A major
concern however, is making sure that the client can express their
architectural ambitions. Words are not explicit enough to define the
spatial needs. The use of images helps this process while facilitating a
clearer definition of the problem space and avoiding misunderstanding
due to varying personal associations. Sketching process is also
considered to employ interactive imagery, along with reasoning of
visual analogy from a database of vision built by the designer through
experience. (Goldschmidt, 1995)

Another debate concerning the briefing phase is that it may either be
finalized before the design phase starts or the brief may evolve throughout the
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design process. The latter however is usually the case that also involves the
iterative cycle that is fed into the design process. Although the entire definition
of the design problem is beneficial for best solutions there is a portion of the
initial intent left untold or unidentified due to the nature of communication.
This is rooted in handling of the problem changing from one person to the
other or from the client to the expert that is the architect in this case. Priorities
may clash for example and problem definitions may need iterative
refinements. The intuition and experience of the expert would reveal clashes
of interest when the design intent is expressed. However, as mentioned earlier
this is an exhausting process that is usually left to imperfection for the sake of
time constraints and the problem is left ill-defined.

3. The Proposed Framework

Automation may help define the design problem however that solution
requires all the expert knowledge along with the clients design intent sorted
and implemented into the process.

Auto-generation of design sketches from text is still a far-fetched goal with
the current capabilities and skills we have in both domains of architecture and
Al. However, deep convolutional networks (CNNs) have recently helped
facilitate text representations trained on characters and words efficiently
(Zhang and LeCun, 2015; Kim, 2014).

The proposed framework takes the client’s speech or textual description of
the design problem commonly known as “the brief” and works on generating
corresponding images depicting visual versions of attributes that are briefed.
The proposed Al is expected to output architectural sketches involving spatial
relationships. The spatial relationship is expected to cover both geometric and
topological relations. However, this relationship is not embedded as in an
expert system or a parametric database within a generative design system.
Rather, a learning model based on semantic analysis and visual pattern
recognition is suggested

3.1. RELATED WORK

Creating word embedding is the initial step to reach an efficient representation
for text in order to create a semantic model. Embedding is a vector for
representation of words in a sentence (Reed et.al, 2016). Word2Vec is an
efficient method for constructing an embedding involving two neural
networks (NN) models called Common Bag of Words (CBOW) and Skip
Gram for assigning conceptual links(URL 1). Generative Adversarial
Networks GANs are models that are proposed for this framework.
(Goodfellow, 2014) The discriminator is given a real image and it gives an
output, and then it is given a fake image and it rolls out a decision as a
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classifier. While the discriminator gets trained on determining whether the
generated image is fake or real the generator also learns to create better
convincing images to show to the discriminator. Therefore both parties force
each other to improve. However, this improvement is not the result of an
explicit set of rules and values. Text2image is a Conditional GAN (CGAN)
model made up of two stages (Zhang, H., et.al, 2017). Stage 1 Generator reads
a sentence as an input and puts out a primitive low resolution image (64X64).
The Stage 2 Generator receives the original sentence as input along with the
low resolution image and outputs a higher resolution image (256X256) GANSs,
Word2Vec, and Text2lmage method are used in the implementation of this
framework.

Another related work is an automated brief builder set for a similar research
problem. Brief builder (URL2) provides all parties with a tool to define and
clarify clients’ needs and keep track of the design process. There are several
work automating brief building however, the authors are mainly interested in
how the architects interpret clients’ needs.

4. Implementation

The proposed model aims to develop a notion/understanding of what an image
of a certain thing is thereby extracting the structure of an entity within a latent
space. A textual definition of that entity is encoded and fed into the model.

The vectors corresponding to texts help represent a mapping within the
latent space where image generation takes place. The semantic model is not
set up by a supervisor but is generated as a structure within the deep learning
model.

Textual encoding is the initial phase of the framework. The text needs
preprocessing before going through a mapping whereby each unique word is
assigned an ID with the appropriate code written in python, followed by
creating a lookup dictionary. Each time the model is fed with a textual data, it
is expected to do the mapping to reach a semantic stage. However, this
mapping does not help understanding of the words within a context. Therefore
Word2Vec method is used to encode sentences upon translating sentences
taken from a brief obtained from a client containing eight items: 1. The
building should benefit from natural light as much as possible. Back of the
building is facing south. 2. The building should have natural cooling and
heating to complement other types of gentle systems. It should also use solar
heating. 3. The two units of the building should have independent systems
(water, electrical, gas, heating, cooling, solar) but located centrally together
in common areas in order to maximize space of each unit.4. The front of the
building (north facing) cannot be modified as it is a historic building protected
by the city code. 5. Each unit should have a layout that optimizes for people
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working from home rather than people that are only home to rest and
entertain. 6. Noise dampening solutions must be used to minimize transfer of
noise from neighboring units and to provide privacy for roommates. 7. Top
unit should have a roof deck. 8. Each unit must have four bedrooms, two
bathrooms, a kitchen/dining area, a living area. Text is therefore translated
into a vector form for encoding. Below is the seventh item written in the form
of vectors:

“Top unit should have a roof deck.”
Top =[1,0,0,0,0,0,0]; unit = [0,1,0,0,0,0,0]’;
should=[0,0,1,0,0,0,0] ; have =[0,0,0,1,0,0,0]"; a=1[0,0,0,0,1,0,0T;
roof =[0,0,0,0,0,1,0] ; deck =[0,0,0,0,0,0,1]

The words are then linked to a context within the network
through adjustments by back propagation. The context defined by the image
(figure 2) corresponding to the textual description is then linked to the text by
the GAN model (figure 3).

Figure 2. Contextual image for “roof deck” for Briefing Al (left) (URL-3),(right) Authors’

For generation of preliminary sketches from textual and auxiliary expressions
of intent a 2 stage ML model is proposed. Stage 1 starts with the ®t embedding
of the given textual description yielded through an encoder (pretrained). Stage
1 generator network generates an image. Generated data looks like the training
data in order to get the discriminator to believe that it is the real data. The
discriminator outputs a value of either 0 or 1 to declare whether it classifies
the image to be real or not. Although this process may look as if it only does
classification, it actually refines the generated images through iterations. As
the images are generated again and again they are better versions of
themselves. This refinement improves the learning process.
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Figure 3. Two-stage GAN model proposed for Briefing Al framework

Therefore, when vectors holding the numerical representations of images
change, both the meaning and the images themselves change yielding better

versions of text2image outputs.

Data that the model will use has not been specified yet. This has so far been
the most challenging aspect of this research. There are options such as COCO,

the Cityscapes or the Arcbazar.com platform which is the most appropriate
data source (Table 1) for this ongoing research as an architectural dataset that
would correspond to the needed image context.

The model is then planned to be evaluated based on topological and

geometric relations of spatial design output.
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Table 1. The structure of the architectural competition platform as data source.

ARCBAZAR Platform structure |Source Data
Information(description, goals,
preferences) Text
Before Images Image
Competition Wall Text+Image
Input |Competition Launch Comments Text
. Image (Raster)
Deliverables —
Image (Vector)
Output | Design Entries Evaluation Scores

5. Future Work

This framework proposal displays the inherently ill-defined quality of design
briefing and does a scanning of available options of Al models to help refine
the problem definition and solution suggestion processes. In order to structure
the intended model where it is fed a brief and yields a preliminary sketch we
need a dataset with briefs and corresponding images (will be provided by
Arcbazar). The work will continue with a problem specification language
(PSL) and a solution specification language (SSL) with an iteration space in
between. We hope that this study motivates future research on refinement of
design briefing stages with a deeper understanding of the problem space that
initiates design processes.

6. Conclusion

Would this model correspond to the understanding of briefs as the clients’
intent? This framework is being constructed in order to understand the
intuition buried in the expertise of the architect active during the preliminary
design process. Automation of the briefing process can be possible through
computing as previously mentioned. So the research starts with transcription
of clients’ spoken expression of the design problem into a textual form. This
textual data is analyzed to reveal and set up the underlying semantic model
representing the “design program” otherwise called “the brief”. A style-
transfer approach is used. The contribution of the research lies in the effort to
uncover domain knowledge and structure the methodological and the intuitive
steps that take place within the preliminary architectural design process.
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Abstract. Developing shift in architectural practice from previously
exercised to late computational methods struggles to harmonize the
concentration and consolidation between physical and humane aspects
of a project or even the very thinking mechanism itself. Integrating
Design workflow with the emerging simulation environment of agent-
based modeling (ABM) in the complex architectural process can help
us formulate a non-linear method. In this method, various complex
design aspects such as humans' socio-behavioral attributes and
structural complexities can be utilized to render an evolving design
profile. Employing ABM in the design process enables us to evaluate
complex problems using node-based tools to generate complicated
simulation and exercise an adequate approach.

Keywords: Parametric Design; Agent-based design; Integrated design;
Performative architecture; responsive shade.
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1. Introduction

If architecture is supposed to answer human and human needs, it should
understand the user, environment, and ongoing changes; therefore,
behavioral elements weigh on design parameters in a parallel procedure.
Using agent-based simulations allows us to assign the user's actions to a
virtual component called the agent to achieve this effect, ensuring that the
behavior simulation is embedded within the conceptual design workflow.
Therefore a methodological approach needed to inlay suggested element in
the computational design body on which this research is focused, and for this
matter, we need to:

e Understand ABM and understand how we can employ ABM
simulation's data in an integrated design process.

o Create a methodological framework.

First, we will represent an overview of ABM and integrated architecture.
Then, the simulation environment will be studied, and lastly, the method
used to integrate these factors to address the two points mentioned before.

In previous studies, ABM was used in the early stages of the design
process as a simulation tool to get the design aspect closer to its goals. In
Deniz Kiraz & Kocaturk's study in 2019, ABM was used in the planning
stage of design to maximize users' interaction with architecture (Deniz Kiraz
& Kocaturk, 2019). In a 2012 study by Gabriel Wurzer, ABM was used in
the early stage of planning complex buildings to create a complex layout in a
spatial context (Wurzer, 2012). However, in this study, we aim to utilize
ABM and ABMS In a design mechanism that integrates this tool. We aimed
to create an architectural CAD-based tool that autonomously designs a
responsive shade with ABMS embodied in it to dictate human behavior. This
new approach is the methodological framework of using ABM and
generative algorithms in computer-aided design. Such practice is novel since
the previous researches used ABM limited in the early stages of planning.

2. Integrating ABM behavioral studies in design
By default, various mediums have been set in the design process to help the
architect meet the physical goals set to accommodate human needs. These

mediums have been practiced in limited steps of designing stages such as:
mapping the space program in a static conventional method vis-a-vis, the
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later computational algorithmic process, in which the design workflow is
dynamic, and modifications can occur by need; therefore, the capability of
these behavioral analyses is limited; while the latter has the potential to
modify the design by every change, resulted from the simulation of human
behavior; and a different answer can be achieved.

In this paper, our interest is to apply the user's behaviors informing the
design parameters. Adopting an integrated process composed of
performative and behavioral analysis systems, parametric form solutions,
and computational design methods will result in a generative design profile
that can be pushed to accommodate various criteria such as performance,
user interactions, and a dynamic design system.

The approach needed to form this design methodology incorporates
agent-based modeling embodied in a parametric algorithm to cohere
behavioral attributes to digital agents in a digital environment, which serve
to simulate the real word human-human and design-human interactions.
Simultaneously, other design process elements are shaping in a parallel
system and based on this factor. The purpose of the generated process in this
research is to: Firstly, exploit emerging opportunities in forming a
performative and responsive shade, echoing the user's needs, and secondly,
resolve the insufficiencies in the status quo. For this matter, this research has
taken advantage of newly formed behavioral and crowd analyzing methods,
enabling us to examine experienced elements in existing space such as
density, time-cost, and agents' path in various configurations. Then data
collected will be integrated with custom-made algorithms to generate form
and explore a combination of possibilities. Via this method, it is possible to
study several scenarios to fuse expanding plans to existing architectural
boundaries while refining performance and user experience.

2.1. AGENT-BASED MODELING

ABM systems consist of an environment in which autonomous entities able
to make decisions based on a set of rules called agents. At the most
superficial level, an agent-based model consists of a system of agents and
their relations. Even a simple agent-based model can express intricate
behavior patterns and render valuable data regarding the dynamics of the
real-world system it imitates. (Bonabeau, 2002).In various recent research
applications, ABM demonstrated simulations and optimized complicated
problem-solving contained interacting elements (Schwinn et al., 2014).

In traditional modeling, a linear behavior is assumed for individuals,
while ABM provides a natural description of a system in which researchers
can study aggregated properties of the simulation. ABM is also flexible,
which means the user can add or subtract agents or sub-groups, fine-tune
complexities of the agent behaviors and environment (Bonabeau, 2002).
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These ABM simulations can be characterized as complex and adaptive in
some ways since it consists of a network of interacting agents. It portrays a
non-linear aggregated behavior that develops from individual activities of
agents. Also, we can describe its collective result without studying the
activities of any particular agent (Holland & Miller, 1991).

In the past few years, ABM has been used by many researchers to
evaluate their design in a social-related manner to satisfy the user's needs
and to improve the architecture's performative ability. In L. Kiraz's practice
in 2019, a methodology was developed to evaluate different attraction points'
engaging performance based on human behavior (Deniz Kiraz & Kocaturk,
2019).

2.2. APPLYING REAL-WORLD ATTRIBUTES TO ABM SIMULATION

As told before, Agent-based systems consist of an environment and the agent
(s) that interact in this virtual domain regarding a set of rules. To evaluate
our design performance throughout the process, ABM was employed as a
tool in which social traits were added to agents, as a set of commands. The
designed entities translated into the simulation's environment. Agents will
interact with each other, and the geometry of their surroundings and will
make decisions. Agents are placed in a virtual environment, which is a
digital representation of existing real-world geometry. They are assigned
goals which agents will follow by executing actions based on rules of
engagement. The surroundings are made of boundaries, surfaces, stairs, and
Entry/exit points. Agents generate from a specified entry and choose the
fastest route to the destination dedicated. Each unit can modify the chosen
route and alter it with consideration to its present situation. Data resulted
from these experiments will be fed to the parametric design algorithm
written to create an architectural form.

For ABM simulation, powerful software such as "Massmotion" can be
utilized as it has been used for this exercise. In Massmotion, Agents move
through the physical environment, and a social Forces algorithm based on
Fruin's algorithm calibrates these units' movement. It is to be noted that this
commercial software was validated in August 2015 in accordance with the
International Maritime Organisation (IMO) and the National Institute of
Standards (NIST). The speed that an agent is moving at results from their
physical surroundings, individual attributes (such as gender and age), and
their interaction with each other(Kinsey, 2015). Agents will emerge from the
specified origin, continuously assess the immediate condition, and decide
how to proceed in the environment until it reaches the goal destination.
Using this framework for our ABMS, we can ensure that our design
evaluations contain human behavior criteria in mind.
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In this study, the ABM method is employed in forming a responsive and
performative shade as an additive structure to existing buildings. As one of
the main performances of a shaded pathway is to minimize the travel time
cost, the main focus of this simulation is to explore the possible pedestrian
path in which the designed shade and possible future projects in the site does
not reduce the overall performance of adjacent services

3. Exercise Workflow

The design goal was to create a workflow that asses an environment and
autonomously creates a responsive shade with maximum efficiency of
pathways, resulting in a space that answers to required factors of users, all
with human behaviors at the core of the mechanism.

This workflow contains three essential parts: First, translating the existing
architecture to a digital environment and mapping out the most performative
and responsive spaces for pedestrians using ABM simulations. The next
stage is creating a parametric algorithm to devise the space itself. Lastly, a
modular expansion lets us exercise additional options that could be required
later, such as thermal and structural analyses, adding new elements, or even
mechanical actuators to create kinetic responses to users or surrounding
changes.

The first step is the ABM simulation. For this matter, we utilized a
commercial program that enabled us to run this task, knowing the result is
verified and saving time to recreate a solution that already exists. In this
step, the site's existing architecture (including floors, barriers, and entries)
translates into a digital environment. The anticipated users and their digital
parameters (age, individual tasks, and their total, resulting from studying the
site data) are also translated into digital agents. With the simulation's start,
the agents introduced will perform their tasks while interacting with each
other in the digital world, representing the statuesque. The parameter needed
for the created algorithm to render the shades with stated goals in mind is the
agent-count map, various agent-density map, agent-experienced density
maps. All of which can then easily extracted from the raw data of the sim.

The second phase of this workflow is introducing sim results to the
algorithm to create the shaded path. This path enables future users to
proceed to their desired destinations while experiencing acceptable social
distancing with other users, choosing the shortest distance to their chosen
destination while reducing the time cost. Other than goals achieved using
ABM, other secondary goals, thermal and visual comfort, are achievable by
design decisions implemented in the algorithm. The resulting space can be
introduced to ABM simulation for further review to ensure that the design's
human and performative aspects remain unscathed by the algorithm.
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However, if an additional increase in density value takes place resulted map
will enhance the space attributes in an algorithm loop.

Finally, this method allows us to integrate the various design aspects and
encompass more design criteria in an integrated design workflow. The
created algorithm in this study only explores form and evaluation factors of
designing. Never the less, it is possible to add computation structure analysis
or introduce kinetic elements to architecture without sacrificing the integrity
of design workflow. The Design Methodology is presented in figure 1:

Figure 1. Design framework.

4. Project Design

4.1. IDENTIFYING DESIGN STEPS

Steps needed for this exercise are: Identifying the area of the environment,
determining the agent's objectives, Running the simulation to gather
necessary data, and creating the algorithm generating form.

To implement this strategy, we need to study the area that can affect the
site activity, which here this activity focuses solely on a pedestrian
perspective. The area required to run the simulation exceeds the site
boundaries, which was the first challenge. The environment's boundary is set
at the threshold where the user's entry and exit portals can be defined.

-

Figure 2. Simulation environment in red and portals emphasized in blue.

In the figures above, the project's site is highlighted in red. However, the
environment needed for the simulation to render actionable results notably
exceeded the project site, to the point that identifiable portals can represent
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the entry and exit point of users without undermining the form of the path
traveled by users.

For this study, the goal was to reduce time and travel costs and reduce
experienced density for each user (more distance between people). People
were distributed according to the total users of each activity on site. Goals
are results of human behavior standards and, if achieved, would reduce the
number of people present in public in a given time. Agents used in ABS are
Autonomous and can interact with each other and the environment. They are
task-directed and able to calculate new strategy if the current action fails.
This ability makes the sim more adaptable and more elastic. Unlike the
agents, the environment is static and unable to respond to the user's needs,
but changes will be carried out via algorithms. Data gained from ABMS
would be translated to parameters understandable by the algorithm.
Furthermore, the form will be resulted based on these data.

4.2. ABM SIMULATION

This step is necessary if we are aiming to design with human behavior
embedded in the design process. Using ABM, we can gather an
understanding of how people act on the site, what path they choose, how
much it will take for each user to complete their task, or even how much
distance they can create between each other. An analytic simulation was
done to understand how people behave in an existing condition to study the
result of two design methods in comparison. After the simulation was done,
data recorded by ABM presented how many agents were in the sim at any
given time and their location. Using this, we can extract maps of agent count
in the site and their experienced density presented below:

Figure 4. Sim 2: Agent max density (Right), agent's path (Left), In new environment.

A second sim was performed (barriers removed) to examine how
different agents could do performance vise, having the behavioral attributes
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in mind. The first evident change visible in the second simulation is the
density reduced by letting the agents create their path by removing the
existing landscape barriers, which allow users to define the architecture's
spatial layout based on human behavior. Reduced travel time and distance
costs mean users entered the site will complete their tasks faster than before,
with fewer users utilizing the paths and experiencing less density.

Figure 5. Agent density graph, existing site right, new workflow Left

We can compare how these two scenarios answer users' needs concerning
performance and density in the figures presented above. In the first
simulation (right), maximum average density exceeded the level of service
(LOS) D, which means the minimum space is available for a given user is
between 1.39 to 0.93 sq meters but, in the second simulation, the minimum
space recorded per user is between 2.32 to 1.39 sq meters. Also, the area of
LOS A (meaning each user has more than 3.24 sq meters) graph in the
second sim is more than the first sim that means if we implement this
workflow, we can create a space in which users can experience working with
much more distance with each other and travel with ease. The designer can
dictate to the algorithm which standard to be used for the project. For
example, if we are about to save cost and material, we can allocate less space
to the project until it reaches maximum acceptable LOS density. In contrast,
in situations that we need people to get distanced from each other, the
designer can change the PA (parametric algorithm) parameters so more
space could be allocated to design; therefore, users can experience less
density.

4.3. THE PARAMETRIC ALGORITHM

In the second stage of the workflow, an algorithm will generate the form
based on the maps generated by ABMS and the designer's parameters. The
algorithm itself consisted of four steps: data input, Dimension input, Surface
generator, and sub-surface distributor.
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Figure 6. Algorithm structure

The input needed for PA consists of: maps generated by sim, which are
translated for the algorithm to work with, the parameters related to physical
attributes of the shade itself, and the elements (sub-surfaces) creating it.
Maps obtained from the sim should be adjusted to the level of service
needed. The density LOS considered for this project is 2.7 sq meters per
user, so the minimum distance experienced is about 2 meters for any user.
To achieve this standard average of the max density, define the space layout.
To calculate the space, we start by calculating the maximum density of
LOS's area to LOS A, and by adding the area of LOS A, the density drops.
Since the area marked as LOS A in generated maps can be massive and less
usable, we can reduce this space until the experienced density stands in an
acceptable range.

2 (LOS 1 * Area i) - x ZArea ) i X=maximum area needed per

5 . n*d  person
LOS A= = b,C... f ox= 4  d=Average distance consid-

(x-LOS a) ered between users.

Figure 7. Formula to calculate the area of LOS A

We can calculate the LOS A area needed to keep max experienced
density in the considered range with the math equation presented. In this
exercise, the average distance between people "d" is considered to be 2
meters. "X" is the maximum area needed per person, which in this exercise
is considered to be four sq meters since the unusual Circumstances of covid-
19 dictates social distancing. It is to be noted that designers can change and
adjust parameters to meet their requirements.

Figure 8. Max Density map configured for the parametric algorithm (Left), PA (Right)

The algorithm created for this step will create a virtual surface and a
pathway beneath it. ABM simulation analyzes the newly created space to
ensure that the PA output's performance and humane aspects are in an
acceptable range defined by the project’s needs.
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improvement in improvement in agent
agent speed ratio Experienced density

Figure 9. Improvement of the area under LOS A in agent's speed ratio and agent's
Experienced density charts compared shows 8% and 25% improvement in performance.

Figure 11. Sub-surface's positioning (Left), Final outcome (middle), Surface section (Right)

Sub-surfaces and structural mesh will be distributed on the surface,
designed to interact with changes in the environment to create shading in a
kinetic manner while maximizing the user's visual and thermal comfort.

5. Conclusion

This practice aimed to study an integrated workflow in which ABM
simulations were used to model and predict user behavior with a generative
parametric design method. We briefly studied the use of ABMS in the
architectural design process. Furthermore, an integrated methodological
framework was created that combined a parametric design structure that
inherited user satisfaction based on ABMS. The deployed method resulted in
a performative and responsive structure additive to existing architecture
without sacrificing performance. It is to be noted that this exercise was
carried out in a limited format only to present the possibility of this
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automated design workflow. Designers can generate their required
algorithms and simulations and set the parameters based on each design's
needed objectives. Nevertheless, utilizing this framework allows designers to
start an automated and integrated design process with their goals ensured.
One of the prime benefits of this design structure is the modularity and
flexibleness of the workflow itself. Objectives and design goals can be added
or subtracted from the mechanism without resetting the design timeline.
Using this method in an actual design case study demonstrates the
effectiveness of the integrated design process in theory and practice. It is
hoped that the practice presented could help researchers and architects to use
the opportunity in this imminent shift and center the attention on human-
based criteria while following the physical aspects in a parallel and
integrated manner.
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Abstract. This paper investigates the transfer of tacit knowledge
between designers and the computer in architectural design. Most
research efforts in computational architectural design recently focus
on the tangible and technical domains of the design process. This
resulted in a lack of understanding of the role of other qualitative
intangible domains, such as tacit design knowledge, in the
computational design process. Despite the attempts of a few recent
studies to tackle some tacit aspects within design computing, little
research extended further to study how tacit knowledge can be
transferred between different entities of the computational design
process and how it can be represented. Through an analytical review,
the paper will first discuss the notions of tacit knowledge in different
disciplines, with particular emphases on architecture. Second, the
study reviews the conditions and factors that influence the transfer of
tacit knowledge between humans, and accordingly between the human
and the computer, as addressed by different architects and authors.
The study particularly emphasizes the significance of a human-
computer symbiotic relationship for the process of tacit knowledge
transfer to take place. In conclusion, this paper presents a theoretical
basis for understanding and facilitating the transfer and representation
of tacit knowledge in a computational design environment.

Keywords: tacit knowledge transfer, computational design, designer-computer

interaction
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1. Introduction

Recent research efforts investigating design knowledge domains are
primarily focused on the tangible and technical aspects of the design process
such as structure, heating, ventilating and air-conditioning (Al-Jokhadar and
Jabi, 2016; Bernal, 2016; Coyne, 2014; Rybczynski, 2013). Hence these
domains are the ones widely embedded in the computational design process,
turning its focus to problem solving rather than problem setting. This
resulted in a lack of identification of the qualitative and more intangible
human-centered domains of the design process, such as tacit design
knowledge. Furthermore, the ambiguous nature of tacit knowledge poses a
challenge to investigate its transfer and representation in computational
environments among design entities, particularly between the designer and
the computer (Gourlay 2002; Bernal, 2016).

Many architects expressed similar concerns about the use of computation
in design. From Alexander (1964) who criticized those thoughtlessly
absorbed with the application of the tool as an end in its own right, and
argued that it will allow the designer to consider only those tangible aspects
of the problem which can be encoded. To Rittel (1972), who argued that the
wicked problems of innovative design, that depend on the deliberation of
different perspectives and judgements of different design entities cannot be
implemented in an automated system that depends on specific design
measures. Negroponte (1970), though known for his contributions to design
computing, argued that the handling of qualitative information is presumed
hopeless for the constitution of ‘machines’ at the time, and is granted
feasibility only through the abortive techniques of quantification. While
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Schon (1992) believed that computers are incapable of establishing the
reflective conversation the designer needs to have with the design situation.

More recently, the American Institute of Architects California Council
(AIACC) (2012) acknowledged the pervasiveness of the parametric design
era, and expressed that mathematical and algorithmic procedures proved to
be far too rigid to productively engage the complex cultural, societal,
economic, and political projects facing architects today. Rybczynski (2013)
criticized computational parametric design, arguing that designers utilize
computational tools either to create complex building forms that disregard
other contextual parameters, or for mere technical ends such as simulations
of energy efficiency, lighting and ventilating. While Coyne (2014) stated
that there are parametric definitions of crowds, swarms and mobs, but yet
there is nothing that models human sociability and responses to
environments in total.

However, though acknowledging the previous critiques about design
computation, few recent studies attempted to focus on tacit features of the
computational design process. Those features were referred to in different
terms such as design interpretation (Stahl, 1993), strategic knowledge (Kvan
and Candy, 2000), design intent (Abdelmohsen, 2012; Sanguinetti and
Kraus, 2011), design experience (Bernal, 2016), or social and environmental
design patterns (Al-Jokhadar and Jabi, 2016).

Mostly, those studies are concerned with how to highlight such
knowledge to be able to re-use it in different phases of the design process,
creating methods for its computational support.

Yet the research in this area still lacks the thorough investigation of the
nature and meaning of tacit knowledge domains, and how they are
transferred and represented between different design entities prior to
implementing them in the computational design process.

2. Method

This paper conducts a literature review that adopts a sequential strategy
(Tobon et al., 2019) which is comprised of three main research goals
building conceptually upon each other. The first goal identifies studies that
investigated the definitions and meanings associated with tacit knowledge in
different disciplines. The second goal is to identify studies that related tacit
knowledge to the architectural discipline. The third is to identify theories and
literature that address human-human tacit knowledge transfer and
representation, and its relation with literature addressing approaches of
human-computer knowledge transfer.
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For each research goal, three phases were applied; an initial research
phase where we identified keywords associated with the goal addressed and
used them to formulate a search statement based on the objective of this
review; a sampling and selection of literature phase where research filters
were applied that correspond to the aim of the research goal; and an analysis
of literature phase where a process of characterizing and comparing the
selected studies and the interventions between them is conducted.

