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Abstract: Architectural design decisions are primarily made through an interaction between an
architect and a client during the conceptual design phase. However, in larger-scale public architecture
projects, the client is frequently represented by a community that embraces numerous stakeholders.
The scale, social diversity, and political layers of such collective clients make their interaction with
architects challenging. A solution to address this challenge is using new information technologies
that automate design interactions on an urban scale through crowdsourcing and artificial intelligence
technologies. However, since such technologies have not yet been applied and tested in field
conditions, it remains unknown how communities interact with such systems and whether useful
concept designs can be produced in this way. To fill this gap in the literature, this paper reports the
results of a case study architecture project where a novel crowdsourcing system was used to automate
interactions with a community. The results of both quantitative and qualitative analyses revealed
the effectiveness of our approach, which resulted in high-level stakeholder satisfaction and yielded
conceptual designs that better reflect stakeholders’ preferences. Along with identifying opportunities
for using advanced technologies to automate design interactions in the concept design phase, we also
highlight the challenges of such technologies, thus warranting future research.

Keywords: concept design; crowdsourcing; design process; participatory design; architectural design

1. Introduction

In this paper, we present a case study where a novel architectural crowdsourcing
system was used to produce a concept design of the Innovation, Culture, and Education
(ICE) building at the ZHR industrial park in multicultural northern Israel. The proposed
crowdsourcing system automates large-scale communication between many architects and
a community of project stakeholders (e.g., the developer, neighbors, and future employees)
who collectively produce an architectural design.

Architecture can be seen as a design process that involves reflection and negotiation
between the architects of a project, on the one hand, and stakeholders, on the other hand [1].
Accordingly, in small-scale architecture projects (e.g., private residences), clients are primary
users and owners who possess shared power over the design [2]. This participation of
project stakeholders in the design ensures that the results fit stakeholders’ needs. However,
in large-scale or public projects, the situation is different, as the client is mostly an institution
and thus might not be able to represent the needs of all users of the designed building [3].
For instance, a to-be-designed theater can be expected to serve a large and undefined group
of individuals, including patrons, employees, and an immediate community, all of whom
are largely not involved in the design process. Under such circumstances, involving all
stakeholders in the design process becomes a challenging, if ever feasible, task.

Yet, advocates of Participatory Design (PD) argue that the involvement of end-users in
the design process would produce a better design fit [4]. In the PD framework, participants
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from a variety of backgrounds, positions, and interests share their knowledge and talents
to jointly explore a problem and produce possible solutions. Indeed, the idea that residents
should be able to participate in urban and architectural design is not new and has been
practiced through the last 50 years [5]. Overall, a common assumption in the field of urban
planning research is that community participation supports democratic culture and fairer
communities, which makes such participation essential for sustainable development [3,6].

However, despite the extensive prior research in the PD field and the availability of
several commercial technologies, organizing a significant participatory process in the field
of architecture remains a challenging undertaking. The many and varied factors impeding
PD implementation include intra-community politics [7], bureaucracy [8], knowledge
gaps [9], loss of public trust in politicians and local authorities [10], as well as requirements
related to time and effort from the participants and organizers.

To bridge this research gap, in this paper, we present the results of implementing
a novel architecture crowdsourcing process to produce concept design. The proposed
crowdsourcing technology enables effective and organized design interaction between
a community and architects on a large scale, and is capable of dealing deals with these
challenges. Addressing the knowledge gaps by adapting the tasks and communication
to the participants’ knowledge, the proposed technology remains inexpensive, as it does
not require the participants much time to interact. Furthermore, along with allowing for
continuous interaction over the design process, it also preserves the participants’ privacy
and enables them to express themselves in an individual and authentic way without
political pressure. Finally, the proposed technology is accessible through a multilingual
interface and is available 24/7. The specific research questions (RQ) addressed in this study
are as follows:

RQ 1 How effective is the crowdsourcing process in terms of design quality, cost, and user
satisfaction in real-life conditions?

RQ 2 Can non-professional participants choose the best designs in experts’ assessment?
RQ 3 Can the iterative voting process achieve an agreement or consensus? What is the

minimum voting threshold needed to remove unsatisfactory designs from the pro-
cess?

RQ 4 When should the crowdsourcing process stop?

Our hypotheses related to the aforementioned research questions were as follows:

H1. We expected that the crowdsourcing process would result in an average quality design, higher
cost, and higher stakeholders’ satisfaction.

H2. Considering previous evidence that novice architecture students selected the best designs, we
expected that non-professionals would perform similarly well using the wisdom of the crowds.

H3. We expected that the design tree would converge in a consensus after several iterations. We
also assumed that designs with only one vote and branches of the design development tree with only
one vote would be removed.

H4. We planned six design iterations that, as we expected, would provide sufficient time for the
design to converge.

Along with confirmatory evidence for the hypotheses listed above, the results of our
case study revealed the political and practical complexities involved in real-life architecture
projects. Previous research on collaborative and social computing mostly involved design
tasks experimented within the framework of an educational institution [11,12]. However,
architecture and urban planning require prior knowledge of engineering, society, and art,
as well as awareness of a specific complex political context, architecture, and urban planning
in realistic situations [13]. Similarly, although the crowdsourcing method proposed in the
present study was previously tested in laboratory conditions with architecture students,
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with promising results [12], it remains unknown how it copes with the complexities of
real-life design projects. In reality, the stakeholders are diverse and can include not only
lay members of a community but also entrepreneurs with conflicting needs, interests,
and different beliefs.

Previous research on urban crowdsourcing has indicated the need for more adequate
evaluation methods for such participatory processes [14]. While some researchers have eval-
uated the process according to factors such as participation, representation, transparency,
user-friendliness, levels of interaction, quality of the visuals, and feeling of community [15],
no study has regarded the improvement of the design due the participation as an evaluation
criterion. To address this gap in the literature, and to ensure the robustness and reliability
of our findings, we performed a design quality evaluation based on a control group that
competed with the experiment group to figure out how community involvement could
contribute to a better design. The design quality was evaluated by six expert architects.

Finally, we discuss the findings in light of relevant crowdsourcing processes theories
and contribute the following:

• We present a design negotiation model that includes both crowdsourcing of profes-
sionals’ work and crowdsourcing of community feedback and ideas.

• We demonstrate the crowdsourcing model’s effectiveness, efficiency, and participant
satisfaction in a real-world project.

