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Abstract: The study proposes planning independent children's mobility through geoinformation technologies
for listening to children. This research assumes that children’s values and expectations must be considered in
city planning. A bibliographic review identifies 15 indicators which make spaces safe and attractive for children
to circulate and play. Thematic maps of the indicators are prepared, integrated by Multicriteria Analysis by
Weights of Evidence, according to the hierarchical importance of each variable. The definition of weights
considers the opinion of children and technicians. Consultation with children is carried out by Mapping
Volunteers (VGI), Consultation on Hierarchy, Geodesign of Ideas for the area and Artistic Workshop. In the
technical study, the query applies the Delphi method. It uses the VGI — Volunteered Geographic Information —
web-based platform, where children record places of topophilia and topophobia, while technicians map the
presence of 15 indicators. The set of information is made available on a web-based platform of SDI — Spatial
Data Infrastructure, in which there are resources for a Geodesign workshop when ideas for the area are
elaborated through negotiation and co-creation. The product is a transformation design for the area through
urban design and parameterisation of uses.

Keywords: Child Mobility; Planning with Children; Geoinformation Technologies

1. Introduction

Brazil is one of the countries with the lowest rate of children’s independent mobility: the freedom
of children to interact and explore their residential surroundings without adult supervision. In recent
decades, the decrease in the autonomy granted to children to experience the surroundings of their
homes in large urban centres has attracted the attention of academics, public managers, and society.
Studies report that restricting children's coming and going and playing near their homes harms their
social, physical, and cognitive development. Depriving the child of experiencing public spaces more
freely is denying the formation of autonomous subjects [1]

By 2050, 70% of children will live in the cities. Children's participation in decision-making
processes that will affect their lives is a right enshrined in the Convention on the Rights of Children,
adopted by the UN in 1989, in the Brazilian Statute of Children and Adolescents, and in the country's
Federal Constitution. But children are still perceived as the “future generation”. By giving voice and
protagonist role to children, this research is also aligned with the Sustainable Development Goals [2].
This research aims to develop and test methods that facilitate children’s participation in urban
planning processes (Art. 5 of the Federal Constitution).

According to Xavier-da-Silva [3], geospatial research assumes that every phenomenon can be
dimensioned and located and does not occur in isolation. The author indicates investigating entities
and spatial occurrences as records of physically existing conditions or phenomena (such as the
distribution of risks, which moves in the territory due to factors such as policing and attractiveness
to action).
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Working with the spatial variables in geoinformation technology means assigning
georeferenced information to the data and investigating the spatial distribution as a source of
answers. The use of technologies can be applied to data collection, registration and storage of
information; in algorithms for spatial distribution studies and for combination of variables;
presentation of syntheses in diagnostic and predictive studies; and support for propositional
processes.

Among the data capture resources, collaborative mapping, VGI - Volunteered Geographic
Information, or crowd mapping stands out. The term was presented by Goodchild [4], who discussed
the potential of measuring “citizens as sensors”. The process is done through web-based tools, in
which participants actively register their opinions.

It's also part of contemporary values co-creation of ideas. In this stage of the works, the
Geodesign methodology is intended for the collective construction of alternative future proposals for
a place, planning “with” and “for” geography [5,6]. It means recognising an area's characteristics,
vulnerabilities, and potentialities and planning proposals based on shared decisions. It relies on
geoinformation technology, but in the face of restrictions, it is possible to work in analogical practice,
considering adaptability and flexibility.

Young people are part of a generation to whom the main mean of communication is the internet,
and for this reason, they are called “iGeneration” and are considered “digital natives” [7]. Contact
with computer games, e-mail, the internet, cell phones, and instant messaging has existed since they
were born, being part of their lives. The generation chosen for the research comprises children aged
6 to 11 who make up the “Alpha” generation, born after 2010. The choice for digital processes,
combined or not with analogical processes, is easily applicable to children from Generation Z
onwards since they compose the i-generation.

The area limited by Contorno Avenue in Belo Horizonte, Minas Gerais, Brazil, was selected as
the case study of this research. In line with the positivist thinking, this portion of the city is featured
by an urban grid. It was planned as a “garden city” composed of vast and tree-lined avenues. Many
changes have occurred since its creation, but the area is still the best qualified in the city, with the
potential to move around walking, favouring active child mobility. However, at State School B.B.,
chosen for the first test, out of a total of 957 students, only 5 of them participated declared to walk to
school and took part in the study. The reason for the low number is justified by the fact that few
public-school children live in the central area, in addition to the ease of school transportation offered
by the city hall. It was interesting to understand what these children think about the experience of
walking around the area to characterize the attractiveness and challenges of the process.