3. The Notions of Tacit Knowledge

The term Tacit Knowledge (TK) is deeply studied in a broad range of
disciplines. The purpose of this review is to first; understand the meanings
associated with the term, and second; to highlight its importance and
applications in the field of architecture

3.1. TACIT KNOWLEDGE IN DIFFERENT DISCIPLINES

Polanyi (1966) coined the term Tacit Knowing and argued that "we can know
more than we can tell". He described TK as knowledge that cannot be
articulated or spoken, but rather demonstrated and imitated, and is acquired
through learning and practice.

One of the disciplines that exhausted the study of TK is Knowledge
Management especially Organizational Studies. Nonaka and his colleagues
(1995; 1996) introduced the concept of TK into knowledge management and
defined it as a non-linguistic non-numerical form of knowledge that is highly
personal, context-specific and deeply rooted in individual experiences, ideas,
values and emotions. Nonaka distinguished between technical TK; meaning
skills or concrete know-how, and cognitive TK; which refers to ingrained
schema, beliefs and mental models that are taken for granted. According to
Scharmer (2000), TK described by Polanyi and Nonaka denotes two types of
knowledge as well, embodied TK; which is knowledge that is embedded in
everyday practices and based on action, and self-transcending knowledge;
which is based on imagination and aesthetic experience. Baumard’s work
(1999) differentiated between implicit knowledge; something we might
know but do not wish to express and TK; which is something that we know
but cannot express. He pointed out the importance of TK because expertise
rests on it, however, unlike Nonaka he believed TK can be a property of not
only individuals, but of groups of people as well.

In a slightly different sense, Hutchins (1995), Krogh and Roos (1995),
Choo (1998) see that TK resides in relationships. They distinguish between
an individual type of TK and a social type implying a collective aspect or
dimension of TK. They explain this collective phenomenon exists among
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members of groups that relate to working together, and resides in their
information flows, decisions and shared practices.

Switching to other disciplines, Collins (2001) defines TK in the scientific
field as knowledge or abilities that can be passed between scientists by
personal contact but cannot be passed on in formulae, diagrams, or verbal
descriptions. For Wagner and Sternberg (1985) in the field of Practical
Intelligence, TK corresponds to practical know-how or procedural
knowledge, that can be acquired only through experience as it is not usually
taught. While in Artificial Intelligence, Janik (1988) argued that the term TK
is used in two senses, first; to refer to knowledge that could be made explicit,
but which has not yet been so rendered. Second, to those aspects of human
experience which are wholly knowable self-reflectively, but are incapable of
precise articulation.

Table (1) presents a summary of the aforementioned review, synthesizing
the different notions of TK in different disciplines, the views about its
transferability between people, and its types. It is worth noticing first; the
similarity in the types of tacit knowledge mentioned by some authors, be it
individual or social, or whether it is denoting personal skill and intuition, or
social everyday reflections. Second and more importantly; are the situations
and conditions that almost all authors agree upon, where TK is constructed
or communicated. This specific column includes some personal conditions
such as practice, individual experience, and expertise, and other social
conditions related to interactions and relationships with other people.

TABLE 1. A summary for the different notions of tacit knowledge in different disciplines,
their views about its transfer and its types. Source: authors.

Field of Study Author TK Definition TK Transfer TK Types
Philosophy Polanyi. 1966 ﬁ;;:;liiﬁoﬁlx:gm be articulated, Learning. practice personal knowledge
non-linguistic non-numerical form of .
f;;gka‘ 1993, knowledge that is highly personal and individual experiences ; ::e(;chrlilt?:; 'Tl'i
context specific - cogn
1. embodied TK
Sch , 2000 .
charmer 2. self-transcending
/ something that we know but cannot expertise, daily 1. implicit knowledge
Knowledge Baumard, 1999
Management : express that is personal activities 2. tacit knowledge
Hutchins, 1995 Social workforce Al
2. group TK
Von Krogh, and attitudes, information | 1. individual TK
Roos, 1995 flows, decisions 2. group TK
shared practices, 1. individual TK
Choo, 1998 working together 2. group TK
Scn_ence ' Collins, 2001 knowledge ﬂ_’lal cannot be passed on in ] @)
Sociology formula or diagrams
Practical ‘Wagner and an "“F“b‘“e of individuals th_at s . practical know-how,
Intelligence Sternberg, 1985 practical rather than academic and expenence procedural knowledge
= = informal rather than formal =
Artificial aspects of human experience which are
Int li'ma Janik, 1988 knowable self-reflectively but are
ntethgence incapable of articulation
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3.2. TACIT KNOWLEDGE IN ARCHITECTURE

Although the notion of TK is thoroughly discussed in different disciplines, it
is not discussed as such in the field of architectural design. This section
highlights what was mentioned in the few studies investigating TK in the
architectural practice, with a special focus on architectural computation.

Schon (1983) was first to explicitly acknowledge the concept of TK in

architectural practice. In ‘The Reflective Practitioner’, he distinguished
between two notions of TK in practice; knowing-in-action, meaning intuitive
judgment and skill, and reflection-in-action, which is the practitioners’
reflection in a context of action where they construct on phenomena they
perceive as incongruent with their intuitive understandings.
However, in his trials for computing Schén (1992) argued that a computer
program cannot on its own construct a design situation the way an architect
does, and finds computers unable to reach the level of reflective
conversation that requires different human intuitive, perceptual and
linguistic skills.

Stahl (1993) studied in his dissertation how to computationally support
interpretation in design, that he defines as “The process by which designers
transform their tacit preunderstanding into explicit knowledge”. Taking
after Schon’s TK types, he argues there are two aspects for interpretation;
first the tacit preunderstanding based on previous background knowledge,
where items from this preunderstanding can be articulated explicitly.
Second, the possibility of revising that preunderstanding based on
discoveries that are opened up by it.

In more recent studies, Kvan and Candy (2000) investigated how to
create a design collaborative environment that can computationally support
the communication of designers’ strategic knowledge. Abdelmohsen (2012)
explored how design intent is communicated among Architecture,
Engineering and Construction design teams within the context of BIM-
enabled practice. Sanguinetti and Kraus (2011) focused on the use of
parametric modeling to capture design intent and to support the
representation of experiential parameters. In a similar vein, Al-Jokhadar and
Jabi (2016) attempted to integrate parametric models with qualitative
dimensions that reflect the spatial, social, and environmental patterns.
Bernal’s dissertation (2016) developed a framework for capturing and re-
using the TK that expert designers embed in their patterns of organization of
their designs by means of computational methods and techniques in a trial of
augmenting the capability of designers to explore alternatives.

Regarding studies that directly addressed TK in architectural
computation, Woo (2005) investigated the impact of tacit design knowledge
on design performance in a distributed design environment supported by
Computer-Mediated Communication software.
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Almost all the reviewed studies that discussed computational support of
TK, presented in Table (2), were concerned with capturing it and supporting
it with a convenient software to enhance its communication in computational
design fields. None of them though, was concerned with studying the basic
conditions and circumstances that have to be provided in the work
environment for TK to easily flow between design entities.

TABLE 2. A summary for the different notions of tacit knowledge in architecture, and what
different architects proposed for its computational support. Source: authors.

Authors and Date TK Notion TK Computational Support

knowing-in-action,

Schon,1983 LS .
reflection-in-action

Stahl, 1993 design interpretation HERMES, a substrate for building design environments
Kvan and Candy 2000 strategic knowledge computer system that supports textual communication
Woo, 2005 tacit knowledge Computer-Mediated Communication (CMC) software
Abdelmohsen, 2011 design intent Building Information Modelling (BIM)
Sanguinetti and Kraus, 2011 design intent parametric modelling
Al-Jokhadar and Jabi, 2016 social, and environmental syntactic-discursive model

patterns
Bernal, 2016 design expertise meta-modeling process based on Model-Based Systems

Engineering (MBSE)

4. Tacit Knowledge Transfer Between Humans

Understanding what TK entails in different disciples and in architecture so
far, raises the question about its communication. This section investigates
the different modes of TK transfer between human beings from different
points of view. Followed by a discussion of the main conditions required for
TK transfer between humans. This review provides the basis for formulating
the conditions for TK transfer between the designer and the computer.

4.1. MODES OF TRANSFER

From a philosophical point of view, Gourlay (2002) presented an interesting
discussion in his piece ‘Tacit Knowledge, Tacit Knowing or Behaving’
about how tacit knowledge is represented between humans, where he related
tacit knowledge/knowing to verbal and non-verbal signing. He based his
discussion on the writings of Dewey and Bentley (1949) who were interested
in studying the Knowing process. Dewey and Bentley argued that Knowings
are Behaviors, and that behavior can best be studied in terms of organism-
environment transactions. Furthermore, they argued that behavior is
necessarily entailing signing or sign process, and since they have established
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that behavior is knowing, hence their conclusion that sign process held
knowledge. On this basis, Gourlay argued that TK corresponds to signaling,
and explicit knowledge to designation/ name or symbol.

Bruner (1966) proposed that human beings translate their experience of
the world into a model or some kind of representation in three ways:
Enactive; meaning learning through action, such as being involved in
teaching someone to ride a bicycle, Iconic representation; that depends on
visual or other sense organs and upon summarizing images by means of
which we are able to detect patterns, and Symbolic representation; referred to
words or language.

Gourlay mentioned Bruner in his discussion. He further argued that
Polanyi himself also provided evidence that tacit knowing can usefully be
viewed as a non-verbal semiotic process, and even occasionally discussed it
in sign-process terms. In conclusion, Gourlay argued that human knowledge
and the representation of that knowledge involves a whole range of forms of
sign process, and that TK in particular resides in the non-
linguistic/nonverbal/signal like modes of human representations.

From a more practical point of view, Schon (1983) discussed the
practitioners’ TK, Reflection-in-action, in different professional contexts
illustrating how TK flows in each between parties of the professional
situation. He discussed one-to-one situations as in an architectural design
studio between instructor and student, where TK flows through the reflective
one-to-one conversation. While in situations where more than two
individuals are involved, as in a scientific investigation, scientists reflect by
seeing as, meaning by the perception of similarity between a certain
situation and another that was seen before. Schén further explains through an
experiment of a systems engineer how TK is transferred in social
experiments through social intervention and the integration with the
surrounding context. He also argued that in a planning or a management
profession, TK flows mainly through reflecting on other professional’s
behaviors.

In his discussion about interpretation in design Stahl (1993) explains that
people understand things because they are actively involved with them in the
world. He argues that the significance of artifacts for a person is determined
by the artifacts’ relationships to other artifacts, activities, and people whose
significance are already understood as part of the person’s situation. He
emphasizes that the act of understanding combines personal and socially
shared perspectives on the world, and that all of this takes place primarily in
tacit unverbalized ways.
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4.2. CONDITIONS OF TRANSFER

Gourlay’s discussion (2002) established that for TK to be transferred it is
manifested in non-verbal semiotic processes between human beings.
Digging more in semiotics, this indicates that for individuals to share their
TK with others, they have to share the same medium, language, culture and
background to understand the designation of those non-verbal signs and the
method of communicating them (Chandler,2001).

Schon’s discussion (1983) entailed some conditions for the process of
reflection-in-action to happen that he refers to as the Structure of reflection-
in-action. These conditions involved evaluating experiments in problem
setting (reflective conversation within a design situation), bringing past
experience to bear on a unique situation (designer’s expertise), rigor in on-
the-spot experiment (taking the decision to stop experimenting and/or
reflecting when it makes no more sense), virtual worlds (creating a world
that is constructed by the medium used, and is more limited than the real
world), and stance toward inquiry (the designer imposing an order of his
own framing the situation).

Furthermore, Schén mentioned some factors that vary from one
practitioner to another, that are essential to the process of reflection-in-action
and TK transfer. These factors include; the media, languages, and repertoires
that practitioners use to describe reality and conduct experiments; the
appreciative systems they bring to problem setting, to the evaluation of
inquiry, and to reflective conversation; the overarching theories by which
they make sense of phenomena; and the role frames within which they set
their tasks and through which they bound their institutional settings (Schon,
1983).

On a similar track to Schon’s, Stahl’s analysis (1993) of interpretation in
design, distinguished three characteristics for the process of interpretation.
First; being situated; meaning that what is to be interpreted is tacitly
understood by virtue of its associations within an open-ended network of
related artifacts, people, human purposes, and other concerns. Second,
having a perspective; where he argues that there has to be a focus on a
certain aspect or that a specific approach is taken in interpreting something.
Third, using language, a particular vocabulary should be available as part of
a tradition that provides a conceptual framework for the interpretive task.

From the discussion of sections 3 and 4, a very important observation
could be made. That is, none of the authors who discussed the transfer of TK
between humans was concerned with the explicit representation of TK to be
transferred, as much as they were concerned with the conditions (actions,
tools, type of context or environment) that allows this transfer to take place.
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Moreover, it is noticed that TK transfer between people entails first and
foremost, interaction. The type of interaction that one can describe as
reciprocal, two-way or mutual, described by the authors as enactive,
reflective or actively involved. This reciprocal interaction is not confined to
two people, rather it is a reciprocal system or network that can include two
or more people, and as will be described later, people and surroundings.

There also appears to be a consensus among the authors about two types
of conditions for TK transfer, illustrated in figure (1). The first type is
concerned with personal aspects of the individual involved in the interaction
process such as one’s own stance or perspective towards a subject, the
expertise that one recalls, and the decisions one makes. The second type of
conditions are social, related to the mutual reciprocal process itself, and to
all individuals participating in the interactive system together such as the
presence of a common language/sign process that is understandable to all, a
familiar medium and a context of action.

Situation/context

—_—_——— e — - -

4 Y

/ | perspective/stance/role frame ! N
1 1
i repertoire/appreciative system/expertise i

Ilg()l’ decisions

manager ‘\ / plarmer
\ rec1procal interaction

-~ common language practice
y experlence P common medium
designer :ugn process designer T
artifact O \common culture) / Q artifact
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colleague

~—— e __-
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Figure 1. Illustrating the personal and social conditions of tacit knowledge transfer between
human beings according to different disciplines. Source: authors.

5. Discussion: On Tacit Knowledge Transfer Between the Designer and
the Computer

Building on the previous discussion of conditions associated with TK
transfer between humans, one is compelled to ask; What happens if we
replace one of the two designers in figure (1) with a computer?

In fact, the condition of reciprocal interaction between humans discussed
in the previous section has been open to discussion before by architects and
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theorists who believed in the computer as an inevitable and necessary aid to
the designer in the design process (Negroponte, 1970, 1975; Cross 1974,
2001; Kalay et al., 1990). They argued that for the computer to perform
successfully in a design task, especially problem-solving tasks, a dialogue
should be established between the designer and the computer, and called for
a designer-computer symbiosis. Furthermore, they argued that the
computers must be able to access and use the knowledge of designers, and
that the formulation and representation of design knowledge are among the
most critical tasks facing the computation of design.

Studying the previous diagram more thoroughly, it shows that TK does
not only flow between the two designers under the discussed conditions, but
is also transferred between each designer and other secondary parties.
Meaning, that beside the mutual tacit bond formed between any two (or
more) design entities, each entity has its own individual TK and
understandings that are build up due to its interactions with other people and
surroundings. This indicates that for TK to flow between the designer and
the computer, the computer must be able to gain its own TK from other
people or surroundings as well to be able to co-design if one might say; and
have its own stance and perspective towards design situations. Interestingly
enough, this issue was raised by Negroponte (1970) arguing that for a
vibrant un-interrupted stream of ideas to flow between the designer and the
machine, the machine must be evolutionary and adaptable. It must receive
direct sensory information from the real world (sensory machine), and must
be capable of overviewing other designers works (parent machine).

Moreover, other conditions as establishing a common language and a
signing system for TK transfer between the human and the computer were
addressed by semiotics and HCI in addition to architecture. Andersen (1990)
for instance developed a semiotic approach for HCI to design systems that
successfully support tasks in work environments based on the
transformations of the meanings of office work language into signs for the
computer within an interface. Nake and Grabowski (2001) also promoted for
a semiotic approach for HCI that suits the dichotomy between how humans
and computers interpret signs (humans depending on knowledge and social
codes, computers depending on signal processing of commands of a
computer program). Negroponte (1970) on the other hand pointed out that
one of the barriers of information flow between the designer and the
computer is the absence of common language, meaning the designer should
not have to be a computer specialist or in need of a software engineer to
translate his knowledge to the computer.

Figure (2) presents an illustration of the conditions and factors required
for TK transfer between the designer and the computer.
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Figure 2. lllustrating the conditions, characteristics and relationships required for TK transfer
between the designer and the computer. Source: authors.

6. Conclusion

This research investigated the meaning of Tacit Knowledge by reviewing the
notions associated to it in architecture and in other different disciplines, and
provided an understanding of the methods of its communication in the
computational design process. TK is a type of knowledge that is generally
overlooked especially in computational design fields. The issue of how it can
be transferred and represented between humans, and more importantly
between the designer and the computer is critical to be addressed in
computational design. By means of a sequential research strategy that digs
into three main research goals (discussed in sections 3 and 4), this research
presents a theoretical basis for studying the conditions and factors associated
with enhancing TK transfer in computational design environments.

The flow of TK is reciprocal in nature, and the study of TK shares that
feature. This research argued that to study the transfer of TK in
computational architecture, relying on the field of architecture only is not
enough. Architecture therefore has to be in continuous reciprocal/interactive
contact with other disciplines to develop more advanced frameworks for TK
transfer, especially in the computational realm.

Another essential argument this research raises is that to study TK
transfer between the designer and the computer, we have to first take a close
look at TK flow between human beings. Most of the reviewed studies that

D1P1S1 HUMAN-COMPUTER INTERACTION | 54 | ASCAAD 2021



CONDITIONS OF TACIT KNOWLEDGE TRANSFER IN ARCHITECTURAL
COMPUTATIONAL DESIGN: AN ANALYTICAL REVIEW

tackled TK in architecture focused on the computational point of view,
where the ‘computer’ is involved. While in fact, learning from the human-
human conditions proved to be a beneficial aid in understanding the human-
computer conditions, especially when several connections were found
between the literature discussing human-human TK transfer and the one
discussing human-computer knowledge flows.

For future research, we intend to gain a more in-depth understanding of
TK transfer between the human and the computer, through investigating TK
in theories of phenomenology and technology embodiment, addressing the
individual aspect of TK, and theories of cybernetics and distributed
cognition, where the social notion of TK can be investigated. Furthermore,
we intend to provide practical evidence for our theoretical framework,
investigating the current state of TK within computational design practice,
and the latest developments in man-machine systems.
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Abstract. Nowadays, due to the increasing demand for sustainable
design and energy efficient buildings, “performance” is becoming a
key parameter behind design decisions. Traditional design methods
may be insufficient in both evaluating the energy performance and
producing optimized design alternatives, as well as in understanding
the relationship between design variables and performance metrics.
Recently, via parametric design tools and optimization algorithms, a
wide range of design methods have been formed and various
performance data have been measured and optimized. In this context,
this study offers a design approach to integrate sustainability
principles and physical environmental conditions into the design
process as a quantifiable parameter used to improve building
performance. Further, this study aims to design a facade and its
modules based on environmental conditions in Istanbul, Turkey. The
design process focuses on daylight radiation and the analysis of
environmental data using a digital model. Rhino and Grasshopper
software was used as the digital medium for design and Ladybug-
Honeybee plugins were utilized in the analysis. Based on Istanbul’s
weather data obtained from Ladybug, optimization of the model
consisting of the first diagrams was achieved during the environmental
analysis process. The model underwent the analysis process created
for facade panelization and the panelization process was carried out
according to daylight radiation. After the design process is completed,
the model will be ready for production for the 3d printed model. As a
result of the study, a discussion developed on how to integrate precast
concrete panels into the design of complex geometrical surfaces using
computational design techniques.

Keywords:Daylight analysis, Ladybug-Honeybee analysis, Panelization, adaptive
surfaces, complex surfaces.
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1. Introduction

Due to increasing demand, the number of studies on building-scale
sustainable and renewable energy has increased in the world. It has been said
that “Special focus should be put on the building envelope design since the
local climate requires customized solutions” (Haase et al., 2016). Addressing
environmental factors in regional areas in the name of sustainability has
encouraged designers to produce location-based solutions. Gagne (2011)
advised “To help designers deal with such complex situations, many
different tools have been developed for daylighting design and analysis.”
Today, many design methods have been developed to obtain this kind of
data, and innovative workspaces have been described along with
computational design tools that have been developed in line with
technological changes. “The increase in the quantity of information
embedded in the architectural form began in the descriptive dimension,
when software borrowed from other disciplines made possible the
presentation and alteration of complex forms,” Grobman (2013) reported.
With the help of these computational design tools, environmental data
sources can be obtained through improving plug-ins or specialized software,
and designers have started an interactive process in design by converting this
data into parameters. Fox et al. (2016) reasoned “A biological paradigm of
interactive architecture requires not just pragmatic and performance-based
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technological understandings, but awareness of aesthetic, conceptual, and
philosophical issues relating to humans and the global environment.”

These design methods are often found to be performance-based design
approaches. In interactive architecture, a change is seen that emerges from
the interaction of environmental data and human data in the result stage of
the design model. Konis et al. (2016) highlighted that “Rather than analyzing
whether a predetermined building design surpasses or fails a compliance
requirement in the late stages of design development, designers are
increasingly interested in obtaining rapid and iterative performance feedback
on decisions in the early stages of design, where the largest impacts on
building performance and occupant comfort are set.” Using the analysis
process as a design input in the early design process, predictable simulations
and optimizations could be made with computational design tools. Gagne
(2011) explained that “One reason why simulation tends to be used more
often for analysis of a near-completed design than for early design
exploration may be that most simulation tools generally do not provide
designers with the means to easily gauge their specific early design options
against performance objectives, or with some kind of feedback about how
they might change their designs to meet these goals.” By using the analysis
process as a design input in the early design process, predictable simulations
and optimizations can be achieved using computational design tools. In this
context, in this study, in the intersection of the two methodical
developments, panelization system is integrated into the design model and
are sensitive to daylight, as created in the early design process using the real
daylight parameter, which is an important environmental data source. In
addition to these situations, differences between solar radiation are produced
with techniques different from traditional design methods and structures that
are useful in establishing that a structural and formal relationship can be
observed. Kalay (1999) noted that “Performance evaluation is intended,
therefore, to assess the desirability of the behavior of the confluence of the
form, function and context.” Evins et al. (2013) added to this by explaining
that “The facade of a building forms a barrier to heat, light and air, and so
must be carefully designed in order to achieve high performance.” Further,
Andriensis et al. (2014) outlined that “Solar radiation control is performed
by identifying an appropriate built shape, passive or active, through dialectic
form-finding.” In this study, based on the assumption that the design of the
facade according to daylight and wind will affect the entire energy
performance of the structure, “the way real environmental data affects the
interactive design model” was questioned. “Performance domains,” Kalay
(1999) explained, “include energy consumption, lighting (both daylighting
and artificial lighting), heat transfer, natural ventilation, mechanical systems,
materials, structure, and safety (such as evacuation).” This study concluded
with a proposal for a model that could change simultaneously as Yao (2014)
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proposed: “Movable shading systems were found to reduce the building
energy demand while improving indoor thermal and visual comfort
conditions significantly.” In the light of the data obtained, we continued our
research by focusing on the question “how can we develop a method with
computational design tools to increase performance-based energy gain on
the facades of buildings during the early design period of environmental
inputs”.

Goldman et al. (2014) noted that “The ability to add technical
information specific to components, context, and/or place can provide
valuable information during the design process.” The steps of the design
framework create the analyses, designing a form in order to merge output
data with design form, and redesigning the form dependent on the
information of changes in sunlight directions. The analyses were conducted
as follows: the environmental data were obtained through the EPW.file that
was created through the Grasshopper plug-in of Ladybug-Honeybee;
temperature data diagrams and wind directions were obtained through the
EPW. file; and the distribution of the sunlight directions were based on
certain years, months, and days. In the design process, firstly, a mesh surface
in grasshopper is achieved; subsequently, the output data from ladybug is
merged and integrated with the mesh surface. As a result, the object was
wrapped using the color range from warm to cold weather. The design
process continued by reconsidering cause of design form of the overlapping
fault of the mesh surface. After redesigning the model by reconsidering
interactions, a new loft form is designed in order to create panelization
which is changeable according to the direction of the sunlight.

2. Related Works

Recently, thanks to developments in computational design tools, several
studies have been conducted on facade design using sunpath parameters;
Noble and Kensek (1998), Knowles (2003), Zemella and Faraguna (2014)
Krietemeyer et al. (2015) and Hosseini et al. (2019) have contributed a great
deal in this field. Among them, Hosseini et al. (2019) took the change of the
position of the sun as an attraction point and achieved a hierarchical change
in the facade modular panelization system. The panelization on the facade
changes according to the position of the sun and this provides a gradual
transition through closed, semi-closed, and open between the modular panels
depending on changes in the sun angle. Figure 1 shows the kinetic facade
interaction with sun timing position and occupant position based on the
attraction point location and parametric decentralized facade apertures logic
resulting in hierarchical modular element configuration (Hosseini, 2019).
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Figure 1. The panelization on the facade

As a result of reviewing studies of adaptive facade panel systems, similar
studies led us to define the question of how a complex structure could be
designed using panelization change on a facade in Istanbul. Studies on flat
surfaces through to complex surfaces were examined within the framework
of examples and important reference points were captured for our own study.

3. Materials and Method

In this study, certain data were obtained, such as the latitude and longitude
and environmental data of the selected region in Istanbul province. For this
purpose, the Grasshopper Ladybug-Honeybee Plug-in and EPW.file were
used, and climatic data were obtained.

The Ladybug plug-in analyzed the EPWMAP data and the analysis data.
Through the Ladybug, the open weather file and import EPW. file
components were processed, and thus, climatic data were obtained.
Subsequently, some diagrams were obtained by analyzing the direction,
intensity, and temperature of the wind that were obtained from the EPW.data
through the Ladybug plug-in. The color range was determined ranging from
hot to cold and ranked from the highest degree (orange) to the lowest (blue)
(Figure 2).
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Figure 2. Wind analysis according to the determined temperature range within the determined
color range

When working with Ladybug, this analysis process, which affects the
design inputs more than any other factor, has been developed interactively
with the design model throughout the design process. Owing to the EPW
data obtained using Ladybug, the direction and range of daylight could be
determined in years, months, days, and hours. Thanks to the Sun-path
component of the plug-in, analysis can be performed for these determined
months, years, days, and hours. According to the analysis, the range of
degrees that should be read in definition was determined as 15<x<50 (Figure
3). The center of the design model was determined using the Sun-path
diagrams that were created as the origin. The variability of the Sun-path
diagram that will be created later, specifically its scale and the number of the
sun vectors, can be adjusted.

Figure 3. Sun-path diagrams
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3.1. CREATING THE PARAMETRIC MODEL THROUGH THE
GRASSHOPPER

A model was designed for the integration of daylight analysis with the
building model. In the next stage, the first parametric 3D model loft form
was created that was planned for panelization. The analysis representation
was created directly on the structure form, through the combination of the
created loft form and the definition created with Ladybug in accordance with
daylight analysis; thus, the mesh surface was obtained. On the surface of the
created structure form, it was determined which surfaces receive the
majority of the sunlight and which surfaces receive less sunlight. These were
color-coded using the same colors as those in the hot/cold color scale in the
analyses earlier. The generated Sun-path diagram was arranged to be simpler
and to create a single path. Subsequently, it was thought to be more effective
in the system, which was supposed to affect panelization as an attractive
point or vector. Figure 4 demonstrates the first part of the Grasshopper
definition; the output finally gave rise to a color range into the model
connection. Then, the color range provided a connection between the facades
and the sun by mapping into the facades.