• We identify the challenges of the crowdsourcing model for future research.

Overall, the results of our case study demonstrate the potential of crowdsourcing for
large-scale architecture projects. Our findings suggest that crowdsourcing is an effective
and efficient way to involve stakeholders in the design process and can result in good
design quality and high user satisfaction.

2. Related Works

Due to their inherent subjectivity and rootedness in a specific context, design problems
are difficult to solve [16]. In general, design problems are said to belong to a family of
problems called ‘wicked problems’ where the evaluation of a solution differs from person
to person [17] and where they are ill-defined [18]. In the remainder of this section, we
review previous work on design processes, participatory design, and crowdsourcing.

2.1. Design Process

Since the 1960s, research has dealt with design as an organizational and psychological
process, and a significant body of research has sought to establish design as a unique
discipline [19,20].

There is a broad understanding of design as a complex process, akin to an algorithm,
that consists of different components [19]. Early research concluded that the design process
consists of the following three parts: (1) problem definition, data collection, and analysis
and agreement on the design requirements; (2) synthesis of design; and (3) evaluating the
suitability of designs to problem definition [21]. To date, various models of design processes
have been proposed in various fields, ranging from engineering to business processes [22].
However, most of them consist of similar components defined by Jones in 1965—namely,
analysis, synthesis, and evaluation [21].

Yet, one other important characteristic of the design process is its iterative nature.
While Herbert Simon described the design process as a rational thinking method to solve
problems through searching for a solution in the solution space [23], this process of finding
a solution is also based on iterations [24]. Said differently, due to the existence of complex
information dependencies, the iterative design process requires that the design work is
repeated over and over again [25]. Through this iterative course, new revisions emerge
and are improved or discarded. Such a repetitive nature of the design process provides a
fundamental structure for the development of design process models [26].

Likewise, in a different conceptualization where researchers view the design process
as an exploration [27] rather than a search, it has also been acknowledged that an evo-
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lutionary design process is based on the exploration of not only the solution space but
also the problem space [28]. In this co-evolution model, it is expected that both problem
requirements and solution candidates are developed until a satisfactory fit can be achieved.
In applied studies, the co-evolution model was found to be helpful in describing the design
process [29–31].

2.2. Crowdsourcing

The term “crowdsourcing”, coined by Jeff Howe in 2005, refers to a method of outsourc-
ing business processes via the Internet to an undefined group of people [32]. Crowdsourcing
consists of publishing an open call online and collecting human input. In this way, it is
possible to use information technologies to organize online labor and produce exciting
collective knowledge products such as Wikipedia or open-source software. Although the
very term “crowdsourcing” and the technology that enables it today are relatively new,
the underlying idea of using the “wisdom of crowds” goes back to the writings of Aristotle.
Later on, the mathematician Galton demonstrated that in bull weight estimation contests,
the average of the participants’ estimates was closest to the actual weight of the bull [33].
Likewise, in architectural design practice, architectural competitions, a popular kind of
crowdsourcing [34], have traditionally been used to find innovative ideas.

In recent years, crowdsourcing has become a popular research modality in the field
of human–computer interaction (HCI), especially in tasks related to design, text-writing,
idea generation, and creativity. In general, crowdsourcing methods can be categorized
into those that rely on laypeople or experts [35]. However, regardless of what actors
constitute “the crowd,” one of the main goals of crowdsourcing is that, through collective
wisdom, non-professionals can be helped to achieve a result equivalent to that affordable
from professionals.

2.2.1. Types of Tasks

The three types of creative crowdsourcing tasks can broadly be classified as contests,
networks, and games [36]. In contests, participants generate solutions simultaneously
by responding to an open online call. Network crowdsourcing involves breaking down
the problem into pieces that are solved individually and then combined into a solution.
Finally, through crowdsourcing games, humans can be engaged in solving challenges using
game mechanics, such as quizzes, and the most effective solutions are ranked and can then
be aggregated. By exploring solutions simultaneously, all three types of crowdsourcing
systems generate various solutions. It is, however, more challenging to use games and
network approaches. This is because these require the ability to divide a large task into
smaller pieces and then consolidate them into one as part of a larger product.

Several approaches for decomposing tasks and reassembling the solutions have been
used to address this challenge of game and network crowdsourcing systems [37]: sequen-
tial, parallel, recursive, iterative, hybrid, and macro-task workflows. Sequential workflows
divide a task into sub-tasks that are then solved sequentially [38]. The output of one task
influences the output of the next in this workflow. Parallel workflows divide a task into
sub-tasks that multiple participants can independently perform. Recursive workflows sub-
divide a complex task recursively until simple sub-tasks are formulated. Then, the results
are aggregated recursively as well [39]. Iterative workflows consist of repeated micro-tasks
to improve previous results until the budget has run out or the job is complete [40]. Hybrid
workflows combine several workflow approaches that benefit from several advantages
while requiring optimization [41]. Finally, macro-task workflows are used when the tasks
require expert knowledge and are non-decomposable [42].

2.2.2. Tasks Scope

Workflows are made out of various tasks. Researchers have suggested four primary
crowdsourcing task categories: micro, complex, macro, and creative tasks [37]. A micro-task
is typically independent, straightforward, and time-saving resulting from the disassembly
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of a large task and requires straightforward reassembly and aggregation. An example of
a micro-task would be the classification of images or the translation of sentences. Next,
complex tasks require specific domain knowledge, including small tasks such as writing
a paragraph, programming a software function, or proofreading a text. Furthermore,
macro-tasks are more extensive in scope and require a high level of expertise. For example,
macro-tasks include programming, design, or article writing. Lastly, creative tasks are
monovalent assignments that often involve providing nearly finalized creative solutions,
such as in design competitions. Therefore, creative tasks require expert-level knowledge
and a significant amount of time.

2.3. Design Crowdsourcing

Design crowdsourcing systems comprise several components: open call, reward
mechanism, crowd selection, crowd structure, solution evaluation, workflow, and quality
control [43].

