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ABSTRACT

Today, smart tools, i.e., artificial intelligence-powered tools are the main drivers of smart cities,
facilitating complex design processes and expediting modern urban traffic. The main problem,
however, with using Artificial Intelligence (Al) in design processes would be the failure to use
capacities of Collective Intelligence (CI), which remains one of the main shortfalls in urban design.
Collective intelligence refers to the “shared capacities and potentials of a group or a team to perform
a wide range of tasks and solve various problems” (Chikersal, 2017). The question is whether or not
appropriate urban spaces could be designed without using the capacities of collective intelligence
and appropriate citizen feedback. Meanwhile, citizens (collective intelligence) need to collaborate
and engage in collective intelligence-based design processes because they are the main owners of
urban spaces. The main objective of this study was to use collective intelligence and citizens’ actual
experiences in designing Niyavaran Street in Tehran. Also, using other modern artificial intelligence-
based techniques in collecting and analyzing data was another objective of this quantitative study.
To this end, we invited 107 citizens to a real experiment on the street. Study data included the
location data (geographical longitudes and latitudes) of the subjects’ presence and walking on the
street, collected by a tracker application, called Geo-Tracker, designed by the researcher. The data
were then coded into a JSON file. As the processed data were entered into the coding section of an
artificial intelligence site, dubbed Geojason, the paths covered by people were drawn on the site’s
map. As the paths were overlaid on each other, we could examine and identify the areas of the street
where path nodes and their overlaps were most noticeable. It was concluded that these points finally
attracted the attention of the study subjects the most.

Keywords: Collective Intelligence, Hybrid Intelligence, Digitalism, Niyavaran Street, Machine
Learning.
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1. INTRODUCTION

Around 66 percent of the world’s population will have
lived in urban areas by 2050 (Hashem et al. 2016),
which will cause enormous challenges (L.u, Chen, and
H. Yu 2019). Migrations, on the other hand, will cause
air pollution, resource management problems, traffic
congestion, and public health and infrastructure
issues that will not be proportionate to the constantly
evolving urban situations (Miguel et al. 2019; Correia
et al. 2020; Castanho et al. 2021; Ortega-Momtequin
et al. 2021; Nunes et al. 2021). Meanwhile, smart
cities have emerged in response to these issues and
made use of ICT to help improve people’s quality
of life and encourage social and environmental
sustainability (Faria et al. 2018; Fernandes et al.
2018; Kumar et al. 2019; Nunes et al. 2021). In other
words, these cities help facilitate information transfer
and communications (Nunes et al. 2021). Early
definitions of smart cities were mainly characterized
by technologies (Effing and Groot 2016; Sivarajah et
al. 2015). To give an example, Hall et al. defined a
smart city as a “city that monitors and integrates the
conditions of all its critical infrastructure” (Bowerman
etal. 2000), as IBM defined it to be an “Instrumented,
connected, and intelligent city” (Harrison et al. 2010;
Effing and Groot 2016).

Karmaker et al. argued that the transition from a
traditional city to a smart one requires an effective
management plan to help ensure the proper functioning
of intelligent technologies and infrastructure
(Karmaker et al. 2023). The notion of a smart city
is increasingly becoming a global phenomenon with
the advancements in ICT (Zhu et al. 2022). It is
widely seen that many cities are expanding smart city
development strategies to utilize the opportunities
provided by these technologies. A smart city is
expected to provide better solutions to meet social,
economic, and environmental challenges emanating
from unprecedented urbanism. A smart city helps
provide solutions to tackle such challenges as climate
change, energy crisis, and social inequality through
developing and applying advanced technologies
(Manville et al. 2014; Michalec et al. 2019; United
Nations, D.o.E.a.S.A. 2019; Yigitcanlar et al. 2019;
Zhu et al. 2022).

Meanwhile, an emerging challenge in this connection
is citizen collaboration (Caragliu et al. 2011; Mellouli
et al. 2014). Living in cities tends to individualism
and citizens are no longer interested in engaging in
urban or local policy-making issues (Latour 2005),
which will subsequently affect social solidarity and
cause cities not to utilize their citizens’ full capacities.
To counter this, online tools can help tackle these
challenges and find solutions (Townsend 2013; Effing
and Groot 2016; Sivarajah et al. 2015).