=

e

Figure 4. Creation of the Sun-path diagram and creation-determination of the color range,
moisture, and daylight analysis definition part 1

Figure 5 demonstrates the analysis of the period created with Ladybug;
the output taken from the sun position according to the data coinciding with
the month and day hours, and its use as an attractive point on the model. The
variability of panels regarding scale and movement was established
according to the distance determined from the center point of panelization.
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Figure 5. Creation of the sunpath diagram and creation-determination of the color range,
moisture, and daylight analysis definition part 2

3.2. DETERMINING THE BEHAVIORS OF THE FACADE COMPONENTS
ACCORDING TO THE DAYLIGHT ANALYSIS

The change of each determined panel depended on the distance of the center
point from the position the sun was shown as the definition (Figure 6). Since
we defined the change using the sun position as the attractive point, as seen
in the definition created in Grasshopper, we can see panelization that can
vary according to the daylight parameter. We can see that the angle of each
panel module changes. The panelization obtained through the loft surface
were eventually obtained as merges and then baked (Figure 7).

Figure 6. Panelization of the sun position that is used as the attractive point

Two types of solar positions were established in real time, and in this
context, more closed panel system angles were created at the points with the
most sunlight, while wider-angle panel systems were created to get the
daylight on points receiving less daylight. Subsequently, these optimized
models were designated as prototypes. The meshes created by the model and
baked as a mesh surface were combined, and the prototypes were created by
determining a thickness of 1 mm for the 3D print using the “offsetmesh”
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command. Figure 8 and Figure 9. demonstrates the baked models in the
rapid prototyping process.
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Figure 7. Panelization optimization of the two models created through Grasshopper

Figure 8. First prototype
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Figure 9. Second prototype
4. Conclusions

In light of the data obtained, we continued our research by focusing on the
question “how we can develop a method with computational design tools to
increase performance-based energy gain on the facades of buildings during
the early design period of environmental inputs”. The way actual
environmental data affects the interactive design model was investigated and
a model proposal was presented that can change simultaneously. The real-
time daylight position was determined according to the data from daylight
analysis of the facade panelization, and in this direction, panel systems were
created with more closed angles on the points receiving the majority of
sunlight, and similarly, panel systems were created with wide angels on the
points receiving less sunlight. When evaluating the first model created, it
was found that rotating surfaces made it difficult to equally divide the
surfaces formed for panelization. Thus, it was understood that the model was
not the right choice for panelization due to its form. In the second design
model created, a model was generated which was curvilinear but able to
respond more clearly to daylight panelization. The change on the hexagonal
and evenly partitioned panels created on the form was carried out using the
Ladybug-Honeybee plug-in. Subsequently, these prototypes were re-
modeled using Rhino software in accordance with their original versions.
The daylight direction parameter, which was changed during panelization
settings using the Ladybug plug-in, forced the working capacity of the
program and serious errors occurred from time to time. As the conclusion, it
was observed that, owing to these optimized prototypes, a model proposal
could be developed that could change simultaneously. In addition, each
panel system creates systems that can change/transform according to
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different angles. For this reason, concerning the panelization method that can
be used in future projects, it was determined that the fabrication process
requires certain methods such as one-to-one manufacturing and location-
based production. This design significantly outperforms thousands of other
traditional solutions. While lighting and ventilation provides positive angles
towards the view, other parameters such as privacy are not taken into
consideration. Also, there are no detailed solutions for connection points
within the design; however, this detail is planned to be resolved in future
studies.
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Abstract. Daylighting provision gives a significant contribution to the
enhancement of the indoor visual environment and user comfort. This
study aims to provide a methodology to assess and optimize
daylighting performance in buildings. The paper utilizes simulation
techniques for identifying the most efficient daylight performance by
incorporating parametric optimization tools to enhance the daylighting
performance of existing buildings. The developed workflow includes
three consecutive phases. The first examines the daylighting
performance of the existing building. The second phase is concerned
with daylighting adequacy and the third aims to optimize the quality
of light rather than just the quantity through the utilization of a simple
shading system to parametrically investigate the effect of using
different shading configurations on daylighting performance and to
select the optimal solution. A louver system was parameterized
according to a predefined process that associates its depth, count and
rotation angle while a vertical screen was parametrized according to
its scale and tilt angle. To examine the potentials of the proposed
multi-stage method, it has been implemented on an office building
located in new Cairo, Egypt. The results demonstrate that using the
proposed optimization strategy drastically enhanced the Spatial
Daylighting Autonomy of the building from 27% to 87% in
comparison with the base case. Moreover, the optimum shading
solution enhanced the daylighting quality by reducing the glare
probability for better visual comfort from 60% to only 14%.
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1. Introduction

Incorporating daylight simulation methods in the design process has rapidly
developed to use daylight simulation as a driven tool for design to reach maximum
daylight quality. They were utilized to optimize the whole building design (Fang et
al., 2019) (Toutou et al., 2018) (Li et al., 2013) (Suyoto, et al., 2015) or only
individual components, such as roofs (Turrin et al., 2012), skylights (EI-Abd et al.,
2018) (Al-Obaidi et al., 2017) (Acosta et al., 2012) (Chel et al., 2010) or
fenestrations (EI Daly, 2014). In a recent study, Gonzalez and Fiorito carried out an
optimization design of the shading devices in an office space in Sydney. Results
showed that the useful daylight illuminance (UDI) maximized between 2.5 m and
3.5m away from windows and drastically reduced farther away from the windows.
Investigations revealed that shading systems significantly reduced the illuminance
levels only in the first few meters from the windows, but they helped obtaining more
uniform illuminance levels (Gonzalez et al., 2015).

Many buildings in Egypt have ignored their climatic conditions, considering that
Egypt lies in the hot arid region by, extending the use of glazing that causes
unwanted glare and increase cooling loads (Reinhart, 2001). This triggered the
researchers to develop workflows that utilizes simulations software to guide the
designers towards designs that adapts with the climate rather than neglecting its
impact.

The previous studies focused on enhancing the daylighting performance of a
one-room-study-model, while this study aims at retrofitting an existing building in
urban context to prove the sufficiency of the proposed workflow and obtain
applicable results. Moreover, this workflow can be used in the preliminary design
phase to evaluate the daylighting performance of the proposed alternatives and guide
the designers towards better decisions.

Daylighting simulation has been carried out with the wuse of
Rhinoceros/Grasshopper to evaluate the daylighting performance of an open office
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space in an office building located in New Cairo, Egypt. The results shall determine
whether the daylighting provision is sufficient or not and identify the associated
problems. The study will show how these problems can be approached using
different optimization techniques to enhance the qualitative and quantitative
properties of the space lighting.

2. Daylighting Evaluation Criteria
2.1 DAYLIGHT AVAILABILITY

It divides the space area into three zones and gives a warning when daylight exceeds
the maximum threshold for more than 5% of the occupied hours (Table 1).

TABLE 1. Daylighting Availability threshold

Daylight Availability  Threshold Occupied Hours

Daylit 300 to 3000 Ix  For at least 50% of the occupied hours
Partially- Daylit 300 Ix Less than 50% of the occupied hours
Over-lit <3000 Ix More than 5% of the occupied hours

2.2 SPATIAL DAYLIGHT AUTONOMY

Spatial Daylight Autonomy (SDA) describes how much of a space receives
sufficient daylight. It represents the percentage of floor area having 300 Ix for at
least 50% of the occupied hours (8:00 am — 6:00 pm in this study) throughout the
year. A preferred minimum percentage of 75% of room area for sDA is
recommended (U.S. Green Building Council, 2009; Wagdy et al., 2015). Similarly,
the preferable daylighting conditions set by the IES for sDA 300/50% should be
equal or more than 75% of the room area.

3.  Methodology

A simulation-based design workflow was developed in Grasshopper capable of
evaluating the daylighting performance of the building. Each phase of the workflow
consists of multiple steps that must be completed to set up and run the optimizations.
The existing building was modelled and daylighting performance simulations were
performed and evaluated based on the previously mentioned daylighting
performance metrics. Then, the daylighting issues of the building were identified.
The solution procedure, according to the developed workflow, starts with materials
changes for the most effective elements to enhance the daylight distribution. This is
followed by writing a parametric script of the fenestration system geometry
parameters that are set by the designer, which can be adjusted and run again to
compare differences in performance. Repeating the process many times are intended
to produce an improvement in the building’s daylighting performance.
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The remarkable differences between the proposed approach and the previous studies
are as follow:
e It was examined on an existing building not a study model.
o It was utilized in a whole building level and not on a specific room model
like other studies (Fukuda et al., 2016).
e Itimproved the building performance with minimal modifications.
o |t optimized the daylighting for all building facades not only on a southern
facade like other studies (Wagdy et al., 2015).
e The simulation included the surrounding context, while in other attempts
there were no surroundings since they were applied on study models.

3.1 SITE ANALYSIS

New Cairo, a newly developed urban settlement around Cairo (30° N, 31° E), has
been selected as a study area due to its popularity and fast growing ratio. The study
area is a linear raw of buildings that extends about 3 km along the southern 90th
Street. A considerable number of corporations and institutions have recently
established new headquarters or main branches in the commercial spine. Most of
these buildings’ facades include vast areas of glass ignoring their climatic region
(Mayhoub et al., 2015) (Figure 1).

trrr mmi e T e, S
Fiaure 1. The site lavout of the case study buildina, actual buildina shot and 3D model

A glazed-facade-office building has been selected as the study model to
evaluate its daylighting performance and apply the proposed optimization technique
to enhance the occupants’ visual comfort, increase workers' productivity and
satisfaction. The building is surrounded by two buildings from both sides with
almost the same height, while on the back there is an empty plot that is expected to
be built any time. This context shall affect the simulation since surrounding
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buildings can cast shadow over the chosen building, or even reflect the sunlight and
cause glare.

3.2 BUILDING THE 3D MODEL

The building floor plans were modelled in addition to the outer skin with its curtain
walls as measured from the actual building. Different studies have emphasized the
influence of the surrounding context on the daylight availability and recommended
considering it to secure adequate daylight exposure for the occupants (Kim et al.,
2014). Thus, the surrounding context has been modelled with its actual height and
materials. Each building element was defined and assigned material in Grasshopper
according to its function. The grid size was set along at a 0.70m height from the
floor finish level.

3.3 THE SIMULATION-BASED WORKFLOW

The simulation went through three consequent phases illustrated in the section
below:

3.3.1 Phase One: Evaluation process of the existing daylighting
performance

The building WWR was modelled according to the original building to evaluate its

daylighting performance. The materials reflectance values were set according to the

recommended reflectance values for this function (Table 2).

TABLE 2. Original building parameters

Building Parameters Attributes
WWR North facade Ratio = 50%
South facade Ratio = 80%
East facade Ratio = 55%
West facade Ratio = 45%
Material Walls Reflectance = 50%
Floors Reflectance = 20%
Ceiling Reflectance = 70%
Glazing Visual Transmittance = 80%

3.3.2 Phase Two: Enhancing the daylighting quantitative performance

The LEED rating system requires an evenly distributed illuminance of 300-500 Ix
(U.S. Green Building Council, 2009). The simulated illuminance levels show a trend
of excessive provision of daylight near the window and lack of provision towards
the rear of the room. As the distance from the window increases, the space became
more dependent on the light reflected from the surrounding surfaces. However, most
of the time, the walls, floors and furniture are of low reflectance, thus making the
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rear part appears gloomy and too dark to perform visual tasks. The stark contrast
between the bright windows and dark rear area is also likely to create discomfort
glare. As a result, occupants tend to pull down the curtains and switch on electrical
lighting. This situation is commonly found in office spaces. The prolonged usage of
electrical lighting will inevitably result in high-energy consumption. The application
of advanced daylight systems can reduce the energy consumption in buildings
(Wittkopf et al., 2006).

Light and materials are mutually dependent on each other. Materials are key
to understanding light in architecture because they directly affect the quantity and
the quality of the light. Specular materials, such as glossy finishes, have highly
reflective ratios but might reflect the image of the light source causing disturbing
glare. Matte surfaces, such as natural stone and plaster, reflect light in all directions
producing diffuse homogeneous illumination.

There are several ways in which an architect can optimize the design and
building orientation to capture natural light, which is not always enough,
necessitating the help of a building’s interior materials to introduce light further
inside. The most important interior light-reflecting surface is the ceiling (Spellman,
2018). Tilting the ceiling plane towards the daylighting source increases the daylight
reflected from this surface, which eventually enhances the daylighting distribution.
Sidewalls and floor surfaces have less impact on reflecting daylight in the space
(Spellman, 2018). For example, using a ceiling with a light reflection of 87% can
draw light 11% further into a space than using regular gypsum tiles (Rockfon,
2013).

Therefore, for the case study, to have deeper penetration as well as light diffusion in
the building core without making major changes to the existing design, the
following solutions were proposed:

a) Changing the wall material to white glossy paint with 60% reflectance.

b) Replacing the regular gypsum board ceiling with a high reflective ceiling (90%)
that could be stone wool ceiling tiles with a super white matt finish (Rockfon, 2013).
This idea is inspired from interior reflective light shelves as they are fixed above
window openings to draw the light into the space. However light shelves increase
the UDI values mainly in only the first six meters from the windows. Thus, this
solution cannot be generalized in the case of deep plan buildings (Berardi, 2016).
Deep plan buildings (floor plans greater than 10m depth) have become a common
practice in middle and high-rise office building design for economic reasons and
spatial requirements of the workplace. The deep core areas of these buildings cannot
be naturally illuminated by side windows, and depend entirely on artificial lighting
(Hansen et al., 2003). Therefore, the high reflective ceiling is proposed to better
bounce the daylight around the space and reduce extreme brightness contrast, which
is the main cause of glare (Spellman, 2018), while discharging the daylight to the
deep and gloomy zones. Thus, the demand for electrical lighting will be reduced. As
for the suggested reflectance values, they have obtained from the Whole Building
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Design Guide (WBDG) to keep ceiling reflectance over 80%, walls over 50%, and
floors around 20%.

C) Adding a curtain wall to the inner western fagade with WWR of 75%, as it does
not contain any openings (Figure 2).

3.3.3 Phase Three: Optimizing the daylight qualitative performance

The aim of an efficient daylighting design is not only to provide the required
illuminance levels, but also to maintain a comfortable atmosphere. Therefore, after
achieving the optimum daylighting quantity in the second phase, a shading system
may be needed to reduce the harshness of direct sunlight while allowing indirect
sunlight penetration. The WBDG recommends avoiding direct sunlight beam and
daylight filtration through, curtains, louvers or vertical screens that should help in
distributing light (Gregg D. Ander, 2012). In a previous study, the effectiveness of
solar screens was studied through different screen configurations for a living space
model located in a desert climate. Recommendations were given for each orientation
regarding adding light shelves, changing rotation angle, screen height and aspect
ratio (Sabry et al., 2012).

The current study will examine two different shading systems to optimize the
quality of light. Horizontal louvers and vertical screens were selected because they
are the most common solutions used to overcome the daylighting issues.

3.3.3.1 External louvers system

Three external louver system configurations have been investigated; horizontal,
vertical and combined. Different parameters were tested, as presented in Table 2, to
know which configuration performs better. The louver system was recently adopted
by (Wagdy et al., 2015) to reach the best configuration that achieves optimum
daylighting performance in the desert climate and to reach a balance between
daylighting adequacy and energy consumption (Wagdy et al., 2016). Another study
developed a combined louver system to reach a balance between daylighting
availability, prevention of glare, and energy conservation. The results proved that
horizontal louvers were successful in the north and south orientation while the
vertical ones performed better in the east and west facades (Sabry et al., 2014). A
perforated curved louver system to control the visual comfort of a glazed office
space located in four different climates was the scope of study of another research.
The results demonstrated how each location was controlled by a specific louver
parameter to reach the main goal (Uribe et al., 2019)

The depth ratio of the louvers was set to start from 0.50m as smaller depths
showed insufficiency in preventing glare (Wagdy et al., 2015). While the parameter
louver rotation was added in order to test the efficiency of using combined shading
systems (horizontal and vertical) especially in the eastern and western facades.
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Figure 2. Louver system parameters

TABLE 3. The fixed and variable parameters of the used shading device

Parameters Attributes

Material reflectance 80%

Depth From 0.50 to 0.95 with an increment of 0.05
Tilt Angle From -20° to 20° with an increment of 10°
Louver Rotation Either 0° (Horizontal) or 90° (Vertical)
Louver Count From 2 to 6 with an increment of 1

3.3.3.2 Vertical Screen system
Although perforated panels already exist in the market and have been used as

vertical screens in buildings, they have been usually utilized for aesthetic purposes
rather than functional, such that intended in this research, or they respond to
standard solutions with perforations that have no relation to the indoor comfort
needs. The selected perforated screen is mainly a cladding made up of rhomboid
textile awnings and inserted rigid membranes supported by a tensile-stressed steel
cable structure. It acts as sunshades to achieve maximum shading, but also to allow
possible views from the inside from the perforations between the screen panel and
the structure system.

The shape of the screen was selected due to its simplicity, easy to manipulate
parameters that can drastically affect the results with a minor move in the
grasshopper slider component. Another important factor is that despite it is
considered static, it offers the occupants the option of adjusting the tilt angle
according to their preference. Furthermore, the screen parameters can be easily
adjusted according to each building needs after running an optimization process to
determine these values. On the other hand, its simple, light structure makes it
applicable to different types of buildings. Similar designs were used in King Fahd
National Library in Riyadh, Saudi Arabia and Hazza Bin Zayed Stadium in Abu
Dhabi, UAE (Figure 3).

The simulation was carried out to determine the size of the diamond shape panel and
the tilt angle. The simulation parameters are shown in Table 3. The scale factor of
the screen means the solid to void ratio according to the size of the panel to the
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1.00m*1.00m skeleton system. Therefore, the smaller the scale factor is, the more
the direct daylight penetrates (Figure 4).

A 7
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Figure 3. Bin Zayed Stadium  Figure 4. Different scale factors of the screen size

TABLE 3. Fixed and variable parameters of the used screen

Parameters Attributes
Window WWR Fixed as in the base case model
Window Material Metal Diffuse
Glazing Double clear pane (VT=80%)
Screen Scale From 0.50 to 0.95 with an increment of 0.05
Tilt Angle From 90° to -90° with an increment of 15°
4. Results

4.1 DAYLIGHTING SIMULATION OF THE BASE CASE

The simulation results show that the partially daylit areas reached 50%, while the
over-lit spaces that occurred mainly beside the openings reached 40%, which causes
a high amount of glare. The sDA achieved only 27%, which strongly indicates that
the majority of the office space has insufficient illuminance level (Figure 5).

4.2 ENHANCING THE DAYLIGHTING QUANTITATIVE PERFORMANCE

Changing the wall and ceiling materials and the addition of a daylighting source
in the west facade significantly enhanced the sDA from 27% to 87%, which
considerably solves the issue of the insufficient lighting level (Figure 5).
Nevertheless, this increase in daylight consequently caused an increase in the glare
level from 40% to 60%.
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Figure 5. Comparison between the simulation of the 3rd floor before and after enhancing

4.3 ENHANCING THE DAYLIGHTING QUALITATIVE PERFORMANCE

43.1 Louvers utilization

Different louver types (i.e. horizontal, vertical and combined) and different louvers
parameters (i.e. depth, count, and tilt angle) have been tested. Among 450 trials,
Figure 6 shows the cases that achieved the best results and Table 4 presents their

parameters.
Case A achieved the highest sDA (77%), but accompanied by an over-lit

percentage of 31%, which would certainly affect the quality of daylight and the
occupants’ visual comfort level. Case B achieved 68% sDA, which is slightly lower
than the LEED acceptable level. However, the corresponding over-lit percentage
reached 22%, since there is a reversed correlation between the sDA and over-lit
percentage. In Case C and D, the sDA reached 63% and 61%, while the over-lit
percentage was 25% and 26% respectively.

The achieved results show that the utilization of the louver system has the
potential to significantly increase the illuminance level, but combined with glare
hazard. The target was to find out a configuration that allows the best achievable
sDA, while preventing unwanted glare. The louver approach did not effectively
achieve the desired compromise between sufficient daylighting and the
minimization of the combined glare.
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Case A Case B

Case C Case D
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Figure 6. Simulation results of the 3rd floor using louvers with different parameters.
TABLE 4. The louver parameters of the best cases

Screen Parameters Facade Case A CaseB CaseC CaseD
Depth South 0.65 0.80 0.95 0.95
East 0.65 0.75 0.90 0.90
West 0.50 0.85 0.90 0.95
Inner East 0.65 0.65 0.70 0.95
Inner West 0.50 0.60 0.75 0.95
Tilt Angle South 0° -30° 60° -30°
East -15° -60° 30° 45°
West -15° 60° -30° -30°
Inner East -15° -30° 45° 30°
Inner West -15° 45° 0° 15°
Louver Rotation South 0° 0° 0° 90°
East 0° 90° 90° 0°
West 0° 0° 90° 0°
Inner East 0° 0° 0° 90°
Inner West 0° 0° 90° 0°
Louver Count South 4 3 4 3
East 3 3 4 4
West 4 2 2 3
Inner East 6 4 5 4
Inner West 5 4 6 3

4.3.1Vertical Screen utilization
The results show that the utilization of the vertical screen achieved much better
results with sDA percentage of 78% and over-lit percentage as low as 14%.

Table 5 shows the optimized screen parameters concluded from the optimization
process. Figures 7 & 8 show a comprehensive comparison between the
performances of the base case in phase one, phase two optimization results and the
results of the utilization of the louvers and vertical screen in phase three. The
optimized screen was very effective in reducing the glare probability, which is an
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important factor to enhance the visual comfort of users while providing sufficient
daylighting level. In addition, the screen perforations maintained a percentage of
transparency that allows the visual contact between the inside and the outside of the
building.

5. Discussion

TABLE 5. The optimum screen

The proposed method demonstrated a parameters for the base case scenario.

potential to  enhance  daylighting

performance with minimal modifications ﬁgﬁgﬂetem FEEELE g(?lttlltc?gr?q
to the building form, which makes it ~gcqje South Right 0.70
applicable to both new and existing South Left 0.85
buildings. The daylighting analysis of the Middle South  0.60
existing building showed a lack of East 0.75
West 0.70

_— . o i
adequate lighting, as it reaches 27% in irner West 0.60

terms of sDA. In addition, the over-lit Tilt Angle Al Facades 0°

area count for 40%  causing
uncomfortable visual environment due to the excessive presence of the direct
sunlight because of having 80% glazing in the south facade, 60% in the northern
one, 55% in the eastern facade and 45% in the western facade. This means that there
is a non-uniform daylighting distribution due to the contrast between direct sunlight
near the windows and dark areas at the core of the building. Therefore, with the
intention to maintain the original design, very limited modifications have been
suggested to enhance the building performance. According to previous publications,
using materials with high light reflection and the increase of light diffusion can
increase the level of daylighting availability in a particular space. To avoid
disturbing glare, it is also recommended to use products with a matt surface, as it
helps nurture visual comfort. So, the modifications were resembled in using high
reflective ceiling tiles as well as adding an opening to the inner western facade.
Although these modifications succeeded in increasing the sSDA percentage to 80%,
this drastic increase was accompanied by excessive glare. Therefore, the third phase
proposed two different types of shading devices to diminish the glare problem while
maintaining the sDA percentage as high as possible. The first shading system was
louvers with variable depth, count, tilt angle and rotation. The optimization managed
to increase the sDA by 50%, which reached a LEED acceptable level. However, it
was not able to optimize the quality of light as required due to the glare percentage
that reached 31%. From a broader perspective, most of the cases that achieved
minimum glare, obtained sDA percentage below the accepted level. While the ones
that maintained adequate sDA did not decrease the glare as required.

It was also concluded that the louver depth ratio was the most dominant parameter
in controlling the amount of glare. However, depth ratios smaller than 0.55 m was
found to be insufficient in preventing glare and the downwards tilt angles was found
to have a positive impact in blocking the direct light. On the contrary, the upwards
tilt angles allowed direct sunlight beams. On the other hand, the louver count had
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neither negative nor positive impacts on the daylight distribution, which agrees with
the conclusion of a previous study, investigated the louvers' impact on the lighting
performance of a south-oriented generic classroom (Wagdy et al., 2015). It is found
that louvers count has no remarkable influence, while louver’s depth ratio
contributed to blocking direct sunlight. Moreover, the study reported that solutions
that met the predefined criteria were attained in large WWRs with downwards tilted
angles. Another research attempt that studied the effect of sun breakers cut off
angles, inclination angles and slats number on daylighting performance in a south-
facing office facade concluded that changing the number of slats had no significant
effect on daylighting measure (Gadelhak et al., 2013).

The vertical screen shading system showed the ability to maintain a sufficient
lighting level of around 78%, while reducing the glare by 46%. It was observed that
the screen tilt angle had a negative impact on daylighting, as it either allowed direct
sunlight penetration or blocked the light completely (Figure 7).

On the other hand, the screen scale had a greater impact, as solutions that met the
predefined criteria were attained in scale factors greater than 60%, while smaller
scales were considered useless in blocking glare. In a similar approach, Thanyalak
and Kyosuke aimed to find the optimum perforations scale of a double skin south
oriented facade. They found that the average scale factor that achieved optimum
daylight was 80% solid to void perforations, while the number goes up in summer to
reach almost 90% and decreases in winter to reach 70% (Srisamranrungruang et al.,
2020).

Comparison between these results and the optimum scale factor in the current study
reveals that the numbers are within the same range, as it is concluded that the
optimum scale factor of the south facade is between 75% and 85%.

To sum up, the first attempt to optimize the quality of daylight using louvers did not
achieve the required balance. Meanwhile, the second attempt using a vertical screen
achieved much better results as shown in (Figure 8).

In conclusion, the findings prove that solar screens can drastically improve the
daylight distribution in the spaces. Meanwhile, the glare phenomenon was

eliminated in the East, West and South orientations.
This workflow can be generalized in any type of buildings after evaluating the

building performance and tailoring the parameters according to each condition.
Although the louver system was not able to reach satisfying results, this does not
mean that it would be insufficient in all cases, because each building has its own
conditions, such as location, context and WWR. The same workflow could be
applied on a building located in high-density urban environment where buildings are
surrounded by other tall buildings, so the resulting parameters could have a smaller
depth ratio in the louver system or larger scale in the screen system to allow more
light.
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Figure 8. A bar chart that compares between the base case and the two phases of
optimization

6. Conclusion

The current study proposes an optimization strategy that has the potential to improve
the daylighting performance of buildings as well as enhance the experience of the
users through achieving a better quality of daylighting. The workflow consists of
three phases that include analysing the existing building performance, modifying
indoor finishing materials and using proper shading devices. An office building
located in new Cairo was studied to examine the proposed method. The results
demonstrated that the original building had insufficient lighting issues. Thus, the
optimization process was carried out to figure out the optimum modifications and
shading strategies that achieve better lighting quantity and quality. The results also
demonstrated that the building suffered from lack of lighting due to the core depth
that exceeded 10 m while the glazed facades caused excessive daylight beside the
windows that was all resolved by the reflective ceiling for more homogeneous light
distribution along with the vertical screen to block the direct light.
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The study proves that improvements in the daylighting performance could be
achieved when using the right methodology and tools. In other words, this workflow
has the ability to control many design parameters for each type of building geometry
at any level of detail. It uses the analysed data, evaluates them, and guides the
architect towards the optimum solution. The proposed technique becomes an
effective way to enhance the daylight illumination quality. Although the assessment
and optimization process is preferably done in the early design phase, the paper
proved that retrofitting measures could still enhance daylighting performance.
Ultimately, this workflow could be upgraded in the future to involve different
environmental factors, such as solar radiation, wind and ventilation, energy demand,
thermal losses and more. Some conflicts may occur, but the proposed approach will
help to trade-off and direct the final solution towards the main design objective,
while taking into account the overall performance of the building.
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PARAMETRIC SIMULATION AND SENSITIVITY OF LIGHT
SHELF ON DAYLIGHTING AND SHADING

Light Shelf Performance Map

MINA ISHAC
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Abstract. The design of the optimal light shelf to maximize
daylighting performance in a space is governed by many factors which
change simultaneously. The dynamic characteristics inherited in such
factors range from: temporal changes of daylight over the course of
the year and the change of daylighting conditions from one country to
another to variable factors that are informed by the design process and
functional programmatic use. The lack of a comprehensive study that
links all these factors together to find out the near-optimal light shelf
adapted to different conditions and locations, and moreover devise
performance map that could be used to predict the performance. Given
the constrains of light shelf’s dimensions endorsed by previous
literature, this paper develops a map to predict daylighting in
unexamined geographical locations, based on annual daylight profile
in 3 cities (Stockholm, Cairo, and Nairobi) using quadratic regression
method. The aim is to find the approximate dimensions for the needed
near-optimal light shelf that optimizes daylighting and shading in any
location. The paper uses a parametric approach to simulate daylighting
using Radiance, in which 11 models of light shelves will be varied in a
hypothetical typical room. The studied variables are: geographical
latitude and their respective climatic conditions, and window-to-wall
ratio (20-60%). The examined aspects: seasonal hourly illuminance,
annual daylighting using UDI and DAV, average annual uniformity,
and control of direct sunlight. The data are analyzed in MATLAB to
present plot radar diagrams which can provide insights into the
performance sensitivities of the models, with respect to daylighting.
The performance curves are a preliminary design tool, that is based on
approximation of dynamic daylighting.