After the signature of the ethical forms by children and one of their parents, the data generation
stage began, which involved several methods. The work was developed from listening to children
and from a technical approach to urban planning undergraduate students. The results integrate and
complement each other in the different stages. The process is based on a framework that involves
volunteered mapping (VGI), characterisation of the study area by integrating variables (Multicriteria
Analysis) and building ideas for transforming the area through a co-creation process (Geodesign).

2. Materials and Methods

The development of the work is, above all, a methodological contribution. It presents a script
developed as experimental research to identify values, map indicators, and plan the study area based
on the information constructed throughout the process. In this way, the methodological flowchart is
presented in general, demonstrating that it comprises the steps of 1) the preparation of data and tools,
2) the production of information, and 3) the urban planning process. (Figure 1). However, as the
essence of the work is the methodology, it is better detailed in the “development” topics (Topics 3, 4
and 5).
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Figure 1. Methodological framework.

3. Development - Preparing data and web-based platforms

The development of the framework followed analogical and digital stages, aiming to listen to
children’s expectations and opinions.

3.1. Definition of work variables

The first stage carried out was related to the bibliographic review on the subject, seeking authors
who identified qualities and characteristics of the urban space that favour walkability and that
support mobility, thus being able to have a specific focus on children's mobility. From bibliographic
review, information was collected regarding the micro-scale of investigation, which takes place at the
street level [8-22].

Aspects were investigated related to: a) Availability or proximity to public open spaces; b) traffic
safety; c) well-maintained spaces; d) pedestrian infrastructure; e) social support and psychosocial
factors; e) ground areas; f) discovery and joy. The main characteristics were distributed in the
“environmental”, “movement”, and “place” contexts as facilities that, together, guarantee indicators
of urban completeness, what make the streets complete in their qualities [23-24]. The principle is to
look for characteristics that favour the wide use of life in the city, life between buildings and cities for
people [25-26] (Figure 2).
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1. Street afforestation )
2. Cleaning and maintenance

ENVIRONMENT 3. Enough lighting
4. Natural features, flowers and planters, animals

5. Pleasant multisensory experience (sound, water, wind) Y,
6. Active facade, preferably small businesses N
7. Mixed use

8. Recreational environments (as squares) and amenities (as library)

9. Resting spaces

10. Attractive designs, colors, textures, urban art Y,

11. Safe places to walk and bike

12. Pedestrian street, pedestrian crossing, traffic calming
MOBILITY 13. Sidewalk width

14. Painting or changing floor material

15. Physical barriers between the sidewalk and the street

Figure 2. List of Completeness Indicators according to Child Mobility.

3.2. Preparing the collection of thematic maps for Multicriteria Analysis by Weighted Sum

Multicriteria Analysis is a spatial analysis model widely used in geoprocessing, as it reproduces
the systemic approach for synthesis and correlation of variables. It starts with the decomposition into
variables to be mapped, followed by their recompositing by map algebra, which applies weights and
grades according to the degree of importance of each analysed factor.

The technical group of undergraduate urban planning students mapped 13 of the 15 indicators
using the ArcGIS geoprocessing applications (Figure 3). In each map, scores were assigned to the
components of the legend, indicating their importance for active child mobility. Later, the maps were
used individually as a basis for proposing ideas for the area, and they were also combined by
weighted sum, according to their degree of importance in children's mobility.

Figure 3. Thematic maps representing 13 of the 15 indicators.

The challenge was to define the weights of the layers, which were the 15 indicators. In the
technical work with urban planning students, a Delphi query was applied, requesting the
importance, on a scale of 0 to 10, for each variable. From the first answer, the average and mode of
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the values were calculated so that in a second round of consultation, each technician compared their
opinion with the average obtained and could make adjustments. Finally, the average of the last round
and the relative importance of each variable were calculated, adding up to 100%.