The key subject in this study was the application
of collective intelligence (CI) and citizens’ actual
experiences of presence in urban spaces in a real

experiment. The study also aimed to examine how
people’s actual experiences in urban spaces can be
collected in real experimental conditions, as cities
would represent living laboratories (Sarkar 2017).
The study also aimed to understand how capacities
of collective intelligence can be employed to
provide urban designs and how to incorporate both
artificial intelligence and collective intelligence into
urban design processes. This study, as mentioned
earlier, aimed to use people’s actual experiences in
designing Niyavaran Street. By actual experiences, it
is the same people’s interactions with urban spaces
in Niyavaran Street, which provided data for this
study in an intangible manner. Actual experiences
arise without the researcher’s direct interference,
questionnaires, and interviews. Interacting with the
environment (e.g., by walking, pausing, etc.), the
participating subject establishes communications
with the environment without special questioning
about a specific part of the street. The result of this
interaction is converted into movement data in the
tracking application of Geo-Tracker. Urban designers
need to improve the functioning of urban spaces by
replacing older data collection techniques with novel
ones. It is increasingly becoming critical to apply
modern techniques, especially artificial intelligence
to collect and analyze information. Meanwhile, it
is also essential to create an interaction between
artificial intelligence and collective intelligence to
use their maximum capacities in urban designs. It
is widely realized that receiving information from
artificial  intelligence-based applications could
be an appropriate alternative to common and old
techniques. Smart phones-installed applications
can also be used to collect urban data. This offers
a more effective and efficient method of direct
interaction between urban designers and citizens. As
stated above, a smart city incorporates capacities of
artificial intelligence, machines, data, and capacities
of collective intelligence to offer a novel model of
urban space designs.

2. LITERATURE REVIEW
2.1. Collective Intelligence

Collective Intelligence (CI) is understood to be the
capacity of groups to make decisions, generate ideas,
and solve problems more effectively than would be
done by individual people (Galesic et al. 2023; Suran
et al. 2020; Centola 2022). Collective intelligence
has in recent years attracted much attention in
different fields such as empirical studies (Wolf et al.
2015; Galesic et al. 2023), advanced computational
modeling (Reia et al. 2019; Singh et al. 2009, 18;
Singh et al. 2009; Galesic et al. 2023), social network
analyses (Centola 2022; Ha and Tang 2022; Galesic
et al. 2023), and artificial intelligence (Weld et all.
2015; Singh and Gupta 2009; Jung 2017; Galesic et



al. 2023). This indicates that non-experts may even
outperform experts (Hong and Page 2004; Galesic et
al. 2023).

Thus, collective intelligence could be used to support
participatory methods that go beyond voting or beyond
consulting citizens for problem identification. Citizens
can also offer solutions to problems. As demonstrated
by the literature on collective intelligence, the quality
of outcomes highly depends on the type of interaction
between people. In essence, an intelligently designed
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system can be so structured to align individual efforts
more constructively and to help produce high-quality
outcomes, referred to as the Wisdom of the Crowd
(Galton 1949; Watson and Levin 2023; Galesic et al.
2023). On the contrary, poorly designed systems are
likely to easily generate chaotic processes with low-
quality outcomes, usually referred to as the Madness
of the Crowd” (Lorenz et al. 2011; Waddington 2008;
Balietti et al. 2016; Galesic et al. 2023).

Table 1. Definitions of Collective Intelligence

Definitions of Collective Intelligence

Sources

Collective intelligence refers to the shared capacities and potentials of a group or team to perform a wide

range of tasks and solve various problems.

Collective intelligence refers to group knowledge and wisdom or wisdom of the crowd resulting from

collaboration and competition between people.

Collective intelligence is an emerging interdisciplinary field of study involving a wide range of academic
fields such as sociology, economics, biology, software engineering, and computer sciences.

Collective intelligence refers to groups of people who work collectively and intelligently.

Collective intelligence refers to the capacity of a group for effective collaboration and cooperation; this
process, meanwhile, is much more important for collective functioning than individual abilities. In other

(Chikersal 2017)
(WLo and Zhang 2022)
(Berditchevskaia
etal. 2022)

(Weld et al. 2014)

(Woolley
etal. 2016)

words, just having several smart people may be helpful, but not necessarily enough.

Almost none of the tasks that we have performed so far have been done by individuals alone; rather they

have been done by groups of people who work together.

Collective intelligence provides a unified statistical coefficient that predicts how well a group will

perform across a wide range of tasks.