Keywords: daylighting; light shelf; parametric simulation; Useful daylighting
illuminance; daylighting availability.
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1. Daylighting Availability

Daylighting is continuously changing temporally and spatially over many
geographical locations. The variations in daylighting predict an impact on
the lighting quality and quantity in the built environment and occupants’
comfort. As our planet Earth rotates around its axis, the day and night
changes simultaneously. Countries lie on same latitudes, and with different
longitude, have the same daylight hours (Danilenko et al. 2000). The study
by Ibrahim, Hayman, and Hyde (2009) carried out simulations on
daylighting to study how daylighting changes as the latitude changes, and its
effect on the rule of thumb of the window to floor ratio.

Depending on the time of the year, prevailing climate and sky cloudiness
(Arnesen, Kolas and Matusiak 2011), availability of daylighting will change.
At the equator (latitude 0°) day length is constant per the year and will last
approximately 12 hours. As we move up/down to the north or south, daylight
vary depending on the time of the year (Hausladen, Liedl and Saldanha
2011; Ruck et al 2000).
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2. Daylighting Performance and Objectives

Daylighting has profound benefits to the human eye and can improve the
performance of students in schools (Heschong et al. 1999; Baker 2012) when
it is provided in reasonable quantity and quality. Thus, daylighting
objectives have been formulated in schools in Caldas and Norford (2001) to:

1. Shade direct sunlight and reduce overlit light (above 2000 lux).

2. Increase useful daylight levels (500-2000 lux according to IESNA
2000, Cellai et al 2014) in the middle of the room.

3. Increase useful daylight levels at the back of the room.

4. Improve distribution of light across the room (increase uniformity).

Useful daylighting illuminance UDI and Daylighting Availability DAV are a
climatic based dynamic metrics which incorporate local climate,
orientations, and occupancy (Reinhart and Fitz 2006; Mardaljevic 2000).

3. Light Shelf as a Daylighting Redirecting Device

As the need for daylighting increases in school, there has always been a
necessary need to protecting students from direct sun, and thus; shading
played an important role and became a necessity. One of the lighting-
redirecting devices, that is well-known for regulating daylighting
distribution, blocking direct sunlight and commonly used in educational
facilities, is the light shelf.

Light shelf is a sun breaker that regulates daylight by cutting direct sunlight.
There has been a body of literature reviewing light shelves from functional
and performance points of view, as well as studies sought finding the
optimal dimensions of light shelves, to name a few (Rogers and Goldman
2006; De Carli and De Giuli 2009; Littlefair 1995; Moazzeni and
Ghiabaklou 2016; Raphael 2011; Hu, Du, and Place 2011; Abdulmohsen,
Boyer, and Degelman 1994; Soler and Oteiza 1996; Ochoa and Capeluto
2006; Kurtay and Esen 2017; Freewan 2010; Moore 1985; Kostantoglou and
Tsangrassoulis 2012; Lee, Kim, and Seo 2018; Brotas and Rusovan 2013;
Lee et al. 2017; Almssad and Almusaed 2014; Freewan, Shao, and Riffat
2008; Ishac and Nadim 2021). Rogers and Goldman (2006) simulated light
shelf, overhang, and internal shades in classrooms. The recommended
constraints of the light shelves based on past literature are within 20-120 cm
for an external shelf and 20-80 cm for an internal shelf. The study conducted
by De Carli and De Giuli (2009) suggested using longer light shelves (135 x
80cm) in lower latitude countries and shorter light shelves (80 x 40cm) in
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higher latitude countries in the northern hemisphere. Ishac and Nadim
(2021) reviewed the previously mentioned literature for the daylighting and
shading performance of the light shelf tested with respect to latitudes. The
study, furthermore, simulated and optimized light shelf in an architectural
studio at the German University in Cairo and concluded a near-optimal light
shelf in the south facade to have external and internal dimensions of 120 x
80 cm, respectively.

However, to the best knowledge of the author, only one study attempted to
simulate the effect of light shelves in different latitudes which is the study by
Kurtay and Esen (2017), and few studies only provided rules of thumb’
recommendations to the various shading systems to be used for different
climates, such as; IEA (2000); Hausladen, Liedl and Saldanha (2011). To
Kurtay and Esen (2017) used DSI to simulate light shelves and created
design curves with 97% accuracy to determine the dimensions, position and
height of suitable light shelves in different latitudes in a varied office room.
However, the previous study was restricted to the International Commission
on Illumination (CIE) overcast sky conditions, and not clear sky which
might be dominant most of the year in other latitudes, e.g., Cairo (Robaa
2006). The same study incorporates DF daylight factor, which also does not
consider local climate, orientations, and occupancy, and thus; not
representing local climatic conditions. In light of this, this shows a clear gap
in a research that attempts to find an accurate approximation to the dynamic
and real daylighting in each city.

In light of the above, this shows a clear gap in a research that attempts to
find an accurate approximation to the dynamic and real daylighting in each
city.

4. Methodology

The contribution of this work is to devise a ‘light shelf performance map’
based on the dynamic component of daylighting and accounting for the real
climatic conditions in three northern latitudes which considered as
representatives (TABLE 1), with their solar path shown in Figure 2. This
could predict and learn about the annual daylighting and shading
performance of light shelves over different locations, and thus approximate
the most suitable light shelf for each latitude to maximize its performance.
The paper uses a hypothetical typical classroom with dimensions of 9 x 7.20
x 3 meters and with a south window of various size (Figure 1). The
classroom is divided into three zones to monitor the effect of the devices in
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the front, middle, back of the room. South was selected as the simulated
orientation, as it receives most of the overhead sunlight and has more
potential for harvesting daylighting, while East or West are the least favored
orientations for classrooms.

window to wall
ratio 20-60%

11 Light shelf
1
Figure 1. Hypothetical typical classroom and zones
TABLE 1. Proposed geographical latitudes
Location Hemisphere  Actual Representative  Daylight length (hours)
Latitude  Latitude (°) June 21t December 215t
)
Stockholm, STO  Northern N59°39" N60° 18:37 6:04
Cairo, CAI Northern N 30° N 30° 14:04 10:12
Nairobi, NAI Southern S1.29° 0° 12 12

Figure 2. Solar path for the studied locations in June and December 21t days.

A set of 11 light shelf types (Figure 3) which vary increasingly on steps of
20 cm to cover a large variation of shelves. Radiance is used to simulate
annual daylighting (Ward and Shakespeare 1998, Mardaljevic 1995) using
DAV and UDI which consider dynamic daylight as they use local weather
files of each city. Then, simulated illuminance is processed using visual
basic scripts, and then analyzed in MATLAB to proceed with calculations
and plot line and radar diagrams. Parametric variables are listed TABLE 2.
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Radar diagrams can provide insights into the strength and weakness of each
light shelf and magnitude of improvement, with respect to base case, in four
daylighting objectives (described above), which are: shading, increasing
daylit levels in the middle (2.80 m) and at the back (6.10 m) of the room,
and lastly average uniformity which is calculated as ratio of the minimum to
average illuminance, on average of the two months of Jan (winter) and June
(summer). The performance curves are devised by a relation to fit the known
performance data to quadratic-degree regression curves, which minimize the
error in the simulated data and could lead to form these curves.

LS-120-0 (External) LS-120-20 LS-120-40 LS-120-60 LS-120-80
+ 080 - 020+ 080 - 040+ 1 080 - £ 080+ 080 + -+ 080 080 - + 100+ 080 -

200
LS-0-80 (Internal) LS-20-80 LS-40-80 LS-60-80 LS-80-80 LS-100-80

Figure 3. Light shelf models

TABLE 2. Parametric variables

Variable Value

Room Dimensions 9.00x 7.20 x 3.00 m

Window to Wall Ratio Variable, 20/ 30/ 40 /50 / 60%

Window orientation Fixed, South

Light shelf Height Fixed, 2 meters

Occupancy Schedule 5 days / week - 8 hours (From 8 AM - 4 PM)
Horizontal working plane 75 cm above finish floor level

Grid sensors 50 cm spacing between sensors

Weather File Stockholm / Cairo / Nairobi

Sky type Weather data dependent

Minimum horizontal illuminance 500 lux

Material reflectance Floor 20%, ceiling 80%, wall 70%, light shelf 90%
Glass light transmittance VLT 60%
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5. Results

5.1. IMPACT OF WINDOW SIZE ON DAYLIGHTING

As the window increases, daylighting increases significantly through the width of the room,
more than across the depth, which increases but slightly (

Figure 4). The relative difference in the magnitude of illuminance across the
depth of the room, received by windows from 20 to 60%, is a nearly a fixed
offset in the five openings. In conclusion, large windows do not increase
daylighting illuminance through the depth of the room. In the following
investigations, window size of 60% WWR will be, further, analyzed.

0
20% I
| , ac
a/ e~ "
) 8‘: S N 2 500 I

Figure 4. Annual hourly illuminance 3D diagrams for variation of window size in Cairo

5.2. POINT-IN-TIME AND SEASONAL ILLUMINANCE IN LATITUDES

In summer, daylighting levels decrease significantly as we go down from the
far north (26000 Ix) to the equator (6000 Ix). Levels are the highest inside
the room in Stockholm due to the relative lower sun position with respect to
its location in other latitudes which are higher (Figure 2). In the cold season,
direct sunlight around 6000 Ix penetrates through the whole depth of the
classroom in Stockholm due to the lowest solar elevation (altitude 7°). This
reflects the need for a shading device which can block low direct sunlight. In
Nairobi, extreme high levels of daylight enter nearby the window until 1
meter away from the window, and then it falls very sharply as sunlight
comes from near the zenith. In Cairo, daylight falls gradually due to the
lower sunlight angle than in Nairobi, to reach around 6000 Ix at about 4
meters away from window.
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Winter - January 215t ” e Summer - June 215t

m 1%

Figure 5. Illuminance best fit curves of base case in winter and summer

5.3. ANNUAL DAYLIGHT PERFORMANCE OF LIGHT SHELF MODELS

The annual performance of light shelves is firstly studied using DAV metric.
Figure 6 shades the light on the improvement of daylighting by the different
light shelves in the studied latitudes, rather than on shading. The LS-80-120
had a stronger impact on improving daylighting in 30° (13%) and 60° (12%).
In Nairobi 0°, daylighting improved by the internal shelf, more than by the
external shelf.

14%

e StoCkh0lM
12% e Cairo
Nairobi
10%

%
% /\

4%

00
x

Daylit Improvement (%]

2%

0% L I I I I
LS0-120 1S20-120 LS40-120 1S60-120 LS80-0 LS80-20 LS8040 LS80-60 LS80-80 LS80-100 LS80-120

Figure 6. Daylit improvement (%) by light shelf models in studied latitudes
5.4. PERFORMANCE SENSITIVITY OF LIGHT SHELF MODELS

Radar diagrams plot the UDI to highlight the most effective device in each
objective in various latitudes (Figure 7-12). The range of shading effectivity
of all light shelf models is smaller as we go from equator to far north. This
reveals how a wide range of horizontal shading devices can easily variate in
shading direct sunlight in cities near the equator. As we go north, all
horizontal devices alike, shade direct sunlight similarly without large
differences in shading capacity (Figure 11). In shading efficiency, the LS-
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80-120 outperforms all other shelves, but with relative reductions from one
latitude to another. In Latitude 0° it reduces the overlit the most (-54% of the
time per year), -27% in latitude 30°, and -18% in latitude 60°. In latitude 0°
where the sun has high elevation angle, both an external and internal shelf
are necessary to block direct light. The longest external light shelf (LS-0-
120) shades better in latitude 60° than in low latitudes.

Regarding daylight in the middle of the room, the shelves (internal LS-80-0)
and (LS-80-120) respectively play a small role in improving daylight
(increase by 9%) in latitudes 0° and 60°. Almost none of the shelves
increased daylight in latitude 30°. At the back of the room, LS-60-120
increased annual daylit by 5% in latitude 30°. Most of the shelves (8 out of
11) in that latitude improved daylight at the back very slightly. In latitudes
60° and 0°, nearly all shelves diminished daylight at the back of the room.

An external light shelf improved uniformity distribution across the room
with relative impacts in each location. The longest light shelves (LS-80-120)
led to improving the average annual uniformity in all latitudes, significantly
in the equator by 0.30, by 0.20 in latitude 30°, and very slightly in north 60°.

Stockholm 60° N

Figure 7. Effective light shelves in shading performance
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Figure 8. Effective light shelves for increasing annual daylit in the middle of the room

Stockholm 60° N Overlit reduction

PR Overlit reduction L .. Overtreduction
(9% of year) Cairo 30°N 196 of year) Nairobi 0 1% of year)
(Front] (Front) (Front)
00 00

Average
Uniformity %% 0%

Daylitincrease
80 % of year)
(Center)

—— 150120
——152120
1540120
——L560-120
)

Average Daylit increase
Uniformity 09——02—6& 90 (% of year)
(Center)

—— 159020
—— 158040
L5-80-60
—— 158080
e 1580100
slo e LS80120
Daylit increase Daylit increase Daylit increase
(9% of year) (9% of year) (9% of year)
(Back) (Back) (Back)

Figure 9. Effective light shelves for increasing annual daylit at the back of the room
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Overlit reduction Overlit reduction
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Cairo 30°N Nairobi 0°

Stockholm 60° N

Figure 10. Effective light shelves for improving annual average uniformity

5.5. PERFORMANCE CURVES OF LIGHT SHELF MODELS

Performance curves are lines which best fit the annual UDI performance of
the studied latitudes by regression. The second step is interpolation to use
these curves to estimate the daylighting and shading performance of base
case located in other unexamined latitudes, with/out the light shelves impact.
This is also to differentiate which of the light shelf models would best suit to
this specific latitude.

Figure 11 shows performance curves of light shelf models. Cities near the
equator 0° and latitudes 30° experience large periods of direct sunlight,
compared to a smaller period in the north. The middle part in latitude 0°
receives more useful daylight (80%) than direct sunlight (20%), compared to
shorter period of useful daylight (30%) and longer period of direct sunlight
(45%) in latitude 60°. Inadequate levels of daylight at the back of the room
rise as we go north to reach 40% of the year, compared to short periods of
time (10%) near the equator.

Architects can utilize these maps as a preliminary design tool to interpolate a
latitude of interest and predict daylighting performance in that location,
without simulations. These curves are an approximation for daylighting
performance which take into account its dynamic variability and availability
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in various latitudes worldwide. A demonstration example is depicted in same
Figure 11 to learn about daylighting and test the performance of light shelves
in Munich (48°N) and Ethiopia (9°N). Munich was found to receive around
80% of time direct sunlight in the front part of the room and 20% useful
daylight, While Ethiopia receives around 100% of the year direct sunlight.
LS-80-120 would increase the useful daylight at the front significantly in
Ethiopia (45%) than in Munich (20%). Furthermore, an internal shelf alone
(LS-80-0) would increase useful daylight to 5% in the middle of the room.

Figure 11. Performance curves of light shelves and interpolating unexamined latitude
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5. Discussion

This study confirmed that longer light shelves (LS-80-120 and its variations)
are the most effective shading devices in lower latitudes than to higher
latitudes. Shorter combination (LS-80-0) is advantageous to improve
daylighting slightly in the middle of the room in Nairobi, but with
compromise on reducing shading. In latitude 30°, most of the shelves
improved very slightly annual daylight at the back of the room. In opposite
in latitudes 0° and 60°, nearly all shelves diminished daylight. An external
light shelf proved to improve the uniformity distribution across the room.

6. Conclusion

Natural light is vital for students’ performance and health. This paper aims
to explore the effect of light shelf on daylighting and shading performance in
various studied locations, specified by latitudes. Given the simulated
illuminance in these known locations, best fit curves are drawn to develop a
map, so called ‘performance curves’ map. This map is used to predict the
near-optimal light shelf that would best suit in any unexamined locations.
Radar plots envisage the potentials and sensitivities of each light shelf in
achieving daylighting objectives, and hence can differentiate the suitable
model.

The findings of this paper can be generalized to any other location since the
classroom used was a hypothetical with typical dimensions. Architects can
utilize these maps as a preliminary design tool to approximate and predict
performance without simulation. It is important to note that the performance
curves are an approximation to the real and dynamic daylighting conditions
in many locations worldwide, however, future studies are required to
validate the accuracy of the curves, statistically correlate them to real
measurement, and would need to include other factors that affect daylighting
availability; such as: sky cloudiness. Also, future work can be extended to
experimenting other variables; such as: orientation, room height, and
reflectance.
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Abstract. The Adaptive Solar Fagade (ASF) as an integrated dynamic
and flexible building facade could be a hopeful design tool to provide
residents comfort and energy efficiency by applying relevant
integrated parametric design. Based on that, in this study, we
investigated a designing process and optimization of ASF
concentrating on providing the visual comfort and energy efficiency.
We start with an extended summary of previous studies which has
been done for developing a dynamic system correspond to origami
and butterfly wings. Afterwards, we design 10 movement patterns for
facade at the next stage, we simulate the Illuminance uniformity
distribution and amount of energy consumption in the interior area. It
should be noted that this simulation is done hourly. Therefore, 52 base
models were investigated in Hamedan without using intelligent
facade. It should be considered that these models are offices and they
are investigated in the cold tundra in four days of the year between 6
AM. to 6 P.M. Afterwards, 520 fagade affected proposed models
simulated for comparing to the base model. We have done the latter
simulation using Colibri plugin while it optimized linearly. All of the
datasets have been processed in an algorithm circulation for analyzing
the simulations results.

Keywords: Adaptive Solar Facade, Light Efficiency, Parametric Design, Algoritmic
Simulation, Visual Comfort, Energy Efficiency
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1. Introduction

This article focuses on smart facades as a climate-compatible design
technique which response to both direct environmental inputs and user
needs. Multiple studies have shown that energy consumption in construction
sector includes 34% of total energy consumption all over the world which is
even higher than the share of energy consumption per capita in the transport
sector and factories (Soflaei et al. 2017). On the other hand, Maldigom
institute of physics introduces the facades of buildings as responsible for
wasting 40% of the energy of buildings, which is caused by overheating in
summer and heat loss in winter, which is inevitable to provide comfort to
internal space residents there is no choice except to use air conditioning
systems (Barozzi et al. 2016).

Today, the idea of adaptive smart facades (ASF) has been proposed by
many researchers and designers (Loonen et al. 2013; Bueno et al. 2018; Attia
et al. 2015).

Previous studies have shown that design methods with light and energy-
efficiency approaches are one of the most important methods to increase the
residents comfort in the interior (Panopoulos and Papadopoulos 2017;
Rodriguez et al. 2014). However, daylight can cause undesirable reflection
or concentration of radiation in certain parts of the space, which in itself
reduces visual comfort and energy-efficiency (Suk, Schiler, and Kensek
2016). Accordingly, there is need to exposure a responsive system for
adaptive shading system with adaptability to different climate conditions to
supply visual comfort and reduce energy consumption (Nagy et al. 2016).

Many studies have been done in the field of visual comfort and energy-
efficiency (Barozzi et al. 2016; Attia et al. 2015; Bueno et al. 2018; Freewan
and Al Dalala 2020; Nagy et al. 2016). But the challenges of providing
visual comfort and increasing energy efficiency in a building with a glass
facade (office) remain (Eltaweel and SU 2017; Hafiz 2015). In this regard,
this article specifically examines a smart facade that is inspired by the
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morphology of the butterfly wing and structured based on origami, to
provide visual comfort (ensure uniformity of light distribution) to residents
and reduce energy consumption in an administrative department in the cold
and dry climate of Iran, which has been selected as a case study of this
climate of Hamadan.

2. Research Background

Adaptive facades are not a new concept for sustainable building facades but
have gone through several stages since the beginning of the twentieth
century (Hopkinson 1972). Therefore, significant efforts have been made to
develop smart buildings in the field of energy with a focus on advanced
systems (Attia et al. 2018; Park et al. 2003; Sadek and Mahrous 2018). The
energy-saving potential of these systems, such as electrochromic windows,
has led to many applications (Attia et al. 2015), as they can adapt themselves
to changing climatic conditions.

The term adaptation here refers to reaction potential or take advantage of
external climatic conditions for the comfort of residents, welfare needs and
reduced energy consumption (Loonen et al. 2013). In this regard, the
uniformity of light distribution is considered as one of the main elements of
quality of space, which can play an important role in maintaining the health,
efficiency and comfort of residents (Bian, Leng, and Ma 2018; Hafiz 2015).
As another solution, adaptive systems with integration in the facade of
sustainable buildings can be an important factor in reducing the need for
artificial light, cooling or heating in different seasons, which increases the
level of energy-efficiency (Ruck, N; Aschehoug, Oe; Aydinli 2000).

3. Research methods

The type of progressive research is categorized as usage research based on
the purpose. The progressive research method is a descriptive-analytical
method and its information has been collected in a library method and using
the sources and information available in books and articles.

The ultimate goal of this research is to offer an adaptive modular smart
facade (ASF) that can adapt to climatic conditions according to the needs of
users. To achieve this goal, the architectural idea for designing an initial
research project of innovation and inspiration from the butterfly wing
movement, as you can see in figure 2, (Shanks et al. 2015), whose
simulation mechanism was based on origami concept used.

One way to achieve the various forms of exterior design that are
classified by different factors is to determine the strengths and weaknesses
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points of each layout. This method provides the possibility of different
layouts of smart facade modules (Nagy et al. 2016).

This study, inspired by the morphology of butterfly wing by rules of
parametric design of origami, led to the formation of a smart Kinetic
structure and a hypothesis based on existing studies in this field, which to
quantify this hypothesis using parametric design tools, a designed model to
climate simulate in different facade states was evaluated using Ladybug
tools, to optimize all the existing states, linear optimization was used by
colibri tool, finally, using the design tool, the results of the simulation were
analyzed. In this research, the facilities and limitations of creating ASF using
the algorithm in an applied case study in a singular office space facing south
in the city of Hamadan-lran with cold and dry climate have been
investigated. The case study is classifiable into four consecutive phases as
follows:

Modelling: in the first phase, inspired by the morphology of the butterfly
wing, the dynamic behaviour of the smart facade was studied, then using the
rules governing the origami algorithmic design, this model was designed as a
parametric model in the Rhino/Grasshopper.

Simulation: in the second phase, the designed model using Ladybug and
Honeybee plugins was placed in the climate conditions of Hamadan, the
simulated models in this phase were evaluated in two basic states that were
without smart facade application and in the research model state which were
capable of change state for every 10 hours. The simulation results in this
phase included EUI and sIUD study, which represent the hourly energy
consumption and uniformity of indoor lighting distribution.

Optimization: in the third phase, linear algorithmic optimization was
performed using colibri tools, object mapping (independent variables) was
performed by this tool in parallel with the simulation steps following
changes in input genomes (dependent variables). Downloadable file for data
analysis in design explorer environment, .csv extension was received at the
output of this composite. The performed optimization can be classified in the
section of multi-objective linear optimizations.

Analysis of results: the fourth phase includes the analysis of the results of
the optimization, which tried to eliminate the local optimum results by
applying constraints and selecting the best facade state per hour.

3.1. MODELLING

The initial concept was created in such a way that according to many
studies, the butterfly wing movement pattern can affect the amount of
radiation absorption and in nature, the butterfly increases or decreases this
amount of reception by changing its wing angle to receive sunlight.
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Figure 1. Innovation and inspiration from the butterfly wing movement (shanks et al .2015).

The mechanism of using the amount of radiation in the butterfly is in the
situation that in the early morning to warm the muscles that move the wing,
it changes the angle of the wing, in figure 1 you can see this mechanism
(Shanks et al. 2015).

In the present study, by stylizing the butterfly wing and turning it into a
repeatable module, this facade is placed in the facade of the building and
tries to find the best angles to optimize light and energy, this module can
change the mode parametrically in 10 modes, which the algorithm writing
process of this facade is shown in Figure 2.

1

7 8 9 10

Figure 2. Butterfly module steps

Module steps
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3.2. SIMULATION

The purpose of this study is to investigate the effect of the designed
facade on indoor lighting and amount of energy consumption. Ladybug and
Honeybee support the ability to model daylight and thermodynamic model
algorithmically during all simulation steps by importing the .epw weather
file. Honeybee calculates the results of simulation using radiance, energy
models using Energy Plus / Open Studio and heat flow through construction
details using Berkeley Lab Therm/Window.

3.2.1. Simulation data collection

The first step in simulation is the definition of the zone or the simulation
room that all light and energy analysis is performed in this room.
Considering that the orientation of the building is not one of the variables of
this research, therefore, in all simulation cases, the north-south orientation is
considered. The south wall, which is the main wall, was considered to be
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95% WWR and this percentage of the opening is also considered to prevent
the coefficients of the interfering variable during the simulate process
(Pesenti et al. 2015).

The reflection coefficient for the walls in the material radiance was
considered to be 0/5, 0/5, 0/5, respectively, for the floor, coefficients of 0/2,
0/2, 0/2, considered and for the ceiling, coefficients of 0/8, 0/8, 0/8, were
considered, which are considered the same in all simulation states
(Compagnon 1997).

To analyze the energy to eliminate the effect of heat transfer coefficient
and heat resistance, the walls of the base model and the adiabatic research
model were defined.

The mechanical equipment system (HVAC) in this analysis is an ideal
system based on the ASHRAE standard, which can be defined in Ladybug
software default (Lynch et al. 2013). In this study the value of 0/0001 was
considered for unwanted ventilation (USGBC 2016).

In this study, analysis based on a grid base sensors. For light analysis,
460 sensors were installed at a distance of 80cm from the floor, which each
of sensors located at a distance of 30cm from the next sensor. The type of
modelled space with office use is considered and this use is effective on the
table of presence and use of space by residents (Lynch et al. 2013).

All analysis performed in this study performed on an hourly basis and
due to the extent of the analyses. From all days of the year, the days of
midsummer, midwinter, spring equinox and autumn equinox were chosen.
Analyzes were repeated every four days from 6 A.M. to 6 P.M. and a total of
52 hours were analyzed.

3.2.2. Measurement indicators

All tables of results obtained from the analysis were classified and
analyzed based on these indicators. It is worth to mention that to facilitate
the identification of these indicators, they were divided into two series: light
evaluation indicators and energy evaluation indicators.

To measure illuminance in this study, the illuminance uniformity
distribution which is presented in European standard EN 12464-1 was used
in sections 4, 3, 3, this standard is related to light evaluation indicators in
office space, which was selected as user-selected case sample (Technical
Committee CEN/TC 169 “Light and Lighting” 2002).

This standard is used to evaluate the amount of illuminance of a bench
surface, in this way, the amount of light received, which is considered
illuminance here, in first evaluated by sensors at the bench surface, then the
average of all light receipts is calculated accordance of lux, in the next step,
if the point with the lowest light reception received at least 40% of the
average total light reception, is was able to pass this standard. The formula 1
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used for calculating the uniform illuminance distribution indicator
(Wagiman and Abdullah 2018).

Uo = EMin/Eayg 1)

Emin: the minimum amount of light reception, Eavg: the average of light
received from sensors on the bench surface in one hour, Uo: light uniformity
distribution index.

The main question in the research process in connection with the
measurement of this indicator was how to evaluate this indicator on a larger
scale than the surface of a bench?

The answer was obtained in the form of algorithmic coding in which the
daylight uniformity distribution index was calculated spatially. In simpler
term, if we measure the total space of a room, we get a large number of
responses to the amount of light received, but how can we measure this
indictor for the entire room. The solution was that the average light reception
was obtained in all points with sensors in the room and then each point was
compared with the average, alone, and the points were able to pass the
standard were separated, by calculating the percentage of the sum of these
points to the measured points, we obtain a number as a percentage, which of
course, the higher this percentage indicates the better state of light
distribution. This indicator was used as the “Spatial Illuminance Uniformity
Distribution” and is indicated by sIUD.