Several crowdsourcing methods have been proposed in the past few years using
sketching. For example, sketching has been used to design and organize a room [44].
Participants were provided written instructions and asked to create a room plan sketch.
The designs were evaluated by other participants using a multi-stage evaluation method.
A more sophisticated approach used idea trees to develop product designs for the el-
derly [45]. The participants could use the idea trees to consolidate similar concepts into
distinct branches and develop new ideas. In this way, the system facilitates a competitive
environment that enables participants to view and assess the ideas of others, thereby pro-
moting the collective advancement of ideas. An alternative method, Crowd vs. Crowd,
combines professional competition with crowdsourced support for designers by providing
them with information rather than designing [46]. Finally, using a different approach,
researchers explored the potential of genetic algorithms as a creative method, utilizing the
fusion and mutation of various sketches [47].

An essential part of the design process is evaluating and criticizing the design ob-
ject [43]. In order to assess designs more effectively, a design review system has been
proposed that can provide constructive feedback and aid designers in refining their de-
signs [48]. To obtain a more precise assessment of the crowd, it is essential to present users
with multiple designs [49]. Furthermore, previous research has found that crowdsourced
anonymous feedback is more specific and valuable than communal public feedback [50].

2.4. Architecture and Urban Design Crowdsourcing

The design of architectural and urban design projects differs from other product
design processes, such as logos, websites, or tangible products, due to its reliance on public
urban spaces and the need for adaptation to the local culture and regulations. This renders
crowdsourcing of architecture a challenging task, as there can be knowledge gaps that
impede the successful completion of the project.

Urban design has been suggested as one of the first potential uses for crowdsourc-
ing [8]. The literature outlines four main types of crowdsourcing for urban design:
ideation [51], co-creation [14,52], mapping [53], and opinion-gathering [54,55]. These
are typically achieved through competitions, open collaboration, and virtual labor mar-
kets [56]. Citizen Design Science was proposed as a crowdsourcing framework for urban
design, which involves both bottom-up citizen input and top-down designer implemen-
tation [52]. In this model, the designer first sets up the design tool with specific rules,
creating a design task for citizens to tackle. Citizens then submit their design proposals,
and the designer evaluates the feedback received from the citizens. Based on this feedback,
the designer identifies relevant design criteria that they can use to inform their master
planning. Furthermore, parametric design tools allowed crowds to explore urban design
possibilities [57].

A different approach to crowdsourcing design involves using professionals to develop
designs [58]. Angelico and As introduced a system for crowdsourcing architecture via
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online competitions [34] which are the primary crowdsourcing workflow to produce pro-
fessional architectural designs [59–61], but also exploits the architects [62]. Another method
enables sequential and parallel design explorations based on an evolutionary development
tree [11]. In this approach, participants create parallel designs and select the most effec-
tive for further refinement. Experimental results revealed that the crowdsourcing process
achieved better performance than the performance of each individual participant, which
is attributed to collective intelligence [12]. Another approach engages with stakeholders
and architects using crowdsourcing, in which stakeholders participate in co-briefing and
co-design [14]. The outcomes of both processes are used to inform a professional design
competition and are decided by a public voting session.

3. Crowdsourcing System Description

The design method implemented in the present study is based on an architectural
crowdsourcing technique previously developed [11,12]. This online information system
produces and delivers customized tasks to diverse participants of the design process
according to the specific stage of the design process. In previous research, the system was
used with architects only to produce a design without the involvement of the community.

In the current study, the system involves the following three kinds of users: (1) stake-
holders; (2) architects; and (3) the system manager. Stakeholders are individuals related to
the future structure, such as future tenants, landlords, developers, neighbors, and future
potential users. Architects are design professionals in charge of creating various design
documents. Lastly, the system managers are experts responsible for providing the strategic
brief and progression of the design process.

By and large, this system presupposes a negotiation between stakeholders and ar-
chitect groups (see Figure 1). Specifically, the system communicates information to the
participants and requests information from them accordingly, to then pass information
from stakeholders to architects and back to the stakeholders. Through these iterations,
the design evolves.

Figure 1. The negotiation crowdsourcing model involves the system providing tasks to the commu-
nity, with the goal of collecting their insights and ideas through natural language. This input is then
processed and assigned as a design task to multiple designers, who create a range of design solutions.
These solutions are then presented to the community, allowing them to vote on their preferred option
and provide feedback.



Buildings 2023, 13, 222 7 of 24

3.1. DSR Blocks

Generally, the process used in the present study is based on DSR (Design, Select, and
Review) blocks. DSR blocks are iterative sub-processes where designs are produced, evalu-
ated, and improved. In what follows, we briefly describe the corresponding process stages.

In the Design stage, architects produce design artifacts offline according to various
requirements and then upload their digital artifacts to the system (see Figure 2). Architects
work separately and in parallel, as if in a design competition. However, unlike design
competitions, design tasks in the design process are limited by time and scope; accordingly,
the process requires less effort than in competitions. In addition, architects are compensated
for their working hours, and the payment is assured. At the same time, architects are
motivated to perform well, as they are aware that they will receive more tasks if they
succeed in producing designs selected in the process.

(I) (II) (III)

Figure 2. Design task user flow screens (from left to right): (I) The design task goals and expected
design artifacts are presented and explained. (II) The design brief is presented to provide the context
of the project. (III) The participant is given some technical instructions and can upload the produced
artifact files.

Once the design stage concludes, the process progresses to the Selection and Review
stages (see Figure 3). In the Selection stage, the stakeholders evaluate the design artifacts
and select the most fitting according to their opinion. In the Review stage, the stakeholders
are asked to comment on how the design could improve further. These tasks are executed
in parallel and without interaction between the participants.

Due to the multiplicity of opinions of the participants, these stages conclude with
selecting multiple selected designs. This requires that many other designs are not selected
and are thus removed from the process. At the end of the Select and Review stages, a list of
the designs that the participants prefer, along with their improvement ideas, is produced.
The selected artifacts with improvement ideas become the input of a sequential DSR block
that improves them.
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(I) (II) (III) (IV) (V)

Figure 3. Selection and review tasks user flow screens (from left to right): (I) The design brief is
presented to provide the context of the project. (II) New and baseline designs are presented, and the
most appealing designs are marked. (III) The marked designs are presented, and only one is selected.
(IV) The design is discussed using a chatbot interface that allows for communication in natural
language. (V) The chatbot summarizes the conversation into a list of feedback items selected for
further development.

3.2. Design Process

The design process consists of four types of serially executed DSR blocks. The process
begins with a written design brief that includes plot measurement and photo files (see
Figure 4).

1. The goal of the first DSR block is to generate a variety of design ideas in the form of
architectural concept sketches.

2. The concept sketches in the second DSR block are further developed into two-
dimensional plans, sections, and elevation sketches.