(Malone 1959)

(Malone and J.
McGovern 1959)

2.2. Hybrid Intelligence (HI)

Human societies are struggling with numerous
problems that require collaborative collective actions.
Artificial intelligence has the potential to provide the
necessary knowledge and action to explore and find
solutions on a large scale. Meantime, to harness the
potential of human systems and artificial intelligence,
the main functions of collective intelligence must be
perceived (Gupta and Woolley 2021). Peeters et al.
(2021) did the study “Hybrid Collective Intelligence
in a Human-AI Society” to define three approaches
regarding collective intelligence and artificial
intelligence:

1. Techno-centric: This approach states that real
intelligence will ultimately be found only in
developed and mature general artificial intelligence
systems. Biologically, humans suffer from limited
reasoning and information processing abilities, and
for this, demonstrate various types of cognitive
biases, whereas computers provide an endless amount
of opportunities for expanding rational intelligence
on human scales and beyond (Pecters et al. 2021).

2. Human-centric: This approach states that real
intelligence will ultimately be found only in humans
and (probably) in other living intelligent entities.
Artificial intelligence enables humans to achieve
their full potential; however, it will not be inherently

capable of developing some fundamental traits found
in humans, such as moral reasoning or empathy. This
inability may make artificial intelligence harm human
welfare (Peeters et al. 2021).

3. Collective Intelligence (CI)-centric: This approach
states that real intelligence will ultimately be found
only in an association of multiple interacting entities.
In isolation, human individual intelligence and
artificial intelligence are highly limited in a system.
Real intelligence is generated when multiple entities
collaborate over long periods (Peeters et al. 2021).

2.3. Collective Intelligence and Digitalism

Inthe digital age, we now have new models for learning
and for co-designing and co-creating new services
in collaboration with others. (Stenvall et al. 2022).
The interaction between technology, society, and
citizens is underpinning the core of the development
of smart cities, and with the increasing penetration of
Internet applications, digital governance is advancing
constantly (Weibin et al. 2022). Digitalization is
omnipresent in today’s social and urban life. It
emphasizes the 3C (connect, collect, comprehend)
concept of Smart Nation, and design thinking
empowers public service strategies, which will create
important foundation support for digital collaborative
governance in a diverse society (Ni 2022). Effing
and Groot (2016), meanwhile, described 11 different
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e-participation ladders, generally discussing them
as models or theoretical frameworks to define
and classify various levels of citizen participation
through electronic means. As noted, many authors
have defined and measured electronic participation.
These 11 ladders include e-information, e-consulting,
e-involving,  e-collaborating, = e-empowerment,
e-enabling, e-engaging, e-empowering, active
participation, e-informing, and e-consultation
(Anadiotis et al. 2010; Sommer and Cullen 2009).
The ladders of e-participation include bottom-top
levels of collaboration (Effing and Groot 2016).

3. SIMILAR LITERATURE

This section investigates a few similar studies
conducted in this regard. These studies have provided
online platforms for receiving information from
citizens and using them to design and plan an urban
space. Like the present study, these studies have
provided an online interactive platform for citizens’
better participation. By eliminating commonly found
techniques such as questionnaires, interviews, etc.
these studies demonstrated that in the digital age
working with online tools could bring about better
outcomes. The goal of this study was also to generate
a platform for engaging citizens in designing an urban
space via a smart application and an Al-powered
interactive platform to apply the study’s data.

Table 2. Similar Studies

Project and Year of

Goals and Procedures of Interactive Platforms

Administration
In this study, Stephen Marshall et al. (2024) designed an interactive digital participation platform in urban
design for the Pollards Hill Residential Complex in London’s Merton District.
Goal: Measuring the efficacy of public participation based on the opportunities brought about by
Urban design of advancements in digital technologies (Marshall et al. 2024).
a Pollards Hill

Residential Complex
in London’s Merton
District (2024)

Platform characteristics: Simple text inputs that enable users to describe their ideas for courtyards; image
uploading that allows users to, let’s say, enter photos of the features desired or a sample place; an online
“design board” that allows users to use design tools to create a proprietary personal image: this can, for

example, enable users to produce a solution, which could not be repeated by using available photos; a 3D
model that allows users to add design interventions from a pre-determined set and arrange them as they
wish; sharing this in the platform allows other users to propose new suggestions to edit those designs

(Marshall et al. 2024).