The Delphi method was proposed in the 1950s by the American military industry Research and
Development (RAND) to carry out structured listening and divide responsibilities by maximising the
consensus of opinions. The name comes from the Oracle of Delphi, as the objective is to issue ideas
or suggestions for decision-making. Dalkey and Helmer and Linstone and Turoff explain that the
procedure is composed of rounds of opinions, whose results are worked on in the form of obtaining
averages and modes, which are presented to the participants who have the chance to make
adjustments in their opinions.

In the work done with the children, their opinions were captured in four moments: 1) when they
contributed to the VGI, they registered positions on a map to which they declared “I like” and “I
don't like”, and these elements were associated with the indicators; 2) they gave opinion about the
importance of the indicators, according to “very important”, “of medium importance” and “not
important”; 3) in geodesign co-creation process, they designed ideas that were associated with the
indicators; 4) in the artistic workshop they did drawings, and the highlighted elements were
associated with the indicators. As a result, there were constructed partial analyses considering the
values applied to each indicator in each step, followed by a final analysis integrating the previous
ones.

3.3. Preparing the VGI - Volunteered Mapping

The VGI platform used was ViconSaga, developed by Professor Tiago Marino from UFRR],
Brazil. It is intended for the voluntary and active capture of spatial information registered by the user.
The project creator is free to define an initial visualisation point and zoom (being able to choose
satellite, terrain or road map views) to be presented in Google Earth for the beginning of navigation
by users, as well as the graphic representation for the points, and the list of attributes that the
participant is supposed to mark when making a contribution.

ViconSAGA is free to access and accepts the import and export of KML (Google Earth) files, SHP
(ArcGIS shapefile), XLS (Microsoft Excel) and CSV (Comma Separated Values) for general analysis
of records from a location, which means broad interoperability of the system [29].

The participant can register a point using a computer, tablet, or cell phone browser. The cell
phone has the advantage of being able to be used in the field, directly capturing the geographic
location and allowing the inclusion of photographs taken in the loco. On the computer, it is also
possible to include photographs in each record, but in the case of children, as they were working on
the school's computers, the inclusion of photos was not asked to be done. In the example applied to
children, when starting, the screen centres the BB State School. Participants scroll through the tabs
“1. Locate”, in which they choose a position to insert a record and place the pin; "2. Fill in”, in which
they inform their age, which school they study at, how they get to school (on foot, bicycle, and so on),
whether the point is a “like” or “dislike” record, and they can also register comments that justify or
explain the registration. If they were using it in the field, they could also use the “3. Image” and
upload a photo or video (Figure 4).
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Figure 4. The screen of the “Children BH” project in the ViconSAGA application.

The registration of “like” and “dislike”, followed by descriptions, aimed to identify the most
attractive and least attractive urban features for children, following Tuan's principles of topophilia
(like) and topophobia (dislike) [30,31]. The principle is also supported by Lynch [32], who wrote that
a qualified space that generates connections between citizen and territory generates sensations and
security that favour the sociocultural development of the individual, also support to participatory
planning.

In the preparation of the VGI for the adults, technical approach, the three tabs of “locate”, “fill
in”, and “image” were also used, with the difference that their objective was not to issue opinions but
to record the presence of one or more of the 15 completeness indicators. In this sense, they went into
the field with their cell phones and registered the presence of facilities in each stretch of urban road
or block (Figure 5).
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Figure 5. The screen of the “Children URB018” technical project in the ViconSAGA application.

3.4. Preparing Geodesign — web-based platform for shared planning

Geodesign is a process that favours the shared construction of ideas for an area through a co-
creation, negotiation and decision process. For this step, the web-based GISColab platform was used,
developed by GE21 Geotecnologias and adapted to Geodesign by Moura and Freitas [33]. The
platform is structured as a spatial data infrastructure (SDI) in which the collection of pre-prepared
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maps is made available to workshop participants to inform themselves about the area's
characteristics, vulnerabilities and potentialities.

Participants in a workshop are organized into working groups and go through the steps of
understanding the area (Reading Enrichment), building ideas for the site (Creative Dialogues),
evaluating the ideas (Comments and Suggestions Dialogues), checking the fulfillment of proposed
goals (Widgets for measuring performance), Negotiation and Voting. The result is a design of
alternative futures for the area that, in this case was the aim of favouring active child mobility.

Two projects were created: one to be used with children and another with the technical group
of adults (the undergraduate urban planning students). In the children's project they were supposed
to be divided into Group A and Group B; each group would make drawings of ideas for the area
using polygons, with a title and description, and in a second moment, they would comment on the
views of the opposite group and, finally, there would vote on the ideas (Figure 6).