3. The concept and 2D sketches are then processed into 3D digital models in the
third block.

4. Finally, the sketches and 3D models are digitized into precise blueprints in the fourth
block.

Once all four DSR blocks conclude, they can be reiterated to improve the design.

Figure 4. Design process consisting of four DSR blocks with an output example.

4. Materials and Methods

In this section, we describe the research method used to test the crowdsourcing design
method in field conditions, with an actual project, developer, and authentic community par-
ticipation.

As discussed in Section 2, most previous studies on the crowdsourcing method were
conducted in academic settings and included students and hypothetical design tasks.
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Accordingly, although the results of those studies were promising, it remained to be seen
how the crowdsourcing method would perform in real-life settings. In such settings,
different aspects that may influence human behavior should be considered since the stakes
are high, and the design outcomes are associated with high financial costs.

4.1. The ZHR ICE Center

In order to test the crowdsourcing design method in field conditions, it was necessary
to find a developer partner who planned to construct a community-oriented building, was
interested in involving the community in the design process, and was ready to take risks.
Therefore, we turned to local architect offices to find such a partner. After several months
of searching, we found our partner for the project.

The developer partner had a 5000 sqm plot in the “Tzahar Industrial Park,” which
serves five localities in the Hula Valley, northeastern Israel. On this plot, the developer
wanted to construct an office and workshop building for the local high-tech industry.
Of relevance for our research, the developer planned to provide 20% of the spaces to local
NGOs, artists, and educators for free to contribute to the local community. This part of the
building was named the “Tzahar Innovation, Culture, and Education Center” and would
be supported by the rent income of the remaining parts of the building. The ICE center and
office building size should be about 3000 sqm, spanning up to three stories, from which
2400 would be rented, and 600 sqm would be assigned to the ZHR ICE center.

The Tzahar industrial zone is jointly owned by the localities of Safed, Hazor HaGalilit,
Rosh Pina, Tuba Zangariyya, and the Upper Galilee Regional Council. In terms of com-
munity participation, we were interested in a location near the village of Tuba Zangriyya,
a traditional Bedouin Arab community and home to about 7000 residents. This area is
considered underserved among the predominantly Jewish Israeli establishment. The Arab
Al-Hayeb tribe founded this settlement back in 1908, and the tribe fought with the Jewish
people in the 1948 Independence War. In recent years, the village has suffered from high
crime rates, and its socioeconomic index is 3 (out of 10) (in 2019) [63].

On the opposite side of Tzahar, there is the Jewish locality of Rosh Pinna, established in
1875. Rosh Pinna has about 3200 residents, and its socioeconomic rating is 7 (per 2019) [63].
Other localities of the ZHR industrial area are located at a greater distance and are less
relevant to our investigation.

4.2. Participants

After receiving Internal Review Board clearance, we recruited community participants
for the project via an online landing page with a registration system. The page was pro-
moted among local online groups and advertising that reached, according to the advertising
system, slightly over 15,000 people. In addition, we also reached out to local communities
and asked them to share information about our project and landing page among their
members. These communities included an entrepreneurs’ group, an artists’ group, a local
community center, and an educators’ group. Finally, we approached neighboring employ-
ees and business owners both personally and via posting flyers in neighboring businesses.

Architects for the project were recruited through Upwork, a large-scale freelance
website. We posted a job on Upwork for every crowdsourcing task and chose among several
interested architects. Architects were selected based on budget, portfolios, and personal
communication with them via the platform.

4.3. The Architectural Design Process

Overall, the most widely used design project delivery workflow, which consists of
several consequent stages, is the RIBA “plan of work” [64]. However, of the entire workflow
needed to construct a building using the RIBA plan, in our participatory design project
we focused on the brief and concept design stages, which are most significant from the
cultural, functional, and aesthetic perspectives. Therefore, our first milestone was creating
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a design brief and subsequent production of artifacts that would match the design concept
for further design.

4.4. Creating a Design Brief

First, the developer formulated strategic objectives of the project (Step 0 in RIBA’s plan).
Next, we had a “town hall” meeting with project participants who agreed to participate
and discuss the project’s design requirements. After the meeting, we transcribed the
discussion recording. In addition, the participants interacted with an online system to
obtain additional design requirements. During these activities, the design requirements
were collected into a single document (see Appendix A). This design brief document served
as a starting point for our study.

4.5. Control Group

In order to evaluate the quality of the designs produced using the crowdsourcing
process, we needed a control group—namely, alternative professional design products
created based on the same design brief. To this end, we used the same design brief to
launch an online architectural competition on the Arcbazar, a commercial and relatively
successful architectural competition “crowdsourcing”. The control group was not aware
of our experimental part of the study. For the online architectural competition, we set
a prize budget of 1400 USD (780 USD for first place, 390 USD for second place, and
140 USD for third place) and emphasized that we were looking for a concept design of a
building, rather than a final solution. Other than the winners, the participants were not
rewarded for their work. Therefore, we assumed that the competition would produce high-
quality architectural proposals, which would be a significant challenge to the community
design process.

4.6. Architectural Design Quality Assessment

In order to compare the quality of the designs produced in the crowdsourcing process
and in the competition, we needed to select an appropriate evaluation method. While many
such methods are based on expert opinions of innovation and functionality criteria, archi-
tecture is more complex and very situated, so the corresponding designs are traditionally
evaluated by expert panels with a holistic approach toward the design fit. For example,
a building with traditional architecture can be the most appropriate design in a particular
case over an innovative and original design.

To produce a numeric quality score for each architectural design, we used the evalua-
tion of six architectural experts. These experts were all architects with advanced degrees,
some with industry experience and others with teaching experience. Three of them had
a Ph.D. degree, and three had an M.Sc. Two of the six involved experts were women.
In order to standardize the design display, we selected two perspectives and floor plans
for each design. This was critical since some competition entries had over 20 high-quality
rendered and well-presented videos that other designs did not have, as we requested only
concept design.

During the quality assessment, the experts rated the study design artifacts produced
by the crowdsourcing and competition groups. The rating process took place online using
web conference video software with the supervision of the research team with each expert
separately. To ensure that the experts evaluate the works seriously, the researchers asked
them to explain their final evaluation. The designs were presented to the experts randomly,
and the entire rating process was recorded.