Shahab et al. (2024) conducted a comprehensive study over 30 days and engaged people from five cities
across Afghanistan. The subjects were engaged in interacting in D-Agree, an Al-powered online discussion

forum (Shahab et al. 2024).
Creating an Al-
powered online
support system for
resolving problems

discussions (Shahab et al. 2024).

Goal: Using artificial intelligence to facilitate and improve collaboration and problem-solving in online

Platform: This study used D-Agree as a discussion tool which is an online text-based discussion support

of five Afghan cities  system and involves an artificial agent and a web platform, allowing users to share messages with the
(2024) conversational artificial intelligence. This autonomous facilitating agent performs multiple tasks, including
viewing the content of the text posted by users, extracting argumentative statements from the content based
on the issue-based information system (IBIS), generating facilitative messages based on pre-defined rules,

and posting the messages to a discussion board in response to other posts (Shahab et al. 2024).
Helena Rong (Rong et al. 2020) proposed generating an interactive design platform to design neighborhoods

of Ang Sila City.
Goal: Generating a platform that collects information about people’s preferences and values in urban
. spaces to set out neighborhood-based visions. This will enable experts to better understand users’ needs.
Designing

neighborhoods of Dubbed CoDAS by Rong et al. (2020), this tool serves as an interface linking developers, planners,
Ang Sila City (2020)  designers, and citizens, engaging a large number of users. As a process, CODAS serves as an ongoing

dialogue between various stakeholders, starting from pre-design and pre-planning processes and continuing
to post-operation processes. Providing the digital coverage of personal narratives and perceptions of the
city, this platform helps generate a sentimental consensus over Ang Sila’s neighborhoods (Rong et al.

2020).
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Project and Year of
Administration

Goals and Procedures of Interactive Platforms

Itair et al. (2023) conducted a study on citizen participation using a smart application to monitor and
provide information and real-time services in the Palestinian city of Nablus in 2023.

Creating a public
urban space in the
Palestinian city of
Nablus using a smart
platform for citizen

Goal: Using smart technologies to create an inclusive public urban space (Itair et al. 2023).

Ttair et al. (2023) used the open-source application of the Kobo Toolbox to collect data from ten field
surveys. The Kobo Toolbox tool was used to simplify the process of data collection by effectively and
accurately facilitating data entry. This tool allows for collecting various types of data, including images

participation (2023)  and videos. To gain an overview of public space inclusion, some interviews were conducted with various
groups of people day and night. This approach also helps provide diverse citizens’ perspectives, including
those with different age groups, genders, and people with disability (Itair et al. 2023).
4. METHODOLOGY overlaps of the paths. The outcome indicated the use

This study employed a smart, updated technique to
collect and analyze data, primarily aiming to apply
the subjects’ actual experiences of presence in urban
spaces. The design of the representative urban space
(Niyavaran Street) was based on using the subjects’
actual experiences of the study. Any interaction,
including questionnaires, observations, interviews,
etc. between the researcher and citizens involved in
the study was eliminated, as the subjects were invited
to be present in the urban space to interact and engage
with the space. In so doing, a routing application was
installed on the subjects’ smartphones to record their
movement path information, which would be later
analyzed to help design the urban space intended.
When the subjects were present in the space, no
questions as to which part of the urban space would be
attractive to them were asked, as this was understood
by examining their movement paths. The existing
paths were overlaid using artificial intelligence to
examine points of space that would exhibit greater

of collective intelligence in the design process, which
was the main goal of the study.

4.1. Study Data Collection

Data were collected using a tracking application,
which received subjects’ locations and exhibited them
in geographical longitudes and latitudes. Relevant
longitudinal and latitudinal numbers varied by the
movement of the subjects on the street, resulting in a
list of locations in the application.

Study data included the subjects’ date of presence
in the study, their duration of presence on the street,
and their geographical coordinates. Geographical
coordinates included the geographical longitudes
and latitudes that varied by the subjects’ changing
geographical locations and movement on the street.
Below is sample data collected by one of the subjects.
2022-05-23 19:32 Long: 51.4384769 Lat: 35.8057259
2022-05-23 19:33 Long: 51.4384258 Lat: 35.8057941
2022-05-23 19:34 Long: 51.4384279 Lat: 35.8057746

B
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Fig. 1. Model of Study Procedure Process

