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EXECUTIVE SUMMARY

Most of dengue fever breeding sites occur in private backyards of housings (PREFEITURA…, 2019; WEB
ARAPICARA, 2019; PORTAL G1, 2016), especially affecting the most vulnerable, as those people resident in
the PMCMV social housing developments, which already has over 6 million homes delivered throughout
Brazil (FUNDAÇÃO…, 2021; BRASIL, 2020; ELIAS-TROSTMANN, 2018). In Uberlândia (MG), the cases of
dengue in social housing accounted for 78% of the 38,000 people infected in the city in 2019 .1

The MORA group, from the Faculty of Architecture and Urbanism and Design of the Federal University of
Uberlândia and the Faculty of Architecture of The University of Sheffield are changing this situation with the
project “Co-producing healthy communities: retrofit of backyards to prevent arbovirus epidemics in
Brazilian social housing developments", affectionately nicknamed as "My House Without Dengue Fever".
Given the UN Sustainable Development Goals, this project has developed an effective approach to qualify
private backyards and eliminate the dengue mosquito from our communities in a lasting way, seeking to
address the SDG’s 3, 11 and 15 (INSTITUTO…, 2021; UNITED NATIONS, 2017; STEVENSON & PETRESCU,
2016).

According to the rapid survey of infestation by Aedes aegypti carried out in the city of Uberlândia in 2019,
outbreaks were found in drains (18.5%), plant dishes (11%), plant pots (9%), tanks (7.5%) and drums (6.5%).
With this, the survey shows that 84% of positive breeding sites for Aedes aegypti are inside homes, with 17%
inside homes and 83% in backyards (PREFEITURA…, 2019). The Aedes aegypti mosquito proliferates in urban
areas where waste and sealed soil accumulates water long enough for the vector to reproduce. Private
backyards with these conditions are difficult to access by the health agents, which highlights the need to
develop collective awareness to ensure action on combating the vector. This research assumes that lasting
solutions demand continuous intervention, especially with most vulnerable audiences, as those living in
social housings (SILVA, 2018; ZARA, 2016; OLIVEIRA, 2012).

To act in the elimination of dengue-favorable environments, a solid methodology was developed as a solution
space capable of helping the community to avoid the dissemination of dengue. This consists of an 8 methods’
toolkit that allow the understanding of the socioeconomic and environmental context, the recognition of
home management practices, in addition to providing opportunities for reflection and intervention on the
built environment during co-production workshop sessions (4 presential, 2 online, across 5 months)
(FRANCES & STEVENSON, 2019; STEVENSON & RIJAL, 2010; GRAM-HANSSEN, 2009).

The participation of 7 families in all stages of this pilot performance provided us with enough positive
indicators that the methods developed were successful and could have even more potential on a wider and
bigger scale. The results indicate that after the presential co-production sessions, 7 families improved their
knowledge on dengue symptoms, forms of transmission and reproduction, prevention and treatment. 4 out
of 7 families made changes to their backyards to prevent dengue (while 3 made no changes at all), and 7
families found the information given in the workshop useful, and affirmed they were applying it in their daily
lives.

After all, as an outcome from the development and successfull performance of the methodological solutions,
as well as from the researchers’ perceptions regarding the workshops’ sessions highlights (presential and
online), two main products were designed: 1. Guidebook; and 2. Web App (VILLA et al., 2020a; VILLA et al.,
2020b; GONZALEZ, 2018; KOWALTOWSKI, 2018; CHANDLER & UNGER, 2009; COLE, 2005). Their main purpose
is to influence the broader context, replicating the experience of the workshops, expanding

1 According to internal data provided by the Zoonose Control Center, compiled by the authors.
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knowledge/action on the relationship between dengue proliferation and the management of the built
environment in social housing. See at: https://www.casaresiliente.com/minha-casa-sem-dengue.

As seen in more detail throughout this projects’ final report, 6 important contributions can be synthesised as
follows:

1)    Poor construction quality and expansions occurs without professional support
The study shows that around 90% of the houses in Shopping Park neighbourhood had been

expanded or renovated since its inauguration in 2010. This process represents a cycle where the expansions
decrease the permeable area at the same time increasing waterproofed ground. Afterwards, the expansions
generate tons of debris, which are expensive to be properly moved away, so they remain on backyards or
streets waiting for someone else (local authority) to remove them. Most residents don’t have money enough
to complete expansion at once, so they tried first to collect material, storing them in the backyard. It could
take several years until they are used. This scenario forms the perfect place for breeding grounds – Lots of
materials ready to get the water stuck (see pages 71 – 85 of the complete report). Public policies must
address this questions urgently.

 2) The Solution is Collective Action
As seen in other studies (ZARA, et. al., 2016) Aedes Aegypiti mosquito could cover up to 500 metres

in the search for food (human bloody). It means that just one good breeding ground could affect greater
areas of the community. Eliminating mosquitos must be a collective action. The developed methodology
shows to be able to deliver strong empowerment and community sense. The project needs to be continued
to reach the entire neighbourhood.

 3) The Methodology is effective
The project has built a solid methodology as a solution space capable of helping the community to

avoid the dissemination of arboviruses. However using only 10 houses sample, the results also indicate that
all participants have changed their practices to avoidi mosquitos proliferating. And the results, as seen 5
months after the end of the workshops, show that they had changed their practices effectively. Despite
performing the activities directly with only 10 families, hundreds of people in the community had the
opportunity to know about the methods which are: 325 students from the Shopping Park Secondary School,
168 families from the NGO Estação Vida and 23 neighbours of the 10 sampled families.  

4) Scale up is key for wider results
Given the collective nature of facing arboviruses epidemics, the project should be scaled up in future

actions. In this pilot study, important partners raised like Shopping Park secondary school from which two
workshops with students have been performed, NGO Estação Vida a vibrant institution serving the
community and Uberlandia Zoonosis Control Centre that demonstrates the desire to collaborate in future
projects.

 5) Digital methods for COVID-Proof projects
The methodology as developed proved to be quite resilient to be COVID-19 proof. Due to the

pandemic contingencies, the team turn the methods into digital ones, developing tools that will be a legacy
for future projects. Also, a flexible web application has been developed to be used in different studies. The
gain from the development of digital methods will help the study to go to wider contexts, other countries
and different climate zones.

 6) Innovative students/researchers training
The project provided intense training for students at different levels. from undergraduate to

doctorate, all 11 students were able to participate and actively contribute to their studies. This methodology
is put into practice at Grupo Mora and is an example of vertical integration between different levels of skills.
(see https://morahabitacao.com/)

KEYWORDS - Post-Occupancy Evaluation; Co-production; Social Housing; Healthy Communities;

Arboviruses.
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Estação Vida NGO

INTRODUCTION
The repetition of poor planning and construction models in the national ‘Minha Casa Minha Vida’

Programme (PMCMV) for 6 million homes – Brazilian Social Housing Federal Programme - continues to have a

negative impact (FUNDAÇÃO…, 2021; AMORE, SHIMBO & RUFINO, 2015). Developing resilient housing

communities that can respond to climate change requires a rapid action to address increasing short-term

environmental and health shocks and long-term environmental change in such housing, as part of the global

challenge within key UN Sustainable Development Goals 3 , 11 and 15 (INSTITUTO…, 2021; UNITED

NATIONS, 2017; STEVENSON & PETRESCU, 2016). Helping communities to build their capacities and

improving their resilience to tackle the social and environmental changes are clearly stated as a mission for

the Sheffield School Architecture as well as for the Faculty of Architecture and Urbanism and Design from

UFU.

This project focuses on one PMCMV social housing neighbourhood in the city of Uberlândia, Brazil, as

typically representative of this national programme. Previous studies in the area encompassing 4,000

semi-detached houses identified three significant issues impacting residents’ health and well-being: (i) poor

acoustics; (ii) poor thermal comfort and (iii) backyard breeding grounds for disease (VILLA et al., 2017). Due

to a brutal increase in the arboviruses epidemic in Brasil (Dengue, Zika and Chikungunya) affecting social

housing communities, this pilot research-action will focus on residential backyards as an identified breeding

ground. In 2019, the disease affected 1.4 million people in Brazil and killed 419. Considering that the intensity

of the disease symptoms debilitates the patient for up to 7 days, an estimated total of 9.8 million work days

were lost in 2019. In the city of Uberlândia, mapping of Dengue shows that viruses mainly affect the social

housing communities which are located in peripheral areas². In Uberlândia (MG), the cases of dengue in

social housing accounted for 78% of the 38,000 people infected in the city in 2019 .2

Despite local authority efforts to control the spread of the epidemic, solutions remain challenging

because: the vaccine isn’t safe and efficient enough to be used; the Aedes aegypti mosquito proliferates in

urban areas; accumulated waste and sealed soil areas are the favourite places for mosquitoes to lay eggs;

private backyards with these conditions are difficult to access by the health agents; most of mosquito

breeding grounds are in the backyards. According to the rapid survey of infestation by Aedes aegypti carried

out in the city of Uberlândia in 2019, outbreaks were found in drains (18.5%), plant dishes (11%), plant pots

(9%), tanks (7.5%) and drums (6.5%). With this, the survey shows that 84% of positive breeding sites for

Aedes aegypti are inside homes, with 17% inside homes and 83% in backyards (PREFEITURA…, 2019).

2 According to internal data provided by the Zoonoze Control Center, compiled by the authors.
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Considering the clear correlation between the built environment characteristics and the proliferation

of the disease (PREFEITURA…, 2019; WEB ARAPICARA, 2019; PORTAL G1, 2016), as well as the difficulty

involved in combating the vector in private backyards, studies and projects are needed regarding spatial

solutions to prevent the reproduction of mosquitoes. The proposed action-research investigates mosquito

behaviour, the pattern of epidemic proliferation, and their relationship with the built environment, in the

most affected areas social housing neighbourhoods. As the engagement of the residents is crucial for the

success of the project, co-production is deployed as a key research method.

The research partnership combines interdisciplinary expertise in co-production technics, built

environment evaluation and environmental health. Through this pilot study, we can test and co-produce

spatial retrofit solutions and toolkits for reducing arboviruses epidemics, making a real difference to the

residents and local governments. This will be expanded to other social housing typologies in different

Brazilian climate zones in the next planned project.

CASE STUDY - THE PMCMV’s SOCIAL HOUSING
DEVELOPMENT “SHOPPING PARK”

The Shopping Park neighbourhood was started in a context of urban expansion in the city of

Uberlândia. Its emergence occurred, in a troubled way, in the early 1990s, when Carlos Sabagg, owner of

large plots in the southern sector, illegally started two subdivisions. The project was initially blocked by the

Municipality of Uberlândia, which alleged the lack of environmental impact studies, the lack of demarcation

of the Permanent Preservation Areas (APPs), the non-compliance with the laws of use and occupation of the

land and the generation of demand for public transport in an area not yet foreseen. However, despite the

changes required and without City Hall approval, the works continued and, in 1992, the subdivisions were

approved (ARANTES, 2018).

In its genesis, the subdivisions were intended to serve high classes, but, with the absence of

infrastructure and the distance from the center, this did not occur (BATISTA & RAMIRES, 2017). In this way,

the lots were devalued and sold at lower prices, which led to a process of speculation and the purchase of

several lots by the same person / company, which triggered large empty spaces in the original portion of the

neighbourhood.

In its early years, due to the precarious infrastructure that was unable to meet local demand, the

neighbourhood had few inhabitants. It was only in 2010, with the incorporation of new subdivisions

promoted by the PMCMV governamental programme, that the neighbourhood started to expand. Allotments

were created from the project: Residencial Jacarandás I and II, Residencial Xingu, Tapajós, Sucesso Brasil,
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Vitória Brasil, Villa Real, Villa Nueva and Gávea Sul (image 1), comprising 3632 houses. This led to an

approximate population in this neighbourhood PMCMV of 14528, generating a sizable community to study.

Image 1 – Allotments of Shopping Park neighbourhood.

Source: Arantes (2018, p. 89).

As the intent of this research is to retrofit backyards as a way to prevent and combat arboviruses in

social housing developments, we have focused our researches on the area comprised by the subdivisions:

Residencial Xingu, Tapajós, Sucesso Brasil, Vitória Brasil, Villa Real and Villa Nueva, which are further away

from the road accesses to the neighbourhood where the development is located, having a combined

population of approximately 10536 people.

METHODOLOGICAL PROCEDURES
The research comprises the development of post-occupancy and co-production assessment methods

as well as their application procedures in the pilot case, seeking to produce spatial retrofit solutions and

toolkits for reducing arboviruses epidemics, building on previous methods developed in “[RES_APO 1]

Method of analysis of the Resilience and Adaptability in Social Housing Complexes through Post Occupancy
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Evaluation and Co-production” between 2016 and 2017. The pilot case is a PMCMV social housing3

development undertaking in the city of Uberlândia entitled “Shopping Park”, located in the southern sector

of the city and delivered by the federal government in 2010 (previously presented).

RESEARCH STAGES

For the execution of the methodology, 10 work stages were outlined, as described below and

summarized by Chart 1.

Chart 1 – Research Stages.