In the technical group, they were divided into three groups to carry out the Reading Enrichment
stage. Next, they would create ideas for the context’s “environment”, “place”, and “mobility”,
associating each idea with one or more of the 15 completeness indicators. The ideas would go through
discussions and comments, the achievement of goals would be verified to meet the 15 indicators, and,
finally, there would vote and decide on the final proposal (Figure 7, Figure 8).

. ODESIGN EM CO-CRIACAO E GEO-COLABORAGAO
As associacoes WebGis, IDE & Geodesign tém como intuito promoverem informagdes integradas e georreferenciadas, possibilitando uma ampla
disponibilizagdo de dados para subsidiar as discussées sobre o territorio.

’Wncdbw

BH_Criancas A BH_Criancas_B

Mobilidade Infantil Ativa Mobilidade Infanti Ativa

Figure 6. The screen of the “Children BH” project in the GISColab. Contexts for Group A and Group
B.

WEBGIS & IDE: GEODESIGN EM CO-CRIAGAO E GEO-COLABORAGAO

As assaciacdes WebGis, IDE & Geodesign tém des integradas & uma ampla disponibilizacso de dados para subsidiar as discussdes sobre o territério

Figure 7. Screen of the “Children URB018” project in the GISColab.
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Figure 8. Access to the map collection in the “Children URB018” project in the GISColab application.

4. Development - The technical approach and the work with children

The work began with the initial registration of opinions, by the children, on the VGI ViconSAGA
platform, about the spatial occurrences that brought feelings of topophilia (I like) and topophobia (I
don't like). Through a technical approach, the adults also used the ViconSaga platform. Still, in
another project, with the aim of registering the presence of the 15 completeness indicators, the
variables were chosen to characterise suitable conditions for active child mobility.

Then, for the integration of maps by Multicriteria Analysis, both children and adults were
consulted about the relative importance of each indicator. The children were consulted in three
processes: by analysing the records on the VGI platform; by direct consultation on the hierarchy of
variables; by observing the values associated with their ideas in the co-creation by geodesign; and by
analysing drawings made in an artistic workshop. In the technical approach, adults were consulted
directly using the Delphi method, in which, in a first round, they indicated the importance of 0 to 10
for each variable. The average and mode of the opinions are calculated, which are shown to the
participants so that they can decide, eventually, to make changes, after which the final average is
made, resulting in relative percentages in the sum of 100%.

In the Geodesign workshop with the children, they presented ideas for transforming the area,
which was used to understand the values and expectations that were most valued by them. In the
Geodesign workshop with adults, the process was more complex, as the objective was the collective
construction of ideas for the area, considering all the material produced and the information obtained
from citizens listening to the children.

Geodesign is a process of co-creation of ideas that follows a framework aimed at the collective
construction of proposals and the negotiation of alternative futures for an area. In the case of children,
the purpose was to listen to the most critical indicators to identify the most important variables for a
space to be qualified and attractive for mobility and children's permanence. In the case of adults, it
had a propositional character on how to transform the area through urban design or parameterisation
of actions and uses of the territory.

4.1. VGI - Volunteered Mapping

The VGI platform was structured in two projects, to allow the voluntary registration of children
in spaces of topophilia and topophobia on their way from home to school. In contrast, for the technical
group registration it was organised to register the presence of one or more indicators of completeness,
the qualities of urban roads in the study area.

4.1.1. The VGI application with children

The first meeting with the children was at the BB State School's Computer Laboratory. The
project's objectives were explained, and they were asked to think about the route they take to walk
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from home to school and vice versa. Using ViconSAGA, they were asked to locate the school, which
they quickly managed. Then they were asked to identify elements around the school, a task that was
very easy for them. Once confident using the map, the children were encouraged to determine how
to get to school. Finally, they were instructed that they should register points and describe elements
they liked along the way and then what they didn't like. The first registers had the support of
mediators for the use of the mouse, but the children quickly took over the whole process. All tasks
were efficiently completed in less than an hour of activity.

In total, 48 records were made in 30 minutes by five children, which demonstrates that the task
was easy for them (Figure 9). Children were allowed to use the platform at home, on their parents'
cell phones or computers, if they wanted to include more records. Removing the repetitions, there
were 22 records of “I like” and 14 records of “I don't like”, which is an average of 7 records per child
(Figure 10).