The evaluation was performed using a web-based system that included an evaluation
form (see Appendix B). The experts were asked to consider each design and rate its compli-
ance with the most crucial requirements mentioned in the design brief. The requirements
were divided into aesthetic and functional requirements categories, and the experts could
add personal ratings to each category to the calculated score. Each requirement and the
personal rating were rated on a scale of 1 to 5.
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Once the experts filled out the forms, an average score was computed, and the re-
searchers asked the experts if the score was appropriate. Occasionally, the experts adjust
their evaluation to modify the final rating to represent their opinion better. After the quality
assessment session, all the expert ratings were standardized to reduce the effect of experts
with a higher rating amplitude on the average. Finally, the average score was computed for
each design.

Since design opinions are inherently subjective, we checked that the average ratings
made sense and inspected for large deviations among the experts’ ratings, which would
indicate a lack of agreement. Furthermore, the Pearson correlation coefficients between
the ratings provided by the experts were computed to assess whether a particular expert
was exhibiting an anomalous pattern. We expected a linear correlation between every two
experts’ ratings. Therefore, a negative correlation would indicate an anomaly.

4.7. Surveys

User experience data were collected via online surveys that the study participants filled
in immediately after interacting with the system. We collected data from the experiment
participants, architects, and the community. Since we did not have access to anonymous
participants of the design competition, which served as our control group, we did not
collect survey data from these individuals.

5. Results

The community design process took over two months to complete. A total of 18 com-
munity stakeholders, 30 architects, and 68 designers (the control group) participated in the
study. In addition, the control group submitted 25 competition submissions.

5.1. Effectiveness of the Crowdsourcing Design Process

The community design process evolution tree is shown in Figure 5. As mentioned
previously in Section 4.2, in the first DSR block, we published a job on Upwork to produce
a concept design as a 2 h concept sketch according to the requirements specified in the
design brief. After a week, we received 17 sketches, each produced by a different architect.
Once the sketches were acquired, the community participants were assigned selection and
review tasks. A total of 32 participants selected seven sketches (selected artifacts had at
least two votes). The block concluded with 13 participants providing 37 improvement ideas
in the review task.

In the second block, the sketches were developed into plans, elevations, and section
sketches. We published a new job to produce new sketches, considering the participants’
feedback, and limited the task performance time to two hours. The designers were allowed
to select the design to develop from the available designs. After 13 new sketches were
produced and saved on our system, the community members were assigned new selection
and review tasks. Then, 18 participants examined the new plan sketches together with the
concept sketches and selected five of them. In the review task, 14 participants produced
45 improvement ideas.

In the third and last DSR block, the selected designs were developed into 3D SketchUp
models. We published a job again and recruited five further architects to produce six 3D
models. This time we decided to recruit a smaller number of architects since we had a small
number of designs that stemmed from only four concepts. The 3D tasks took longer and
were more expensive. The received models were then presented to the community using a
3D viewer, which allowed for inspecting the design from different directions. At this point,
16 participants chose two of the models. Both models stemmed from the same concept
sketch, meaning the design process converged.
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Figure 5. Design development tree diagram. Each level represents a DSR block. The selected designs
appear in a deeper tone, while the designs that were not selected by the community are presented in
a lighter tone.

In the third and last DSR block, the selected designs were developed into 3D SketchUp
models. We published a job again and recruited five architects to produce six 3D models.
This time we recruited a smaller number of architects since we had a small number of
designs that stemmed from only four concepts. The 3D tasks took longer and were more
expensive. After receiving the models, they were presented to the community using a
three-dimensional viewer, which allowed for inspecting the design from different directions.
Sixteen participants chose two of the models. Both models stemmed from the same concept
sketch, meaning the design process converged.

After the selection of the models by the community, the chosen design was apparent.
We posted a job to produce Autocad drawings from the models and sketch plans. To help
the architects produce the drawings, they were provided with outlines of the floor plans,
elevations, and sections produced from the models using the cross-section function. We
obtained four drawings that were very similar. Since the design converged and there were
insignificant differences between the drawings, we saw no value in having the community
select the design, and the process concluded.

5.2. Design Quality

Design quality was evaluated based on experts’ opinions and compared to the control—
i.e., the designs obtained from an architect competition. For that competition, a total of
68 architects from around the world registered, and, in the end, a total of 25 architectural
designs were submitted. During the two-month competition, we responded to various
questions submitted by the contestants. In line with our expectations, the resulting designs
were expressed and communicated using high-quality exterior and interior 3D renders,
videos, and drawings.

We then added the four 3D models from the crowdsourcing process (identified as
designs 45–49) to the 25 designs from the competition (identified as designs 55–79) and
asked six architecture experts to evaluate them. Although the participants did not select two
of the four 3D models for further development, we were also interested in evaluating them.
The overall average expert rating was 2.9 (min = −1.95, max = 1.03; SD = 0.77). The squared
Pearson correlation was computed among the expert ratings to ensure agreement. Overall,
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there was a mostly positive weak to moderate correlation among the ratings, indicating a
reasonable level of agreement (avg = 0.28, min = 0.15, max = 0.51).

The expert rankings are presented in Figure 6. The crowdsourcing designs received
ratings of 0.65, 0.49, 0.32, and 0.24, which placed those designs at the 6th, 9th, 12th, and
14th places among all the designs produced during the competition and crowdsourcing
process. The project developer chose the first places from the competition entries according
to his preferences and taste. He chose designs 72, 61, and 74 (which were given 14th, 11th,
and 2nd places among the competition entries). The latter rating thus did not correlate
with the experts’ evaluation.

Figure 6. The results of the experts’ rating of competition designs and the designs obtained in the
community design process.

Taken together, the results of the quality evaluation demonstrated that (1) the crowd-
sourcing process produced equally high-quality designs as compared to architectural
competition entries; (2) the community successfully selected an excellent design, which
was among the top ones (6th place out of 29) and better than 80% of the proposals produced
by competition participants; (3) still, the quality of five competition designs was higher
than that of the designs produced in the community process.

5.3. Design Costs

In the first DSR, we received 17 concept sketches that cost a total of $261 (avg. = $15.3,
min = $5, max = $21). The second DSR block yielded 13 2D sketches and costed $235
(avg. = $22.81, min = $5.25, max = $42). In the third DSR block, the participants produced
six 3D models out of the selected designs at the cost of $105 (avg. = $17.5, min = $5.25,
max = $21). Finally, we paid $185 (avg. = $42.25, min = $35, max = $50) for four CAD
drawing sets. Overall, the total net cost of crowdsourcing freelancers’ compensation
amounted to $786 (excluding the Upwork website fees and tip, ca. $21.23 for each job).
As the design process progressed, from the 3D model DSR block, there was less need to
produce multiple artifacts since the workers produced models very similar or identical to
the baseline models.