3 https://morahabitacao.files.wordpress.com/2015/07/full-final-report-june_2017.pdf
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1. MAPPING OF THE OCCURRENCE OF DENGUE in Shopping Park neighbourhood from 2019 Uberlândia

Secretary of Health report.

⋅ Mapping the incidence of arboviruses in Shopping Park Neighbourhood in 2019

⋅ Working on Satellite Image (Digital Globe High Resolution – 35 cm resolution) Scoping and selecting

the backyards - cross data with the incidence.
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⋅ Correlate the occurrence of dengue and climatic conditions in the city of Uberlândia between 2010

and 2019.

2. MONITORING OF CLIMATIC CONDITIONS - understand the relationship between climate conditions and

dengue cases in the city of Uberlândia in the decade (2010-2019); Monitor climate conditions on Shopping

Park neighbourhood during the research period (2020-2021) through the installation of an in-site portable

meteorological station on the study area; Understand the correlation between climate conditions and egg

countings’ in the Shopping Park neighbourhood during the research period (2020-2021), considering

environmental characteristics influence.

3. RESEARCH METHODS DEVELOPMENT - post-occupancy evaluation methods, activity scripts for workshops

and impact monitoring questionnaires will be developed in order to support the development of stages 4, 6,

7 and 8.

4. RECRUITMENT OF RESIDENTS TO ENGAGE IN THE PROJECT – from the application of method 1 (pilot

questionnaire: socioeconomic and environmental characterization).

5. INSTALLATION AND WEEKLY MONITORING OF EGG TRAPS - each eggtrap has to be visited once a week to

collect the strip with the eggs. After that, the wood strips shall be carried to the lab to count the number of

eggs.

6. DEFINITION OF HOUSES FOR SAMPLING AND PILOT WORK - definition of the families that will participate

in the workshops and act as pilots for this research’s methodology development, from registration lists

owned by the research group and in another list, obtained from the NGO Estação Vida.

7. WALKTHROUGH IN THE SELECTED HOUSES: an interdisciplinary team of researchers will analyse, measure,

and evaluate the previously selected houses via a POE technique – the walkthrough.

8. CO-PRODUCTION WORKSHOPS WITH RESIDENTS TO IDENTIFY AND CO-PRODUCE SET OF SOLUTION

TOOLS FOR THE YARD: The preliminary results of stages 1, 2 and 5 will be discussed in co-production

workshops which will aim to increase participant’s awareness on how elements of the built environment

favour mosquitoes breeding, as well coproduce knowledge/solutions on how built environment

characteristics are related to/can fight dengue in a resilient way. At this stage, the participation of the NGO

Estação Vida will be essential, since they have a strong capacity to mobilize the neighbourhood community.

9. STUDIES TO ASSESS THE LEVEL OF ENGAGEMENT AND THE EFFECTIVENESS OF THE SOLUTIONS FOUND

-physical assessment and occupant studies will be carried out with participant residents to assess the

efficiency of pilot solutions in terms of reducing risk of infection and the number larvae and sociotechnical

adequacy of solutions as a set of replicable tools. To measure the success rate, we intend to compare eggs

counting variation from an year’s wet season to another’s, and a cross check on the spatial elements of the

yards. The results of technical studies will lead and assist in refining the toolkit.
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A set of solution tools will be organized consolidating results from the fieldwork and workshops sessions.

Guidebooks and a web application will be developed to spread solutions. The conceptual basis for the

solutions will come from the workshops held. Skype meetings between all investigators will be used to

finalize the toolkit.

Analysis based on Theory of Change will permeate the development of all stages of work, aiming to monitor

the level of engagement of participants as well as the impacts generated in the neighbourhood by the

research actions carried out.

10. ACTIONS TO REPLICATE THE EXPERIENCE to refine the proposed variations of the retrofit toolkit through

with a new involvement and assessment of residents led by experts – develop engagement and enable

dissemination, as well as designing products to enable new approaches. The goal is to develop the

engagement of residents and enable them to disseminate the set of tools and continue their resilient

development within their local community. Chart 1 (previous page) summarizes the stages and their

respective objectives.

ONLINE WORKSHOPS TO ASSESS THE ASSIMILATION OF THE RESULTS: This workshop will refine the

proposed variations of the retrofit toolkit through a new involvement and assessment of residents led by

experts.

IMPACT ANALYSIS

This research assumes that by establishing a set of retrofit tools, co-produced with the community, arbovirus

epidemics can be reduced with potentially substantial positive effects on health, well-being and the built

environment. Considering this, the following outcomes are expected:

⋅ Conceptual: Establish a concrete relationship between the configuration of the built environment and

the proliferation of the mosquito, providing practical solutions based on research evidence for decreasing

arboviruses epidemics.

⋅ Methodological Method: Provide protocols and results that allow the replication of the retrofit toolkit

methodology, in a larger bid, to all PMCMV housing communities in Brazil, consisting of 4.4 million

homes. The methods and techniques can be replicated to other neighbourhoods in other climate regions,

building typologies and densities, using the agents involved in the original cases for the main GCRF

research project.

⋅ Capacity-Building: Improve the capabilities of early career researchers involved in the project, especially

in co-production techniques and built environment evaluation; Increase the levels of empowerment and

social engagement in social housing in Brazil, by bringing residents to the centre of decision-making in

their local communities through co-production.
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⋅ Enduring Connectivity: Increase engagement of diverse sectors of society such as community leaders,

NGOs, Local Authorities, Entrepreneurs, Researchers and other residents; to expand the PMCMV retrofit

network; Strengthen international research and cooperation ties between the two key research groups

[MORA] housing research at FAUeD / UFU and [People, Environment and Performance] of SSoA /

Sheffield University – TuoS.

Given our understanding of the current context regarding the case study, derived from the previous research

developed by the team [RESAPO 2 and 3] , and from the performing of the research goals within the4

community, these are the behaviours we would:

Expect to see Dissemination of in-depth knowledge about the danger offered by arboviruses and how
mosquitoes proliferate according to conditions of the built environment.

Like to see More engaged community and changes in behaviour regarding the arboviruses issue.
Love to see Concrete actions and relationship between the community, NGOs, Local agents and the

municipal government.

In order to favour the achievement of such goals, an impact framework was developed, based on the Theory

of Change (TILLEY, BALL & CASSIDY, 2018) and structured as illustrated by Chart 2. The complete chart with

the pathways defined for reaching and evaluating impact in the present research is shown in Annex 1.

Chart 2 – Impact Framework Structure.

ETHICS PROTOCOL

All methods and techniques developed and performance protocols used were previously approved by

the National Research Ethics Committee (CONEP) in Brazil, under the protocol number

31593420.5.0000.5152.

The approved protocol is available at: https://plataformabrasil.saude.gov.br/login.jsf

4 Final report available at: https://morahabitacao.files.wordpress.com/2015/07/full-final-report-june_2017.pdf
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From april 2021 on, due to the COVID-19 contingencies, data from the Uberlândia Zoonoze Control

Centre were used to monitor mosquitoes’ eggs infestation.

DEVELOPMENT
1. MAPPING OF THE OCCURRENCE OF DENGUE

OBJECTIVE: Spatialize dengue in Shopping Park neighbourhood from 2019 Uberlândia Secretary of Health

report.

Voordt and Wegen (2013) affirm that the results obtained by conducting a research demand

registration capable of translating the findings and making them accessible to those interested in the design

process. For the mapping activities within the research, the methodology employed included data mapping

through the use of Quantum Gis and Qlick software for georeferencing and statistical data treatment. The

data input will be made from the following database:

a) by the Epidemiological Control Centre of the City of Uberlândia with the incidence of Arbovirus;

b) weekly field data from the distribution and counting of the presence of mosquitoes in 12 Ovitrampas

(mosquito egg traps);

c) mapping from flight and photogrammetric survey in the neighbourhood with the quantification of

green areas, debris areas, new built areas, impermeable areas, the presence of debris, the presence

of suitable places for water accumulation.

MAPS DESIGN METHODOLOGY AND GEOSPACE

The analysis and mapping of the project's geographic data took place, using geoprocessing and

spatial data visualization software, such as QGIS and Google Earth, in addition to data analysis and tabulation

software and tools, such as LibreOffice Calc, in addition to use of the geolocation API provided by the Google

Cloud platform.

The stage of identifying the land uses of interest in the research, a survey of aerial photographs was

carried out by means of the drone, which after its analysis in a GIS environment (Geographic Information

System), which was then exported to Google Earth, allowing the identification of the uses and vector

acquisition of spatial data. Subsequently, such vector layers were exported to QGIS, where the data collected

were checked, standardized and then the area of the digitized features was calculated to quantify the area

occupied by each class in the study area.

The data collected from the Zoonoze Control Center, of the Municipality of Uberlândia, with the cases

of dengue that occurred in the municipality in 2019 was standardized and normalized. After this, the

geolocation was carried out using the address registered by the agents of control of zoonoses, based on the

identification of the dengue cases. This procedure was carried out in the QGIS software, using the MMQGIS

14



plugin, using Google's geolocation API (Application Programming Interface). It is important to highlight that in

only 0.9% of the cases (12 in 1360) the absence of data or incomplete registration, did not allow its

geolocation. Thus the study counted on a solid databasis.

The same geolocation procedure took place with other data such as: location of ovitraps

installed by the project team for monitoring mosquito eggs in the study area and address of NGO students

(Non-Governmental Organization) and interviewed. From the geolocation of the data, point maps were

elaborated (see image 2,3,4 and 5 below), showing the location of the different variables mentioned.

With regard to geospatial analysis, a spatial interpolation technique was used, based on weighting by

the inverse of the distance (IDW). According to Longley et al. (2013, p. 375) “IDW achieves the desired

objective of creating a smooth surface whose value at any point is more similar to that of nearby points than

those more distant”. This allows a better understanding of spatial dispersion phenomena, as in the case of

epidemics, which are presented in a GIS environment in the form of vector fields. This spatial interpolation

technique is based on Tobler's First Law, that is, it also consists of a spatial autocorrelation technique

(LONGLEY et al., 2013).

The result obtained by means of this technique is represented in the form of heat maps (see images

16-21), showing the spatial distribution of the continuous values   present in the matrix layer originated

through the layer of points used as the basis for carrying out the process. Thus, it becomes possible to

identify, respectively, the areas of highest and lowest occurrence of the analyzed phenomenon, which, in the

case of this project, is related to the number of eggs collected in the eggtraps over the analyzed period

and in time intervals (weekly) over that period.

For the representation of the number of registered dengue cases in 2019, as well as the information

obtained through the features of the land use classes (which helped in understanding the occurrence of

dengue cases in the study area) the method was used of Kernel Density Estimation. According to Longley et

al. (2013, p. 373) "density is an abstraction, created by taking discrete objects and applying a convolution to

their distribution through a kernel function". In this case, the result is also a heat map.

DENGUE CASES IN THE NEIGHBOURHOOD (2019)

To better correlate the pattern of the incidence of dengue with the physical characteristics found in

the backyards in the southern portion of the neighbourhood, the data on the occurrence of dengue cases in

the Shopping Park neighbourhood was mapped using data from the Health Department of the Municipality

of Uberlândia , in the year 2019 (image 2).
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Image 2 – Incidence of dengue cases in the Shopping Park neighbourhood in 2019.

Source: Secretariat of Urban Planning - PMU (2017), Secretariat of Health - PMU (2019), Google Earth Pro (2020),
Google Geocoding API.

Image 2 reveals a high incidence of cases of the disease in the portion of the neighbourhood being

studied, homogeneously. It is important to emphasize that this uniformity is not related to the presence of

the mosquito, since, according to ZARA, et. al., 2016, they have a radius of 50 to 400 meters, depending on

the demographic density of the region. The homogeneity we are dealing with here is that of people infected

by the disease.

By using the neighbourhood analysis in Image 2 as a basis and choosing a reduced area for action, it will

be possible to measure the effectiveness of the research actions carried out subsequently. This is because,

with a smaller area, the mobilization of residents is more easily facilitated, and the quantitative changes end

up being more visible, which contributes to a more realistic assessment of the degree of efficiency of the

actions proposed in the core of this project.

MORPHOLOGICAL MAPPING

High resolution aerophotogrammetry was used to perform the morphological mapping - made possible by

the resources provided by the Global Challenges Research Fund (GCRF).
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Image 3 – Aerophotogrammetry.

Source: Google Earth Pro (2020), Maxar Technologies (2020).

Image 4 – Morphological mapping.

Source: Autores.

From the ariel image obtained, it was possible to identify characteristics in the outdoor home environments

known for the proliferation of the Aedes aegypt mosquito, more specifically related to the accumulation of water. Some

17



of the aspects observed were the extensive waterproofing of some yards using solid concrete, the accumulation of

debris and objects and home  extensions carried out by the residents in a precarious way.

Thus, through aerophotogrammetry and the Google Earth program, polygons were created across the

analyzed region, delimiting: (i)natural areas with vegetation or earth, in light green; (ii) artificially waterproofed areas, in

pink; (iii) extensions carried out by residents, in yellow; (iv) rubble, in red; (v) water accumulation sites, in blue; and (vi)

afforestation, in dark green (image 4). Image 5 next shows the morphological characterization of the neighborhood

related to the land uses at the site. Considering that more than 80% of breeding grounds are located in the houses´

backyards and given the work local authority does on keep cleaning the public spaces, the project concentrates on the

critical areas which are the private spaces. The morphological study seeks to understand the correlation between the 6

different reported characteristics and the proliferation of the mosquito. However, since they could fly at least 500

metres in the search for food, the worst case in terms of favourable conditions for breading grounds not always match

with a larger incidence of the disease. This indicates that the prevention work should be collective since one bad spot

could serve as a breeding ground and affect a significant portion of the neighbourhood.