Figure 9. Participation of children in the VGI process.
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Figure 10. Opinions registered.

4.1.2. Application of VGI with the technical group
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A new project was prepared for the technical group in the ViconSAGA VGI application. The
group consisted of 14 undergraduate students from the urban planning course. They investigated the
entire study area of 8.6 km2 by fieldwork, using the application on their cell phones, and recording
points associated with the 15 indicators. Using the cell phone, each person went through the territory
and registered information about the presence of the variables, including capturing images. The
result was the registration of 637 points informing about the existence of one or more of the 15
indicators, associated with photos. (Fig. 11).

3ok e g T 1610, 8A -~
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Coordenadas UTM: .« 7796428,80:612587,94 23X
Tipo: 1. arborzacho vibria, 2. Impeza ¢ manutenclo, 3. fluminaclo suficente, 5, expenéncia multissensoral agradivel, 6, fachada atva, preferenciaimente  ©
2eQuencs negioos, 7. uso MIsto, 10. designs atraentes, Cores, texturas, arte, 12, reducdo da via, rud de pedestre, passagem pedonal, moderaclo do trifego, 13,
argura da calgada favordvel

-

Figure 11. VGI - Field capture, registering of indicators.

The registering of data allowed the organisation of maps of concentration of occurrences by
indicator, through the Kernel Density feature, in the ArcGis application, to identify the area of the
event of each of the 15 analysis variables (Fig. 12).

Figure 12. Kernel Density with concentration of each indicator.

4.2. Consultation on the hierarchy of indicators

To integrate the maps by Multicriteria Analysis by Weights of Evidence, it was necessary to
define the weight according to the degree of importance of each variable (the 15 completeness
indicators) according to the citizen opinion of the children and according to the vision of the technical

group.
4.2.1. Query with the children

In the second meeting with the children, the list of 15 indicators for measuring urban streets
quality, organised by the coordinators, was presented. They had already understood the research
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objectives based on the previous activities, so they were able to answer more complex questions. For
each topic, we asked the opinion of each child, who should answer whether the item was “very
important”, “of medium importance”, or “not important”. The values were noted, and the
predominance of answers was identified. It was observed that they had no difficulty in answering,
and the most important indicators were street afforestation, cleaning and maintenance, pleasant
multisensorial experience, active fagade, recreational environments, safe places to walk, traffic
control and pedestrian promotion, and the presence of physical barrier between sidewalk and street.

It was planned to do a Geodesign activity with the children, in which they would use the
GISColab platform for the co-creation process and negotiation of ideas for the area. The platform
works as an SDI (Spatial Data Infrastructure) based on the web, in which informative maps can be
included, and participants elaborate, discuss and vote on ideas for the area [34]. In previous
experiences, the ability of children to participate in Geodesign had already been proven [35-37].

The plan was to separate the children into two groups, A and B, they were expected to draw
their ideas, followed by an exchange of contexts so that the children in group B could vote for the
proposals in group A and vice versa. However, when starting the task, the school's computers
blocked access to the platform. As one of the principles of Geodesign is adaptability, it was decided
to use an analogical process. The children, in two groups, verbally manifested their ideas, and
changing from A to B and so on, they voted on the proposals presented by the opposite group (Figure
13).

-

Figure 13. Co-creation by Geodesign in an analogical process.

In a third moment, the children were interviewed through an Artistic Workshop. During the
activity, each child was invited to make a drawing that answered the questions: How would Belo
Horizonte be if you were the mayor? If Belo Horizonte was for children, what would it be like? The
workshop, lasting approximately 30 minutes to avoid fatigue, took place in a friendly and relaxed
atmosphere in one of the rooms made available by the school.

To instigate the child to speak spontaneously and in more detail about their everyday urban
experience, as well as their expectations regarding the city, the coordinator carried out individual
unstructured interviews that addressed the content of the drawings and other topics relevant to the
research objectives (Figure 14).
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Figure 14. Artistic workshop with the children.

The drawings produced by the children underwent content analysis, a method used in applied
social sciences, which consists of quantifying the occurrence of specific terms, constructions and
references. One of the variants of the method incorporates the analysis of visual data, such as
drawings [38]. The elements that make up the children's drawings were accounted for in light of the
indicators pointed out in the literature for promoting safe and pleasant urban experiences.