4.2. Application Architecture

This program has been coded under the trademark
“Geo-Tracker” for the Android operating system using
Python and Kotlin programming languages. To work
with this app, users activate their Internet and GPS

and start their movements after the command “start”
is executed. The task having been completed, the
command “Export” is executed to store the received

data into a Word file in mobile phones’ memory.
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Collected Data

2022:1122 17:47 Long: 49.7345425 Lat: 341012575
2022:1122 17:47 Long: 49.7345425 Lat: 341012575

2022.11:22 17:47 Long: 49.7345404 Lat: 34101281
20221122 1747 Long: 49.7345359 Lat: 341012726
2022:1122 1747 Long: 49.7345359 Lat: 341012726
2022:1122 1747 Long: 49.7345406 Lat: 341012815
2022:11:22 1747 Long: 49.7345406 Lat: 341012815
2022:1122 1747 Long: 49.7345619 Lat: 341013142
2022:1122 1747 Long: 49.7345619 Lat: 341013142
2022:11-22 1747 Long: 49.7345446 Lat: 341012837
2022:11:22 1747 Long: 49.7345446 Lat: 341012837

2022.11:22 17:47 Long: 49.7345451 Lat: 341013328
20221122 1747 Long: 49.7345451 Lat: 341013328
2022:1122 1747 Long: 49.7345559 Lat: 341013112
2022:1122 17:47 Long: 49.7345559 Lat: 341013112
2022:11:22 17:47 Long: 49.7345608 Lat: 341013129
2022:11:22 17:47 Long: 49.7345608 Lat: 341013129
2022:1122 1747 Long: 49.7345432 Lat: 341012885
2022:1122 17:47 Long: 49.7345432 Lat: 341012885
2022:1122 1747 Long: 49.7345543 Lat: 341013659

Collected Data Collected Data

20221122 17:45 Long: 497345222 Lat: 341012286

2022112217:45 Long: 49.7345433 Lat: 341012738
202211:2217:45 Long: 49.7345797 Lat: 34101265
202211:2217:45 Long: 49.7345797 Lat: 34101265

20221122 17:45 Long: 497345351 Lat: 34.1012356
202211:2217:45 Long: 40 7345292 Lat: 341012257
20221122 17:45 Long: 49.7345292 Lat: 341012257
20221122 17:45 Long: 49.7345293 Lat: 341012344
20221122 17:45 Long: 497345302 Lat: 341012407
202211:2217:45 Long: 49 7345305 Lat: 341012418
202211:2217:45 Long: 49 7345305 Lat: 341012418
202211:22 17:45 Long: 49.7345345 Lat: 34.1012549
2022112217:45 Long: 497345375 Lat: 341012624
20221122 17:45 Long; 49.7345405 Lat: 34.1012654.
20221122 17:45 Long: 49.7345405 Lat: 341012654
20221122 17:45 Long: 497345434 Lat: 341012712
20221122 1745 Long: 49 7345434 Lat: 341012712
202211:2217:45 Long: 49.7345439 Lat: 341012752
20221122 17:45 Long: 497345439 Lat: 341012752
202211:22 17:45 Long: 49.7345408 Lat: 341012691

20221122 17:45 Long: 49.7345309 Lat: 341012398
20221122 17:45 Long: 49.7345291 Lat: 341012351
202211:2217:45 Long: 49.7345266 Lat: 341012247
20221122 17:45 Long: 49.7345266 Lat: 341012247
20221122 17:45 Long: 49734527 Lat: 34.1012154
20221122 17:46 Long: 497345295 Lat: 341012083
202211:22 17:46 Long: 49 7345295 Lat: 341012083
20221122 17:46 Long: 49 7345331 Lat: 341012068
20221122 17:46 Long: 49.7345371 Lat: 341012087
20221122 17:46 Long: 497345391 Lat: 341012106
20221122 17:46 Long: 407345399 Lat: 341012142
202211:2217:46 Long: 49.7345432 Lat: 341012309
20221122 17:46 Long: 49.7345484 Lat: 34.1012606.
2022112217:46 Long: 49.7345499 Lat: 341012704
202211:22 17:46 Long: 49.7345507 Lat: 341012802
202211:22 17:46 Long: 49.7345516 Lat: 341012897

20221122 17:46 Long: 497345450 Lat 34101281
20221122 17:46 Long: 49734543 Lat: 34.1012674
20221122 17:46 Long: 49734541 Lat: 341012576
2022:11.2217:46 Long: 49.7345387 Lat: 34101248

m " m

Fig. 2. Tracker Application Workspace (Geo-Tracker)

4.3. Type of Data

As mentioned earlier, the study data included the time,
location numbers, and date falling under quantitative
data categories.