Image 5 - Land use x morphological characterization.

Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.

MOSQUITO EGGTRAPS

Eggtraps definition
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Eggtraps are a traditional environmental health research tool for population monitoring of Aedes

aegypti, based on the physical simulation of a perfect environment for mosquito breeding. It is a very simple

mechanism, consisting of a plant pot with a small amount of water and a wooden palette (porous material)

that is inserted in the container, making it easier for the female of Aedes to lay her eggs. Images 6 and 7

illustrate the process of training researchers to assemble and handle ovitraps with UFU's environmental

health and epidemiology team. The images from 8 to 10 illustrate some of the eggtraps installed in the

neighbourhood.

Images 6 e 7 – Training for assembly and handling of eggtraps.

Images 8, 9 and 10 – Examples of installed eggtraps.

The eggtraps were installed in strategic locations in 10 houses. Each week during a period from X to X

in the rainy season (the season for mosquito breeding), the wooden pallet is collected and sent to the

laboratory for counting the number of eggs, with a new one being placed in its place. The number of eggs is
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tabulated and their results are spatialized, making it possible to monitor the activity of the mosquito in that

particular location.

Eggtraps position: recruitment of residentes for installation

Through a network of contacts made available by the Estação Vida NGO, a key partner in the project,

contact was made with residents of the neighbourhood and 10 eggtraps were distributed in the backyards of

the residents who agreed to collaborate with the project.

Image 11 – Eggtraps positioning.

Source: Urban Planning Secretariat - PMU (2017), Google Earth Pro (2020), adapted by the authors (2020).

SPATIALIZATION AND DATA CORRELATION

Eggtraps results from weekly monitoring

In this section the results from the egg count in eggtraps are shown and analysed for the months of

April and May 2020 (Charts 3 and 4).

Chart 3 - Eggtraps results: april 2020.
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Chart 4 - Eggtraps results: may 2020.

The egg count in the month of April was spatialized and then correlated with the results

from the ovitramps and the morphological mapping (Images 12 to 14).

Image 12 - Incidence of breeding grounds of Aedes aegypti on 10/04/2020.
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Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.

Image 13 - Incidence of outbreaks of Aedes aegypti on 04/17/2020.

Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.
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Image 14 - Incidence of outbreaks of Aedes aegypti on 04/24/2020.

Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.

Image 15 - Total incidence of breeding grounds in April 2020.

Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.

Throughout the month of April it was observed that many of the eggtraps had low or no presence of

eggs of the mosquito Aedes aegypti. The traps in which the incidence of eggs was identified werethose in the
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southeastern region of the area, where a high egg count was observed every week. It is also worth

mentioning the west and northwest regions, which had a high count in at least one week of the month.

In general, as shown in image 15, with the total incidence of breeding grounds in the month of April,

we conclude the existence of three well-defined hotspots, located, as mentioned above, in the southeastern

regions with greater intensity, and south and northwest.

Morphological mapping x Eggtraps results

As previously discussed, the morphological mapping was used for the spatialization of the

characteristics responsible for the proliferation of the mosquito in the backyards of the residences. Based on

this premise, heat maps were built for the analysis of each of the variants, making the correlation with the

eggtraps data possible to observe (image 16). However, with the small sample of 10 houses, it is possible to

indicate that the coincidence of fovarable places for egg breeding (Impermeble areas, House’s extensions and

accumulations of material) led to a slightly larger egg counting in this portion. Despite highlighting the

concentration of these characteristics in the south-eastern area, morphological map shows that favourable

conditions for breeding grounds occur all over the neighbourhood, turning more difficult the identifying of a

single hotspot.

Image 16 - Permeable areas in the southern part of the neighbourhood.

Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.
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Analyzing the permeable areas on the map, it is possible to notice that the permeable areas are

clearly less evidenced than the impermeable ones. They are concentrated on the centre portion the area

where there are a set of green (natural forestation) areas as seen on image 17.

Image 17– Urban voids in the southern part of Bairro Shopping Park.

Souce: Google Earth Pro (2020), Maxar Technologies (2020), adapted by the author (2020).

Image 18 - Impermeable areas in the southern part of the neighbourhood.

Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.

In contrast to the permeable areas, the impermeable areas appear more strongly in some regions of

the map. Most notably, with clusters predominantly medium-low to high intensity, the southeastern region,

which as previously noted, has the highest mosquito egg count among the 10 homes monitored in the whole
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neighbourhood (image 18). The northern, northwest and southern regions, where breeding grounds were

also found, similarly showed zones of medium-low to high density of permeable ground. The other areas, on

the other hand, had few impermeable surfaces.

Image 19 – Expansions in the southern part of the neighbourhood.

Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.

As for the heat map of the extensions carried out by the residents in their homes, it is possible to

observe that they match with the location of impermeable areas. This can be due to the fact that the

extensions are often accompanied by partial or total paving of the land, an aspect considered an

“improvement” by the residents, who are unaware of the need for green areas to help the reduction of stuck

water – the main element of egg breedings.

Thus, this map also shows debris (accumulation of materials) hotspots in the north, northwest, south

and southeast regions, which, again, are areas where Aedes aegypti eggs were found in eggtraps. Meanwhile,

the other portions of the neighborhood showed a low to medium-low density of enlarged areas (image 19).
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Image 20 – Accumulation of materials in the southern part of the neighbourhood.

Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.

Image 21 – Water accumulation in the southern part of the neighbourhood.

Source: Secretariat of Urban Planning - PMU (2017), Google Earth Pro (2020), Google Geocoding API.

The accumulation of materials by residents is coincident with imperbeable areas and those

concentraing major number of hoses extensions, containing some more critical points in the northeast,

southeast and south. Bearing in mind that even the places with the lowest number of accumulated materials

can also offer favorable environments for the mosquito's reproduction (image 20). The coincidence of these 3

characteristics (Impermeble areas, house extensions and accumulations of material) are likely due to a

viscious cicle in which houses extensions have led to a larger impermeable areas, consequeltly coming along

with deforestation and accumulation of material (especially debris), a perfect scenario for breeding grounds.
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Finally, water accumulation sites, such as swimming pools without proper maintenance and tarpaulins, are

present in almost the entire map more sporadically than the previous items. A few hotspots are present in

the southeastern part of the map (image 21).

2. MONITORING OF CLIMATIC CONDITIONS

OBJECTIVES: Understand the relationship between climate conditions and dengue cases in the city of

Uberlândia in the decade (2010-2019); Monitor climate conditions on Shopping Park neighbourhood during

the research period (2020-2021) through the installation of an in-site portable meteorological station on the

study area; Understand the correlation between climate conditions and egg countings in the Shopping Park

neighbourhood during the research period (2020-2021), considering environmental characteristics influence.

CORRELATION BETWEEN CLIMATE CONDITIONS AND DENGUE CASES IN UBERLÂNDIA

(2010-2019)

Methodology

Given the scope of the proposed theme and seeking to understand the various correlations of

present and future climatic variables with dengue, it is noteworthy that in this study the following

methodological procedures were used:

1. Bibliographic survey and readings of material on the relations between climate and dengue,

climate change and changes in disease patterns, urbanization, environmental health and dengue.

2. Collection, analysis and organization of secondary data (both quantitative and qualitative) through

government portals such as the Brazilian Institute of Geography and Statistics (IBGE), IBGE System of

Automatic Recovery (SIDRA), Informatics Department of the Unified Health System of Brazil (DATASUS),

Ministry of Health (MS), National Institute of Meteorology (INMET), National Institute of Space Research

(INPE), Climate Change Projections for South America Regionalized by the Eta Model (PROJE).

3. Spatialization of the cartographic information collected and analysis of the climatic arrangements

of the sectoral distribution of dengue in the urban perimeter of Uberlândia-MG.

4. Application of statistical analyses and modeling in order to prove the effects of climatic variables

on the behavior and incidence of dengue in Uberlândia based on Generalized Linear Models with poisson

and binomial negative logarithmic function.

All analyses were performed with the aid of software R version 4.0.2
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Generalized Linear Models (LGM) introduced by Nelder et al. (1989) are a class of models, being an

extension of simple and multiple regressions, making it possible to use other distributions, necessarily from

the exponential family, characterized by being used in data in which the response variable is counted,

categorical and asymmetric.

Be Y1,... Yn a random sample, and be a vector of covariates associated with each Y iresponse. 5% being

the minimum sample size for it to be significant. That is,

Xi = , where Xi0 = 1, ..., n.𝑋𝑖0 … 𝑋𝑖𝑝 ( )

LGM's involve a univariate response variable, explanatory variables and a random sample of n

independent observations, and

i) the response variable, a random component of the model, has a distribution belonging to the

distribution family that encompasses the normal, gamma, and inverse normal distributions

for continuous data; binomial for Poisson and negative binomial proportions for counts;

ii) explanatory variables enter the form of a linear structure, constituting the systematic

component of the model;

iii) the connection between the random and systematic components is made through an

appropriate function, such as logarithmic for log-linear models, called the connection

function.

ưi = Xi'β = β0 + β1Xi1 + ... + βpXip

The random component must belong to the exponential family, the most used of the normal,

Binomial, Bernoulli, Poisson, Exponential, Gamma, Binomial Negative distribution.

The Poisson distribution is the most commonly used for analysis of counting data, having as a

probability function:

f (x; θ) = ,
𝑒−θθ𝑥 

𝑥!

being that E (x) = θ and Var (x) = θ

Poisson distribution applies to observations in the form of counts, as well as in variables of the

continuous type, provided that the value of hope is equal to the value of the variance of the data. From the

moment it is identified that the variance of the data is greater than the mean, the Poisson distribution can no

longer be used, because it hurts the main assumption of this distribution. To this, it is called overdispersion.

Thus, when this happens, it is either verified the possibility of inserting another parameter for the model, or

the negative Binomial distribution is used, which is the most indicated for cases of overdispersion.
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The negative binomial distribution has as probability function:

P (X = x) = , k = 0.1,... n𝑟 + 𝑘 − 1 𝑟 − 1  ( )(1 − 𝑝)𝑘𝑝𝑘

Assuming a sample size n, we have to

E(Yi | xi, τi) =  μiτi ,

τi heterogeneity not observed:

E(Yi | xi, τi)= exp(β0 + β1Xi1 + ... + βpXip(Ưi),

That is:

τi = and

p(yi |xi,τi) ~Poisson (μiτi)

and f(τi)~ gamma (α, α)

soon

p(yi | xi)~Binomial Negative. Soon,

Var(Yi |xi) =E(Yi |xi)(1 + δ),

Being δ = αμi > 0

Negative binomial distribution is used when the heterogeneous data count is identified, that is,

where the variance of the data is greater than the mean.

Naturally, considering that the response variable is counting data within a space-time, it tends to

work with the Poisson distribution, from the logarithmic function, after preliminary analysis of the data, it

was verified the presence of overdispersion, thus not being able to use Poisson distribution, because this

distribution requires that average and variance be equal.

Thus, the negative Binomial distribution was used, in which it is assumed that the variance is greater

than the mean (Var (x) > E(x)).

Initially, both covariates (maximum temperature, minimum temperature, average temperature,

precipitation and relative air humidity for the 10-year series – 2010/2019, totaling 120 months for each

co-variable) were verified separately, in order to identify independent significance in relation to the number

of cases. Only the variables minimum temperature, mean temperature (indicator) and relative humidity
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were significant. The other variables did not present statistical significance, even after the inclusion of lags of

up to 3 months, and the variable relative humidity of the air presented the best fit.

Continuing the analyses, it was verified, from the graphs of the model residuals and by the value of

the criterion of selection of AIC models (Akaike), the existence of annual temporal drift.

Akaike's information criterion is defined by:

AICp = -2log(Lp) +2[(p + 1) + 1],

where

Lp is the verisimilitude function of the model;

p is the number of explanatory variables in the model.

According to the AIC criterion, the lower the value of the resulting statistic, the better the adjusted

model. After the creation of the variable control year for the selection of the models, there was an

improvement in the quality of the adjustments. Thus, both selected models had the year as control variable,

considering the presence of an epidemic in only a few years analyzed.

Findings

The database consists of monthly data of dengue cases between the years 2010 and 2019 of the city

of Uberlândia, (unfortunately, at the current date of the research, the 2020 data have not yet been released

in DATASUS, and the original data, coming from the Municipal Health Department, show an apparent

under-nitification in this period of the COVID 19 disease) in addition to the climatic variables minimum,

average and maximum average temperatures, precipitation and relative humidity. Descriptive statistics of all

analyzed variables are presented in Chart 5.

It is noted that the average number of dengue cases was 622.3 ± 1515.47, that is, the high standard

deviation value shows us the high dispersion of the number of occurrences, a fact that can be observed in

Figure 2, where from 2010 to mid-2012, there was no epidemic, with the first epidemic being recorded in

2013.