Finally, as an integration of the children's opinions, tables were built containing the relative
value assigned to each indicator at each consultation stage: in the VGI, in the consultation on the
hierarchy of indicators, in Geodesign and the drawings of the artistic workshop (Figure 15).
Multicriteria Analyses by Weighted Sum were constructed for each stage of the investigation and a
synthesis integration of the partial results.

Query Steps
Indicator |VGI HierarchyGeodesig| Drawings| Media Synthesis 9% in 100%
1 3 10 3 3 &|medium to high 3,22
2 s|__ 10 8 5 7ER  ss9
3 1 3 1 2,5 medium to low 3,42
4 5 3 8 &|medium to high 8,22
[3 10 10 1 1 5.5 |medium to high 7.53
7 1 1 1 1 1|low 1,357
a 3 10 3 3 4 75| medium 6,51
g 8 5 3 5,25 |medium 7,19
10 5 3 8 &|medium ta high 8,22
1 10l 1o 10 s|_s7s|Rg]  1199)
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15 1 10 1 1 3,25 |medium to low 4 45

Figure 15. Relative values assigned to each indicator at each query stage, according to children's
opinion.

4.2.2. Query with the adults, the technical approach

In the technical work, a Delphi query was applied, requesting the importance, on a scale of 0 to
10, for each variable. From the first answer, the average and mode of the values were calculated, so
that in a second round of consultation, each technician compared their opinion with the average
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values obtained and could make adjustments. Finally, the average of the last round was calculated,
and the relative importance values of each variable were calculated, adding up to 100%. As a result,
the weights for the indicators were defined according to the degree of importance for the mobility
and permanence of children in urban environments (Figure 16). Multicriteria Analyses by Weighted
Sum were constructed for the research axes of Environment, Place and Mobility, as well as an
integration synthesis of the three approaches.

Delphi | Intermediate Context
Weight Weight

ENVIRONMENT | 1. Street afforestation 9 20,45
2. Cleaning and maintenance 9 20,45
3. Enough lighting 7 15,91
4. Natural features, flowers and planters, animals 9 20,45

5. Pleasant multisensory experience (sound, water, wind) 10 22,73 33%
100,00|
PLACE 6. Active facade, preferably small businesses 10 21,28
7. Mixed use 10 21,28
&. Recreational environments (as squares) and amenities (as library) 9 19,15
9. Resting spaces 8 17,02

10. Attractive designs, colors, textures, urban art 10 21,28 34%
100,00
MOBILITY 11. Safe places to walk and bike 10 23,26
12. Lane reduction, pedestrian street, pedestrian crossing, traffic calming 9 20,93
13. Sidewalk width 7 16,28
14. Painting or changing floor material 8 18,60

15. Physical barriers between the sidewalk and the street 9 20,93 33%

43 100,00 100%

Figure 16. Relative values associated to each indicator, technical opinion of adults.

4.3. Integration by Multicriteria Analysis

The Multicriteria Analysis by Weighted Sum aims to produce a ranking of areas more suitable
to less suitable for a given condition. The ranking determined the areas with the greatest potential
for active child mobility in the case study due to the concentration of indicators with favourable
conditions that make the site qualified for children.

It is elaborated through map algebra, in which each map presents its legend normalized from 0
to 10 (from the least adequate to the most adequate), and each map is assigned a weight depending
on its relative importance in the set (the sum of the map weights must be 100%).

Maps were produced by Multicriteria Analysis according to the children's values through the
opinions of the VGI stages, consultation on the hierarchy of indicators, ideas proposed in Geodesign
and values observed in the Artistic Workshop. In addition to the four maps, a fifth final integration
map was created (Figure 17, Figure 18).

It was also interesting to evaluate the level of uncertainty contained in the synthesis, and for this
purpose the SASE method was used - Sensitivity Analysis to Suitability Evaluation [39]. The method
aims to identify uncertainties or doubts about the result due to the greater sensitivity resulting from
changes in opinions about the importance of the integrated variables. There were identified areas
where there was a very low variation of results (defined as positive and negative and without large
variations between the partial results), and also the areas that were presented as high quality and
without uncertainties, and medium/low or low quality and low uncertainty (which are, in fact,
positive or negative) (Figure 18).

h J

j  MCA Hierarchy Query

MCA Geodesign

MCA Artistic Workshop

e IJ-H, R
= T
sttt 5 . Y 22

mm Medium to high mm  Medium to high mm Medium to high
- e - e - i

Medium

Figure 17. Multicriteria Analysis of each step.
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Figure 18. Multicriteria Analysis - Synthesis and Evaluation of Uncertainties.