Eavg = (Z E1+"'+En) / n (2)
nEpass: En/ Ea\/g 2 05 (3)
SIUD = nEpassl n (4)

Which Eavg is average illuminance in all illuminance sensitive areas, n is
the total number of illuminance sensitive points and nEpass is the total
number of points that received more than 50% of the average illuminance.

The EUI index was used to measure energy consumption, this indicator
evaluates the amount of energy consumption based on the unit kWh/m?2,

EUI = (EUICOOI+ EUIheaﬁng) / A (5)

Which EUIcool is the amount of energy consumption to cool the whole
space, EUlheat is the amount of energy consumption to heat the whole space
and A is the area of the analyzed space.

3.3. OPTIMIZATION

In the third phase, the optimization of the written algorithm in the first and
second phases was performed by a Colibri tool from linearly TT-toolbox
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tool kit, which is coded based on an artificial intelligence algorithm. The
optimization was repeated once for the baseline model and once for
comparison with the baseline model for the research model. In the basic
model, two genomes were defined, the first genome of the month and the
second genome of the time, the first genome was a factor of the change of
the analysis days, which simulated the midsummer and midwinter and the
spring and autumn equinoxes in the algorithm and the second genome was a
time change agent on each of these days, from 6 A.M. to 6 P.M., in the
research model, in addition to the first two genomes, a third variable was
added that changed the facade movement states, these changes included 10
modes that were mentioned in the modelling section. The optimized results
included 52 sIUD analysis modes, 52 EUI analysis modes for the baseline
model and 520 sIUD analysis modes, 520 EUI analysis modes for a research
model, which were transferred to Design explorer environment as a .csv file
for data analysis.

3.4. ANALYSIS OF RESULTS

In the fourth phase, the recorded results by the Colibri tool were received in
the form of a file that contains image analysis and a file with .csv extension
and transferred to Design Explorer. Design Explorer is online numerical
analyzing data program that designed to review the results of multi-objective
researches (T. Tomasetti 2017).

All 520 analyzed states of illuminance and 520 analyzed states of energy,
is drawn in Figure 3, input genomes are written in black at the top of the
diagram and research objects are shown in blue, from left to right, the first
diagram is displayed the month of analysis, which has a value equal to an
integer between 1 and 4 to, which with a coefficient of 3 indicates the
desired month in the Gregorian date, in the second column, you see the
hours of research per day, which are the correct values between 6 A.M. and
6 P.M. and the third column shows facade states that have integer values
between 0 and 9.

4. Results and discussion
4.1. ANALYSIS RESULTS IN THE BASELINE MODEL

In the research, first, the designed zone in the baseline model was analyzed
by Ladybug tool and the obtained results include 52 objectives in output for
IUD and 52 objectives for slUD. The results were recorded using the Colibri
plugin. To analyze the simulated model, the Open Studio component has
been used in this research. The results obtained from the light analysis in
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baseline model indicate that the sIUD index contains a value equal to 60% of
the total measured points and this means that 10% out of the total number of
sensors had light reception more than 50% of the average. In Figure 4, you
see the analysis results of the 21st day of the 3rd month, which is related to
spring equinox. Energy analysis in the present study was first analyzed in
baseline model in Ladybug tool environment, obtained results include 52
objects at the output for cooling energy load, and 52 objects for heating
energy load, and 52 objects for EUL. The results were recorded using the
Calibri plugin and then transferred to Excel software for analysis in form of
a .csv file. Obtained results from the energy analysis of the baseline model
show that the average energy consumption in the total analyzed days before
applying the facade is equal to 2/02 KWh/m?.
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Figure 3. Analysis of illuminance and energy results in Explorer Design environment.
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Figure 4. Results from illuminance analysis in the baseline model.

4.2. ENERGY ANALYSIS COMPARISON RESULTS IN THE BASELINE
MODEL AND RESEARCH MODEL

In Figure 5, you see illustration of energy analysis results. Results shows the
value of 2/02 KWh/m? and you see the average consumption in the most
optimal cases in the analysis, which shows the amount of energy
consumption up to 1/26 KWh/m?, it can be inferred from results in energy
analysis findings that the designed facade can reduce energy consumption up
to 37/5%. In Figure 5, you see a comparison of the simulation results in the
baseline model and the best-received responses from the EUI index.

MARCH EUI ANALYSIS JUNE EUI ANALYSIS
——EUl without fagade March)  —@— EU1 with fagade (March) —— EUl without Fagade (June)
—
2 -
/
SEPTEMBER EUI ANALYSIS DECEMBER EUI ANALYSIS
» ‘\\
\

Figure 5. Comparison diagrams of EUI index in the baseline model and research model.

4.3. COMPARISON RESULTS OF ILLUMINANCE ANALYSIS IN THE
BASELINE MODEL AND RESEARCH MODEL
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The illuminance analysis comparison results in two states with the facade
and without facade application, the percentage average of slUD in baseline
model is 60, and this value has increased to 68, in research model, which
indicates an improvement in light scattering. The rate of improvement of the
sUID index in research model shown equal to 8/14, in some cases where
only the sIUD index is measured, the applied smart facade can increase the
optical efficiency amount up to 13/47%. In Figure 6, you see a comparison
of the simulation results in the baseline model and the best-received
responses from the sIUD index.

MARCH SIUD ANALYSIS JUNE SIUD ANALYSIS

SEPTEMBER SIUD ANALYSIS DECEMBER SIUD ANALYSIS

- $1UD without Fagade{Sep) UD with Fagade(Sep) —+— $1UD without Fagade (De<)

Figure 6. Comparison diagrams of sIUD index in the baseline model and research model.

5. Conclusion

The purpose of this study was to investigate the effect of smart facades on
reducing energy consumption and illuminance efficiency in cold and dry
climates, optimization method was selected from multi objective type, the
first priority in simulation and analysis stages was to reduce energy
consumption, in the second priority, the role of designed facade was placed
on increasing the uniformity of illuminance scattering in office
environments, considering the second priority is because all the taken
arrangement to reduce energy consumption are done with the aim of
providing comfort to residents, for this reason, among all the existing
standards, the EN-12464-1 standard was chosen as a reference for the
comfort of residents in office spaces and among all indicators in this
standard, IUD index was considered as a illuminance scattering uniformity
measure, as regards, considering that this index was defined only for
illuminance scattering measure on the surface of a person’s bench, in
continuation of this research, a new index was defined that shows the
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uniformity of illuminance scattering in entire work space, this index was
defined as sIUD, and was used to analyze the designed facade in research
process. Another indicator that was used in this study to analyze the energy
calculation of cooling and heating space energy consumption is EUI. All
outputs in this study were done hourly in 4 sample days, which include
midwinter and midsummer and spring and autumn equinox from 6:00 A.M.
to 6:00 P.M., the analyzed facade was changeable in 10 different states every
hour and the best of these 10 states was considered to optimized illuminance
and energy. In total 52 states were performed for illuminance analysis
without facade application were used as a baseline model to compare with
results after facade application or the same research model. 520 states were
simulated for illuminance analysis in the research model and 520 states for
energy analysis. The obtained results from the analysis of office space in
baseline model and research model show 8/14% increase in sIUD index,
which indicates an improvement in illuminance distribution uniformity in
the simulated office space, and also in energy analysis the results show
37/59% decrease in EUI index, which this energy consumption reduction
means the high efficiency of smart facades in cold and dry climates, which
was selected as a case study in Hamadan city. According to the hypotheses
of this research, the designed facade in Hamadan climate has energy
efficiency and high-efficiency illuminance approach and it can be introduced
as an optimal energy consumption model in a cold and dry climate.
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Abstract. According to literature in education, adults learn best when
learning is active, self-directed, problem-based, and relevant to their
needs. In Building Construction Education, construction site visits
provide students with real-life practical experience which are
considered an extension for classroom. Nevertheless, it is challenging
to integrate construction site visits regularly during the academic
semester with respect to the class specific needs. Virtual Reality as an
interactive immersive technology may facilitate virtual construction site
that meets the learning needs where students can explore and build in a
real scale environment. The proposed VR environment is an HMD VR
platform for construction detailing that provides experiential learning
in a zero-risk environment. It builds on integrating VR technology as a
medium and Building Information Modeling (BIM) as a repository of
information. This work discusses the proposed environment curricular
unit prototype design, implementation, and validation. System usability
and immersion are assessed both qualitatively and quantitatively. After
considering the feedback, The VR environment prototype is then
validated on the level of learning outcomes, providing the evidence that
it would enhance students’ engagement, motivation and achievement
accordingly.

Keywords: Building construction education, BIM, human computer interaction,
interactive learning environments, virtual construction site, and Virtual reality.
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1. Introduction

The provision of the right skills to prepare the students to practice has always
been a heated discussion worldwide with the built environment education; and
the architecture education is no exception. With the increasing urbanization
rates, the increasing complexity of buildings, wide range of materiality, and
technologies used etc.; equipping the students with the appropriate skills has
become a challenging proposition. Text books rely largely on 2D details
which would require a lot of imagination from the students, which may not be
sufficient to grasp due to the complexity of the detail.

While site visits may be an important integral valuable component of
architecture education; nevertheless, the inclusion of site visits within a course
schedule is not always feasible due to unavailability of construction sites
meeting the intended learning outcomes (ILOs) (Haque et al., 2005), time
conflicts, large class sizes, and safety issues. Based on a research survey on a
number of construction programs in USA universities, graduates have had
either none, one or two site visits for each construction core subject areas
taught throughout their careers (Pereira et al., 2017). In this respect, the need
for supplementary methods to allow experiential learning; and further to
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compensate for the inability to fully benefit from real construction site visits
becomes persistent.

2. Virtual Construction Site

Immersive technologies are being introduced into gamification, game
enhanced learning, and pure education (Shavinina, 2013). The exponentially
increasing publications in the field of VR in education (Liu et al., 2017) prove
that it enhances students understanding helping them to learn by doing and
engaging learners in a learning environment close to reality (Blazauskas et al.,
2017; Merchant et al., 2014). Nevertheless, pedagogical approach should
drive VR educational applications in order to fulfill the educational goals (Liu
etal., 2017; Merchant et al., 2014).

One of the significant, yet innovative information technology (IT)
applications in built environment education is virtual construction site (Bille
et al., 2014). It is a semi- to all-immersive virtual experience that employs
some sort of photo/video-graphic medium for construction projects that might
be accessible anytime, anywhere by construction students (Pereira et al.,
2017). It has been applied in extant literature in several approaches such as
time-lapse videos, power point tours, interactive panoramas (Robert et al.,
2006) and real time streaming from large construction project sites (Jaselskis
et al., 2011) as well as adaptive e-tutorials (Kamardeen, 2014). In addition,
virtual construction site has potential to be extended to the construction
industry as a training tool for offsite production (Goulding et al., 2012) or
construction management (Vries et al., 2004; Austin and Soetanto, 2010).

3.BIM

One of the current advancements in IT is building information modeling. BIM,
from a process perspective, is defined as a facility that enables information
management throughout the lifecycle of a building (Isikdag, 2015). During
such process, a certain structure’s real-world elements—for example, slabs,
columns, and beams—are represented like objects found in a digital 3D
model. While there are many initiatives worldwide to include BIM in AEC
education (Ghosh et al., 2013; Sacks and Pikas, 2013); it is argued that BIM
visualized models and associated databases has the potential to provide an
enhanced platform for education (Clevenger et al., 2012). This has been
attributed to its ability to allow information to be readily available in a visual
form. In addition, BIM’s 4D capabilities enable students to better understand
the assembly process through the production of assembly animations (Boon
and Prigg, 2011; Le et al., 2015; Gledson and Dawson, 2017; Irizarry et al.,
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2012). As a user-friendly, interactive repository of information can extend the
learning environment beyond the classroom boundaries, having the potential
to considerably enhance the educational experience of students (Irizarry et al.,
2012), especially when integrated with other technologies such as VR and AR
in different forms (Horne and Thompson, 2007; Gledson and Dawson, 2017).

4. The VR Environment

This research proposes an integrated immersive tool that builds on the VR
technology as a visualization and interaction medium, which facilitates active
learning through its high capabilities of real-time visualization, compatibility
with game engines, and handling different data types. The VR system is a
head-mounted display (HMD) VR construction detailing environment which
integrates VR technology and BIM where a VR construction site is brought
into classrooms with enhanced gamified learning experience providing
edutainment environment to motivate learners to gain knowledge. BIM is
integrated to support 3D models with technical information that is part of the
display and game mechanics.

The aim of The VR system is to work as a technology enhanced learning
(TEL) tool that overcomes limited construction site visits and offers a
contemporary active way of learning that increases student motivation and
adapts to different complexity levels based on the ILOs, and thus to be
resilient to accommodate more parameters as needed. In this context, the
proposed environment is intended to be a modular expandable system that is
able to expand vertically to cover advanced BIM dimensions and horizontally
to broaden the tackled topics according to curricula.

4.1. THE VR ENVIRONMENT SYSTEM ARCHITECTURE

The VR environment is intended to support two types of users; namely
instructor (desktop interface) and student (VR and desktop interface). Each
has their own interface and controls. Based on construction detailing
classifications, the system is intended to allow the instructor to determine
which approach is most appropriate for the session’s objective.

The proposed system composed of three main categories (Elgewely and
Nadim, 2020), namely the instructor interface, the student interface, and the
core where all the information is processed (Figure 1). The system supports
classifications based on materiality, function, or building element which
supports information filtration according to course learning outcomes and
complexity level.
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Figure 1. The VR Environment Soft System Methodology.

The system empowers the instructor to add BIM models and associated
information. In addition, the system is able to request numeric data from
online calculators or offline documents such as environmental data, fire rating,
or any other relevant numeric input. Students have customized portals
identified by ID that would help in generating the analytics and giving
feedback to both the instructor and student with his/her earlier plays and
results to point out progress. In the VR environment, a student learns by
exploring a BIM real-scale building through teleportation, explode and build
a number of construction details. The environment also includes control
variables that work as module switchers such as number of collected building
materials, exploded details, solved problems, etc.

4.2. CURRICULAR UNIT

The proposed system is supported by a three-level curricular unit, that is
designed to follow four methods of construction detailing exercise methods
(Allen and Rand, 2016) (Figure 2). Freestyle detailing is not supported as it
needs infinite collection of building materials and construction elements as
well as constraint database.

Analyze and modify (Explore and Explode)
g:' existing details 1
= n
‘T3 Design variations of [ (Alter and Compare) Walk Through
g £ | | existing detail | »  (Explore and Explode)
o .
.5 UEJ Desigifioi scrateh (Choose from Material Gallery) (Build) a Detail
€ v
22 Use the patterns — T » Detailing (Problem Solving)
“ 2 (Diagnostic work) (Understanding (f’atterns will help
g i the student passing other levels )
o Free style detailing

Figure 2. The VR environment curricular-unit Modules to their Corresponding Exercise
Method(s).
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In the first module, the student (Walkthrough) a BIM model, explore
construction materials as well as explode construction details. The second
module enables the student to (Build) a construction detail. Using several
components of construction materials. The student gets feedback on the detail
performance in different numeric aspects like environmental control, fire
rating, etc. The third module of The VR environment curricular unit is
(Problem Solving) where the student makes decisions to solve multiple
construction problems such as water leakage, stability issues, etc.

4.3. TECHNOLOGY

According to the curricular module design, student has to have the ability to
walk through a building and intuitively interact with its components. HTC
vive® head-based display VR equipment has been chosen as it fulfills the
criteria with its room setting and hand-held controllers in comparison to
CAVE systems and mobile-based VR. In addition, multiuser VR experience
became possible in HBD through avatars. With regard to the software,
Unity3D cross-platform game engine, SteamVR and VRTK software
development kits (sdk) were used to develop the VR prototype.

4.4. PROTOTYPE ENVIRONMENT IMPLEMENTATION

A prototype environment has been developed with particular focus on
masonry construction. This prototype is designed to be scalable and dynamic
to include a wider range of building mock ups, construction topics, building
materials as well as complexity levels.

4.4.1. Module 01: Walkthrough (Explode and Explore)

The first module, the student walks through a BIM model, explore
construction materials, get technical information, explode few construction
connections and explore their components, and understand patterns.
Teleportation points are distributed strategically around the building based on
SteamVR predefined interaction system (Figure 3).

Associated information to each object is displayed on the users’ demand
(Figure 4) on a panel attached to the left hand-held controller. In addition,
other motivating game elements and challenges are integrated in user
experience (UX) design. For example, the student is asked to collect a number
of construction materials and read the associated technical information that
helps the user to gain knowledge/clues for passing other levels.
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Figure 3. (Left)
Teleportation
Figure 4. (Right)
Info panel

Few explodable spots are highlighted around the building. In case of the walls,
the connections are window-wall, wall-foundation, parapet, etc. Each
triggered spot contains the correspondent detail fragmented to its components
that allow the student to interact with and get information about. After
collecting all available construction materials’ tokens and visiting all the
explosion scenes, the user is allowed to “build” a detail—in this case, a wall.

4.4.2. Module 02: (Build) a Detail

Module 02 allows the student to build a construction detail using different

components and construction materials. The instructor controls the detail type,

complexity and construction materials available according to the ILOs of the
session. The student should be able to choose the various layers or components
of the construction detail in order, thus, receives a feedback on the constructed
detail in the form of numeric values such as U-Value (heat transfer indicator)
or fire rating and constructability deficiencies extracted from BIM constraint
and conflict detection; given the chance to edit, compare and restart. With
specific focus on masonry wall detailing, students are able to design and build
wall layers to achieve optimized thermal performance. Three interaction

functions are included in module 02:

e Construction material selection through a collection of categorized wall
construction materials supported by an information panel (Figure 5).

e Placement materials, representing detail/wall layers, in six layer slots
(Figure 6) that facilitate flexible modification.

o Assembly of the detail components, and getting instant feedback on
deficiencies (if any) in addition to thermal resistivity for each material, and
the overall U-value.

The (Build) a Detail module is self-exploratory level that also gives the

student the chance to mistake, edit, modify and compare the resultant details.

4.4.3. Module 03: Detailing (Problem Solving)

In the problem-solving level, the student meets multiple technical problems
building a construction detail that are required to be solved. In the case of

D1P152 EMERGENT MODES OF LEARNING | 120 | ASCAAD 2021



IMMERSIVE VR ENVIRONMENT FOR CONSTRUCTION DETAILING

masonry walls, problems might reflect water leakage or stability problem. The
clues to solve these issues are the collectibles that a student has met previously

Label: Light Dense CMU

Category: Core Material

Figure 5. Wall layers placement slots ~ Figure 6. Material gallery

The student employs the
collected materials to fix the
challenge in hand either by
adding or replacing components
with drag and drop interaction.
With increasing complexity, a
student meets multiple
construction problems as needed.
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Figure 7. Problem Solving Panel
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5. Validation

The developed prototype, which includes only wall components-related data,
is a user-friendly demo modules that make it possible to validate students’
learning outcomes and learning experience. The validation aims to test the
user friendliness and test the extent to which the VR environment helped
improve students’ comprehension and understanding of construction
detailing. The validation of The VR environment was conducted on three
phases, namely, piloting, testing, and learning gain validation, each of which
has its aim and outcomes.

5.1. VALIDATION METHODOLOGY

Piloting took place throughout the development, starting from self-testing,
students, VR experts, architecture instructors as well as nonexperts in either
VR or architecture, with the aim to test proof errors, examine VR experience,
and identify key features that may have been missed during the development
before fully develop the learning tool and validate it on larger groups.
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UX Testing phase is intended to get feedback on challenges to resolve. In
order to get discrete feedback on each game level, Walkthrough module and
Build a wall module have been tested separately, each on two different groups
of students, to achieve both qualitative and quantitative feedback on both
usability and immersion of the corresponding prototype module (Figure 8).
Problem solving module has been developed using the same interaction
features and spatial experience following the other modules. Due to time
limitations, it didn’t undergo the validation process.

Module 2 “Build A Wall” = Instructors
o interviews
= =] =
> Usabnlnty 5 £ _
= = Immersion = O 6
B k7 = w
o (9] ,, o =
= = Module 1 “Walkthrough: £ = s Students test
§ Explore and Explode” > 59
[=% 9 VR
Usability <% Studying

Immersion

Figure 8. Validation Methodology

Usability has been assessed both qualitatively by conducting System
Usability Scale (SUS) standardized questionnaire (Brooke, 1996) has been
conducted to give feedback on effectiveness, efficiency as well as user
satisfaction. As usability scales are not diagnostic and not designed
specifically for VR applications, a personalized questionnaire was essential in
order to evaluate certain features’ friendliness to the users. Furthermore, each
module has been assessed qualitatively by observation of users’ behaviour
during testing sessions and unstructured feedback after the VR experience.
Module 01 and 02 have been tested for usability on a convenience sample of
13 and 10 volunteered architecture students.

In order to assess the VR prototype in terms of sense of presence,
standardized Igroup Presence Questionnaire (IPQ) (Schubert et al., 2001) was
conducted on each module separately to measure immersion level. By
assessing spatial presence (SP), Involvement (INV) and experienced realism
(REAL), retrieving average score/6. Immersion test has been conducted on
two groups which consisted of 12 and 10 architecture and nonarchitecture
volunteered students for the “walkthrough” module and “build a wall” module
respectively. All volunteers were introduced to a VR interaction tutorial
before experiencing VE for 13 to 15 minutes.

Based on the results of the UX testing, modifications are implemented on
the VE. A revised version of VR prototype environment underwent two levels
of learning gain validation; namely instructor level and student level. Two
building technology professors were interviewed to give feedback on the
content, interface, and system feedback whereas a focus group of fresh-eye
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architecture students (Group A) was tested before and after experiencing VR
with specific focus on their learning gain. Their learning outcome progress is
compared to the learning outcome progress of another correspondent paper-
based-studying focus group (Group B). Both groups are volunteering
architecture fourth semester students, 16 and 15 students respectively.

5.2. UXTESTING RESULTS

SUS questionnaire retrieves 78.04 and 78.5 percentile for module 01 and 02
respectively which indicates close successful interaction methods for both
modules. Usability personalized questionnaire for module 01 is composed of
21 questions; five are personal questions that may indicate uses’ background
and familiarity with VR technology. The questionnaire also inquire about
interface controls consistency, teleportation and navigation, collectibles,
information display and explosion scenes.

The personalized questionnaire and the qualitative feedback indicate few

deficiencies that needed to be optimized before the learning gain validation
such as, text overlap, minor teleportation problems, uncomfortable areas,
colliders’ deficiencies, collectibles behaviour, controls difficulties, etc.
In addition to the personal information section, usability personalized
questionnaire for module 02 contains questions about controls smoothness,
components placement mechanism, spatial perception, and interaction
features (i.e. assembly button physical interaction). According to the
personalized questionnaire and qualitative feedback that has been recorded by
observation and unstructured feedback few difficulties were noted through
observation with gallery menu navigation and object instantiation, discomfort
for the users against real-scale instantiated wall layers, as well as their location
and colliders was noted, which was reconsidered in the modification phase.

With regards to Immersiveness, IPQ test Module 01 scored 5.3, 4.2, 3.4
and 2.9 in general presence, spatial presence, involvement, and realness
respectively whereas module 02 scored 5.6, 4.9, 4.5 and 3.7 in general
presence, spatial presence, involvement, and realness respectively (Figure 9)
which indicates acceptable immersion levels of both modules. Only realness
factor of the walkthrough level scored slightly below 3. As a limitation for
real-time rendering environments, lighting and rendering qualities are usually
reduced in order to optimize real-time calculations for better speed and
lagging avoidance.

5.3. UX TESTING ANALYSIS AND ACTIONS

In light of the UX testing results, problems were classified into categories that
require certain actions that should be taken before the learning gain validation
of the tool and future recommendations that can be implemented later.
Accordingly, actions were taken with regards to animating collectibles to
enhance their visibility, fix unclear controls labelling, modifying teleportation
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points positioning and permeability of few objects to give the space a sense of
extension and provide easier interaction.

6 53 5.6
49 4.5
5 4.2 ' 37
3.4 :
4 29
3 Walk Through
2
Build A Wall
1
0
General Spatial Presence Involvement  Realness (REAL)
presence (G) (SP) (INV)

Figure 9. IPQ test results — module 01 vs. module 02

5.4. LEANING GAIN VALIDATION

Learning gain validation was conducted on a refined version of the VE after
implementing modifications resulted from UX testing, on two levels namely;
students test and instructors interviews. The main aim of this test phase was
to validate the effectiveness of The VR environment as a computer assisted
tool for learning that can enhance learning outcomes as well as a learning
experience for construction detailing education.

5.4.1 Students Test

The students’ learning gain test was conducted on two samples of convenience
were volunteering architecture students from a pool of sample decided
according to the complexity level of the developed prototype content, which
in this case, 4th semester students.

Students’ learning progress is measured by testing them before and after
experiencing the VR prototype for group A and studying for group B. Pre-
and post-tests were piloted to make sure both have the same complexity level
yet challenging enough to be able to measure the real progress if any. Building
technology section assesses materiality, construction, and problem solving,
while thermal performance section assesses the student’s ability to relate
materiality and thermal performance of the wall. Moreover, pre-test of group
A included three questions about the students learning style, prior experience
with VR, and familiarity with video games.

The results indicated 30% progress average for group A (VR) for both test
sections vs. 13.8% for group B (Studying). Furthermore, group A students
achieved 33.125% and 23.75% progress average for building technology and
thermal performance sections, respectively. In addition, there was no
significant difference in progress between hardcore gamer students and their
less experienced colleagues.As part of the learning gain validation, user
satisfaction was evaluated on a 5-point scale, customized questionnaire that
measures the acceptance of the VE as a technology enhanced learning tool
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among students, the ability of the system to allow visualizing and conducting
the learning materials, the capacity to provide edutainment environment, and
finally acceptance of users to be assessed or solve problems through the VR
environment to assess understanding. Results reflect high acceptance among
students of VR method of learning as well as satisfaction about the VR
prototype environment (Figure 10).

Problem solving for ment 4.8
Academic improvement 4.6
Edutaimnet (Fun + informative) 4.9
Course content Clarification 4.6
Overall understanding of BT Course 4.7
Recommend to a friend 4.9
Technology acceptance 4.8
More details and features 4
Traditional Learning Replacement 4.3
Regular use 4.6
Relation to Course content 4.9
Construction detailing visualisation 4.5

0 1 2 3 4 5

Figure 10. User satisfaction customized questionnaire

5.4.2 Instructors Interviews

Two building technology professors were available for interview to gauge to
extent to which the VR developed environment would help support their
courses. After a ten-minute presentation to explain the concept, system
architecture and methodology, instructor feedback and interface, and finally
the prototype structure, each professor was able to experience the VR
prototype; then they were asked to give their feedback through a semi-
structured interview that included open-ended questions. The main aim is to
assess the concept, prototype content, learning experience, instructor user
interface in addition to discuss future development recommendations.

The interviewee professors confirmed the low rate of site visits which
makes the students detached, to an extent, from the construction industry. As
a compensation, the proposed environment can play a role in bridging this
gap. Although, one of the professors stated that real site visits are more
valuable; he found “build a wall,” with its quantifiable feedback, to be
beneficial for students. In addition, both professors see the quantifiable
feedback is useful. After trying the VR prototype, they found the learning
environment is interesting for the students, yet it needs improvement with
regard to architecture quality. In terms of the content/learning material,
professors recommend to integrate more parameters to control the material
such as adjusting wall thickness, testing other building typologies, consider
construction sequence as well as include non-standard details. Furthermore,
they proposed several ideas to be implemented in the future, such as a 3D
detailing catalogue, a database for senior students’ entries, real-time protocol

125 | ASCAAD 2021 D1P1S2 EMERGENT MODES OF LEARNING |



M. ELGEWELY, W. NADIM, M. TALAAT, A.KASSED, M.YEHIA AND
S.ABDENNADHER

with BIM platforms where user builds in real time using the BIM constraints;
in addition to increasing complexity by adding more aspects such as life cycle
feedback, CO2 emissions, and other quantifiable data.

6 Study Results

Validation results indicate high acceptance of the developed VE among
students as a learning-aid tool supported by appropriate level of visualization
and conduction of learning materials as it succeeded to provide an active
learning environment that is informative and entertaining at the same time.