4.3.1. Statistical Population and Sample

As many as 107 citizens of Tehran voluntarily
participated in the study. Some of them were residing
in the area of the study (Niyavaran Street). They were
in different age groups and genders.

4.3.2. Data Processing

The collected data about the subjects’ location (i.e.,
geographical longitudes and latitudes) are considered
raw and initial data and need to be processed to be
used in later study stages. Values of geographical
longitudes and latitudes must be stored in a JSON!
file to be transferred into an artificial intelligence
model. A sample JSON format-based processed data
is given below, where each line starts with a feature
and continues with a colon (:), followed by the
geographical longitudes and latitudes.

{

“type”: “Feature Collection”,

“features”: [

{

“type”: “Feature”,

“properties”: {},

“geometry”: {

“coordinates”: [

[
51.44550026807451,
35.81045451446289

]
4.4. Artificial Intelligence Model

The artificial intelligence used in this study is based
on the Website “Geojson.io”, which is a quick and
simple tool to create, view, and share location data.
Geojson supports various coding formats, including
KML, GPX, CSV, GTFS, and TopoJSON, among
others. It also offers different formats from available
maps, providing them in the form of Satellite Street
View and OpenLayer maps.

4.4.1. Website Features

The features of this website are as follows:

- Calculating the geographical longitudes and latitudes
of a point on the map using the Draw Point tool;

- Drawing lines with identified starting and ending
geographical longitudes and latitudes using the Line
String tool; changing the thickness and color of the
lines and calculating the length of the lines in meter,
kilometer, and other measurement units;

- Calculating the area of a point on the map using the
Draw Polygon tool, Draw Rectangular Polygon, and
Draw Circular Polygon

- Transferring coding files in various programming
language formats and converting the codes into lines.
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Fig. 3. The Website Workspace (www.geojson.com)
(Www.geojson.io)
4.4.2. Mechanism of the Model individual-specific location data are first entered

(Fig. 4), which is followed by the entry of the next
individual’s data (Fig. 5). As demonstrated, the
location data of the new path will be drawn on the

The procedure is as follows: the processed data,
explained above, are first copied into the site’s coding
section, and this process continuous respectively for
the data taken from each individual; for example, previous path, after the transfer of location data.

geojson.io

<>JsoM

R omn o » |+

51.44915163516998,
35.81209309342563

51.4475154876709,
35.809286878140604

51.84749202999878,

35.80930427964547

Standsrd Satelite Streats Oudoors N Dark OsM

Fig. 4. Drawing Movement Path of a Citizen after Data Transfer
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Fig. 5. Overlaying the Next Individual’s Movement Path on the Previous Individual’s Movement Path after
Location Data Transfer

5. DATA ANALYSIS

5.1. The Model’s Final Output

The final output is a model made of 107 recorded
movement paths overlaid on each other (Fig. 10).
Figure 6 demonstrates 10 representative paths the
researcher selected from the paths taken by the

subjects with different ages, each marked with a
specific color to help the viewer correctly understand
how the paths are overlaid and are identified.

As noted, in sections of the paths, there are more
nodes and overlaps, suggesting that more subjects
have walked past these points. Next, the data taken
from the website will be analyzed.

Fig. 6. Final Output of the Model (Ten Recorded Paths covered by Subjects)

5.2. Data Classification

As stated earlier, the study data included the number
of participating subjects, their genders, distances
covered, date, and duration of walking, and presence
on the street. Data were classified using composite bar
charts in the SPSS software. All charts incorporated
two major factors of age and the number of subjects

for better comparison and classification.

- Gender

As exhibited in Figure 7, the majority of the subjects
were females. In total, 64 women and 43 men
participated in the study, totaling 107 residents in
Tehran.
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Fig. 7. Number of Participating Subjects, Their Ages, and Gender

-Age

As shown in Figure 7, 15.9% of the subjects were
under 20, 32.7% from 20 to 30, 20.6% from 30 to 40,
15% from 40 to 50, 12.1% from 50 to 60, and 3.7%
from 60 to 70 years.