The Multicriteria Analysis compositions were also carried out according to the opinion of the
adults, the technical group. Initially, the five variables of each axis of investigation of the indicators
were combined, resulting in synthesising the concentration of potentialities according to the
Environmental, Place and Mobility contexts. Finally, the integration by Multicriteria of the three
approaches was carried out, placing the same weight of one-third for each. (Figure 19).

MCA SYNTHESIS — ENVIRONMENT, PLACE AND MOBILITY

Legend.
B Low
Medium to low
Medium
I Medium to high
I High

Figure 19. Multicriteria Analysis - Synthesis and Evaluation of Uncertainties.

5. Development - The Geodesign workshop in the technical approach

Since all the data was prepared, composed by those collected in field camp and the ones resulted
from citizens listening (VGI), and once the technical maps on the characteristics, vulnerabilities and
potentialities of the study area (MCA) were prepared, all the information was organised in the
GisColab Geodesign project. The prepared maps were structured for consultation in the form of an
SDI (Spatial Data Infrastructure), and the technical group was organised to follow the framework
proposed by Moura (Figure 20).
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STEP 1 STEP 2 STEP 3
» DIALOGS: » DIALOGS:
READING CREATION OF COMMENTS ANS
ENRICHMENT IDEAS SUUGESTIONS

STEP 4 STEP 6
MEASUREMENT STERS ‘
OF ACHIEVEMENT VOTING ADJUSTMENTS
TO GOALS AND RESULTS

Figure 20. Geodesign framework proposed by Moura [40].

5.1. Reading Enrichment

Reading Enrichment is the first stage of the workshop, in which participants get information
about the study area through the collection of maps and data. They attended a lecture on the state-
of-the-art of active child mobility, its importance and contemporary challenges. Afterwards, they
analyzed the maps, doing overlaps and combinations, and registered points about alerts,
complementary information and notes they considered necessary for the workshop. They worked
separately in 3 groups, but the notes were later added up and taken to all contexts. (Figure 21).

Figure 21. Reading Enrichment step — in groups and all annotations.

5.2. Brainstorming Dialogues, Feedback and Goal Checking

The second step consisted of creating ideas for the area. The participants, still separated into
three groups, created ideas for the contexts of Environment, Place and Mobility. In a cycle of changing
contexts, all groups created ideas for the three research axes. The views were recorded as points, lines
or polygons, and contained a title associating to which indicators of completeness they could
contribute, and also had a description. In the following example, the first idea, “Lighting on Av.
Afonso Pena”, contributes to indicators 3, 5 and 11 (sufficient lighting; pleasant multisensory
experience; a safe place to walk and cycle) (Figure 22).
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In the third step, the participants, once again working in a cycle and going through all the
contexts, comment on all the ideas. These comments could be criticisms, suggestions of adjustments,
or questions, which favor the decision as support to the voting (Figure 22).

-~ X

Proposta lluminagao Afonso Pena $3,5,11

,.(7 ¥ a [
AT

Figure 22. Dialogues for Creating Ideas, associated with Indicators, list of comments.

As the ideas were being created, a widget displayed the histogram of the distribution of the
number of ideas associated with the completeness indicators. The widget is a result of the
application's ability to work with the WPS (web processing service) feature, a dynamic mapping layer
that updates result as new records are saved. With this, it is possible to verify the fulfillment of
established goals (Figure 23, Figure 24, Figure 25). Finally, a summary of the sum of the contemplated
indicators is presented in a general histogram so that in the proposal review stage, the participants
can try to adjust the lack of inclusion of some expected values, such as, in the example, the fact that
they did not pay much attention to indicators 7, 13 and 6 (mixed use; favorable sidewalk width; active
facade, preferably small businesses) (Figure 26).

Figure 23. Ideation Dialogs, Goals Check Widget — “Environment” Context.
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Figure 25. Idea Creation Dialogs, Goals Check Widget — “Mobility” Context.
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Figure 26. General distribution histogram of ideas associated with Completeness Indicators.