Chart 5 - Uberlândia-MG - Descriptive statistics of the variables analyzed, 2020.

 Dengue cases
Minimum
temperature
(°C)

Average
temperature
(°C)

Maximum
temperature
(°C)

precipitation
Relative
humidity of
the air

minimum 9 13.67 19.04 24.98 0 34.07

1st
quartile 45.5 17.08 22.37 27.82 19 50.41
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median 91 19.36 23.49 29.2 102.6 63.5

Average ±
Dp

622.3 ±
1515.47

18.75 ± 1.91 23.4 ± 1.63 29.14 ± 1.76 123 ± 113.5
60.21 ±
11.74

3rd
quartile 354.8 20.24 24.48 30.23 209.6 69.66

maximum 10229 22.13 27.66 34.32 444 80.96

In addition, the 1st quartile of dengue cases is 45.5 cases, i.e., 75% of the total occurrences of

dengue are above 46 cases, which is equivalent to say that 25% of events are above 355 cases (3rd quartile =

354.8). The lowest number of dengue cases was 9 (October / 2011), while the maximum, 10229 occurred in

the month (April / 2019). Regarding the climatic variables, with the exception of precipitation (which had

high dispersion), both had little dispersion, i.e., variances and low standard deviations.

Thus, the mean and median values are similar, that is, over the 10 years analyzed, there were

generally no discrepant values in the climatic variables. Although, when analyzing the precipitation, the mean

value was 123 ± 113.5, with high dispersion. Precipitation ranged from 0 (minimum value), i.e., no rainfall, up

to 444 (January /2016), period with more rainfall. There is also an increase in precipitation in the first months

of the year, more specifically between the months of January to April, identifying the seasonality of rainy

periods in the region. On the variable number of dengue cases, it is possible to observe in the histogram

represented in Graph 1, that most cases are concentrated between 0 and 1000 cases per month, justifying

the high dispersion of this variable.

Regarding the time series of the number of dengue cases, together with all climatic covariates

analyzed. Graph 2 shows that in the years where temperatures reached their highest values, associated with

high rates of relative humidity and rainfall indices within the climatological normal, were the periods with the

highest number of cases. However, it is worth mentioning that due to the randomness in the number of cases

in the epidemic years, the statistical relationship of some variables was low, when the monthly accumulated

precipitation is less than 60mm and greater than 200mm, monthly average temperature less than 22oC and

greater than 26ºC, average maximum temperature less than 28ºC and greater than 33ºC and relative

humidity less than 60%. This can be explained by the action of other socio-environmental factors, in view of

the process of multicausality of dengue.

32



Graph 1 - Uberlândia, MG - Histogram of the variable number of dengue cases, 2020.

Source: LEITE, E. S. 2021.

Graph 2 - Uberlândia, MG - Time series of the number of dengue cases and climate variables in the period from 2010 to
2019.

Source: LEITE, E. S. 2021.

Another factor worth mentioning is the fact that 2019 was the most severe epidemic among the 10

years analyzed, and between 2015 and 2016 there was also a considerable increase in cases in relation to the

other years. On the other hand, the years 2017 and 2018 were the ones with the lowest numbers of cases.
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Regarding the relationship of the number of cases with all covariates analyzed, represented in graph

3, the segmentation of the variable mean temperature was evaluated at three levels in relation to the

number of dengue cases. The first level composed of temperatures below 22° C, the second level with

temperatures between 22 and 26° C and the third level with average temperatures above 26° C. Graphically,

an increase in the number of cases between the average temperatures of 22 to 26° C is observed, this picture

converges with a study developed by RIBEIRO et al., 2006, which pointed out the number of cases of the

disease has an exponential increase in this temperature range.

Graph 3 - Uberlândia (MG) - Plot of the number of dengue cases in relation to the climatic covariates analyzed,
2010-2019.

Source: LEITE, E. S. 2021.

There is a slight increase in the number of cases from the maximum temperatures between 28 and

30° C. It is noteworthy that when these temperatures exceed the 30º C range the Aedes aegypti mosquito

has greater difficulty in adapting to the heat. Although, studies point out that households in cities can

become refuges for the mosquito, since temperatures and thermal comfort protect it from extreme heat.
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In relation to the minimum temperature, there was a considerable increase in the number of dengue

cases above 18° C. Analyzing figure 4, it is observed that the higher the minimum temperature, the greater

the response of the variable number of cases. This fact is corroborated by the literature, since temperatures

below 18º C shorten the life of mosquitoes, reduce their feeding behavior and consequently decrease the

contact of the vector and virus with people.

In the climatic variable precipitation, a higher concentration of cases is associated with not very high

precipitation. Rainwater is essential in the biological process of the vector, because it is the source of the

proliferation reservoirs of mosquito larvae. However, abundant rains accompanied by storms have a negative

effect, by dislodging eggs and larvae from water reservoirs. In this study, there was a considerable decrease

in dengue cases, when the monthly rainfall averages were above 200 mm.

Some dengue cases are associated with an increase in relative humidity. According to Figure 3,

values above 60% had a positive influence on the number of cases. When the monthly humidity exceeded

70% the number of cases had an even more effective response. Higher levels of relative humidity in

Uberlândia are usually associated with the performance of rain-producing atmospheric systems, facilitating

the formation of larvae reservoirs. Another factor that deserves to be highlighted is that the higher the

relative humidity, the lower the thermal amplitudes, as they prevent the sudden drop in temperature during

the night time, and consequently the significant decrease in water from the reservoirs used by mosquito

larvae. This condition contributes to a greater reproduction and proliferation of dengue mosquitoes.

In order to prove or not, in statistical terms, the influence of climatic variables on the number of

dengue cases in the city of Uberlândia from 2010 to 2019, according to the methodology adopted in this

study, generalized linear models with logarithmic function of Poisson and Binomial Negativa were used.

Table 6 shows the values of the relative risks of the 9 years analyzed in relation to the first year, 2010.

It is observed that the relative risk, in relation to climatic variables and dengue, increased significantly for

2015, being 5 times higher compared to 2010 (2.39 ; 10.92). The same occurs for 2016, which was also an

epidemic year, with a relative risk of 7.11 (3.32 ; 15.23). In 2019, which was the most epidemic year of the 10

periods analyzed, the relative risk was 16 (7.47 ; 34.25).

Chart 6 - Uberlândia (MG) - Relative Risk and confidence interval (95 %) of the control variable Year, based on the year
2010.

year rr Confidence interval (95%)

2011 0,32 0,15 ; 0,68

2012 0,26 0,12 ; 0,56

2013 2,01 0,93 ; 4,30

2014 2,45 1,15 ; 5,21
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2015 5,11 2,39 ; 10,92

2016 7,11 3,32 ; 15,23

2017 1,11 0,52 ; 2,36

2018 1,23 0,58 ; 2,62

2019 16,00 7,47 ; 34,25

Source: Milk, 2021

In model 1, the variables relative humidity and minimum temperature were included. This was the

best model selected, according to the AIC value and analysis of the residuals of the model. In this, the

increase in one unit of the variable minimum temperature causes a 13% increase in the number of dengue

cases in the month, RR = 1.1302 (1.0152 ; 1.2605). The increase in relative humidity in one unit increases by

8.7% in the number of dengue cases in the month, RR = 1.0862 (1.0664 ; 1.1055), according to Chart 7.

Chart 7 - Uberlândia (MG) - Relative Risk, confidence interval (95 %) and AIC of the selected models.

templates Variables rr Confidence interval (95%) AIC

1

Relative humidity of
the air

1.0862 1.0664 ; 1.1055
1567.7

Minimum temperature 1,1302 1.0152 ; 1.2605

2

Relative humidity of
the air

1.0785 1.0589 ; 1.0976

1569.4
Average temperature
(between 22 and 26°C)

1,4825 0.9758 ; 2.304

Average temperature
(Above 26° C)

2,5098 0.8499 ; 6.4199

In model 2, the mean temperature indicator variable did not show any significance, but it was

decided to keep it in the model to discuss the results. In the 2nd model, the variable relative humidity varied

little in relation to the 1st adjusted model RR = 1.0785 (1.0589; 1.0976).

Thus, in relation to average temperatures, the range between 22 and 26° C increased by 48.25% the

potential number of dengue cases when compared to the temperature range below 22° C. Average

temperatures above 26° C presented a relative risk of 2.5 times in relation to the average temperature below

22° C. It is worth mentioning that in the database, there were only 5 cases with average temperatures above
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26° C, which may have corroborated the high value of the odds ratio for this temperature level observed in

table 2.

Graph 4 shows the series (2010-2019) of dengue cases observed and predicted by the selected

model. It is possible to notice that the adjusted model was able to identify the epidemic years, despite the

significant underestimation in relation to the values observed and the overestimation in the last year.

Graph 4 - Uberlândia (MG) - Original series of dengue cases in Uberlândia versus Series estimated by model 1.

Legend: Blue, original series; Red, estimated series. Source: LEITE,2021

Overall, despite certain anamolies, we can conclude that there is a correlation between the climatic

variables selected for model 1 (minimum temperature and relative humidity), in the estimation of dengue

cases. Thus, years that present higher values in the monthly minimum temperatures and relative humidity

percentages, are years more susceptible to dengue epidemics, considering other socio-environmental and

socioeconomic factors.

It is noteworthy that other variables, such as seasonality, region, municipal management, health

equipment, sanitation and even demographic variables can also influence the number of dengue cases. This

picture can explain the underestimation of the case peaks evidenced by the model represented in Graph 4.

Graph 5 shows the residuals, where the residues behave randomly, not showing autocorrelation. In

addition, it was also validated by the Shapiro-Wilk normality test, where the normality of the residues of the

adjusted model was identified (p = 0.3918).
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Graph 5 - Uberlândia (MG) - Waste distribution, 2020.

Source: LEITE, 2021.

These results do not determine the epidemiological dynamics of the disease, however, they are

necessary for providing a set of environmental/climatic information of dengue that can be used by the

municipal management to control one of the major health problems of Uberlândia (MG). In addition, these

data show a correlation between the climate and the collective health of Uberlândia. The local and regional

climatic variability of recent years favored the proliferation of vectors and the greater spread of the disease.

In this sense, according to the data presented, greater attention to the dynamics of the disease

will be necessary by the government in years that have environmental conditions, especially climatic

conditions, favorable for greater proliferation, greater food activity and greater survival of the vector

transmitting dengue virus. The issue, however, is complex, as many other factors should be considered in the

causes and direct consequences of the epidemiology of dengue.

This epidemiological picture of Uberlândia-MG, related to the houses monitored in this study, points

out that Shopping Park, even with the advance of knowledge and palpable improvements in the actions to

combat and control dengue in the neighbourhood stimulated by the “My House Without Dengue Fever”

project, still needs feedback. In Uberlândia-MG, data from the Municipal Health Department related to the
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Aedes aegypti Rapid Infestation Index (LIRAa) conducted in February 2019 in the city as a whole, indicate that

5.2% of the properties surveyed have breeding foci of Aedes aegypti, this is almost twice the average

recommended by the Ministry of Health, which indicates a warning situation for dengue epidemic. Of the

breeding sites found, 76% were in homes. Of this percentage, 95% had foci in backyards, with higher

predominance for tires (8.7%), plastic canisters (8.6%), cans (7.5%), buckets (6.5%) and drains (6.3%) (CCZ,

PMU, 2019).

The Shopping Park Neighborhood does not scape this epidemiological context of the city. Many

families that did not participate in the project, still have in their backyards, environments that are true

ecological niches for Aedes aegypti and, as long as the existence of these environments persists, the

neighbourhood will not yet be an immune environment to mosquito reproduction and local transmission of

dengue. This situation imposes the need for the continuity of research that allows sharing of knowledge with

residents, creating paths for community mobilization for endemic control, that bring subsidies for the

creation of public policies that consider the particularities of the communities that inhabit the peripheral

neighbourhoods of Uberlândia-MG.

3. RESEARCH METHODS DEVELOPMENT

OBJECTIVE: development of post-occupancy evaluation methods, tools and techniques, activity scripts for

workshops and impact monitoring questionnaires in order to support the development of stages 4, 6, 7 and

8.

This research aims to develop best practice guidance for the relationship between residents and the

built environment in social housing in order to prevent the proliferation of dengue. The main objective is to

understand the combinations between socioeconomic conditions and practices of the residents on certain

aspects of the management of the built environment of social housing that can lead to a greater risk of

dengue proliferation.

The proliferation of dengue is related to the presence of environments with characteristics favorable

to the accumulation of water and egg laying by the female of Aedes aegypti. To act in the elimination of

these dengue-favorable environments, certain aspects related to the management of the built environment

deserve greater attention, namely: Periodic maintenance in the house and its subsystems; Cleaning of the

houses (lot + sidewalk + unit); Destination of solid waste; Effective fight against dengue. These are categories

identified as important based on the researchers' observation of the housing conditions of the case study

residentes that most favour dengue proliferation.
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There is a research gap in understanding why the management of homes for these aspects has failed

mainly in social housing, increasing the risk of proliferation of the dengue mosquito and the cases of dengue

contamination in these places. This research project aims to uncover these reasons, so that it is possible to

understand how to reverse this scenario through socially durable solutions.