Learning outcomes test indicated more than double average progress for
group A (VR) over group B (studying), respectively which confirms
efficiency of active learning in general and VR in particular to enhance the
learning experience and learning outcomes. In terms of the educators’
feedback, although they found the VR environment useful for their students,
they proposed using it as a stand-alone experience in the framework of an
open platform. Furthermore, generally most of the comments were
suggestions which already taken into consideration in the system architecture
but were not included in the VR prototype due to time constraints.
Nevertheless, their feedback and eagerness to give more suggestions, may be
considered as an indication for their positive impression and acceptance to
have a VR tool to improve building technology learning experience.

6.1. THE VR SYSTEM AS A MAINSTREAM

BIM integrated virtual construction site as a concept is expected to be widely
applied in the very near future to be a mainstream in AEC education, as well
as a decision support system for project and construction management. On the
other hand, adopting the new technology naturally implies adapted ways of
teaching and prepared materials which requires extended agreements between
academia and industry to employ real projects documentation in the
educational process. In addition, applying the VR system as a mainstream has
few challenges such as time consumed in preparing new teaching materials
and qualifying trainings for construction educators to integrate such new
technology. In this essence, endeavours of capacity building on the scale of
universities and architecture and construction firms are expected to be
increased fostering the up-to-date technology.

7. Conclusion

The research at hand adopts integrating BIM in AEC educations by proposing
a system that can work as a main stream complementary construction detailing
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learning method for architecture students. BIM integrated virtual construction
site as a concept is expected to be widely applied in the very near future to be
a mainstream in AEC education, and also in industry as a decision support
system for project and construction management. This paper is proposing a
VR system for construction detailing education which integrates potentials of
both immersive VR and BIM as a source of data. The proposed system has
been validated on the level of usability, immersion and learning outcomes.

Validation results confirm that virtual reality is an effective and motivating
educational medium that apparently enhances the students' learning
experience and learning outcomes in comparison to traditional paper based
studying. Results also indicate VR acceptance among educators as an
educational medium. However, it is challenging to apply The VR environment
as a mainstream or regular classes.
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Abstract. For students, studying architecture necessitates a
fundamental shift in learning mode and attitude in the transition from
school. Beginner students are often surprised by the new mode of
learning-by-doing and the new learner identity that they must adopt
and adapt to in the design studio. Moreover, due to the COVID-19
pandemic, architecture teaching has moved online. Both instructors
and students are experiencing dramatic changes in their modes of
teaching and learning due to the sudden move from on-campus design
studios to a virtual alternative, with only the bare minimum of
resources and relevant experience. This study explored the virtual
design studio as a transformative learning model for disaster and
resilience context, including the factors that affect foundation
students’ perceptions and experiences of the quality of this adaptation.
Data obtained from 248 students who took online design studios
during the lockdown in 15 universities in Jordan highlight many
factors that make the experience of the online design studio more
challenging. Despite these challenges, strongly positive aspects of the
online studio were evident and widely discussed. A model of hyper-
flexible design studio in which students can have a direct contact with
their instructors when needed — in addition to online activities,
reviews, and written feedback — is highly recommended for the
beginner years. This HyFlex model will enrich students’ learning and
understanding of the fundamentals of design and ensure that
technology solutions deliver significant and sustainable benefits.
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1. Transformative Learning in the Contexts of Disaster and Resilience

There are three models of the learning process in universities (El-Bakry and
Mastorakis, 2009): traditional learning, which is based on classes and facial
communication between instructors and learners; distance learning, in which
instructors and students are separated by time, location, or both; and blended
learning, which combines traditional classes with e-learning. Technological
advances have allowed rapid forward movement, with web technology
employed via the internet to enhance the learning process. Such tools
facilitate the rapid exchange of information across distance and to a wider
population (Broadfoot and Bennett, 2003).

Online education is seen as a learning model for sustainability that
contributes to achieving the UN’s sustainable development goals for 2030
(Casanova and Price, 2018). In addition, virtual education is a model of risk
management for change in higher education, which is considered the new
learning paradigm (Angelou and Economides, 2007; Atkinson, 2015).
However, to promote lifelong learning, the key factors for adoption are
adaptive and dynamic resilience that are increasingly acknowledged as key
components in education (Hall, 2015). The implementation of adaptive and
dynamic resilience will ensure that technology solutions deliver significant
and sustainable benefits (Atkinson, 2015).

D1P1S2 EMERGENT MODES OF LEARNING | 130 | ASCAAD 2021



TRANSFORMING LEARNING FOR ARCHITECTURE: ONLINE DESIGN
STUDIO AS NEW NORM FOR CRISES ADAPTATION UNDER COVID-19

In recent years, several universities around the world have introduced e-
learning as a supplement to or replacement for traditional classrooms (Jati,
2013). However, these online courses are assumed to be well-planned, with
educators having prepared their courses in advance of joining the online
platform; thus, their contexts are very different to the emergent, ad hoc
redevelopment of the teaching model that we have seen during COVID-19.

Most — if not all — educators are dealing with new applications,
introduced to them and their students only days before the start of online
teaching. Educators and students had different levels of digital fluency and
had never before engaged with this type of learning experience.

Moreover, types of learning settings and pedagogical approaches in
education determine whether a discipline can be taught via online lecturing.
For example, many disciplines in science schools emphasise the need for lab
teaching and learning experiences, whereas education in art programmes
have largely been based in a studio environment and require face-to-face
interaction (Lueth, 2008). Turning to architectural education, it is apparent
when analysing literature on virtual design studios that online studios have
some pedagogical shortcomings. The question of the adoption of and
adaptation to the online design studio as a replacement for the traditional
form has been investigated by various researchers and educators over the last
decade (Alnusairat et al., 2020; Salama and Wilkinson, 2017; Saghafi et al.,
2012; Silva and Lima, 2008). These studies argue that online design studios
will not replace the traditional studio in the future and that many of the
essential aspects — such as peer-learning — mean that a full online mode
simply would not be successful.

Thus, the study explores the extent to which the virtual design studio can
achieve the desired outcomes of the physical design studio. Furthermore, it
seeks to identify whether there are benefits to this shift towards the new
mode of online learning. The study focuses on the learning experiences of
foundation-year students and explores the outcomes of the design studio
culture, as perceived by the student participants in this study. Although
physical outcomes such as the drawings and models produced by the
students to fulfil their assignment requirements are important, this study
concentrates on the participants’ experiential perceptions.

2. The Architectural Design Studio

In architecture, design courses are the core of the programme. In the
design studio, students undertake design projects under the
supervision of a studio instructor and learn by constructing solutions
to design problems, rather than by listening passively to lectures.
Schon (1983, 1985, 1987) sees learning design as a process of ‘reflection in

131 | ASCAAD 2021 D1P1S2 EMERGENT MODES OF LEARNING |



D. AL MAANI, S. ALNUSAIRAT AND A. AL-JOKHADAR

action’, in which conversations between the instructor and student have
different forms, ranging from the desk tutorial (one-to-one) and the group
tutorial to the formal crit/review (jury critique).

Students’ work in the design studio is constantly being assessed through
the use of desk reviews, where instructors spend the class time speaking to
the students individually about their work at their desks. Student work is also
reviewed through public juries, critiques, or reviews. Judges or reviewers are
usually either architecture instructors or architects from practice. However,
students can also act as reviewers to give feedback on the work produced by
their peers for a project.

Dutton (1987) states that design studios, unlike typical classrooms, are
active learning environments in which students are engaged socially and
intellectually in different sets of activities, such as model-making and
drawing, while shifting between analytic, synthetic, and evaluative models
of thinking. Moreover, it is a place that offers students an experience and
learning culture all of its own. While students are expected to work in the
studio space during the official ‘class’ time, many students continue their
work in the studio after the designated time. Williams et al. (2007) argue that
‘learning is socially constructed, and architectural practice involves social
practice’. This view is supported by many researchers, who point out that the
studio appears to be an ideal environment to develop lifelong learning, as it
encourages independence, reflective analysis, and critical thinking (Al
Maani, 2019; Clune, 2014; McClean, 2009).

In addition to interacting and socialising with their peers, students need to
integrate different forms of knowledge and skills as they learn in the design
studio. The major sources of this knowledge are the other theoretical courses
provided in the educational programme, such as history and theory of
architecture, construction, and technology, as well as computer-aided design
tutorials. This is in addition to the students’ personal interpretations of and
interest in the design brief (Al Maani, 2019). In other words, students learn
design by doing, while learning a new formal language, new skills, and
architectural thinking (Ledewitz, 1985). Therefore, unlike in the traditional
classroom, assessment in the design studio relies not only on the final
‘product’ of the student’s work, but also on the design process undertaken by
the student to reach the final product — which requires them to take control
of their learning and be confident in their learning ability.

2.1. THE DESIGN STUDIO FOR FIRST- AND SECOND-YEAR STUDENTS

Design courses in the first two years are considered the ABC of any
design pedagogy. The journey begins with the basic elements of spatial
perception. Such studios have the primary role of initiating creativity and
understanding the art and science of design in many forms. It is the students’
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mean that should facilitate the higher design courses and transfer the ideas
from the abstract into reality and from knowledge to application. These
studios are a tool with which students can develop their ability to analyse
and think, bridge the gap between theory and practice, help to define targets
for curriculum planners, and achieve sustainable personal and professional
development. Therefore, for the students, the study of architecture
necessitates a fundamental shift in learning mode and attitude in the
transition from school. The first-year experience is of particular interest due
to the challenges of adapting to a new learning environment (Kahu et al.,
2017), which plays a significant role in shaping students’ attitudes and
performance in their subsequent years (Tinto, 1993). Therefore, design
students — whether they are new to the studio learning environment or have
previous experience but are unsure how the design studio operates — find it
very difficult to form perceptions of what occurs in the studio when
instructors’ personalities vary, their expectations are unclear, and the
students” own backgrounds have not prepared them for this unique learning
environment (Anthony, 1991; Dutton, 1987, 1991).

Generally, architecture students in their first and second years of study
consider their learning experiences to be confusing and frustrating (Lueth,
2008), especially as they enter architecture school with little or no
experience of design or other subjects that might contribute to their
university studies. Such feelings can be traced back to students’ earlier
learning experiences, their lack of confidence, and the wickedness of the
design process itself, or even to instructor’s way of teaching. Investigations
of what students know, how they think in the design studio, and what they
would like to accomplish by being in a particular studio would be beneficial
to their academic, social, and emotional growth and development (Alharthi
etal., 2019).

2.2. LEARNING INDEPENDENCE IN DESIGN STUDIOS

Due to the threat of COVID-19, all institutions of higher education in
Jordan, as in many other countries, have opted to cancel all face-to-face
lectures and offered emergency online teaching. Accordingly, students need
to adapt to this situation and cope with a new learning identity that requires
more responsibility and independence.

There has been growing concern about learning independence in the
context of architecture (McClean, 2009; Vowles et al., 2012; Al Maani,
2019). These studies suggest that, to encourage independent thinking, studio
instructors should be aware of their responsibility for creating an appropriate
environment in which students can take the lead in controlling and
developing their design learning and share responsibility (Al Maani, 2019).
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Students must understand that their work should reflect deeper and higher-
level processes, including processes of analysis, synthesis, and evaluation
(Light et al., 2009) and that it is not limited to spending time in the studio,
imitating their instructor or copying others.

Learning in the design studio has various characteristics that promote
learning responsibility and independence. These factors can be categorised
into two groups: (a) course-related and (b) student-related. Course-related
factors include (i) promoting critical, creative, and pragmatic thinking
(Dutton, 1987; Koch et al., 2002); (ii) developing skills that students can
apply in their future courses and careers (Yanar, 1999; Koch et al., 2002;
Clune, 2014); and (iii) shifting the focus from teaching to learning. In
addition, student-related factors include (i) communication with peers
enables students to learn from working with each other and with other
students of different years and levels (Lueth, 2008; McClean, 2009; Vowles
et al., 2012); and (ii) promoting self-confidence (Koch et al., 2002).

As a result, understanding how first-year students experience design and
how they progress towards independent learning in the design studio could
greatly enhance the way in which they learn. As part of this process, it is
also important to recognise the changes that occur in students’ learning in
relation to different stages of the design process.

3. Methodology

This study aimed to explore the factors that affected foundation students’
perceptions and experiences related to the quality of their online design
courses. The target was to gather a better idea of the types of online learning
aspects that foundation architecture students valued most highly, as well as
what they found challenging and why. Furthermore, it focused on learning
and teaching practices, the learning quality, and the possibility of adopting
virtual learning environments for future design courses. A questionnaire was
used to develop a set of measures for the factors and challenges of online
teaching in different programmes. A preliminary set of 32 indicators and
practices was derived from the literature and grouped into two dimensions in
terms of context, process, and transformation (Table 1). These factors are (a)
factors related to the faculty (including instructors, feedback, access to
resources, and technology measurements) and (b) factors related to learners,
including individual and personal measurements (e.g., responsibility, time
management, peer collaboration, learning behaviours).
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TABLE 1. Dimensions and measurements of the questionnaire: (a) factors related to faculty
and (b) factors related to learners.

Sub-categories of

Survey measurements
factors y

e The instructor is happy/satisfied with teaching online.

e The workload in the online studio is the same as in the usual studio.

e The instructor allows the use of any available material for exercises and
projects.

e Online communication with instructors is more efficient and comfortable than

usual.

There is more feedback in the online studio than usual.

Online feedback is quicker than usual.

The new online grading system was explained.

The student is satisfied with the application.

The application runs well on the students’ devices.

Online communication is generally effective.

The online learning resources are available and helpful.

The online studio is useful for conducting precedent and site analysis.

The online studio is useful for developing design concepts.

The online studio is useful for developing architectural drawings.

The online studio is useful for conducting reviews/crits.

Instructor

Feedback

Technology

Faculty- related factors

Design process
and resources

The students are committed to attending every design studio.
Access to other online design studio is easier than usual.
Self-assessment of performance has been enhanced.
Learning outcomes/objectives for online design course are being achieved.
Students become more independent in taking decisions regarding design.
The online studio helps students to plan their time more effectively.
The online studio leaves students with more time to study.
The online tools are useful for presenting design progress, without manual
drawings or physical models.
The online studio has no impact on physical activity.
e Quarantine time has no effect on adapting the online studio.
Peer e Students prefer online meetings over face-to-face alternatives.
collaboration e Online collaborations between peers are effective.
e The online studio is a useful medium for knowledge of the course material,
what is required, instructions, etc.
Skills and e  The students’ software skills have been devel_oped. N )
e The students plan how to use paper and card in the most beneficial way (i.e.,
reducing their use).
e The students use/reuse both sides of the paper.
o The students reuse cards, folders, boxes, envelopes, etc.

Responsibility

Management

Students- related factors
[ ]

behaviours

The BSc Architecture programme in Jordan is a 5-year programme, each
year having two design courses — one in each semester — in addition to other
theoretical courses. In the first and second years, students are taught the
knowledge, background, and practice skills for 2D and 3D design principles.
The programme follows the curriculum requirements of the Accreditation
and Quality Assurance Commission for Higher Education Institutions.
Architecture students who took online design studios, in 15 universities in
Jordan, during the lockdown (March to June 2020), were invited to complete
the online questionnaire. Of the 248 students who did so, 113 were in their
first year and 135 in their second, while 64.7% were attending public
universities and 35.3% private institutions. The sample included 189 female
students and 59 males.
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Students were invited to rate the statements in the questionnaire on a
five-point Likert scale, from ‘strongly disagree’ (1 point) to ‘strongly agree’
(5 points). The higher the respondent’s score, the more positive their attitude
towards online learning and the more positive their experience was deemed
to be. Descriptive statistics were produced using SPSS and utilised to
measure the students’ responses.

4. Results

Overall, the data gained from the questionnaire indicate low levels of
satisfaction among foundation students with the online learning experience
(38.52%). The average mean for the responses related to faculty factors was
2.65, while it was slightly higher (2.92) for learner factors. The final rank
order of the measurements was developed from the mean scores of the
students’ responses. These measures were classified into four categories in
terms of their impact on the online-design-studio experience: high impact,
moderate impact, low impact, and no impact (Figure 1). The barriers in the
‘high impact’ category had an average mean of 2.01, those in the ‘moderate
impact’ category had an average mean of 2.39, those in the ‘low impact’
category had an average mean of 2.74, and the average mean of the ‘no
impact’ factors was 3.77.

The results show that the ‘high impact’ barriers are mostly learner-
related, as shown in Figure 1 (items 1, 3, 4; M=1.87). Across the whole
questionnaire, the students expressed the lowest satisfaction with preferences
for online meetings and online collaboration tools (8.7%). The online studio
had had a negative impact on students’ engagement in physical activity. A
large majority (85.4%) thought that the lockdown as a whole had reduced
the potential quality of the online design studio. High-impact barriers related
to faculty factors (items 2, 5, 6, 7; M=2.13) were measured in terms of
workload, feedback, and design process. Managing the workload was
identified by most students (85.6%) as a particular challenge with online
learning. The results indicate the importance of instructor feedback from the
students’ point of view. The students reported very low rates of satisfaction
with the amount and frequency of feedback (14.4% and 22.4%, respectively)
that they had received from their design instructors. Only 19.4% of the
students found the online design studio useful for the development of
concepts and architectural drawings.

The ‘moderate impact’ challenges were roughly equal for faculty-related
measurements (items 9, 10, 11, 13, 15; M=2.36), and learner-related
measurements (items 8, 12, 14, 16, 17; M=2.42). Only 16.8% of the students
felt that they could clearly translate and express their design ideas when
working with computers and without manual drawings or physical models.
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Figure 1. Descriptive statistics for foundation students’ views on various measurements of

the online-design-studio experience.
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In addition, 75.7% of the students reported problems with understanding
the material, the requirements, and the instructions. Three-quarters (76.5%)
of the students considered time to be a challenge, but this was not
necessarily a lack of time, but rather difficulties in coping with the online
environment and workload. In this study, the students’ dissatisfaction with
the support from their instructors was evident. Almost 81.8% of the students
felt that communication with their instructor was more difficult than usual,
saying they felt uncomfortable when communicating virtually. Only 22.5%
of the students were happy with the new assessment criteria. Less than a
quarter of the students were satisfied with reliance on online tools for
conducting research and analysis and for the juries and reviews.

The following aspects were rated as low-impact or no-impact obstacles:
ease of technology (e.g., internet quality, online applications), instructor
flexibility in terms of permitting the use of any available materials for
exercises and projects, and the availability of online resources. Although the
responses in all domains were overall negative, the students did indicate that
some of their learning skills had developed to a greater extent than they
would have expected. Most (57%) had substantially developed their skills in
various software tools (such as Photoshop, Revit, and CAD) and more than
half (60.2%) believed that they had become more independent in their
learning and more responsible when taking design decisions.

In addition, 71.8% students indicated that they were committed to
attending every design studio. From a different perspective, this shift to
online learning and greater independence has led to positive changes in
terms of sustainability. Students cited changes into two areas of practice: the
reduction in use and increase in reuse of materials (items 28, 29, 30, 31, 32).

5. Conclusion

Digital transformation is not a novel phenomenon, and it has been
ongoing in higher education institutions for many years. The facilitation of
learning — whether in the online design studio or any other learning setting —
requires the formulation of inclusive pedagogic strategies that explicitly
accommodate students’ diversity and individuality.

In this study, many of the participants felt uncertain about aspects of
design learning and wanted more guidance and support when learning
online. Encouragement and direct guidance are vital during the first year, as
students can feel uncertain and lost when trying to cope with learning design
and this new mode of online learning. This indicates that the students are not
fully aware of the scope of online learning and remain attached to the
teacher-centred model. This is a predictable finding because, although the
students already use technology very effectively, they are not familiar with
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the new formal digital communication tools and have not had face-to-face
communication with their instructors.

The students emphasised the importance of face-to-face contact with their
instructors, as this affects their understanding and learning engagement. This
suggests that direct contact with students can help to ensure their different
learning styles are accommodated and help the students to accomplish their
learning objectives. Although the responses in all domains were overall
negative, the online studio has succeeded in developing and achieving its
pedagogical goals. Students are becoming more independent and taking
more responsibility for their learning and design decisions at an earlier stage.
They have also developed their design skills through learning and exploring
design software in a short period of time. This was this primary strategy
implemented to compensate for the lack of face-to-face contact with
instructors. The students have also made more use of e-resources to
overcome this issue.

The students also indicated that it has been beneficial for them to re-
watch the recordings of the reviews and discussions in the online sessions.
This highlights an important issue around feedback and assessment in both
the physical and virtual design studios: during reviews, students can miss
some of the feedback given to them verbally, for various reasons (including
stress, the critics’ behaviour, and poor communication skills). This
highlights the need to have recorded and written feedback to which they can
refer later. This conclusion is supported by recent studies on the same topic
(Ceylan et al.,, 2020, Alnusairat et al., 2020, Al Maani, 2019), which
highlight that students miss out reviews as an additional learning resource.

Peer learning is another valuable source of informal education. Beginner
students experienced less communication with their peers during the online
studio, which meant that they missed out on this additional learning source.
Peer-to-peer communication and interaction in a group discussion are not
often feasible in the online learning settings. This should be taken into
consideration and reflected in the design-studio model. Design studios
should be available with that type of open arrangement, and institutions
should consider this necessity when developing their architecture schools.
Institutions should also strive for maximum academic and social interaction
between their students — and across the physical studio spaces — to enhance
the students’ learning experiences. Moreover, instructors should encourage
their students to benefit more from technology and attend other students’
reviews throughout the year, as well as arranging collaborative activities
such as peer critiques and skill-sharing workshops to ensure effective high-
level communication and quality learning.

A final point of interest is that the students praised the online studios for
offering greater flexibility in costs and learning resources. With physical
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models and drawings replaced by digital alternatives, the students have been
forced to explore new design software. Online studios also offer more
learning resources for students, allowing them to access a wider range of
topics and information. These advantages suit the learning process of design,
as students must explore new trends in architecture and remain up-to-date
regarding relevant topics and projects.

All the previous issues should be considered during the development of a
hyper-flexible design studio, where students have the opportunity to make
direct contact with their instructors when needed and to attend online
activities and reviews (the latter being highly recommended for those in the
beginner years). Instructors should also be aware of the demands of
workload management, implementing different approaches to teach students
and not to limiting their feedback to the verbal form. The use of e-resources
such as videos, articles, guest lectures, and even written feedback can enrich
students’ online learning and understanding of the fundamentals of design.

With the increased reliance on online learning during COVID-19, the
current research is vital — not only for architecture researchers and educators,
but also for the wider spectrum of educators in many programmes. However,
the current study examined only the experiences of beginner students in
architecture schools in Jordan with no prior practice in design or art-related
subjects; and, accordingly, the generalisability of these results is subject to
certain limitations.
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Abstract. This paper presents findings of a survey conducted to assess
students’ experiences within the online instruction stage of their
architectural education during the lockdown period caused by the
COVID-19 pandemic between March and June 2020. The study was
conducted in two departments of architecture in both Cairo branches
of the Arab Academy for Science, Technology & Maritime Transport
(AASTMT), Egypt, with special focus on courses involving a CAAD
component. The objective of this exploratory study was to understand
students’ learning experiences within the online period, and to
investigate challenges facing architectural education. A mixed
methods study was used, where a questionnaire-based survey was
developed to gather qualitative and quantitative data based on the
opinions of a sample of students from both departments. Findings
focus on the qualitative component to describe students’ experiences,
with quantitative data used for triangulation purposes. Results
underline students’ positive learning experiences and challenges
faced. Insights regarding digital tool preferences were also revealed.
Findings are not only significant in understanding an important event
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that caused remote architectural education in Egypt but may also serve
as an important stepping-stone towards the future of design education
in light of newly-introduced disruptive online learning technologies
made necessary in response to lockdowns worldwide.

Keywords: Architectural education; Online learning; Students’ learning
experiences; Questionnaire; Mixed methods; COVID-19.
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1. Introduction

In March of 2020 a lockdown caused by the COVID-19 pandemic was
implemented on universities in Cairo. Several architecture departments
switched to online teaching within the same week and conducted distance
learning until the end of that spring semester. This was enabled by
developed tools that were used for course delivery, made available due to
advances witnessed in online educational technologies. These support higher
education and address challenges of flexibility and access (Dahlstrom et al.
2013). These tools have increasingly allowed universities worldwide to
resort to online course delivery at a fraction of the cost (Drucker, 1997).
Particularly in design education, the educational community have
progressively shifted attentions toward the internet, exploring potentials it
offers to overcome pitfalls of traditional design studios. For example, virtual
design studios (VDS), a type of studio that investigates environments to
expand studio space beyond physical and time limits,” (Pektas, 2015) are
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widely-cited in use across schools of architecture worldwide (e.g. Kvan,
2001; Ham and Schnabel, 2011; Pektas, 2015).

Academic Learning Management Systems (LMS) (e.g. Blackboard,
Moodle, etc.) are often used to facilitate VDS setups; (Park, 2011; Lotz et
al., 2015). These allow mimicking of conventional course delivery;
providing students online access to course content, creating a platform for
collaboration and allowing assessment of student works via a web-based
environment (Kocaturk et al., 2012). Research has shown that LMS allow
faculty to shift from content to process-based learning (Vogel & Klassen,
2001), while facilitating active learning (Herse & Lee, 2005). The potential
of reaching students off-campus also increases student enroliment (Nunes &
McPherson, 2003) and enhances faculty-student interaction (Lonn &
Teasley, 2009). Moreover, reliance on LMS means that higher education
institutions can control access to online course material; ensuring that only
fee-paying students are allowed (Schnabel and Ham, 2014). Nevertheless, it
is recognized that such virtual environments better align with instructionist
teaching approaches and propagate a top-down relationship between teacher
and student, while “teaching architecture is not primarily an instructionist
process, but rather a process of interaction and experience” (Kocaturk et
al., 2012). Ham (2010) posits that this leads to a culture of teaching in-silos;
reducing the potential for student engagement and peer-to-peer appraisal,
essential ingredients for socialization of students into the profession. “It is no
wonder why ‘distance learning’ is not a popular approach in design studio
education in architecture” (Kocaturk et al., 2012).

The new reality enforced by the COVID-19 lockdown has forced
architectural educators in Egypt to come face-to-face with the developing
nature of online teaching. Nearly no research exists investigating the reality
of design education in times of a global pandemic. However, using the
previously mentioned literature we were able to identify areas that supported
this exploratory investigation into the online teaching stage of the Spring
2020 semester, focusing on understanding students’ personal experiences of
learning approaches and knowledge construction (Richard, 2016). This may
guide educators in the efficient set-up of online and hybrid frameworks for
architectural education in the future.

2. Method

A mixed methods study was conducted, where a questionnaire-based student
opinion survey was developed to gather both qualitative and quantitative
data from both AASTMT architectural engineering departments in Cairo,
Egypt; in Heliopolis, and at the Smart Village. The scope of this work is
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focused on students’ experiences within the design curriculum? that include
a CAAD component. These courses include a digital or computational
component in its course outline. Out of 36 core and 25 elective courses
offered in the undergraduate program, 19 were selected. These were
classified into two streams; the design stream that included 6 design studio
courses and the Graduation Project, all of which comprised a significant
digital component, including the foundational design studio due to the online
stage. The second stream was for technology and computational courses,
comprising 4 core courses (e.g. CAD, 3D Modeling, Environmental studies),
and 8 electives (e.g. Computer Applications, Computer Graphics, etc.).
These are offered between the second and final year of the 5-year BSc
program.

The questionnaire comprised both closed and open-ended questions.
Closed-ended questions consisted of Likert-scale statements, the purpose of
which was to gauge the collective student online learning experience in
terms of levels of satisfaction, effort undertaken and enjoyment. Students
were also asked what physical devices and digital platforms were used to
support their online learning experience. Qualitative data was collected using
open-ended questions seeking to understand whether and how online
learning may have enhanced students’ pedagogic experience and challenges
faced. Open-ended questions were also used to collect students’ opinions
regarding physical and digital platforms that were most and least effective,
and reasons behind this.