As mentioned in Section 4.5, the total design competition cost was $1400. The com-
petition participants produced a total of 25 designs. Therefore, on average, we spent $56
for each design in the competition (yet, as discussed earlier, only the winning architects
were compensated for their work). The number of hours invested in each design remains
unknown. However, considering that the competition designs were presented using high-
quality renders and a complete set of plans, we can extrapolate that creating the designs,
drawings, renders, and videos took several days to complete.
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5.4. Participants’ Satisfaction

Next, the study participants’ insights and opinions about the crowdsourcing design
process were obtained during a concluding meeting with six participants. During the
discussion, the participants expressed their high satisfaction with the process and com-
pared the community design process to common public participation processes. However,
unlike standard participatory design processes in Israel, in this project, the participants
were involved in design decisions over a significant period of time and saw how their
involvement affected the final design. Moreover, they agreed that the selected design was
the most appropriate, even though there was still some room for further improvement.

To explore the ways in which the design process can be improved, we encouraged the
participants to share their experiences with aspects they found difficult and confusing or
where they thought that the technology would benefit from improvement. One participant
said, and others agreed on the point, that sometimes the emails came as a surprise in the
evening. As a result, the participants felt they needed to spend more time examining the
designs in-depth, frequently acted based on intuition, and felt pressed for time. This made
them wonder if it was fair to quickly decide on the designers’ work that took a significant
time to produce.

Furthermore, one of our participants, an architect with substantial experience in public
participation processes in Israel, compared the process of this project to those carried out in
his office. He mentioned that there was an aesthetic bias caused by the technical graphic
quality of the architectural expression of an idea. This bias can, in his opinion, result in
favoring aesthetic ideas over ideas with a good design concept.

5.5. Architects’ Satisfaction

To learn about the crowd-working architects’ satisfaction, we asked them to complete
a survey and comment on their experience. The participants were asked to rate the survey
items using a 5-point Likert scale. A total of 14 architects (9 males, 5 females) aged,
on average, 29.6 years old (min = 25, max = 40, SD = 4.54) participated in this survey.
Among them, six had a Bachelor’s degree, while eight had a Master’s degree. In terms
of employment status, eleven were self-employed, two were looking for work, and one
preferred not to answer.

Overall, the survey results showed high satisfaction among the architects with their
participation in the design process (see Figure 7). The architects participated mainly
financially, and most thought the remuneration was fair. However, one architect stated
that he preferred to work as a freelancer instead of working in an office because of the
COVID-19 epidemic. Another architect said that he had to work as a freelancer because
there was a war in his country. This architect also thought that the reward was insufficient.

Figure 7. Architects survey results revealing the satisfaction of freelance architects with performing
the various jobs.



Buildings 2023, 13, 222 15 of 24

6. Discussion

We presented a crowdsourcing negotiation model informed by design method pro-
cesses (see Figure 1). This model is based on two crowdsourcing processes: one performing
design generation and exploration through a professional design competition and the other
collecting and aggregating feedback and opinions from the project stakeholders.

In this section, we summarize the results of experimenting with a novel crowdsourcing
architecture design system in real-life settings and discuss the challenges and opportunities
afforded by the proposed system.

6.1. Effectiveness of the Crowdsourcing Process

The renowned designer Sir Alec Issigonis famously remarked that “a camel is a horse
designed a committee” in criticism of collective decision-making, signifying that numerous
conflicting opinions can lead to a poorly constructed design. There is an agreement that
citizen participation is fundamental for democracy. Some researchers argued that large-
scale collaborations may demonstrate collective intelligence [12]. However, participatory
processes are costly and time-consuming, and proof of their performance and effectiveness
needs to be provided.

Recent research has developed methods of large-scale urban participation; yet, no
evaluation of the quality of the design has been made [52], only an assessment of the
process [14] or the properties of the designs [51]. In this study, we evaluated the outcome
quality of the process in comparison to a control group to establish a measure of achieve-
ment. Although this measure is subjective, it supplies a reference point, and we think such
a measure is necessary to advance the research on design techniques.

Concerning our first research question (RQ1—“How effective is the crowdsourcing
process in terms of design quality, cost, and user satisfaction in real-life conditions?”), our
results showed that the crowdsourcing process was cheaper than the competition and
resulted in fewer designs with above-average design quality. However, the competition
process resulted in several designs that were better than the designs obtained in the
crowdsourcing process. Furthermore, since only one design was allowed to be established
on a given plot, the competition process produced a better design.

One of the reasons for this outcome is that the competing architects were not limited
by time and were rewarded only if they produced the best design (i.e., they became
winners of the competition). Accordingly, of 25 participating architects, 22 competitors
were not rewarded for their work, including the designer who produced the best design
(in the experts’ evaluation), which is exploitive [62]. However, the results of our survey
of crowdsourcing architects revealed their high satisfaction rate from the reward and
experience of working on the project. Taken together, our findings clearly demonstrate that
the community design process is fairer and positively impacts the workers and community.
However, further research is needed to enhance the quality of design outcomes and to
surpass the performance of the competition model.

6.2. Non-Professional Participants’ Quality Evaluation

As concerns our second research question (RQ2—“Can non-professional participants
choose the best designs in experts’ assessment?”), the participants agreed that it was chal-
lenging to evaluate the designs. In the concluding discussion, they shared their insecurity
as to whether they could select the right design; they also felt inadequate in deciding which
design should be selected since much thought was invested in all participating designs.
Another difficulty was that the developer selected the winning design that was evaluated as
low-quality by the experts. Finally, one of the community participants, an expert architect
in public participation, mentioned that the graphic presentation of a design could distort
the election results.

However, all participants agreed that in the end, only the best designs were chosen at
the different stages, resulting in an excellent design. Consistently, the experts’ rating also
found that the selected crowdsourcing design was of high quality.
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Acknowledging that design quality evaluation is a challenging task for non-professionals
and experts, our results showed that the variance of opinions was not significant, and with
a sufficient number of participants, the "wisdom of the crowd" can mitigate various biases,
errors, and differences of opinion so to identify the best designs. In previous research,
this phenomenon was observed with architecture students with varying levels of edu-
cation [11]. In the present study, we also found confirmatory evidence of this pattern
with non-professionals.