THEORY

We start from the premise that a lasting change in practices implies a great effort to understand what

conditions and defines them. In this sense, Practice Theory (SCHATSKI, 2001) was used as a proposal for a

culturalist approach to understand everyday practices in their broader context. It allows access to deeper

aspects of the interaction between people and between people and the environment in which they live. The

theory as further developed by Gram-Hanssen (2010) includes several elements for explanation /

composition / understanding of practices:

● Institutionalized rules and explicit rules: refers to institutional policies and regulations, written

instructions or any knowledge that influences knowledge about certain practices.

● Capabilities (know-how) and habits: Includes the skills and abilities (know-how) that practitioners

have or have acquired in terms of how to conduct certain practices, refer to acting / doing.

● Engagement: refers to the symbolic meaning, social expectations, inspirations, objectives and beliefs,

which guide attitudes and practices.

● Things: Refers to the very characteristics of the objects in the built environment and the way they

condition attitudes and practices.

The research aim to understand how each of these elements of practice affect the management of the

built environment on social housing. Which institutionalized rules and explicit rules interfere on how

periodic maintenance is carried out on the house and its subsystems? What capacities and habits determine

how solid waste is disposed of? How do the characteristics of objects influence the effective fight against

dengue? To what extent does people's engagement determine how they clean houses (lot + sidewalk + unit)?

How do socioeconomic conditions interfere in all of these cases?

These are some of the questions we seek to answer from the application of different research methods

different and complementary approaches, to offer analysis to support proposals to modify practices in order

to prevent the proliferation of dengue.

Seeking to answer those questions, 9 were the research methods proposed to support the development

of activities during workshop sessions:

⋅ Method 1 – Socioeconomic and Environmental Characterization Survey

⋅ Method 2 – Practice Characterization Survey
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⋅ Method 3 – Impact Tracking (participant)

⋅ Method 4 – What do you have in your backyard?

⋅ Method 5 – What would you like to have in your backyard?

⋅ Method 6 – Where is the mosquito in your backyard?

⋅ Method 7 – On-site backyard inventory

⋅ Method 8 – Mosquito hunt (participant)

⋅ Method 9 – Mosquito hunt (neighbours)

The research methods were performed at different times and in order to fulfill different objectives. Chart

8 below gathers information regarding the purpose of each method, its descriptions, references for

preparation (when applicable), means of application, information on sampling and recruitment criteria and

periods of application.
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Chart 8 – Summary table of the research tools developed.

Method Name Purpose Description References
Means of

performance
Sampling / Recruitment

Period of
performance

Method 1 –
Socioeconomic and
Environmental
Characterization
Questionnaire
(Annexo 2)

Identify the socioeconomic
and environmental
conditions that influence
the breeding of the
mosquito that causes
dengue in social housing.

The questionnaire has 36 questions distributed in two
sessions: socioeconomic and environmental characterization
form and systematic social observation form.
The socioeconomic characterization form is a
quanti-qualitative survey that collects information on: gender,
date of birth, education, number of people living in the house,
occupation of these people, housing acquisition status,
monthly income, house occupation patterns, pre-existing
diseases, incidence of dengue, location of the dengue
mosquito and its breeding grounds in the home and in the
neighbourhood, storage of recyclable materials, public
garbage collection and garbage disposal in the
neighbourhood. It consists of a series of multiple choice
questions, with non-standard indexes (varying for each
question).
The systematic social observation form is a quanti-qualitative
survey that collects information on: occurrence of reforms
and types of interventions carried out, presence and
characterization of vegetation, paving the garden and
presence of potential breeding sites for dengue on sidewalks,
gardens, external envelope of the original house, external
envelope of the enlargement and external walls. It consists of
a series of multiple-choice questions, with visual assistance
through illustrations in the body of the questionnaire to
facilitate understanding by the researcher and the resident
about what is being asked.

Ficha de notificação SINAN Dengue e Chikungunya:
https://portalsinan.saude.gov.br
SILVA, A. F. Vulnerabilidade social e contexto de vida.
Observação social sistemática para avaliação do risco de
transmissão da dengue em Uberlândia – MG. Dissertação
(Mestrado em Saúde Ambiental e Saúde do Trabalhador)
Universidade Federal de Uberlândia, 2018.
Aplicativo “Dengue não” e similares na Play Store.
A ficha de observação social sistemática foi elabora
considerando para observação itens aptos a acumularem
água de conhecimento popular, utilizados em campanhas
e aplicativos governamentais.

Online form
filled out by
researchers
during calls.

Sampling: 33 residents
Recruitment: Residents of the social housign
development of Shopping Park
neighbourhood were selected from
registration lists owned by the research group
and in another list, obtained from the NGO
Estação Vida. Residents were contacted via
telephone and consulted about their
availability to participate and those who
accepted were interviewed (see approach
script - Annex 3). Another recruitment
method was based on the distribution of
promotional material in local stores offering a
juice or soft drink to the region's inhabitant
as a thank you to those who were willing to
answer the questionnaire.

Sampling: 33
residents
Pre-test between
04/082020 to
11/08/2020
Official application
between 13/08/2020
and 12/09/2020

Method 2 – Practice
Characterization
Questionnaire
(Anexxo 4)

To characterize the
practices on the built
environment to deal with
and related to the
proliferation of the dengue
mosquito in the context of
social housing. Preliminary
identification of resident
profiles to deal with
backyards (recyclers,
self-builders, gardeners,
hygienists).

The characterization of human practices depends on an
understanding of the elements that structure them in the
specific context. They are structuring elements of the practice
(GRAM-HANSSEN, 2009; STEVENSON, RIJAL, 2010):
institutionalized rules and explicit rules, capacities (know-how
and habits), engagement and things.
Attributes/categories of the context of dengue in Brazilian
social housing are related to the structuring elements of the
practice: maintenance and execution of works in the house,
cleaning and organization of the house, yard and sidewalk, the
disposal of waste, dengue, control over the house .
See Annex 5 - Methodological framework, for better
understanding.
This quanti-qualitative questionnaire has 45 questions
investigating the practices of the interviewees with respect to
the elements of the practice and the five attributes of the
context related to dengue in Brazilian social housing.
These are questions aimed at tracking the knowledge and
habits of residents, as well as understanding how and even if
this knowledge translates into practice to combat dengue in
the built environment.

GRAM-HANSSEN, K. (2009): Standby Consumption in
Households Analyzed With a Practice Theory Approach,
Research and Analysis. Volume 14, Number 1.
STEVENSON, F.; RIJAL, H. B. (2010): Developing
occupancy feedback from a prototype to improve
housing production, Building Research & Information
(2010) 38(5), 550–564.
FRANCES, Z.; STEVENSON, F. (2019): A relational
approach to understanding inhabitants’ engagement
with Photovoltaic (PV) technology in homes,
Architectural Science Review, DOI:
10.1080/00038628.2019.1682962.ABNT NBR
15575:2013 - Desempenho de edificações habitacionais.
LEI Nº 10.741, DE 6 DE ABRIL DE 2011. Código Municipal
de Posturas de Uberlândia.
CHIARAVALLOTI-NETO, F. Conhecimentos da população
sobre dengue, seus vetores e medidas de controle em
São José do Rio Preto, São Paulo In. Cad. Saúde Públ., Rio
de Janeiro, 13(3):447-453, jul-set, 1997.
FIGUEIRÊDO, K. E. G. Conhecimento, atitude e prática
sobre o controle de dengue na área do PSF do bairro de
São Francisco, município do Cabo de Santo Agostinho/PE.
Monografia (residência multiprofissional em saúde
coletiva) — Centro de Pesquisas Aggeu Magalhães,
Fundação Oswaldo Cruz, 2009.
GONÇALVES NETO VS et al. Conhecimentos e atitudes da
população sobre dengue no Município de São Luís,
Maranhão, Brasil, 2004 In. Cad. Saúde Pública, Rio de
Janeiro, 22(10):2191-2200, out, 2006.

Printed form.

Sampling: 7 families from different houses
Recruitment: families were selected
according to engagement, behavioral profiles
and research convenience, after the
performance of Method 1 - Socioeconomic
and Environmental Characterization.

Characterization of the 7 chosen families:
- 7 - Gardener
- 4 - Hygienist - Selfconstructor
- 1 - Hygienist, Recycler
- 3 - Gardener, Selfconstructor
- 6 - Recycler, Accumulator
- 2 - Hygienist, Selfconstructor
- 5 - Gardener

Performance during
Workshop 1A
13/09/2020

https://portalsinan.saude.gov.br


Method 3 – Impact
Tracking
Questionnaire
(participants) (Annex
6)

Monitor the evolution of
the residents' knowledge
about the relationship
between characteristics of
the built environment and
dengue after participating
in each of the Workshops.
Records intentions and
actions of residents about
their homes in the period
between Workshops.
Collects opinions from
residents about the
Workshops.

The quantative  questionnaire contains 14 questions
evaluating: residents' knowledge about dengue symptoms,
the dengue transmitter and transmission, the reproduction of
the dengue mosquito, the prevention of dengue, the
treatment of dengue, the control of the dengue mosquito, the
realization of interventions in the houses and the opinion of
the residents about the Workshops (see Annex 6 - Impact
Monitoring Questionnaire).

CHIARAVALLOTI-NETO, F. Conhecimentos da população
sobre dengue, seus vetores e medidas de controle em
São José do Rio Preto, São Paulo In. Cad. Saúde Públ., Rio
de Janeiro, 13(3):447-453, jul-set, 1997.
FIGUEIRÊDO, K. E. G. Conhecimento, atitude e prática
sobre o controle de dengue na área do PSF do bairro de
São Francisco, município do Cabo de Santo Agostinho/PE.
Monografia (residência multiprofissional em saúde
coletiva) — Centro de Pesquisas Aggeu Magalhães,
Fundação Oswaldo Cruz, 2009.
GONÇALVES NETO VS et al. Conhecimentos e atitudes da
população sobre dengue no Município de São Luís,
Maranhão, Brasil, 2004 In. Cad. Saúde Pública, Rio de
Janeiro, 22(10):2191-2200, out, 2006.

Printed form.

6 families participating in Workshop 1A and 1
new family (Lazejane – selfconstructor,
Accumulator, Gardener)
* Sara didn't keep participating

Performance during
Workshops 1A, 1B,
2A e 2B

Method 4 – Script
What do you have in
your backyard?
(Annex 7)

From the eyes of the
resident and with the help
of previously requested
photographs, position
objects in the backyards, in
order to identify the
critical points for the
proliferation of the dengue
mosquito.

Form sheet of A3 landscape paper, containing a top view of a
3D model of the homes of each participant (the dimensions of
which were previously surveyed on-site). Adhesive chart
identifying a diversity of items commonly found in HIS yards.
Residents highlight which items they have where.

Own elaboration Printed script. 7 same families
Performance during
Workshop 1A
13/09/2020

Method 5 – Script
What would you like
to have in your
backyard? (Annexo 8)

Record intentions of
residents for future
interventions in backyards.
Direct future proposals for
intervention to combat
dengue in the built
environment plus the
customization of the
environment.

Form sheet of A3 landscape paper, containing a top view of a
3D model of the homes of each participant (the dimensions of
which were previously surveyed on-site). Adhesive chart
identifying a diversity of items commonly found in HIS yards.
Residents highlight which items they would like where.

Own elaboration Printed script. 7 same families
Performance during
Workshop 1A
13/09/2020

Method 6 – Script
Where is the
mosquito in your
backyard? (Annexo 9)

Record participants'
perceptions of possible
breeding ground of
dengue mosquito found in
their own homes.

Form A3 landscape paper sheet, containing a top view of a 3D
model of each participant's houses with positioning of existing
objects in the backyards (identified in Workshop 1A), and the
questions: “Identify in your yard where there could be dengue
breeding grounds” ; "Why can there be breeding grounds of
dengue in these places?"

Own elaboration Printed script. 7 same families
Performance during
Workshop 1B
25/10/2020

Method 7 – On-site
inventory of
backyards (Annex 10)

From the researcher's
point of view, inventory
existing objects in the
backyards, in order to
identify the critical points
for the proliferation of the
dengue mosquito and
potential for existing
objects in future
intervention proposals.

Form A4 sheet of landscape paper listing different categories
of objects commonly found in HIS yards in groups: recycling
materials, building materials, organic waste, rubbish / rubbish,
damaged furniture, damaged appliances, relatives' objects,
work materials , firewood / wood, plants, tools, constructed
elements (gutters, drains, covers), other objects. A chart lists
these groups with the existing objects, their possible location,
the motivation for their location and their state of
conservation.

Own elaboration Printed script. 6 families
Performance during
Workshop 2A
22/11/2020

Method 8 –
Mosquito hunt
(participant) (Annex
11)

Record possible outbreaks
of dengue found by the
participants in the
volunteer resident's home.

Form A4 sheet of paper in portrait format containing only one
call and most of the blank space to allow filling in by the
resident regarding the dengue outbreaks found, proposed in
Workshop 2B)

Own elaboration Printed script. 6 families
Performance during
Workshop 2B
13/12/2020

Method 9 –
Mosquito hunt

Record possible outbreaks
of dengue found by the
neighbor invited by the

Form A4 sheet of paper with portrait format containing field
for identification of the participating neighbour and a list of
possible  places for the breeding of the dengue mosquito.