Equal probability random sampling, which ensures that all members of
the population are equally likely to be selected, was used to construct a
sample of students from both AASTMT campuses, to distribute the
guestionnaire to. A total of 502 students were registered in the afore-named
courses in Heliopolis campus, and 215 students were registered in these
courses at Smart Village, comprising a population of 717 students. A sample
size was calculated for each campus according to the population of
registered students using the equations 1 and 2 (Czaja and Blair 1996). The
first equation is for large populations of several thousand; and does not take
the original population size into account. Therefore, the correction factor for
finite populations (equation 2) (Czaja and Blair, 1996) was used.

2 -
Sample size = L‘Elp)
m
Such that:
Z = the confidence level. 95% confidence level means Z = 1.96
p = worst case percentage, expressed as a decimal. Conservative value = 0.5.

m = margin of error, expressed as a decimal. 95% confidence level means m = 0.05.

! Both branches offer the same architectural engineering curriculum.
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1)
Based on these equations, and for a confidence level of 95%, the sample
needed that would be representative of the total population was 218 students
from Heliopolis branch, and 138 from Smart Village (356 students in total
(n=356)). In equal probability systematic sampling, a sampling interval is
needed to systematically select members of the sample from the population;
and to ensure that each member of the sample has an equal chance of being
sampled. According to equation 3 (Czaja and Blair, 1996), which was used
to determine interval size, an interval of 2 was used to derive the sample of
356 students from the total population of 717 students. A staring point was
chosen at the first student in the compiled list of registered students.
Sampled students received links of the questionnaire created. By the time
this paper was prepared 162 students had participated in the online survey
hosted on Google forms, with a response rate of 45.5%. Students’ fully-
informed consent was obtained prior to responding to the questionnaires, and
all questionnaires were collected completely anonymously.

sample size
[(sample size—1) /population]+1

New sample size =

)

Interval size = ~
Such that: "

N = Total population
n = Sample size (calculated from equations 1 and 2)

@)

Qualitative responses to open-ended questions were coded using thematic
content analysis, to extrapolate and identify reasons for positive experiences
and challenges faced by the students to the online process. Quantitative data
was initially coded onto a Microsoft Excel spreadsheet, which was then
imported into the statistical software package SPSS for descriptive statistical
analyses. Components of both quantitative and qualitative findings are
reported in the results section of this paper. Nevertheless, as there is little
work on design education during conditions of a global pandemic, in this
contribution, we use students’ qualitative opinions and statements as a
starting point to collate and understand their opinions of online learning.
Thus, in the upcoming results section, most findings presented are
qualitative in nature, whereas descriptive statistics are used for purposes of
triangulation, generating complementarity, and where applicable,
understanding whether the qualitatively-voiced opinions were similarly
shared by the wider sample of students.
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3. Results and Analysis

The 162 responding sample students represented the 4 years studied nearly
equally. Females constituted nearly 60% of the sample. Students with a GPA
of more than 2.80 constituted 72.8% of the responding students, and nearly
61% of them were registered in 6 courses during the studied semester.

3.1. STUDENT EXPERIENCES

Students were asked to compare their overall experience during the studied
semester compared to previous semesters. In general students appeared to
appreciate the online stage, as 47.6% of 162 students perceived the
experience positively, while only 28% reported finding the experience either
fair or poor (Table 1). In table 1 also, student experiences are further broken
down in terms of, effort and level of satisfaction; generally reported to lie on
either the positive end of the weighting scales, or average. Further data
analysis of the open-ended questions presents a more in-depth understanding
of such experience, with students describing what they perceived as
positive experiences of online instruction, and/or how it enhanced their
learning.

TABLE 1. Statistical analysis of student experience

OVERALL IN TERMS OF IN TERMS OF LEVEL OF
EXPERIENCE THE EFFORT SATISFACTION.

16.3% Excellent 4.4% Not demanding at all 11.9% Extremely rewarding

31.3% Good 16.4% Not demanding 22.5% Rewarding

24.4% Average 35.8% Average 42.5% Average

15.0% Fair 30.2% Demanding 15.6% Unrewarding

13.0% Poor 13.2% Extremely demanding 7.5% Extremely
unrewarding

3.1.1. Positive Experiences
Both quantitative and qualitative data indicated that students generally
enjoyed the online learning instruction phase. Based on quantitative results,
45% of the sample enjoyed or extremely enjoyed the online design studio
phase, compared to 28.4% of the sample who did not enjoy it. Analysis of
qualitative data further indicated 4 main themes, and 8 sub-themes that
capture reasons for students’ appreciation of online instruction, and how it
enhanced their learning (figure 1).

Overwhelmingly students mentioned the aspect of saved time as the
most important aspect of their appreciation of the online stage; time saved on

147 | ASCAAD 2021 D1P152 EMERGENT MODES OF LEARNING |




R. BAKIR, S. ALSAADANI AND S. ABDELMOHSEN

commute and printing allowed students to invest more time to “accomplish
more” in their studies with “full concentration.” Three students indicated
that the online stage was more focused mainly because they were able to
work “without the regular distractions in design studios.”

Students reported increased support from faculty members during
the online stage, who were “very friendly and helpful,” and “were giving
every single effort they could do to help.” Furthermore, enhanced quality of
feedback given by instructors, which was described as “to the point and
very organized” meant that students felt encouraged and supported. These
insights are supported by quantitatively data; as 52% of students reported
receiving beneficial or highly-beneficial feedback from their instructors,
compared to 29% of the sample who rated the feedback received from
instructors as average. Similarly, 49% of respondents rated feedback
received from TAs to be either beneficial or highly-beneficial. Possibly as a
consequence, the online stage was reported as less stressful; as evident in
responses such as; “it was easy and organized. | didn’t feel pressured like
back at college.”

POSITIVE EXPERIENCES OF ONLINE LEARNING

MAIN THEMES SUB-THEMES
SAVED TIME Ability to focus
Less stressful
INCREASED SUPPORT FROM Enhanced feedback quality
FACULTY MEMBERS
Gained skills
SELF-LEARNING Improvement in technological literacy
Digital archive
PROFESSIONAL Peer-learning
SOCIALIZATION Learning beyond the studio
Figure 1. Main themes and sub-themes describing students’ positive experiences of online
learning.

Self-learning was cited as a benefit of online learning, which
“help[ed] [them] in becoming more independent,” and “made [them] search
more by [themselves].” Students also appreciated additionally gained skills
obtained through self-learning, which enabled them to share and present
their work, as is evident in responses such as; “allowed more time for
searching,” and “enhanced ... presentation skills.” One of the skills
particularly noted was improvements in technological literacy, as students
“learned more about technology, and new programs,” and “sketch on their
work on the screen.” Having a digital archive was also cited as a positive
attribute of online learning, as “recorded lectures could easily be referred
back to in time of need,” allowing them to “listen carefully to the things
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[they] want to change in [their] project” after their recorded feedback
sessions.

Alluding to professional socialization, five students indicated that
peer-learning was enhanced in the online stage, as by “listening to different
ideas and as students we were helping each other with some information,
[which] was inspiring and helpful for the projects.” One student even
expressed that his/her learning has reached even beyond the studio, by
gaining access to “new platforms allowing the idea of easily communicating
and working internationally in architecture” learning from the many free to
access streams and discussion that were made available online. Despite this,
results from the quantitative component of the study indicate that 44% of
students report finding the online design studio experience to be completely
or somewhat isolating.

3.1.2. Perceived Challenges

Only 108 respondents replied to the question asking them to “describe any
difficulties/challenges they faced during online instruction.” Qualitative
responses were coded to reveal 3 main themes and 8 sub-themes capturing
challenges that students faced (figure 2).

PERCEIVED CHALLENGES OF ONLINE LEARNING

MAIN THEMES SUB-THEMES
Miscommunication
Access to faculty

INTERNET CONNECTION

Time management
Increased workload

ACHIEVING A BALANCE

Missing face-to-face interaction
Working in-silos

Privacy

Access to facilities

ISOLATION

Figure 2. Main themes and sub-themes describing students’ perceived challenges during
online learning.

The most two most overwhelming challenges were that of internet
connection and miscommunication. The poor internet connection did not
only make them “miss a few sessions” or “parts of the lecture, ” but also one
student cited internet cost as a challenge, as the “budget of internet payment
was too much. ” It also emerged that the new online terrain was unfamiliar to
most parties involved during the initial stages of transition to online
teaching, leading to potential miscommunications. Students cited that “it
was extremely difficult to communicate with the tutors” and that “some
doctors found it hard to give proper feedback online.” In addition, access to
faculty was another challenge frequently mentioned by students; who stated
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that “it was very difficult to be in touch with some of the staff,” and that
“some of TAs weren’t available for the office hours.” Nevertheless, most
students indicated that these types of challenges had been “ironed out by the
finals.”

Increased workload is another frequently-cited challenge, where
some students mentioned they were getting “more assignments which puts
[them] under pressure and leads to incomplete research or assignments,”
which in turn “increases the stress on the students by the several deadlines
that follow.” Despite the earlier-cited result of saved time on commute
and/or printing, students indicated that difficulties in time management was
an issue, as ‘“meetings with doctors end after hours of the time of the
lecture,” Another student mentioned that “a lot of submissions had little
time to complete” and another complained from “taking the lectures during
a different time than those shown in the schedule.”

Missing face-to-face interaction was cited as a challenge; evident
in statements such as “showing work was harder online than face-to-face”
as students felt that they were not “able to express the thoughts/ ideas as
easily as in person.” As a consequence, some students felt that they were
losing the “spirit of challenge” that exists in physical design studios. A
difficulty was also expressed at working in separate silos; “not seeing
others’ feedback or panels made us completely blind on which stage are we
in exactly”.

This is supported by results from the quantitative dataset, as 44% of
students agreed that they found the online learning experience either
completely or somewhat isolating. Nevertheless, despite such descriptions of
isolation, students also indicating having issues with privacy, as “all
[virtual] platforms are reachable even WhatsApp, as a student it’s very
overwhelming. ” Both qualitative and quantitative data indicates that students
“didn't like to switch on [their] camera in [their] home;” almost 40% of
respondents state that they rarely switched on their camera and 13.7% never
switched the camera on.

One theme that appeared to be distinct to the
technology/computational stream arose regarding access to facilities, as
students indicated that their courses required demanding software and use of
the department’s computers. Not being on-campus meant that they “use[d]
[their] own laptops which wasn’t able to handle the rendering.”
Nevertheless, as multiple student responses were related to the use of
different educational technologies, we further explore students’ experiences
with such devices and online platforms in the forthcoming sections.
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3.2. STUDENT PREFERENCES OF ONLINE PLATFORMS

According to the descriptive statistics shown in figure 3, students reported
using up to 6 online platforms simultaneously, to continue their online
courses throughout the lockdown period. Almost 27% of students report
using 3 online platforms in a single course during the online semester, while
less than 7% of students report using 6 platforms per course.

Total numberof online platforms used simultaneously for

design studio
Six online Zero online platforms

platforms

27%

Three
platforms

Figure 3. Total number of online platforms used.
The most and least efficient of these platforms, as experienced and reported
by students in their questionnaire responses, are shown in figure 4. The

overwhelming majority of students (over 79%) consider Zoom to be the
most efficient platform, and almost 50% of students found the private

university network least efficient of all platforms.

EFFICIENCY OF ONLINE PLATFORMS USED

m Most efficient software platforms ~ m Least efficient software platforms

£
[=3
2
f<
g
B
@
I
g
.8 2
= é Ew® 2
- © o (=3
g2 é - 8 g @ £ 5 ® ® B o
< i 3 3 8 8 3 g
o I S - I S - S S °
] - | | - - - ]
ZOOM GOOGLE GOOGLE GOOGLE FACEBOOK FACEBOOK PRIVATE SKYPE OTHER
CLASSROOM CANVAS MEET GROUPS MESSENGER uﬁlé\_!rszgF\l':(Y

Figure 4. Most-efficient and least-efficient software platforms, as perceived by students.
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3.2.1. Most Preferred Platforms

Thematic analysis of qualitatively-collected responses revealed 102
instances in which Zoom was cited as the most efficient platform, followed
by Facebook groups; which agrees with quantitative responses.

Students found Zoom suitable for long lectures, feedback sessions
for online design studios as well as quick 5-minute calls. Preference for
Zoom included that it was efficient for receiving feedback and sketches,
screen-sharing, user-friendliness, live-stream 2-way real-time
communication, quick setup and access of sessions, remote control of
screen, organization via breakrooms, and saving screenshots. For most
students it was “easy, clear and versatile to use, with its annotating
functions being key in online feedback” and “it provided a better and closer
experience to a real live one.” Generally, students underlined that the
platform provided “tools that somehow replace the physical ones.”
Preference was also drawn from the notion that the conversation could be
controlled both by the student and/or the instructor, and that feedback
sessions could be established via voice and video “if needed and approved
by both parties.”

Nevertheless, use of the Zoom platform was mostly reported in
conjunction with other applications, including Facebook Groups, Google
Classroom, Google Canvas, Schoology and What’s App to name a few.
These combinations appear to be preferred for providing an easy and
organized experience for communication feedback and submission.

Both qualitative and quantitative data (figure 4) indicate that
students found Facebook groups to be the most efficient platform,
subsequent to Zoom. This efficiency was related to the instructors used it for
public announcements that students quickly and easily received notifications
for. Also many students mentioned that, by sharing their work within a
private group, it allowed them to see the work of their peers, and the
feedback they received, helping them to their work progress and
development compared to their peers. Students also mentioned how “it's
easy to control Facebook notifications and what you want to be notified of.”
Being a well-established platform that most students already used made
several consider it efficient due to its reliability and how it never lagged.
Having the work kept on the group ‘wall’ helped them “get inspired by one
another...[and] it was beneficial as we were able to have even the slightest
feedback in a shape of a comment on each photo shared,” which helped
them “get inspired by one another’s work.”

3.2.2. Least Preferred Platforms

Again, both qualitative and quantitative results to the questionnaire (table 3)
indicate that the private university online platform was generally least
preferred by most of the students. While one student appreciated how it was
dependable “for submitting and downloading course material, its potential
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as a comprehensive study platform with built-in communication systems was
wasted.” The interface was perceived as complicated and “harder to
maneuver and was constantly down with very limited capacity to upload
submissions.” The issue of limitation on number and size of files to upload
appeared to have forced most students to decrease the quality of their
submissions or reduce file size. The issue of it lagging or being down due
high number of submissions led to problems in exam and final submissions
times. Nevertheless, several students however mentioned how it developed
throughout the 2 months period of the online stage. The fact that it does not
present 2-way communication (live streaming), and that students did not
receive “notifications for any announcement, and [they] had to check
[them]selves ” repeatedly for assignments and announcements also appeared
problematic.

While Facebook groups were considered one of the most efficient
platforms for communication and announcements as described in section
3.3.1, other students described it as least efficient and felt that the tool is not
suitable for teaching purposes, or receiving direct design feedback. The
Facebook Live feature, which allows the instructor to broadcast a live
video/audio was also considered one of the least preferable platforms
because “the only way [the students] communicated with the lecturer was by
writing comments, which is not very efficient and due to connection lags,
misunderstandings always occurred.” Students expressed that, while they
had occasionally communicated with their instructors via the instant
messaging facility offered by Facebook before the lockdown period, relying
on instant messaging for communication without face-to-face meetings “was
hard, and [messenger] was only [useful] for short notes or questions or
quick updates.”

Despite being considered the most efficient platform by almost 80%
of students as indicated in table 3; one reason that Zoom was sometimes
cited as non-efficient was for the 45-minute limit for a session for basic
accounts that some instructors were limited to.

4. Conclusion

This exploratory work seeks to understand students’ perceptions of online
learning experiences. A mixed methods approach is used, comprised of a
questionnaire-based student opinion survey which was developed to gather
both quantitative and qualitative data from two AASTMT architectural
engineering departments in Cairo; in Heliopolis, and Smart Village. The
questionnaire focused on design, technology, and elective undergraduate
courses that had a CAAD component in the curriculum. At the time of
writing, 162 students had participated in the online survey, after which
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analyses were conducted to gauge student experiences of online learning
during the 2020 lockdown period 2020, and understand positive experiences,
perceived challenges, tool preferences and reasons behind.

Despite the sudden onset of the lockdown experienced and transition
to online learning with no prior preparation, the dataset shows that, in
general, sampled students had a positive experience of online learning. Data
analysis of open-ended questions four main themes identifying how the
students perceived the ways by which online learning enhanced their
learning (saved time — increased support from faculty members — self-
learning and professional socialization) and eight sub-themes. The main
challenges pertained to internet connectivity issues, access to facilities, sense
of isolation and achieving a balance between available time and the
increased workload experienced. Nevertheless, these challenges may be
considered as opportunities for development in the future of design learning,
in light future design education during the COVID-19 reality.

Positive and negative experiences described may have been
influenced by use of online teaching platforms. Despite how the departments
rapidly faced the new demanding reality of online technology tools, again
positive aspects were identified, as the overwhelming majority of students
found Zoom to be the most efficient platform used. Reasons appear to be
related to qualities that the platforms provide, including live communication
—digital archiving — control and privacy and notifications, to name a few.
Nevertheless, it is worth noting that when platforms, such as Zoom and
Facebook Messenger, were both described as both most and least efficient,
this was related to the contexts and ways in which these are used.

This  mixed-methods exploration provides a preliminary
understanding of students’ experiences with online learning in design
education; an important first step as we navigate the complex and arduous
post-pandemic reality, which has had an intrinsic impact on architectural
education. The findings have notable implications for educators in the field
who seek to maintain adequate levels of student understanding and
engagement in this new pedagogic landscape, while keeping abreast of the
challenges imposed. By better understanding students’ experiences and
usage of online technology we could better shape frameworks for
online/hybrid design education in this post COVID-19 reality.

Having painted a picture of student experiences, we further seek to
extend this work by digging deeper into the quantitative dataset during the
next stage of the research, to decipher statistically-ascertained patterns
between variables. This may allow us to visualize how experiences may vary
for academic cohorts from different year groups, and accordingly allow us to
address student needs in a more constructive and tailored manner. This
detailed understanding may open various avenues for further investigation,
to answer research questions pertaining to whether and how students’
design-thinking is possibly transformed in online design teaching settings,
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allowing us to understand the implications of rapid online communication
technology developments on the design process in future work.
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Abstract. This paper presents the process and outcomes of a thematic
winter school on designing sustainable soundscapes. It aims to present
a new parametric tool: Esquis’Sons! that has been initiated during a
French research project on sustainable sound environment and then
developed as part of Theo Marchal’s PhD. Combining Rhinoceros and
Grasshopper, the Esquis’Sons! tool has allowed the integration of the
sound dimension during the design phase of architectural spaces. The
thematic school aims to test the validity of this tool through
experimenting it with multidisciplinary teams involving architecture,
urban design, acoustics, art, landscape and sociology. We have chosen
to use this methodology on two urban districts located in Grenaoble,
France in order to auralize in real time the different intervention
scenarios proposed by participants for ameliorating the experience of
sound in the two districts.

praal o dee 45 dpalatll Alaall s 2y Jluse Aia ) 43 ) 5l1 & LIS adla
ad o plug-in e el b s ol s N gy Aaldiual) A geal) e il
Al (B Lealadin &35 (i b ing g5 pde IS Lgina o3 Bsquis’Son | (ese
ae Jand Al oY) Jisis a5 leadl AU JLE e siley i) ol sl
apaatil) dla jall B S sall el zled) o5 Cums 3 sgual a5 s g s o2elin
A daall L5 (e el Ciagdl IS Y 138 5 A jenll 5 A jlenall e il

D1P1S2 EMERGENT MODES OF LEARNING | 156 | ASCAAD 2021



PARAMETRIC TOOL TO SKETCH SONIC AMBIENCES

Al yee elal oAb dul 50 JMA (e lld g 4y yial HLll oY) o328 0cliS (saa jlid)
O sl 53 landl Jalis il 5 Clanadill Calide (o dae GaJd Ler a8 o35 A
ol Al 53 s Jaall &85 e gl YIS plaiaY) ale s @B gal) oy L gall 5
G5 SN (5 lerall s Sl penll JSEI 8 s o) ) sie A peall il sa) B
sla¥l 8 A geall Al 5 Al cand Jal e Jeall B85 B S il as iy

) Aol ) s Al penl)

1. Esquis’Sons! Design support tools for sustainable sound
environments

Esquis’Sons! is a parametric tool that constitutes the main focus of this
paper. Its name couples two French terms: esquisse and son. Esquisse in
French is equivalent to “Sketch” in English; it signifies an architectural tool
for elaborating the main design concept and corresponds to the early design
phase as well; while son means sounds. This combination ‘Esquis’Sons!’
highlights the objective behind the creation of this tool, which involves
primarily introducing the sound dimension as a main design material to be
manipulated in the early stages of the design process.

Esquis’Sons! is therefore a sound sketch tool built as a parametric
interface using the Grasshopper plug-in in order to link Rhinoceros (3D
modeling) and Max MSP (3D sound creation). The tool allows for the
possibility to hear sound scenes generated from a digital model of space in
3D. It also allows for assigning acoustic characteristics, such as the level of
porosity of volumes and faces, to spatial contexts, in addition to positioning
points of listening anywhere in the 3D modeled space. The auralization
module is informed by the geometrical characteristics of the spatial model
and vice versa. We then adjust the qualities and the origin of the sound
environments of the scene (Rémy, et at. 2016).

It is worth mentioning that Esquis’Sons’s idea was initiated during a French
research project dealing with sustainable soundscapes that took place in
2014 and 2015 and was funded by ADEME (Agence de [’environnemnt et de
la maitrise de ’energie). The project, that was proposed by Equipe Cresson
— Grenoble School of Architecture, is entitled “Esquis’Sons! Sustainable
soundscape help tools™. It was conducted by a multidisciplinary research
team including architects, urban designers, acousticians, and sound
technicians.

2. Thematic School on Sketching Sonic Ambiences: Towers and
Courtyards in Dense Urban Contexts

After a first impulse, the tool as a search result allowed to sketch the sound
environments on the balcony. It was then developed to reach a sound sketch
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tool status applicable in any urban context (Marchal, 2015). The next step
was to test the validity of the Esquis’Sons tool in an educational exercise.
We have chosen the form of an intensive one-week thematic school on
soundscapes that took place in Grenoble in January 2017 during the week of
sound- A European event on Sounds. Managed by the Cresson research team
at the Grenoble School of Architecture, the objective of this thematic winter
school was to introduce the sound dimension in contemporary architectural
issues by coupling work on sound environments and dense urban forms.
Sound, which is today an important element to enhance the quality of life of
the built space, is particularly important in the increasingly dense urban
environment.

In fact, dense urban forms propose a specific architectural language in which
aspects such as building heights, shared spaces or more generally the
question of interfaces play an important role in constituting ordinary
listening and changing sound practices. Providing a dynamic relation to the
surrounding, varying from ground to sky, from near to far or from intimacy
to exposure, the dense habitat brings out remarkable listening situations,
including suspension, immersion, nesting, panoramic sound, dual listening,
exposure, or acoustic retreat (Gamal Said, Marchal, 2017).

Based on a space-sound pairing concept, the winter school focused on two
archetypal dense urban forms: towers and courtyards, therefore defining a
language of protrusions and voids (Figure 1). In this urban configuration, the
interfaces located at the articulation between private and public spaces, such
as balconies, loggias, corridors and landings, form shared sound spaces,
which constitute in this winter school the main architectural object of study.
They are as much configured by the sound qualities of the street as they
themselves configure the sound qualities of the latter. It is in this reciprocal
exchange that we shall consider these liminal spaces, in the way that they
redraw new acoustic arenas and negotiate their intimacy with public spaces.
In dialogue with the existing environment, we sketch sound atmospheres
based on the Esquis’Sons tool.

In order to auralize in real time the different audio-spatial intervention
scenarios, participants engaged in in situ sound recordings, representations,
manipulations and sketches, where the intention was to explore sounds in
order to create an atmosphere (Figure 2).

Participants of the winter school were invited to pursue the following steps:
The first step is to define a spatial context, which was to be modeled in
Rhinoceros3D via Grasshopper. The second step is to set listening points by
associating a point in the model with the position of the listening point from
which auralization is to be calculated in real-time. In the third step, they
build a sound scene by defining sources associated with points
« source_location » in the Rhinoceros / Grasshopper 3D model. The last step
involves auralization in real-time by connecting these different objects to the
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main sketch motor through which we obtain a sound result (Remy, et al.
2016).

3. Sound Diagnosis in Two Urban Districts in Grenoble

Two districts in Grenoble, France, Village Olympique and Vigny Musset
were chosen as case studies for conducting the sound diagnosis and
modification (Figure 03). The urban configurations of the two districts are
composed of pedestrian spaces which are qualified in terms of sound as
impermeable in certain spaces and porous in others due to the presence of
sound doors opening to the outside, or completely open, exposed to urban
traffic.

S
N

g

Figure. 1. The two urban fabrics: courtyards and towers and their acoustic behavior
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Figure 2. The in-situ sound recordings and the studios for elaborating the sound scenarios

Despite the contrast in urban and architectural forms of the two districts,
their geographical juxtaposition has allowed participants to compare and
articulate them by means of transversal listening. Two sound walks were
conducted, one was free and silent during the day and the other was
nocturnal and guided by Pascal Amphoux. These listening exercises have
allowed participants to identify certain sono-architectural typologies and to
distinguish the sound markers and the singularity of the soundscapes of both
districts. Beyond a simple diagnosis, the main objective of this phase is to
spot specific characteristics in order to steer prospective transformation.

Figure 3. The urban form of Vigny-Musset to left composed of courtyards and Village Olympic
to the right composed of linear pedestrian streets with residential towers.

4. Sound Intervention Scenarios using Esquis'sons tool

The main objective of the thematic winter school is to use the Esquis'sons
tool to design and project new sound environments for both districts. In
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order to attain this goal, participants manipulated different scales to change
the existing soundscape: the urban neighborhood, the architectural buildings
and courtyards, until reaching architectural elements at the body scale
(dispositifs architecturaux). The proposed interventions focused on the
notions of height, porosity, and temporality as main features of a dense
sound configuration.

Several categories of sound intervention scenarios were identified. Some
propose important spatial modifications in order to change their sound
perception, such as “Variations in suspension”. Others propose an
implantation of new sound sources or a displacement of the existing ones in
order to modify the soundscape itself and to offer new listening experiences
such as sonic markers (Amers Sonores) or “From the fountain to the
market”. Finally, certain scenarios target the quality of the sound spaces
themselves through modifying their uses, such as the example of “Degrees
of publicity”. Six sound intervention scenarios were proposed in this
workshop:

4.1. @ DEGREES OF PUBLICITY, DEGREE DE PUBLICITE

Scale of intervention: the courtyard as an urban element

The main idea of this project is to remove or open the gates and the grid
surrounding the courtyard. This simple intervention changes the status of the
courtyard as a private entity to a public space. This modification helps
accommodating other usage patterns such as traversing, encounters, etc. The
sonic sketch helped incorporating by sounds the increase in the degree of
permeability between the interior ambience of the courtyard and the outer
one of the street. The soundtrack permits to better understand the
transformation in the sound environment of the courtyard (Figure 4).

Figure 4. The location of the intervention scenario in Vigny-Musset with a Rhino and
Grasshopper sketch.
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4.2 @ THE FLYING BENCH, LE BANC VOLANT

Scale of intervention: the tower as building

The main idea is to work the relationship between building heights as a main
characteristic of the dense urban form and sound perception. By modifying
the presence of a sound source (a ball game), the Esquis'sons tool enabled a
continuous reconfiguration of the listening experience as one climbs the
stairs of a tower located in the Olympic Village. The building height
underlines the change in sound perception through alternating between near
and faraway sounds.

4.3 @ INTERREaction

Scale of intervention: the street and the courtyard

This project proposes a sound prospective for the pedestrian alley “Allée des
Romentiques” -mainly in front of Marie Reynoard School in Vigny-Musset.
It is a green linear space or promenade traversing the district and delimits
enclosed spaces (courtyard and school). The proposed sound sketch seeks to
make the urban configuration more porous, create spaces for sociability, and
make the school entrance more secure by prohibiting vehicular passage.
Participants propose rural imprints by transforming certain green spaces into
community gardens. The change in land covering (gravel and soil) creates a
sonorous ground that marks the thresholds between public and private space
(Figure 5).

e e e

Figure 5. The location of the intervention scenario of INTERREaction in Vigny-Musset with a
Rhino and Grasshopper sketch.
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4.4 @ Sonic markers, Amers Sonores

Scale of intervention: the district

The project seeks to characterize certain places from a sound point of view
by creating sound markers. In fact, the Esquis'sons! tool allows to insert
different sound sources and to vary their size. The injection of the sonic
markers brings an entirely new dimension of a more or less distant listening
to the neighborhood. Facing the homogenization of the sound space of
Vigny-Musset, the proposed sonic sketch helps adding some relief to the
sonic experience.