- Distance Covered
The distance traveled by each individual is given
in Figure 8. Around 20.6% of the subjects walked

No. of subjects
15

10}

a distance of 1000 to 1500 m, 48.6% 1500 to 2000
m, around 24.3% 2000 to 2500 m, and 6.5% over
2500 m on Niyavaran Street. The number of people,
as shown by the figure, who traversed a distance of
1000 to 1500 m fell under the middle-aged group.
Meanwhile, the most distance traveled pertained to
the subjects under 20 years.

1500 to 2000

2000 to 2500

Diztance covered (m)

Fig. 8. Number of Participating Subjects, Their Ages, and Distances Covered

- Duration of Presence and Walking on the Street

As shown in Figure 9, 31.8% of the subjects walked
for less than 20 minutes on the street, around 35.5%
for 20 to 30 minutes, 19.6% for 30 to 40 minutes, and

13.1% for over 40 minutes. As noted, the number of
subjects falling under the 20 and 20-40-year-old age
category accounted for the highest time spent on the
street.
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20-30

Less than 20

Duration of presence and walking on the street (minute)

Fig. 9. Number of Subjects, Their Ages, Duration of Presence and Walking on the Street

6. FINDINGS

6.1. Paths Examined

As shown in Figure 10, in some sections of these
107 paths, there appear to be more nodes and greater
overlaps, with the lines looking more visible and bolder

I} o T Ly r
= Sin_HI shtom Cafe

Diztance between Qﬂdl.!l'i &

due to the paths being overlaid. After completing the
surveys, findings showed that the points, marked by
red and black circles in the following figure, were the
areas that captured the attention of the subjects, thus
becoming the sections of the street under study that
were selected by the citizens.

Fig. 10. Examining Nodes and Overlaps on the 107 Paths Overlaid

6.2. Introducing Points Selected by Subjects
on the Street

Reviews and analyses of the paths and representative
sections of Niyavaran Street indicated that three
spaces of this street were more noticeable.

The first space was the Sin Hashtom Mansion, which
is one of the famous café restaurants in Tehran,
featuring a key element of the street due to its unique
design.

Another space includes the zones at the beginning



of Qaderi and Moazami Alleys, as well as Moazami
Alley and Homayounfar St. These spaces were
created due to buildings’ setbacks at the beginning of
the alley. These spaces span considerable areas.

The other space is the Jelato Minou Shop which, like
the Sin Hashtom Mansion, is seen as a major land use
on Niyavaran St. due to its famous site. Throughout
these spaces, the pedestrian zone that lies in front of
them is among the points selected by the subjects.
These places are exhibited in Figure 10.

7. DISCUSSION AND CONCLUSION

It was concluded that capacities of collective
intelligence can be used in urban design. To use the
collective intelligence of the subjects, a tracking
application, dubbed Geo-Tracker, was devised to
record their movement paths. Then, the 107 paths were
overlaid by an artificial intelligence tool (geojson.
i0) to identify the points where greater overlaps and
nodes had been created by the paths interfering with
those points. The collective intelligence of this study
was made possible by investigating and analyzing
the 107 overlaid movement paths recorded by the
subjects. The surveys and analyses also showed
how the subjects generally viewed the situation and
which sections (spaces) of Niyavaran Street had
attracted their attention. This could help select those
spaces for implementing a better and more effective
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design process. As stated earlier, the 107 paths were
the outcome of each individual’s collaboration with
designing Niyavaran Street, as each subject showed
via their movement path which sections of the street
attracted their attention and which sections they liked
the most.

This study invited the subjects to a real experiment
within an urban space because its methodology was
completely different from those in which subjects
had to respond to predefined questions posed by
urban designers or those in which researchers
selected methods such as observations or interviews
to collect the data required. To use people’s actual
experiences in urban spaces, urban designers need
to provide conditions to help citizens go through
an actual experiment in urban spaces and gain an
understanding of those spaces by being present there
and interacting with them. This will be made possible
by investigating people’s movement paths in an
urban space such as on a street, where designers will
conclude which section of the street or space could
be more attractive and critical for citizens, without
having an interaction with them. Each movement
path poses a real experience that results from the
individual’s presence in the space as the overlaying of
paths could generate collective intelligence, one that
is an outcome of citizens’ real experiences in group
work.
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ENDNOTE

1. JSON is an acronym for JavaScript Object Notation. JSON is a standard open format allowing for data
exchange on the web using key-feature pairs. JSON represents a lightweight format for data storage and transfer.
This format allows the user to transfer information in a text format and even out of the network. JSON files are
both human- and computer-readable.
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