Own elaboration Printed script. 6 families
Performance during
Workshop 2B
13/12/2020
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(neighbour) (Annex
12)

participant in their own
home. Encourage the
participation of
participants in the
inspection and control of
dengue in their
community.
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4. DEFINITION OF HOUSES FOR SAMPLING AND PILOT WORK

OBJECTIVE: Defining the house sample from pilot work for the pilot questionnaire: socioeconomic and

environmental characterization.

House selection:

As described in chart 8, residents of the social housing complex of the Shopping Park neighbourhood

were selected from registration lists owned by research group and from another list, obtained from the NGO

Estação Vida. Residents were contacted via telephone and consulted about their availability to participate

and those who accepted were interviewed (see approach script - Annex 3). Another method of recruitment

was based on the distribution of promotional material in local shops offering a juice or soft drink to the

region's inhabitant as a thank you to those who were willing to answer the questionnaire.

Among the 33 interviewees, 10 families volunteered to receive the eggtraps, as mentioned before,

and the 7 more interested from these 10 were envolved as active participants in this pilot study, considering

a wide variability in behavioural profiles (among gardeners, self-builders, recyclers and accumulators) and the

convenience of research.

In parallel, the project and its purposes and activities was publicised through social media platforms

(Instagram, YouTube and WhatsApp), intending to reach more residents with informative posts and videos as

illustrated bellow (images 22, 23).

Image 22 – Photomontage of Instagram post at @renovashoppingpark profile.



Image 23 – Frame of video presentation/invitation on YouTube. Video link:
https://www.youtube.com/watch?v=fxXj7pbglSw

5. WALKTHROUGH IN THE SELECTED HOUSES

OBJECTIVE: To identify the socio-environmental conditions for the breeding of the mosquito that causes

dengue in social housing, addressing sociodemographic and health issues and its relation to intra and

extra-home environments. It simultaneously assesses socioeconomic and health vulnerability of the

interviewed residents and the environmental conditions of their place of residence, allowing correlations

between such aspects and the breeding and presence of dengue mosquitoes in social housing.

A visit was made to each one of the 7 houses of the participating residents, as a stage that preceded

the realization of Workshop 1B (which took place on 25/10/2020). During the visits, issues registered were:

changes to the yards (extensions, roofs, paving, walls, etc.), dimensions and position of doors and windows,

paving materials for the yards and the presence of objects stored in the yard. The images from 24 to 30 show

the condition of the houses at the time of the visits.
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Image 24 – Resident 1.

.



Image 25 – Resident 2.
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Image 26 – Resident 3.
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Image 27 – Resident 4.
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Image 28 – Resident 5.

51



Image 29 – Resident 6.
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Image 30 – Resident 7.
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6. CO-PRODUCTION WORKSHOPS WITH RESIDENTS

OBJECTIVE: to identify and co-produce set of solution tools for the backyards. The preliminary results of

stages 1, 2 and 5 were discussed in co-production workshops which will aim to increase participant’s

awareness on how elements of the built environment favour mosquitoes breeding, as well coproduce

knowledge/solutions on how built environment characteristics are related to/can fight dengue. At this stage,

the participation of the Estação Vida NGO was essential, since they had a strong capacity to mobilize the

neighbourhood community.

In all, 4 face-to-face workshops were held with the participating residents:

⋅ Workshop 1A (13/09/2020);

⋅ Workshop 1B (25/10/2020);

⋅ Workshop 2A (22/11/2020);

⋅ Workshop 2B (13/12/2020).

Chart 9 (at the end of this session) summarizes the events, their goals, problems addressed, activities

developed as well as the methods performed and the participants brief description. The following is the

narrative of the events and their photographic records.

BEHAVIOURAL PROFILES:

Based on information obtained from 33 residents during the application of Method 1 (socioeconomic

and environmental characterization), visits to residents' homes where the eggtraps were installed, and

walkthroughs in the homes of the participants selected for the pilot study, it was possible to categorize the

behaviours of these residents into 4 main types, as listed below:

● Accumulator: People who fit this profile tend to store objects of various backgrounds and types in

their homes, whether themselves or others, for a clear purpose or not. They can also accumulate

materials with the potential to be recycled, such as PET and glass bottles, plastic packaging, etc.

These objects/materials, which are often found stored inappropriately, either by the lack of place to

dispose or adequate stock indoors, creating microenvironments, difficult to control, extremely

conducive to water accumulation and formation of mosquito breeders.

● Self-builder: Self-builders are those residents who seek to carry out renovations in their homes,

either with the help of professional, family, friends or on their own – in any way possible and when

possible, with the aim of improving the conditions of their housing. These people usually store

building materials in their backyards, such as sand, gravel, ceramic floors, masonry blocks, tiles and

others, which, in most cases, are exposed in backyards exposed to rain, winds, sun, dust etc. The

storage of these materials, often improperly, not only impairs the quality and durability of these



materials but also favors the accumulation of water during rains and can make them, also, possible

breeding sites for the mosquito.

● Hygienist: People who fit this profile are characterized by keeping houses and backyards very clean

and organized, often through waterproofing (paving) of the land. This action carried out by the

residents, in order to improve their homes and avoid the presence of unwanted land, leaves and

animals, often results in the suppression of permeable areas in these dwellings and can favor the

creation of foci when this paving is done irregularly, leaving ripples / holes in which water can

accumulate.

● Gardener: Finally, the gardener stands out for having a considerable amount of plants, of various

types, in his house/ backyard. People who exhibit this pattern of behavior often plant in pots, which

as is already popular knowledge, when not properly cared for, can become foci – mainly due to pots,

which accumulate water after watering and can reserve it long enough for mosquito breeding to

occur. Given the large amount of vegetation present in gardeners' backyards, the usual care with

plants needs to be even more rigorous to avoid the breeding of the mosquito.

This categorization expresses a pattern of relationship between the individual and the management of

the built environment in their home, providing important support for understanding individual practices and

reflections on their impacts on the proliferation of dengue among residents during the co-production

sessions, as described below.

Workshop 1A

⋅ DATE: 13/09/2020

⋅ ADRESS: Estação Vida NGO

⋅ GOALS:

o Classify residents according to behavioural profiles (hygienists, recyclers, accumulators, self

constructors and gardeners).

o Identify the priorities of each resident in relation to the yard, intentions and how they intend to

execute it.

o Engagement with participating families enhances this relationship.

o Assess previous knowledge of residents regarding dengue fever - evaluation sheet for researchers

to monitor the evolution (Method 3).

⋅ NARRATIVE:

In this workshop, held at the Estação Vida NGO in Bairro Shopping Park, activities were carried out that

allowed residents to have greater knowledge about dengue, characterizing their own profiles and identifying

their priorities in relation to their homes. The Practice Characterization Method 2 was applied and, in

addition, an activity of self-identification of the behaviour profiles occurred in a relaxed way, after watching a

55



video prepared by the research team about each profile, being: self constructor, gardener, recycler, hygienist

and accumulator. Of the 13 people from the 7 participating families, 4 reported being self constructors, 3

gardeners, 5 accumulators, 4 hygienists and 3 recyclers, some self-identified with more than one profile.

Another activity carried out was the characterization of the backyards. The dynamics were performed in

3D model prints of their homes in the Archicad program (Methods 4 and 5), with each family having their

house plan modeled from a survey carried out on the Google Earth platform. In it, the researchers helped the

residents to establish what they have in the backyards and where these objects are located. In addition,

there was also another copy of the same plant for each family to discuss what they would like to have in the

yard.

Image 31 and 32 - Stickers for backyard characterization activity “What do you have in your backyard?” and "What
would you like to have in your backyard?"

Both forms of Methods 4 and 5 were answered with tags in the form of a sticker (images 31 and 32),

containing some of the most common objects that they could have and would like to have in their backyards.

After the workshop was held, the floor plans were documented for greater understanding and the items

pointed out by the participants were tabulated, which can be seen in images 33 and 34 (activity “What do

you have in your yard?”), and in images 35 and 36 (activity “What would you like to have in your backyard?”).
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Image 33 - Responses from families about the backyard characterization activity “What do you have in your
backyard?”.

Image 34 - Responses from families about the activity of characterizing the backyards “What do you have in your
backyard?”

57



Image 35 - Responses from families about the activity to characterize backyards “What would you like to have in
your backyard?”.

Image 36 - Responses from families about the activity to characterize backyards “What would you like to have in your
backyard?”.

From the analysis of the responses obtained, it can be seen that 6 of the families have building

materials in their backyards, 5 have plants and tools and 4 have materials for recycling, work materials, trash

cans and barbecue. These data were related to the profile characterization activity, and it can be seen that
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the residents have a certain degree of awareness about the profile that they self-identified. Despite this,

there was a contradiction in the results, as the majority have construction materials in their homes and yet

few identified themselves under the profile of ‘self constructors’.

In addition, the residents showed an interest in expanding their homes, with the creation of a new

closed room, in addition to the creation of a leisure space for the installation of a barbecue. The covered

garage also appears on most floor plans, in addition to items such as a vertical garden, vegetable garden,

swimming pool, service area, changing floors and a place for storing objects and materials.

Through the activity, the residents together with the researchers, were able to demonstrate what

exists in their backyards and what they would like to have, providing the researchers with data about the

vision they have about the space and possibilities of solutions for the control of dengue. With the dynamics

of the activities proposed in Workshop 1A, it was possible to obtain a basis for monitoring the changes that

happen in homes during the Workshops and to measure in some way the impact that the activities carried

out have on the daily life and on the lives of the residents. Image 37 summarizes the information collected on

Workshop 1A.

Image 37 – Workshop 1A summarized.
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⋅ PHOTOGRAPHIC SURVEY:

Images 38, 39, 40, 41, 42 and 43 – Photographic survey Workshop 1A.

Workshop 1B

⋅ DATA: 25/10/2020

⋅ ADRESS: Estação Vida NGO

⋅ GOALS:

o Raise awareness about the mosquito, how it is behaving and the risks it offers.

o Highlight the relationship between mosquitoes and the built environment

o Disseminate and make palpable the results obtained with eggtraps.

o Evaluate the impact generated after workshop 1A (Method 3).
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⋅ NARRATIVE:

In this workshop, also held at the Estação Vida NGO in Bairro Shopping Park, activities were carried out

to help the participating residents become aware of the knowledge about the dengue mosquito, its

behaviour and the risks offered by it, highlighting the relationship between the mosquito and the built

environment. Seven families participated in this workshop, 6 of which had already participated in Workshop

1A and one that was new.

A lecture was given by a dengue specialist (collaborator Prof. João Carlos), with a practical activity on the

sequence, allowing residents to observe palettes with dengue mosquito eggs under a microscope. From this,

an activity was carried out with the objective of identifying possible foci of the vector. From the printing of

the florr plans of their modeled houses for Workshop 1A, the residents were able to give their opinion on

where there might be outbreaks of mosquitoes in their homes (Method 6). Image 44 summarizes the results

collected from this activity.

Images 44 – Possible breeding grounds on participants’ houses.

In addition, the residents were able to participate in a dengue mosquito trap workshop, where each

family made a trap for adult mosquitões from PET bottles. With that, they could take them to their homes

and watch the mosquitoes trapped in the trap over time, realizing the seriousness of dengue in the

neighbourhood and getting more and more engaged.

Finally, an impact assessment questionnaire (method 3) was carried out to measure the level of

knowledge of the participants since the last Workshop held, being able to provide data such as the level of

engagement aroused in each one. With the realization of this workshop, the residents were more able to

understand the relationship between arbovirus and the built elements, being able to carry out new
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organizational habits in their yards and preventing the proliferation of the disease. Image 45 summarizes

information collected on Workshop 1B.

Image 45 – Workshop 1B summarized.

⋅ PHOTOGRAPHIC SURVEY:

Images 46, 47, 48, 49, 50 and 51 – Photographic survey Workshop 1B.
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Workshop 2A

⋅ DATA: 22/11/2020

⋅ ADDRESS: participants’ houses

⋅ GOALS:

o Identify the critical points of the area outside the residence (backyard).

o Categorize objects found in backyards.

o Highlight the relationship between mosquito proliferation and characteristics of the built

environment

o Empower the residentes to take more control of their backyard conditions.

o Disseminate and make palpable the results obtained with the trapping of the dengue mosquito.

o Assess the impact generated after workshop 1B (Method 3)

⋅ NARRATIVE:

In this workshop, held in the participants' own homes in Bairro Shopping Park, activities were carried out

that identified the critical points in the external area of the houses (backyards), allowing researchers to

categorize objects found in backyards, once again highlighting the relationship between dengue and the built

environment.
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The first activity of this third Workshop, consisted of an on-site inventory of the families' backyards, with

identification and categorization of the objects found (Method 7). With that, the most common objects listed

were located and analyzed, questioning the participants why they were there and the state of conservation

designated by the researchers in the form.

Image 52 - Workshop 2A summarized.

After the first activity, there was a guided tour of the houses to find possible outbreaks of dengue.