4.5 @ Variations in suspension, Variations en suspension

Scale of intervention: the district

The sound-walk along the two districts - Vigny Musset and the Olympic
Village —led the group to compare the two sound environments. The
objective of this project is to import the different sono-spatial typologies
composing the soundscape of the Olympic Village (pedestrian bridges,
heights of the towers, and sound door) into the district of Vingy-Musset. In
this optic, the team proposes a traversing sonorous bridge. The chosen path
for this bridge flies over different urban elements such as the courtyard,
street, pedestrian street, and main garden, giving rise to a new listening
experience. The sonic sketch offers new porosities between private and
public spaces: the street, school yard, buildings, courtyards, gardens and
avenues. The variation in height along the bridge provides a more distant
perception of the district’s soundscape.

4.6@ From the fountain to the market, De la fontaine au marché

Scale of intervention: the neighborhood

This project is about designing a new soundwalk that is available to hear on
smart phones. After capturing the existing different sounds along the chosen
path, the team develops a more exotic soundscape of Vingy-Musset! In the
gridiron pattern of Vigny-Musset, the group wants to create sonic poles. It
proposes to insert charismatic sources and to polarize public life in order to
give back to the courtyards their main role as spaces of intimacy. A market,
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a fountain, a tropical greenhouse or a zoo, are examples. You are all invited
to log in to hear the sounds of tomorrow!

Figure 6. A sketch of Variation in suspension in Vigny-Musset using Rhino and Grasshopper

5. Conclusion

The Esquis’Sons tool has allowed participants to propose real sound projects
that constitute a solid material to listen and to debate. Thanks to this tool, it
is possible to « sonorize » a 3D virtual environment and them to hear the
consequences of architectural choices. In other words, this application
allows you to sketch a space while listening to it.

The projection of new sound scenarios results from combining the use of
digital design tools (Rhinoceros / Grasshopper /  Esquis’Sons!) with
fieldwork by means of in situ sound recording and brief interviews with the
inhabitants. The hybridization of the different working methods over three
half-days has made it possible to bridge the theoretical presentations given
during the week on the methods and fundamentals of the Cressonian
approach to understand, modify, and create sound spaces and to apply them
in an empirical exercise.
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Elaborating on a variety of sound sketches using Esquis’Sons! adds another
dimension in understanding architectural and urban configurations. It opens
new perspectives in fabricating and transforming city spaces. Putting the
soundscape into debate has enriched and consolidated different sound
projections. The proposed intensive one-week exercise helped elaborate rich
prospective sound scenarios both in terms of content and presentation. In
brief, it was a fruitful exchange!
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Abstract. In today’s corporate world, open-plan offices are supposed
to enhance the communication and the flow of ideas among workers;
however, they have also proven to facilitate the spread of infectious
diseases. One approach to solve this problem is adopting spatial
planning measures that reduce the risk of infection transmission. This
research presents a Multi-Objective Optimization approach to
integrate spatial planning measures in open-plan office environments
in order to lower the risk of a workplace contagion. These measures
were gathered, formalized, parameterized, and coded and integrated
into a digital tool. The tool was able to automate the generation and
optimization of spatial solutions based on the integrated criteria. The
resulting solution space could be easily navigated and filtered to
obtain one or more optimum, hygiene-conscious layouts for further
development.

Keywords: Space planning; Open-plan office; Covid-19; Infection transmission;
Building Information Modelling; Multi-Objective Optimization; Generative Design

830 A o sl Y1 aoaal) 3 B plaY) e 1A A 5 of i sidall (e el
anall (al ye¥1 il Loal e a8 adl 5 3 L) pardiisall G HISEYT ol
e 2833 A8 Jgla aladinly AN o3 e latl) (Saal) o 431 Y) AL sgan agin
ol aan T any Can ) 13a e ) 5all o3 8 ) Y1 (s Lay as (5 saad) JlaI ylad
Lediioee 4y yla¥) cile | jall a5 sandl jlad (Ll danlell dasaraill yulaidll (e de sane
L g S 5100 5 ) gumn B el 138 Gaadat 5 38 5 Calaa Y] dawia (g sl i) 4y
Al o3gd AN Jslall (e e gana Ji5is A gl ¢ 22l () e Uaia
Jslall o2n LSl 5 Sl apanadll Jal 3o b Cpasadll o Joos S5 daganatll
Ledle oLl g la yy oha

167 | ASCAAD 2021 D1P2S2 TECH. INTEGRATION & COLLABORATION |



M. MEKAWY AND M. GABR

i) oL gy 58 Al o stial] 88Y) Ladwel) 3 4y oY) e | jdll o 2] il) Lubaiil] , Lalidalf cilalsl)
ol sl anatll «iloa Y) oaeie s ) shill Jatn Y o isell Cilo gles daiai s gaell

1. Introduction

The origins of the present day’s “open-plan” workspace can be traced back
to West Germany’s late 1950s when the concept of an “Office Landscape”
was first developed and implemented (Pearson-Mims and Lohr, 2000).
Proponents of that concept envisaged a space where communication flows
freely without being hindered by walls. Yet this original notion has gradually
shifted into an exercise of packing more employees into an ever more
expensive office space (Richtel, 2020). This presents perfect conditions for
infectious diseases to spread, as they traditionally flourish in indoor
environments. Studies estimate that 16% of Influenza infections occur in the
workplace (Edwards, Tomba and de Blasio, 2016). A study conducted in
January and February 2020 in China, 318 Covid-19 outbreaks were studied,
and all of them, except one, took place in indoor environments (Qian et al.,
2020). These findings should push designers to rethink Open-plan office
design. What is required is a sustainable approach towards the planning of a
more contagion-resilient workplace.

In the context of the Covid-19 pandemic, the response measures to limit
infection transmission could be broadly classified into three categories. The
“Administrative” approach, which involves advising a regular disinfection
plan, strict hygiene rules, and staggered working hours (CDC, 2020). The
“Technical” approach, like installing fever detection cameras, advanced air
filtration systems, and touchless fixtures (AlA, 2020). The third approach,
which will be the subject of this research, is the “Spatial planning” approach,
which comprises spatial aspects of designing an office floor plan to impede
the spread of infectious diseases. This research aims to present a digital
optimization approach for the spatial planning of open-plan workspaces to
mitigate the risks of infection transmission. Spatial planning criteria are
coded numerically into a digital tool that can receive an office space and
provide preliminary furniture plans that are optimized to meet these criteria.

2. Background

2.1. SPATIAL PLANNING MEASURES

There have been a number of attempts to tackle the “Spatial planning”
approach, like the “Covid Space Planner” which uses a semi-automated
approach with 2D plans to recommend spatial and furniture plans to mitigate
infection risks (Ahmad, 2020). Another approach was devised in “ReRun”
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software, which focuses solely on testing a huge number of 2D
configurations of social distancing “bubbles” to identify the optimum
arrangement of employee seating (Cousins, 2020). Finally, a geometric
approach was developed by Bafion and Bafidn (2020), to examine the seat
and table distribution for different space uses and space sizes.

This research complements these attempts and compiles data from multiple
public guidelines (OSHA, 2020; Perkins&Will, 2020; AlA, 2020), scientific
research (Dietz et al., 2020), and simulations done by Japanese researchers
using the Fugaku supercomputer, which modeled the flow of virus-like
particles from people in different sitting patterns and the amount of exposure
in each setting (Swift, 2020). By examining these publications, relevant
spatial measures could be broadly summarized as follows: Physical
distancing (1.5-2m) has to be kept at all times, access to natural ventilation
has to be facilitated, furniture has to be configured in such a way to prohibit
face-to-face or back-to-back seating, crowding has to be prevented as far as
possible. And these are the measures that this research will address.

2.2. COMPUTER-AIDED SPACE PLANNING

The first approaches to automate space planning using CAD software dates
back to the sixties (Armour and Buffa, 1963). Since then, may more attempts
where made, which fall broadly into three categories (Liggett, 2000): Single
Obijective Optimization; used to reach an optimal configuration based on a
single criterion, Graph Theory; primarily concerned with generating layouts
that fulfill adjacency requirements between zones/activities, and Multi-
Obijective Optimization (MOOQO), which attempts to find an arrangement that
balances between an adversarial set of constraints and fitness objectives. The
MOO approach has been used repeatedly in the space planning domain, for
example, to optimize layouts using spatial quality metrics (Bahrehmand et
al., 2017), to optimize furniture planning (Yu et al., 2011), and to optimize
residential layouts (Wong and Chan, 2009). This approach is well suited to
design problems where there is no “single” optimum solution, but many
“acceptable” solutions (Flack and Ross, 2011). This makes it ideal for the
design problem at hand, where many adverse constraints and objectives need
to be balanced and explored in order to arrive at a solution.

3. Approach demonstration

3.1. DESIGN PROBLEM DEFINITION

To demonstrate the research’s approach, a simple design problem was
designed, explored, and the results were evaluated. The researchers assumed
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an empty open office space, with the windows and doors (as exits and/or as
access to amenities) already in place (Figure 1). The aim is to optimize the
space planning, with the following objectives in mind:

Maximize the number of employees in a floor while maintaining
physical distancing recommendations for avoiding infections

No face-to-face or back-to-back seating positions are allowed.
Maximize physical access to windows for natural ventilation
Minimizing areas with potential “congestions” in the space, i.e.,
areas susceptible to overlapping foot traffic from a large number of
employees, which increases the potential for close encounters
Minimizing the travel distance from the employee’s desk to all
neighbouring desks, hence reducing the foot traffic in the space.

In the experiment, the following was assumed:

The workspace layout is rectangular

The workstation desks are rectangular

The seating area, windows, and access to exits and amenities are
well-defined

| Exits/Access to amenties |

FoW—— O ay

[T PN LA

4\;1— """"""""""" -
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Figure 1. The generic office space used to test the research's approach.

3.2. DESIGN SPACE PARAMETERIZATION

In order to be able to devise an algorithm that can come up with multiple
desk configurations, and subsequently evaluate them, the space should be
sufficiently parameterized. To do so, a hypothetical modular grid for the
placement of desks was established. The modular grid and its parameters are
shown in Figure 2, and can be explained as follows:
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First, a circulation zone on the perimeter of the space is placed, so that the
area of the actual space available (Sac) can be defined as:

Sact = (L-2a) (W-2a) = Lact X Wact (1)

Where (L,W) are the length and width of the space respectively, and (a)
is the width of the circulation zone, from which we determine the values of
(Lact, Waet), Which are the length and width of the actual available space.
Next, the actual distance between the individual seating/working positions
(Dact) can be defined as follows:

Dact=d +2p (2)

Where (d) represents the value of the appropriate physical distance between
individuals, and (p) is the radius of an imaginary bubble of personal space.
The value of p is assumed to be 0.3m according to Jocher (2010). Next, and
according to the assumption that seating should only be placed on a diagonal
pattern, an equilateral triangular grid needs to be established. In geometrical
terms, an equilateral triangular grid ensures a fixed distance between
vertices. Additionally, an equilateral triangle has the smallest circumradius-
to-inradius ratio (Svrtan and Veljan, 2012), and thus minimum surface area
and maximum distribution efficiency. The grid is established as follows:

Ugrid = Dac’[ X CcoSs 60o (3)

Vgrid = Dact X Sln 600 (4)
Where Ugiig, Vgiia represent the “planned” grid spacing in both directions.
However, the spacing should conform to the actual values of (Lact, Wact) for a
given value of Da. So the final step is to recalculate the U-subdivisions of
the grid (Usundivs), and the V-subdivisions of the grid (Vsubdivs) as follows:
For the placement of desks parallel to the L-direction of the space:

Usubdivs = l Lact + Ugrid J (5)

Vsubdivs = l Wt + Vgrid J (6)
To place the desks parallel to the W-direction of the space:

Usubdivs = l Wt + Ugrid J (7)

Vsubdivs = l Lact + Vgrid J (8)
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Figure 2. The desk and seating triangular distribution grid and its parameters.

Having established the grid, it is now easy to use it for the placement of
the desks and the seating. Desk size can start from two grid modules (U
direction) for one employee, up to an assumed desk configuration for 6
employees, occupying seven grid modules. The distance between desks can
be assumed to be one grid module (V direction) in the direction
perpendicular to the desks and two grid modules (U direction) for the
direction parallel to the desks.

3.3. SOLUTION IMPLEMENTATION

A simple Building Information Model (BIM) was built in Autodesk Revit.
The research’s approach is to utilize BIM data in Revit to extract the
required information, the digital computation capabilities of its visual/textual
programming platform, Dynamo, for parameterization and calculation, and
finally Project Refinery, Autodesk’s generative design engine to perform the
required MOO to explore the best available solutions for the described
design problem. Project Refinery, also known as “Generative Design for
Revit and Dynamo”, is Autodesk’s proprietary platform. It builds on a
Dynamo graph and provides an interface for a “Solver” to show design
options. At the time of writing, the solver can be based on a random, cross-
product, or an evolutionary algorithm (Autodesk, 2019).

The elements of the optimization model are represented in Figure 3.
First, model information is extracted; room, openings, and access to Points
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of Interest (POIs). The information is then passed to a group of nodes that
perform the necessary calculations to evaluate the design options. So the
“variable” input set of parameters becomes: physical distancing value (d),
orientation of disks, and a random seed value to create desks with variable
sizes. The information is then passed to another group of nodes to create the
desk geometry and seating. Finally, this information is analysed to determine
their compatibility with the design metrics. These metrics, essentially
representing the “Fitness objectives” in the evolutionary solver, are namely:

Number of workers (Maximize): The maximum number of seating
positions available for a given desk configuration.

Window proximity score (Maximize): Represents the amount of
workers with close proximity to external windows for ventilation
The “Buzz score” (Maximize): This score was practically
implemented in a new office space for Autodesk in Toronto (Nagy
et al., 2017). The shortest paths from desks to various POls are
measured to come up with a congestion map, which visualizes the
spaces where people are likely to cross paths (Figure 4), and a Buzz
score, which represents the degree of distribution of these
congestions in a floor plan.

The “Adjacency score” (Minimize): The score is analogous to the
“Total depth” parameter in the Space Syntax domain (Ratti, 2004).
In this research, the Adjacency score is the average of the shortest
paths from all seating positions to all other seating positions.

Fixed input Circ. Width (a) Bubble radius (p)

Variable input | Physical dist.(d) Orientation Size random
Constraints Diagonal seating

Outputs Desk config. Seating config. Congestion map
Objectives No. of workers Adjacency score Buzz score

Window proximity score

Figure 3. Diagram showing the elements of the developed optimization model
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TR

Figure 4. The visual Dynamo output, which shows the designated desk/seating distribution,
and the corresponding congestion map.

4. Results

For the example demonstrated here, the variables were set so that the
physical distance would vary between 1.5-2.0m, and the random seed of
desk generation would vary from 0 to 5000. Refinery’s evolutionary solver
gives the user the capability to control the population size and the number of
generations only. In this example, the population size was set to 200 and the
number of generations was set to 20; however, there was no discernible
difference found after the 16th generation.

An overview of the results can be seen in Figure 5. By exploring the results,
it was found that configurations with desks parallel to the longer side of the
space provided more employee capacity; however, they usually performed
poorer in terms of the Buzz score. On the other hand, configurations with
desks perpendicular to the longer side of the space had, on average, better
buzz scores, usually at the cost of the reduction of the number of potential
employees. There was however one alternative in the latter set of
configurations, which achieved above-average buzz and adjacency scores,
and the potential to accommodate 56 employees, one of the highest
capacities for employees in the solution space (the highest being 60).
Designers could explore the design space further to make sure it complies
with these basic spatial rules for mitigating the spread of infections, while
experimenting with the workspace layout.
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Figure 5. The results of the MOO analysis done in Refinery.

5. Conclusion

This research presented a digital optimization approach to enhance the
spatial planning process in open-plan office spaces, with the aim of
mitigating the risks of infectious diseases’ transmission. Spatial design
considerations were gathered from literature and formalized as design
objectives and constraints, then further parameterized and represented as
numerical values and scores for objective evaluation. The design parameters,
constraints, and calculations to derive the scores for the designated design
objectives were coded into a digital tool that can receive a BIM model of an
office space and provide preliminary furniture plans using a MOO approach.
It is obvious that the furniture layouts that can be considered “acceptable”,
based on this approach, are not considered “ready-to-implement” solutions,
because designers need to integrate a multitude of other design factors in
their design. This approach can still, however, be useful to help the designer
integrate spatial considerations for slowing down a contagion.

References

AHMAD, F. (2020) covid space planner. [Online] Digital Blue Foam. Available from :
https://www.digitalbluefoam.com/covidspaceplanner [Accessed 09/07/20].

175 | ASCAAD 2021 D1P2S2 TECH. INTEGRATION & COLLABORATION |



M. MEKAWY AND M. GABR

AlA (2020) Reopening America: Strategies for safer buildings. The American Institute of
Acrchitects.

ARMOUR, G.C. and BUFFA, E.S. (1963) A heuristic algorithm and simulation approach to
relative location of facilities. Management Science, 9(2), pp. 294-3009.

AUTODESK (2019) Generative Design Primer. Available from :
https://www.generativedesign.org/ [Accessed 02/11/20].

BAHREHMAND, A. et al. (2017) Optimizing layout using spatial quality metrics and user
preferences. Graphical Models, 93, pp. 25-38.

BARON, L. and BARON, C. (2020) Improving Room Carrying Capacity within Built
Environments in the Context of COVID-19. Symmetry, 12(10), p. 1683.

CDC (2020) Resuming Business TOOLKIT. [Online] Centers for Disease Control and
Prevention (CDC) [Accessed 09/07/20].

CousiNs, S. (2020) Gensler software helps reconfigure workspaces. [Online] The RIBA
Journal. Available from : https://www.ribaj.com/products/gensler-rerun-physical-
distancing-software-helps-uk-return-to-work [Accessed 09/07/20].

DIeTZ, L. et al. (2020) 2019 Novel Coronavirus (COVID-19) Pandemic: Built Environment
Considerations To Reduce Transmission. mSystems, 5(2).

EDWARDS, C.H., ToMBA, G.S. and DE BLASIO, B.F. (2016) Influenza in workplaces:
transmission, workers’ adherence to sick leave advice and European sick leave
recommendations. The European Journal of Public Health, 26(3), pp. 478-485.

FLack, R.W.J. and Ross, B.J. (2011) Evolution of Architectural Floor Plans. In: Di CHio, C.
et al. (eds.) Applications of Evolutionary Computation. Lecture Notes in Computer
Science. Berlin, Heidelberg: Springer, pp. 313-322.

JOCHER, T. (2010) Raumpilot: Grundlagen. Stuttgart, Zirich: Kramerverlag.

LIGGETT, R.S. (2000) Automated facilities layout: past, present and future. Automation in
Construction, 9(2), pp. 197-215.

NAGY, D. et al. (2017) Project discover: an application of generative design for architectural
space planning. In: Proceedings of the Symposium on Simulation for Architecture and
Urban Design. SIMAUD ’17. San Diego, CA, USA: Society for Computer Simulation
International, pp. 1-8.

OSHA (2020) Guidance on Preparing Workplaces for COVID-19. Occupational Safety and
Health Administration.

PEARSON-MIms, C.H. and LoHR, V.1. (2000) Reported Impacts of Interior Plantscaping in
Office Environments in the United States. HortTechnology, 10(1), pp. 82-86.

PERKINS&WILL (2020) Road Map for Return — Perkins and Will. [Online] Perkins&Will.
Auvailable from : https://perkinswill.com/road-map-for-return/ [Accessed 09/07/20].

QIAN, H. et al. (2020) Indoor transmission of SARS-CoV-2. medRxiv, p.
2020.04.04.20053058.

RATTI, C. (2004) Space Syntax: Some Inconsistencies. Environment and Planning B:
Planning and Design, 31(4), pp. 487-499.

RICHTEL, M. (2020) The Pandemic May Mean the End of the Open-Floor Office. The New
York Times, 4 May.

SVRTAN, D. and VELJAN, D. (2012) Non--Euclidean versions of some classical triangle
inequalities. In: Forum geometricorum. pp. 197-209.

SWIFT, R. (2020) Japan supercomputer shows humidity affects aerosol spread of coronavirus.
[Online] Reuters. Available from : https://www.reuters.com/article/us-health-coronavirus-
japan-supercompute-idUSKBN26Z0P1 [Accessed 14/11/20].

WONG, S.S.Y. and CHAN, K.C.C. (2009) EvoArch: An evolutionary algorithm for
architectural layout design. Computer-Aided Design, 41(9), pp. 649-667.

Yu, L.-F. et al. (2011) Make it home: automatic optimization of furniture arrangement. ACM
Transactions on Graphics, 30(4), p. 86:1-86:12.

D1P2S2 TECH. INTEGRATION & COLLABORATION | 176 | ASCAAD 2021



ECO-NUDGING: INTERACTIVE DIGITAL DESIGN TO SOLICIT
IMMEDIATE ENERGY ACTIONS IN THE BUILT SPACE

SHERIF GOUBRAN,

Department of Architecture, School of Sciences and Engineering
The American University in Cairo (Cairo, Egypt)

Email address: sherifg@aucegypt.edu

CARMELA CUCUZZELLA*

Department of Design and Computational Arts, Concordia University
(Montreal, Canada)
*Corresponding author: carmela.cucuzzella@concordia.ca

AND

MOHAMED OUF

Department of Building, Civil and Environmental Engineering,
Concordia University (Montreal, Canada) —

Email address: mohamed.ouf@concordia.ca

Abstract. In the built space, building occupants, their behaviours and
control actions are research areas that have gained a lot of attention.
This is well justified since energy behaviours can result in differences
of up to 25% in building energy consumption. Previous research
recommends exploring ways to influence occupants' energy behaviour
— through eco-feedback and by directly engaging occupants with
building controls. Very little attention has been given to the role digital
art and design can play in soliciting and changing human energy-related
actions and behaviours in the built space. This paper proposes a new
process that combines eco-feedback, gamification, and ecological
digital art to trigger occupants to take immediate and precise control
actions in the built space. We design, deploy and test this by creating
an immersive human-building-interaction apparatus, which we place in
a month-long exhibition. This experimental interface was informed by
a novel vision for engagement-based human-building interactions
deeply rooted in aesthetics, digital art and design. It also uses digital art
to mediate between the occupants and energy-performance of spaces by
redefining their relationship with and perception of energy — moving
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from metrics and quantities understanding to one that is art and
emotion-based. The analysis reveals that this new type of human-
engagement-based interactive building-control mechanism can add a
significant layer of influence on energy-related actions — without
revoking the individuals' ability to control their environment. It also
highlights digital design and art's power in guiding actions and
interactions with the built space.

Keywords. Human building interactions (HBI); occupant behaviour (OA); ecological
feedback (eco-feedback); gamification; energy behaviour; immediate actions.
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1. Introduction

In the built space, building occupants, their behaviours and control actions are
research areas that have gained much attention. This is well justified since
energy behaviours can result in differences of up to 25% in building energy
consumption (Stazi et al., 2017). Additionally, building controls are one of the
areas that have been rapidly advancing due to the application of new
information technologies, such as automation, artificial intelligence and big
data (Day et al., 2020). Most of the current work on the topic is focused on
predicting occupant behaviour and automating building controls, without
intending to change occupants' behaviour nor their modes of interactions with
the building and its components (Swaminathan et al., 2018; Tamas et al.,
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2020). However, these smart building controls' technical, social and ethical
challenges are becoming ever more apparent.

On the other hand, eco-feedback, which aims to inform users or actors about
the consequences of their actions to reduce negative impacts, has been
reported as an effective means for influencing behaviour (Buchanan et al.,
2014; Jain et al., 2012; Khosrowpour et al., 2018). Adversely, little attention
has been given to studying the design parameters, game-logics, and the logics
that can allow feedback technologies to solicit specific behaviours from
occupants.

This paper moves beyond the current mainstream building-control automation
research and other forms of "smart utopias” (Darby, 2014) to explore a new
engagement-based process that combines eco-feedback, gamification, and
ecological digital art to trigger occupants to take immediate and precise
control actions in the built space. Through this exploration, the paper attempts
to answer the following question: Can real-time artistic eco-feedback be an
effective way to trigger targeted indoor environmental control actions?

2. Background
2.1. CONTROLS AND OCCUPANT BEHAVIOR

Occupants' behaviour and their priorities are influenced by various external
factors (Ozcelik et al., 2019; Stazi et al., 2017). Today, many automation and
control models, even those proposing what is known as human-in-the-loop
controls, assume that discomfort is one of the major drivers for triggering
interaction with building controls (Aryal and Becerik-Gerber, 2018; Gupta
and Kar, 2018; Park et al., 2019).

While meeting the occupants' comfort expectations appears to be a
relevant strategy for smart controls, it might be missing on the potential to
direct users to take more environmentally favourable actions. Also, in the
context of the global environmental crisis (Jain et al., 2012; Vandevyvere and
Heynen, 2014), comfort-focused control approaches disregard many
important ecological, ethical (related to prioritizing humans and their over
nature or resource consumption), cultural/beliefs and even biological factors
(Cole and Brown, 2009). Additionally, many studies have highlighted that
occupants willingly accept minor or temporary discomfort — when given the
correct, material or psychological, incentive, in the form of rewards or
compensations (Deuble and de Dear, 2012; Eichler et al., 2017).

Thus, the question arises, how can occupants be persuaded to take control
actions that are more favourable to the building or the environment?
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2.2. ECOLOGICAL FEEDBACK

Feedback, and ecological feedback in specific, is one of the external
parameters known to influence human behaviour in built spaces (2014).
Previous work, such as that of Jain et al. (2012), has shown that the
engagement-character of control interfaces or their interactive-ness is directly
linked to possible energy reduction. Other studies have also reported on the
success of eco-feedback in raising awareness and possibly creating medium
and long-term occupant behaviour changes (Buchanan et al., 2014; Gulbinas
and Taylor, 2014; Tiefenbeck et al., 2019).

However, the current work on eco-feedback remains focused on long-term

metrics and overall consumption and saving trends. Certainly, the
consequences (such as energy savings) are essential to consider in eco-
feedback approaches' success. However, little research has attempted to study
directly the range of actions that can result from eco-feedback — precisely
immediate actions that answer to eco-feedback. Also, very little attention has
been given to understanding the role digital art and design can play in the
process of soliciting and changing human energy-related actions and
behaviours in the built space (Gunay et al., 2014; Orland et al., 2014; Zhuang
and Wu, 2019).
While Janda (2011) suggest that we approach eco-feedback in buildings as a
form of pedagogy, most published work depends on providing occupants with
direct data (such as energy consumption metrics or savings metrics) or
messages (such as red indicators for high usage and green indicators for eco-
usage, or text information related to comfort or efficiency) (Zhuang and Wu,
2019). This approach is novel and has been barely explored in the built
environment — except for the work of (Cucuzzella, 2019; Cucuzzella et al.,
2019). Also, little published research have focused on exploring ambient and
alternative (i.e. non-technical and non-quantitative) eco-feedback and
interfaces — with few exception such as the work of Rodgers and Bartram
(2011).

3. Methodology

To answer the proposed research question and to explore the potential of
artistic and ambient eco-feedback to trigger targeted, or specific, indoor
environmental control actions, we design, deploy and test an immersive
human-building-interaction apparatus. We place our experiment in a month-
long exhibition. The setup included a living-room-like space, equipped with
3-indoor environment devices (a heater, fan, and 2-lights), and a large screen
with a control pad. The large screen allowed for an immersive experience.
Each of the 3 devices included a non-invasive AC current sensor. We use
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electric current information to create real-time artistic visualizations. We
design 3 different profiles (sleep, workout and study) with different target
levels for the equipment (for example, in the sleep profile, the heater was set
to level 1, and the fan and lights are off). The setup can be seen in Figure 1.

Figure 1. Experiment Setup

The logic of the interface was designed to be simple. When the participants
first enter the space, they are prompted to reset all devices