6.3. Achieving Consensus

One of our motivations for developing and testing the effectiveness of the participatory
design method was to improve democratic traditions through the effective communal
participation of various actors in the design process. Architectural design dramatically
impacts the urban quality of life, and involving the community in the design process could
result in better designs. Moreover, as discussed in the introduction, design is a “wicked
problem,” and the solutions can be subjective and situated in the context. Accordingly,
design problems have numerous valid solutions that depend on the audience.

In general, the design process algorithm affords the solution space exploration with
multiple design ideas and developing the best ones in parallel, thus allowing for the
development of various creative solutions. However, as more design candidates are
produced in each iteration, it may become difficult to reduce their number to reach a
consensus. This challenge can be solved by reducing the ideas based on the tree-like
development structure. In the present study, once several designs were selected on the
current DSR block, the remaining idea branches from previous levels were removed.
For instance, in the third iteration, three designs (49, 46, and 48) were selected with 4, 6,
and 6 votes. Considering that designs 46 and 48 stem from the same baseline design, we
outweighed them over design 49 since it was overwhelmed by 12 votes over four votes
only—75% of the participants.

Answering RQ-3, “How can the iterative voting process achieve an agreement or
consensus?” we used an evolutionary approach to select a branch of the design tree that
represents the agreement of most of the participants. In the earlier iterations, designs
selected only once were removed, which is below 6.25% of the votes. However, when the
process progressed to the third iteration, the design branch with 75% of the participants’
votes was selected.

These thresholds were essential to expedite the design development since, in this
real-life project, there were time and budget considerations imposed by the developer.
Therefore, developing many designs, especially those selected only once, would have been
wasteful. Instead, it made sense to produce many design derivatives from selected designs
more repeatedly. Moreover, there was visible fatigue of participation over time which is
also a consideration to shorten the design process by removing designs with minor changes
to be selected.

6.4. Ending the Design Process

In this case study, we aimed to address the problem of when the design process should
stop and formulated RQ-4 as “When should the crowdsourcing process stop?”. Previous
studies had a stopping condition that a human manager decided when the design was
ready after a 3D model was produced [11,12]. The reason is that the 3D model integrates
all design sketches spatially. Other participatory approaches utilized a human manager to
oversee the procedure [14,51,52]. The hypothesis was that the process should stop when
a consensus is achieved. As mentioned, the process did not achieve a consensus, and the
design was selected based on a significant majority vote.

We noted several aspects of the crowdsourcing process that should be considered in
order to determine when to stop the process. We learned from the concluding discussion
meeting that the community members found it challenging to identify differences between
similar designs. This challenge is tough when using a mobile phone to review architectural
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drawings, as most participants did. This brings another challenge—slight differences
between the designs are hard to evaluate without professional knowledge and experience.
It can be frustrating to non-professional participants since they feel that they might not be
experienced enough to judge professional designs.

This is problematic, as many iterations are necessary for successful design and col-
lective intelligence has been found to emerge after a substantial number of iterations [12].
Several strategies can be employed, including stronger engagement from stakeholders,
clarification of differences between design candidates, and emphasizing the importance of
participation. However, together with the participation fatigue over time, our observations
suggest that in advanced design stages, where more minor adjustments are made, the par-
ticipatory process should adjourn and move into a more detailed design phase involving
professionals. Future research is needed to determine the optimal measure for addressing
this issue.

6.5. Who Decides What Goes in?

The question of what happens with user input is complex. It is considered the ’black
box’ of participatory planning [65], with algorithms or people sorting and filtering the data
behind the scenes [66]. This allows planners or politicians to reject ideas that are not in line
with their vision without considering citizens’ interests.

On the contrary, the current system permits citizens to provide input, regardless of
whether it is in agreement or not. This input is then given to multiple designers who
make professional decisions and create new solutions that address only some of the issues.
Finally, through the design evaluation process, the participants can decide which design is
most suitable and the best compromise.

In this study, the process and the transparency it provided engendered a high degree
of trust in the community. Despite the success of the process, it is important to note that the
concept design still needs to be further developed. Without public oversight, the design
may be altered, leading to a decrease in trust from the citizens who had previously been
involved in the process.

6.6. Limitations

The study had several limitations that arose from the field conditions of the case study.
As a result, the research was limited to a specific geographic region and population, so the
results may not be applicable or generalizable to other populations or areas.

A further limitation of the research was the private ownership of the design project,
which dampened some of the participants’ motivation in the design process. Furthermore,
the design project was situated in an industrial area with limited accessibility to the com-
munity. It is recommended that future research involves a publicly owned design project
in close proximity to a community.

The research team employed an email-based approach to communicate with the
participants, which may have limited the sample size due to the inability to contact those
who did not use email regularly. To improve the response rate in future research, it is
recommended that phone numbers be collected and communication be conducted using
more immediate methods, such as instant messaging.

Despite these limitations, the results of this study provide insight into the effects of
design projects on the community.

7. Conclusions

In this study, we experimentally tested a crowdsourcing system developed to produce
conceptual designs in an actual architectural design project. Our results revealed that the
crowdsourcing process based on the proposed system yielded designs of similar quality to
those produced by expert architects in a design competition. Moreover, we also found that
the crowdsourcing process allowed the community members to influence the final design by
voting and providing feedback. The latter finding clearly demonstrates the value and utility
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of the “wisdom of the crowd” in early conceptual design stages. Furthermore, our results
also demonstrated that the designs produced using the participatory approach received
very high satisfaction ratings from the community members. These high ratings were
afforded by the transparent involvement of community members in the design process.

Furthermore, while our results showed that the participants of the design competition
succeeded in producing superior designs, the competition approach failed to compensate
the designers for their effort fairly. Overall, this lack of compensation to freelancers is
unsustainable over time since, with an increase in the number of contestants, their chance
to be compensated decreases. This highlights the advantages of using the crowdsourcing
process, which, as an alternative solution, produces high-quality designs, generates high
community engagement, and is, at the same time, fair toward the participating designers.