Residents were asked about possible locations and guided the researchers, highlighting the level of

knowledge obtained through previous Workshops, showing engagement and awareness of the most common

causes of the proliferation of the disease.

Finally, the impact assessment questionnaire was reapplied (method 3), in order to measure the level of

knowledge and engagement of the participants in relation to Workshop 1B, with questions about dengue and

the existing conditions for its spread. The result was satisfactory, with 83.10% of correct answers, as shown in

image 2 inside image 52, showing a positive result for the workshops that took place, disseminating

knowledge and information to the residents of the neighborhood. Figure 52 summarizes the information

collected on Workshop 2A.
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⋅ PHOTOGRAPHIC SURVEY:

Images 53, 54, 55, 56, 57 and 58 - Photographic survey Workshop 2A.

Workshop 2B

⋅ DATE: 13/12/2020

⋅ ADRESS: voluntary participants’ houses

65



⋅ GOALS:

o Empower the residentes to take more control of their backyard conditions.

o Identify the relationship between mosquito and the built environment.

o Engage residentes in the effective fight against dengue in their neighbourhoods.

o Evidence the role of residents as local surveillance agents.

o Assess the impact generated after the 2ª workshop (Method 3).

⋅ NARRATIVE:

In this workshop, held in the homes of voluntary participating families in Bairro Shopping Park, activities

were carried out that highlighted the relationship between the built environment and dengue, highlighting

the role of esidente as local surveillance esiden.

The main activity of this fourth Workshop held consisted of guided visits to the homes of volunteer

families of the esiden. These visits made it possible for participant families to find breeding grounds of

dengue, by filling in a “Hunt for the mosquito” (Method 8) form, as shown in image 1 inside image 59. This

visit reinforced the contact between the residents and their built environment, in addition to allowing

identification of possible breeding grounds for residents that may go unnoticed in the day-to-day dynamics of

homes. In the activity, the residents were aware of the possible breeding grounds of the mosquito,

highlighting objects to researchers that can accumulate residents (images 2 to 9 inside image 59).

After the activity, the impact assessment questionnaire (method3) was reapplied, once again measuring

the absorption of information from the residents in relation to Stage 2ª of the Workshop and the current

one. It is considered that a positive result was acquired with the first 4 Workshops conducted by the team.

Figure 59 summarizes the information collected on Workshop 2B.

Image 59 – Workshop 2B summarized.
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⋅ PHOTOGRAPHIC SURVEY:

Images 60, 61, 62, 63, 64 and 65 – Photographic survey Workshop 2B.
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Chart 9 – Summary table of the workshops.

Goals Problem Breakdown Activities/Methods Impacts Participants

Work
shop
1A

(13/0
9/202
0 - at
Estaç
ão
Vida
NGO)

- Classify residents according to behavioural
profiles (hygienists, recyclers, accumulators,
selfconstructors and gardeners).
- Researchers in parallel action, make their
own categorization, indirectly.
- Identify the priorities of each resident in
relation to the yard, intentions and how
They intend to execute it.
- Engagement with participating families,
enhance this relationship.
- Assess previous knowledge of residents
regarding dengue fever - evaluation sheet
for researchers to monitor the evolution
(Method 3)

- Routine practices of residents
that generate an environment
favorable to the proliferation of
mosquitões.
- Conditions of the built
environment cause the presence
of the vector.

- Questionnaire based on the “pratice theory”
methodology (Method 2 - Characterization of
the Practice)
- Self-identification of behavior profiles.
- Allow triangulation of results, with the
researcher's view and the results already
obtained, to avoid errors.
- Conduct an inventory of objects found in
backyards, in order to identify critical points for
dengue using Methods 4 and 5.

- Demonstrate the
relationship between
dengue and the built
environment.
- How actions and behaviors
directly and indirectly affect
the proliferation of the
vector.

- 7 families from different
houses (pre-selected according
to engagement, behavioral
profiles, and convenience after
the application of Method 1 -
Socioeconomic and
Environmental Characterization)

Work
shop

1B
(25/1
0/202
0 - at
Estaç
ão
Vida
NGO)

- Raising awareness about the mosquito,
how it is behaving and the risks it offers.
- Highlight the relationship between
mosquitoes and the built environment
- Disseminate and make palpable the results
obtained with eggtraps.
- Evaluate the impact generated after
workshop 1A (Method 3).

- Routine practices of residents
that generate an environment
favorable to the proliferation of
mosquitões.
- Inappropriate individual
behaviour causes harm to the
Community.
- Difficulty in associating
knowledge with practice.

- Theoretical class and practical activity with a
specialist, on dengue vector.
- Activity about where the mosquito is (Method
6).
- Workshop on dengue traps with PET bottles.
- Preparation and registration of eggtraps.
- Impact assessment / engagement
questionnaire + level of knowledge absorption
since the last meeting (Method 3).

- Promote environmental
education.
- Implement awareness on
how the elements of the
built environment can
enhance the appearance of
dengue mosquitões.
- Facing new backyard
organization habits.

- 6 families participating in
Workshop 1A and 1 new family
(Resident 8)
* Resident 4 didn't keep with
the group

Work
shop
2A

(22/1
1/202

0 –
on

partic
ipant

s
hous
es’)

- Identify the critical points of the area
outside the residence (backyard).
- Categorize objects found in backyards.
- Highlight the relationship between
mosquito proliferation and characteristics of
the built environment
- Empower the resident’s x backyard
relationship.
- Disseminate and make palpable the results
obtained with the trapping of the dengue
mosquito.
- Assess the impact generated after
workshop 1B (Method 3)

- High number of home
refurbishments without
technical guidance.
- Lack of technical support to
residents in carrying out
interventions.
- Situations prone to the
appearance of the dengue
mosquito due to reforms
without guidance.

- On-site inventory of the backyards of the
participating families (Method 7) with
identification and categorization of objects kept
in the backyards.
- Guided tour of the homes of participating
families to find breeding grounds of dengue
fever - Method 7.
- Impact assessment / engagement
questionnaire since the last meeting (Method 3)
- Discussion on the results of ovitraps and
dengue traps.

- Create conditions to start
co-producing solutions on
how to intervene at home to
combat dengue.
- Facing new backyard
organization habits.
- Reinforce awareness of
how elements of the built
environment can enhance
the appearance of dengue
mosquitoes.

- 7 same families

Work
shop

2B
(13/1
2/202

0 –
on

- Empower resident-yard relationship.
- Emphasize the relationship between
mosquito and the built environment.
- Engage residents in the effective fight
against dengue in their neighbourhoods.
- Evidence the role of residents as local
surveillance agentes.

- Routine practices of residents
that generate an environment
favorable to the proliferation of
mosquitoes
- Inappropriate individual
behavior causes harm to the
community

- Guided visit to the homes of other volunteer
families to find breeding grounds of dengue -
Filling in Method 8: Mosquito hunting - version
for participants to take action proposed in
Workshop 2B.

- Reinforce awareness on
how elements of the built
environment can enhance
the appearance of dengue
mosquitoes

- 7 same families



volun
tary

partic
ipant
s’hou
ses)

- Assess the impact generated after the 2A
workshop (Method 3).

- Difficulty in associating
knowledge with practice
(re-addressed problems
addressed in Workshop 1B)

- Delivery of several sheets using Method 9:
mosquito hunting, in the version to distribute in
the neighborhood and later collect.
- Impact assessment / engagement
questionnaire since the last meeting
(Method 3)
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7. STUDIES TO ASSESS THE LEVEL OF ENGAGEMENT AND THE

EFFECTIVENESS OF WORKSHOPS AS CO-PRODUCED SOLUTION

SPACES.

The co-production workshops performed had as mais goals to (i) Increase participant’s awareness on

how elements of the built environment favour mosquitoes breeding; (ii) Coproduce knowledge/solutions on

how built environment characteristics are related to/can fight dengue. In addition to that, is it imperative

that the participants and community involved are engaged in the activities and method applied, in order to

evaluate if the initiative was successful, and if it will be able to endure and further the existing connections.

Following the results and summary findings shown in Section 6, the main goal in this section is to

show how the level of engagement of the participants during the co-production workshops was assessed, in

order to understand their effectiveness as a solution in terms of Theory of Change. To assess the level of

engagement, the following measures, were applied:

(i) Attendance Log to check constancy of participation of residents - how many remained present

since the first activity; and how many dropped out during the process – at which stage and why;

(ii) Feedback log after each co-production workshop to analyse the type of contribution made by the

residents (amount of ideas, contributions and proposed solutions that came from others,

interactions, help offered, etc.);

(iii) Communication network - Count how many participants came by invitation from the NGO and by

invitation from the residents themselves, and not by direct invitation from the research team. In

order to understand how the communication network configured itself.

Chart 10 – Attendance log of the workshops.

ATTENDANCE LOG

Workshops
Resident 1 Resident 2 Resident 3 Resident 4 Resident 5 Resident 6 Resident 7

Workshop 1A
(13/09/2020) ✓ ✓ ✓ ✓ ✓ ✓ ✓

Workshop 1B
(25/10/2020) ✓ ✓ ✓ ✓ ✓ ✓ ✓

Workshop 2A
(22/11/2020) ✓ ✓ ✓ X ✓ ✓ ✓

Workshop 2B
(13/12/2020) ✓ ✓ ✓ ✓ ✓ X

Had COVID-19
✓

X – Non attendance.
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Image 66 – Engagement Level Assessment

Aiming to verify the effectiveness of the developed methods as solutions to promote awareness on how

elements of the built environment favour mosquitoes breeding, and test the set of methods with a wider

audience, two online co-production workshops were held in April 2021. The online workshops had the

participation of a new and wider audience composed of 15 teenagers, high school students and residents in

the study area. These workshops were online versions of those previously conducted in person. The online

workshops took place in the Google Meets environment, being:

⋅ Workshop 1A (20/04/2021);

⋅ Workshop 1B (23/04/2021);

At Workshop 1A, the project was presented and a lecture on dengue and its relationship with the

built environment was given, followed by a moment of discussion and resolution of doubts. After that,

Method 2 – Practice Characterization Survey was applied through a digital form, followed by a moment for

self-identification of behavioural profiles through manifestations in the Google Meets chat.

At Workshop 2B, a lecture on dengue and its relationship with the individual practices of

homeowners was given, featuring images from backyards of anonymous residents of the neighbourhood

itself to illustrate the risks posed by the built environment for the proliferation of the mosquito. Finally,

Method 3 – Impact Monitoring Questionnaire was applied, also through a digital form.
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Image 67 – Communication Network Assessment

Understanding the engagement assessment results, it is possible to see that the physical presence

activities – Workshops 1A, 1B, 2A and 2B with the 7 families – alongside constant whatsapp communication

helped create a stronger bond with the residents, with a more community approach. In this sense, the initial

weekly eggtrap monitoring activities also provided a quick checkup/update on the residents while there was

no meeting, strengthening this created bond.

The online workshops provided a more individual approach, also more suitable for the safety of the

participants, due to the pandemic contingencies. By targeting a younger audience, it was possible to apply

more easily the online tools, as well as perceive the possibility of targeting even bigger audiences in the

future. The challenge in this scenario is how to bring forward the community strength and network that is

created with the physical presence activities – something that will be further addressed in the conclusions.

To further understand how to scale up the experience, section 8 will compile the results per method

performed, summarizing the general information achieved during the development of this research.
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8. RESULTS AND ANALYSIS

METHODS

As described previously (session 3, development), 9 were the research methods proposed to support

the development of activities during the workshop sessions. The research methods were performed at

different times and in order to fulfill different objectives. Chart 11 summarizes general information about the

methods and their respective performance moments during the workshops.

Chart 11 – Methods developed and their relation with workshops.

METHOD DESCRIPTION WHEN WAS IT PERFORMED
1 Socioeconomic and Environmental

Characterization Survey
Between August 13th and September 12th, 2020

(to support general characterization and
recruitment of participants to the Workshops)

2 Practice Characterization Survey Workshop 1A - 13/09/2020
3 Impact Tracking (participant) Workshops 1A, 1B, 2A e 2B
4 What do you have in your backyard? Workshop 1A - 13/09/2020
5 What would you like to have in your

backyard?
Workshop 1A - 13/09/2020

6 Where is the mosquito in your backyard? Workshop 1B - 25/10/2020
7 On-site backyard inventory Workshop 2A - 22/11/2020
8 Mosquito hunt (participant) Workshop 2B - 13/12/2020
9 Mosquito hunt (neighbours) Workshop 2B - 13/12/2020

The results obtained from the application of methods 3 to 9 have been already described previously,

in sessions 6 - co-production workshops with residents, and 7 – studies to assess the level of engagement).

Although, they are repeated here for the purpose of bringing the data together, with major focus on methods

1 and 2.

It is also important to highlight that the activities performed were in compliance with the security

and health measures needed, due to the COVID-19 pandemic. For more information on the exact measures

taken by the research team during the activities, see the file “METHODOLOGICAL ADAPTATION DUE TO

COVID-19” in the Annex.

Method 1 – Socioeconomic and Environmental Characterization Survey

The following descriptions refer to the attached graphics (see Annex 13). Images 68 to 73 next

sumarize and illustrate the main results obtained from method 1 performance with 33 residents.