5.3. Voting, New Round of Adjustments and Decision

After preparing the comments for all the proposals and verifying the achievement of goals, the
participants then vote for “like” and “dislike”. The work takes place in groups, and the discussions
and ideas are by co-creation, but the vote is individual. The votes of each participant are recorded for
each idea and context (Figure 27).

Ideas that had more positive than negative votes are considered accepted, those that had more
negative than positive votes are rejected, and those that had votes close to an equilibrium, whose
difference between “like” and “dislike” was slight, are separated to a new round of discussion,
adjustments and voting. Finally, after the second vote, the final design is reached, a shared decision
process (Figure 28).
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Figure 27. Voting.
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Figure 28. Final Design.

In face to the final design, the ideas created and negotiated collectively, a product of a shared
process and through citizen listening, could then be developed and detailed through an authorial
process. In this way, the decision on “what”, “where”, and “why” to do was the result of a shared
process and balance between a technical approach and citizen listening, but the decisions on “how”

were an authorial proposal by the technicians. (Figure 29, Figure 30, Figure 31).

I':“‘-;?%f' C
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Figure 29. Example of Authorial Urban Design — Urban Road Requalification.
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Calgada 5 metros

Calcada 4 metros

Figure 31. Example of authorial Urban Parameterization — tree planting on sidewalks.

6. Final Considerations and Conclusions

The article reports the experience of associating citizens listening through the work with children
from a State School located in the central area of Belo Horizonte, to the technical approach, through
UFMG urban planning students.

It was observed that the low number of children who live the experience of walking to school.
The indices and results report the work with only five children, and generalizing statements cannot
be constructed. It will be essential to expand the sample with other schools and to expand the focus
beyond the home-school route, interviewing children who experience walking in the area to any
activity. However, the study resulted in the experimentation of a set of steps, which were evaluated
according to logistical difficulty (computer limitations), and the ease of children's participation in
tasks (which was high, and they actually showed themselves to be children from the i-generation).

In the production stage of technical maps by geoprocessing, to prepare the Multicriteria
Analysis, only 13 of the set of 15 indicators chosen by bibliographic review were mapped, due to the
availability of data. Despite having an excellent collection of data, the local government needs to
capture information on local scale data, which can make a difference when investigating road quality
and child mobility. In future studies, the list of indicators can be reviewed.
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Data were captured by voluntary mapping, by VGI application, both with children and with a
technical approach. When working with the children, the initial expectation was that they would be
able to carry out fieldwork with the VGI application on their cell phones. The technical team and their
parents could eventually help while they would register “like” or “don’t like” opinions in loco,
resulting in a mapping of topophilia and topophobia [30,31]. However, the authorizations and
restrictions to withdraw a child from school are complex, so they work from their memories of
perception and cognition [32, 41].

For the technical group, the VGI was used in the field by registering the presence of the 15
completeness indicators, which resulted in concentration maps, indicating vulnerabilities and
potentialities in each variable. The task proved to be easy to prepare and recorded a considerable
amount of information, demonstrating the tool's ability even to receive data captured by the
population in general, producing updated cartography, as it is possible to distribute the access link
to citizens and do a mediation of possible not adequate use.

In the Multicriteria Analysis stage, it was shown that, despite the natural differences of opinion
about the hierarchy of the integrated variables, the maps did not vary so much in terms of
highlighting the most qualified spaces, which were the ones with the highest concentration of the 15
completeness indicators. The map resulting from MCA with the children's opinion was very similar
to the map resulting from MCA from the technical approach, with variations only in the intermediate
results, with a clear definition of the most suitable and the least suitable areas for active child mobility
in the study area.

The Geodesign stage, the process of co-creation of ideas, was conducted analogically with the
children and on the GISColab platform with the technicians. In the future, it will be an objective to
conduct both experiences on the GISColab web-based platform. Despite the limitations in working
with the children, they were very active and confident in their opinions about ideas for transforming
the study area. Using all the data provided by previous steps, the technical group developed a design
through a process of co-creation and negotiation, followed by authorial detailing of the proposals.

The survey results could encourage the reexamination of public policies and guide participatory
planning and management processes in favour of promoting independent child mobility. Promoting
more sustainable urban lifestyles requires considering children as active agents capable of
contributing to decision-making processes [42].
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