Finally, our results also revealed that in real-life projects, the participatory design
process should not progress beyond the conceptual stages since more minor deviations in
the design are harder to identify and evaluate by laypeople. Our findings also showed that
taking into account the participants’ fatigue and budget constraints, the design process has
to converge after fewer iterations than we initially expected.
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Appendix A. The Design Brief

Appendix A.1. The ZHR Building and Innovation, Culture, and Education Center

We are designing the ZHR Building, a 3000 square meter building for industrial,
technological, and educational companies and their respective communities. The building
will contain the ZHR Innovation, Culture and Education (“ICE”) Center alongside offices
and micro-manufacture sites. This is a collaborative design project, in which the community
produced this design brief together with the developer.

Appendix A.1.1. Information Provided by the Developer
The Site

The plot is located in the Zefat, Hatzor, Rosh Pinna Industrial Park (ZHR) in northern
Israel, just off Route 90. The Industrial Park serves the municipalities and residents of Zefat,
Hatzor, Rosh Pinna, Tuba Zangariyya, and the Upper Galilee Regional Council (comprised
of 29 localities, a horse ranch, and the Domus Galilee). The park serves ±60,000 citizens
and their economic initiatives.
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The Industrial Park contains high-tech companies, government utility services, heavy
industry, service providers, commercial businesses, and a wedding hall.

The Developer—Coffeeshop Alchemy LLC

We are a learning organization that believes in cultivating and developing learning
dispositions throughout life. However, only ‘part’ of the building is explicitly dedicated
to learning communities. The OECD defines a “learning organization” as a place where
the beliefs, values, and norms of employees are brought to bear in support of sustained
learning; where a “learning atmosphere” or “culture” is nurtured, and “learning to learn”
is essential for everyone involved.

Churchill declared, “We shape our buildings; thereafter they shape us”, almost
100 years later we still agree, that the building should support the development of learning
dispositions and growth mindsets among its inhabitants. A rich variety of spaces can
provide tenants with increased choice, access, and agency in how they prefer to learn,
work, and teach. Thoughtfully designed spaces can encourage people to become engaged
members of a community and they can help support people in taking intellectual risks—
and we have learned that this is where the magic happens. Proper design, configuration,
and flexibility can catalyze learning, action, and breakthroughs, and that’s Coffeeshop
Alchemy. The company is excited to also build its offices in this building.

A core of this initiative and the central idea in the building philosophy is the ZHR ICE
Center. The Center’s reason d’etre is to serve local learning and teaching communities by
providing pedagogical and curricular resources, as well as providing space to host and
manage gatherings of learning community members of all ages, from 1–99+. The Cen-
ter aspires to enable community members ample opportunities to engage, experiment,
and evolve—individually and collectively for the benefit of society.

Tenants/Inhabitants

The tenants will likely be information industry businesses such as software, services,
small manufacturing, and commerce. A central part of the building will be allocated to the
ZHR ICE Center.

Collaborative and common spaces should serve to catalyze social interaction and keep
meetings efficient and enjoyable. We are interested in versatile “Unofficial Spaces” whose
function is not explicitly defined and are open to interpretation and ephemeral ownership
by the people that use them.

People will arrive at the building mainly by car since it is remote. It should also be
accessible by bicycle, or by foot. A train station is planned to be constructed about 1000 m.
from the plot in the future.

Appendix A.1.2. Information Provided by the Community
Functional Requirements

The ZHR Building will be a versatile, state-of-the-art facility that meets the needs of
its users today and into the future by providing flexibility. It will feature private offices and
production spaces of various sizes, as well as collaborative workspaces with private video
conference cabins.

The building will have rooms for instruction and presentation, like meetings, work-
shops, and courses. As well as space for creative production, like makers spaces, artist
workshops, as well as places for collaborative work on projects, and common space(s)
that allows people to meet and communicate. In addition, the building could have an
auditorium (concert and/or conference hall), conference breakout rooms, a changing art
display space, and spaces for sports or physical fitness. The building will also have an
outdoor plaza/yard, a cafeteria/kitchen/coffee corner and dining room with seating areas,
and formal and informal meeting places.
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Aesthetic Aspirations

The aesthetic vision for the project is to create a building that would have a harmonious
relationship with nature (nature entering the building), be respectful of its surroundings,
and allow nature to be visible from the inside. The building should be designed to be
iconic, with a clear and memorable shape. The goal is to create a space that is highly
accessible and inviting, with plenty of light and open space. The elevations of the building
should be designed to be innovative and inviting and to show the uses of the building by
being transparent.

The building should be designed in a way that takes advantage of the stunning views
of the mountains and the surrounding nature. The building has two fronts, one facing the
street (south) and the other facing the inter-city road (north).

Sustainability and Accessibility Aspirations

The building should be designed to be as sustainable and eco-friendly as possible.
It should be made of materials that can be reused or recycled, and that require minimal
energy to produce. It should be designed and built in a way that minimizes operational
energy requirements, for example, positioning the structure in a way that leverages the
natural sun and wind directions to reduce energy needs.

All spaces in the building should be accessible, comfortable, welcoming for all ages
and abilities, and adaptable enough to be used for a variety of purposes.

Social Impact

The building, in its entirety, acts as a physical platform for cultural and educational
innovation, benefiting both ICE and other tenants. The building serves as a hub for the
community, offering a variety of activities and places to gather, both during the day and
in the evening. It should showcase the community’s art and culture, both inside and out,
and provide a space for youth to meet.

The building will serve as a fulcrum for local communities to come together, leverage
talents and creativity, learn new skills and experiment with abilities, develop one’s potential,
build long-term relationships, and improve the learning experience and outcomes.

Appendix A.1.3. Technical Requirements
Technical Constraints

• Plot size: 5000 square meters (m2). Indicated by a blue line on the surveyor’s map.
• Building size ±3000 m2

• The building must be 5 m away from the neighboring plots and adjacent streets
(visualized as a red line on the surveyor’s map).

• Maximum height: 3 stories—12 m

Suggested Space Allocation

• Industrial spaces

– 1500 m2 of “offices, workshops, and production” (various spaces)
– 450 m2 for commercial use (maximum)
– 450 m2 service areas (stairs, storage, technical, corridors)

• Community Center (ICE)

– 450 m2 of “offices, workshops, and production” (various spaces)
– 150 m2 of service areas (stairs, storage, technical, corridors)
– Parking
– 45 cars
– Community Center (ICE)
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Appendix B. Expert Evaluation Web-Form
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