● Demographic and health data:

Regarding demographics and health, it was possible to observe that 32 respondents were women

(97%), mostly between 30 and 40 years old. In 9 cases (27.3%), there were elderly people living in the
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interviewee's house. Regarding education level, only 11 interviewees (33.3%) had completed high school, and

the other students did not reach this  level.

About the profession, 7 are housewives (21.2%), 5 (15.2%) are diarists, 3 (9.1%) are retired, 2 (6.1%)

are self-employed workers, 1 were unemployed and the other 15 act as employees in various areas. The

majority of  participants (27 -  82%) have the income of up to 2 minimum wages.

Regarding health, it was observed that 19 interviewees (58%) have pre-existing or basic diseases, and

the majority (23 - 69.7%) have had dengue, and of these, 8 (24.2%) have had twice. These data indicate a

situation of socioeconomic vulnerability that may aggravate the dengue virus contamination scenario. Image

68 summarizes the results.

Image 68 – Demographic and health information.

● Perception of the presence of the dengue mosquito and environmental conditions:

It was found that 70% of the interviewees usually find adult dengue mosquitoes in their homes,

being more frequent the presence of this in backyards (11 houses – 26.2%). On the other hand,  11 (39%)

have already found breeding sites in their homes, also predominantly in backyards (22.2%). In parallel, 23

participants (70%) consider that it is possible to reproduce the mosquito in neighboring backyards, which

indicates a possible contradiction.

Many commented that neighboring houses are sometimes abandoned, or full of untended

vegetation andeven various garbage accumulated inside and sidewalks, which can favor mosquito

proliferation. In this regard, 26 respondents (78.8%) reported having seen neighbors discarding garbage on

the street or in vacant lots.  Thus, a scenario of environmental vulnerability is outlined, largely generated by

the care (or its lack) in relation to the built environment of these dwellings (image 69).
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Image 69 – Perception of the presence of dengue mosquito and environmental conditions.

● Housing condition:

Most of the interviewees (24 – 72%) were still paying the house's financing, while 6 (16.2%) rented it

or lived in favor and only 3 (9.1%) had paid the property. At the same time, there have been 31 cases (94%)

living in 6 people or less in the residence, while in 2 cases (6%) lived  8 (configuring housing deficit by

excessive density of dormitories) according to the Ministry of Regional Development (image 70).

Image 70 – Housing conditions.
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● Carrying out interventions:

32 interviewees (97%) made changes in their homes, among which 26 (19.3%) cemented the lot, 23

(17%) created a new covered area and 22% (16.3%) created a new room, among other changes.

In only 48% of the houses (16) where there was intervention there was professional hiring and in

54.5% (18), the intervention had not been completed so far. At the same time, 30% (10) were not satisfied

with the results of the interventions – some reported that after interventions, walls cracked and had

infiltrations.

72% (24) still intend to make interventions in the houses, the main change being the creation of a

new room (13 - 31.7%) and paving of the yard (6 - 14.6%). This scenario points out the importance of the

architect's presence in these dwellings, ensuring, on the one hand, the satisfaction of residents with the

reforms and, on the other hand, the preservation of environmental health (see image 71).

Image 71 – Interventions.

● Habits and characterization of behavioral profiles (for the 33 respondents):

GARDENER: Only 6 (18%) do not have any type of vegetation at home, while 27 (82%) have some type of

vegetation. Among those who have, 23 (85%) take care of the plants every week, while the other 3 (15%) do

not take care of the plants or do it only once a year (image 72).

SELFBUILDER: 22 residents (66%) store building materials at home. There were building materials on the

sidewalks of 7 houses (16%) and in the backyards of 17 houses (51%). Holes were observed in the walls

without plastering of 10 houses (30%) (image 73).

RECYCLER: 19 (57%) store materials to recycle. There were materials to recycle in 13 backyards (39%) (image

73).
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ACCUMULATOR: 14 (42%) store damaged or unused objects. There were damaged or unused objects on top

of the roof in 2 houses (6%) and in the backyard in 5 houses (15%) (image 73).

HYGIENIST: 19 respondents (57%) paved the complete land or most of it. In 8 houses (16%) it was observed in

the ground of the yard the presence of holes that accumulate water (image 73).

Image 72 – Habits and characterization of behavioural profiles – gardener.

Image 73 – Habits and characterization of behavioural profiles – recycler, self-builder, accumulator and hygienist.
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Method 2 – Practice Characterization Survey

The following descriptions refer to the attached graphics (see Annex 14).  Images 74 to 79 next

sumarize and illustrate the main results obtained from method 2 performance with 7 residents participating

on pilot study.

● Knowledge about institutionalized rules:

Only 2 interviewees knew the contents of the Manual of Use and Operation that was delivered along

with the keys of the house and 3 residents did not know that it is forbidden to leave demolition/construction

materials in public areas for more than 6 hours, indicating a lack of knowledge of institutionalized rules

regarding home care.

● Knowledge about dengue and effective fight against dengue:

3 interviewees did not know exactly how dengue is transmitted, while only 1 interviewee did not

know exactly what the dengue transmitter looks like. Everyone knew where and how the dengue transmitter

reproduces, but 3 did not know exactly the time of year when it reproduces. Only 2 interviewees did not

know exactly what the symptoms of dengue are or what hemorrhagic dengue would be, while 3 did not

know exactly how dengue can be prevented.

Image 74 – Knowledge about dengue and dengue effective combat measures.
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At the same time, it was observed that the 7 interviewees have a habit of checking for accumulated

water in the objects stored in their homes, and the 4 that have plants often check if there is accumulated

water in the vegetation. Another 3 stated that there are no breeding grounds for the mosquito in their

backyards and 4 others stated that whenever potential breeding sites come, they eliminate them

immediately. Based on these results, it is observed that there is reasonable knowledge about dengue among

the participating residents (image 74).

● Carrying out interventions:

All interviewees (7) had already done some kind of preventive maintenance in the house (such as

painting, finishing exchange and ground cementing). All also performed corrective maintenance on some

building subsystem (roofs, water reservoir, hydraulic installations, and others)

All intend to do some intervention in the property, prevailing the desire to create new covered area

in 3 houses and a new room in 6 houses. However, 4 find it difficult to perform repairs at home and 3 others

find it difficult to make improvements, mainly due to lack of money (image 75). Once again, the importance

of the architect's presence in these developments is highlighted, in order to ensure resource optimization,

satisfaction and healthiness.

Image 75 – House interventions.

● Habits and characterization of behavioral profiles:

SELFBUILDER: 6 keep building materials at home. 5 keep tools. As for location: 4 store in the uncovered yard

and 2 in the covered yard. As for the reason: 5 intend to make reforms when possible, and 1 left and did not

know how to discard (image 76).
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Image 76 – Habits and  behavioural profile characterization – self-builder and recycler.

RECYCLER: 4 keep materials to recycle at home. As for location: 5 store it in the yard, discovered. As for the

reason: 4 save to resell and 2 to make crafts or something that is useful in the future (image 76).

ACCUMULATOR: 6 store damaged or unused objects at home. As for the location, 2 store it in the uncovered

yard and 2 store it in another covered place. As for the reason: 5 save because it can be useful in the future

and 1 because it did not know how to discard (image 76).

GARDENER: 5 have vegetation in their homes. 1 created flower bed in the garden. 2 has a habit of fertilizing

backyard land with organic waste (image 77).
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HYGIENIST: 2 cemented the land. 1 reported not keeping any of the objects evaluated in their backyard

(image 77).

Image 77 – Habits and behavioural profile characterization – gardener and hygienist.

● Solid waste management:

4 out of 7 interviewees reported having the habit of discarding garbage or other larger materials on

wasteland. In parallel 3 could not say when public sweeping occurs in the neighborhood while 5 could not

inform if there is a service to collect larger debris or garbage in the neighborhood (image 78). These data
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demonstrate a lack of environmental awareness and misinformation about the management of solid waste

practiced by the municipality among residents interviewed, indicating a situation of greater vulnerability to

dengue virus contamination (whose vector reproduces, among other places, in exposed debris capable of

accumulating water for long enough).

Image 78 – Solid waste management.

● Feeling of control over the house:

4 out of 7 can't control dust entry and internal temperature in their homes, while 3 can't control

rain inlet. Another 6 can't control the noise produced in their homes, while only 3 can't control the entry

of unwanted animals into their homes, including mosquitoes (image 79). It is observed that control over

different aspects of housing is often harmed, compromising to some extent the ability to manage the

home.

Image 79 – Feeling of control over the house.
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Method 3 – Impact Tracking (participant)

Chart 12 – Results from questions regarding to dengue – Method 3.

RESULTS FROM QUESTIONS REGARDING TO DENGUE – METHOD 3 (IMPACT TRACKING: PARTICIPANT)
Participant Resident 1 Resident 2 Resident 3 Resident 5 Resident 6 Resident 7 Resident 8

Event Hits

Workshop 1A
(13/09/2020)

Symptoms: 6/7 Symptoms: 6/7 Symptoms: 7/7 Symptoms: 7/7 Symptoms:: 6/7 Symptoms: 4/7

Did not participate
(hadn’t joined yet)

Transmitter:1/3 Transmitter:1/3 Transmitter: 1/3 Transmitter: 1/3 Transmitter:1/3 Transmitter:1/3
Reproduction of the transmitter:
3/4

Reproduction of the transmitter:
3/4

Reproduction of the transmitter:
4/4

Reproduction of the transmitter:
3/4

Reproduction of the
transmitter: 4/4

Reproduction of the
transmitter: 2/4

Transmission of the disease: 1/1 Transmission of the disease: 1/1 Transmission of the disease: 1/1 Transmission of the disease: 1/1 Transmission of the disease:
1/1

Transmission of the disease:
1/1

Prevention: 5/6 Prevention: 6/6 Prevention: 6/6 Prevention: 5/6 Prevention: 4/6 Prevention: 6/6

Workshop 1B
(25/10/2020)

Symptoms: 9/10 Symptoms: 9/10 Symptoms: 7/10 Symptoms: 8/10 Symptoms: 9/10 Symptoms: 9/10 Symptoms: 10/10
Transmitter: 8/8 Transmitter: 7/8 Transmitter: 8/8 Transmitter: 6/8 Transmitter: 8/8 Transmitter: 8/8 Transmitter: 8/8
Reproduction of the transmitter:
8/10

Reproduction of the transmitter:
9/10

Reproduction of the transmitter:
7/10

Reproduction of the transmitter:
9/10

Reproduction of the
transmitter: 9/10

Reproduction of the
transmitter: 7/10 Reproduction of the transmitter: 10/10

Transmission of the disease: 4/4 Transmission of the disease: 1/4 Transmission of the disease: 3/4 Transmission of the disease: 2/4 Transmission of the disease:
4/4

Transmission of the disease:
4/4 Transmission of the disease: 4/4

Prevention: 8/9 Prevention: 9/9 Prevention: 7/9 Prevention: 7/9 Prevention: 9/9 Prevention: 9/9 Prevention: 8/9
Treatment: 5/6 Treatment: 6/6 Treatment: 5/6 Treatment: 6/6 Treatment: 5/6 Treatment: 6/6 Treatment: 5/6
Can you stop mosquitoes? Yes,
partially

Can you stop mosquitoes? Yes,
partially Can you stop mosquitoes? No Can you stop mosquitoes? Yes,

totally
Can you stop mosquitoes?
Yes, partially

Can you stop mosquitoes?
No

Can you stop mosquitoes? Yes,
partially

Has anything changed in the
house? No

Has anything changed in the
house? The way to store objects

Has anything changed in the
house? Improved backyard
cleanliness

Has anything changed in the
house? Discarded tires and
made vertical garden

Has anything changed in the
house? No

Has anything changed in the
house? No

Has anything changed in the house?
Yes, roof renovations due to leaking

Do you want to change
something in the house?
Eliminate clogged things (shoe
rack, stove, filter)

Do you want to change
something in the house? No
forecast

Do you want to change
something in the house? Plan to
make a balcony and fix the solar
heater

Do you want to change
something in the house? If
possible, do the house on the
backs for the son

Do you want to change
something in the house? No, I
intend to make the wall next
year

Do you want to change
something in the house? No

Do you want to change something in
the house? Yes, finish the kitchen

Workshop 2A
(22/11/2020)

Symptoms: 8/10 Symptoms: 5/10 Symptoms: 8/10

Did not participate

Symptoms: 8/10 Symptoms:: 9/10 Symptoms: 9/10

Transmitter: 8/8 Transmitter: 7/8 Transmitter: 7/8 Transmitter: 3/8 Transmitter: 8/8 Transmitter: 7/8
Reproduction of the transmitter:
8/10

Reproduction of the transmitter:
10/10

Reproduction of the transmitter:
9/10

Reproduction of the
transmitter: 6/10

Reproduction of the
transmitter: 8/10

Reproduction of the transmitter: 7/10

Transmission of the disease: 4/4 Transmission of the disease: 4/4 Transmission of the disease: 1/4 Transmission of the disease:
1/4

Transmission of the disease:
4/4

Transmission of the disease: 4/4

Prevention: 9/9 Prevention: 8/9 Prevention: 8/9 Prevention: 8/9 Prevention: 8/9 Prevention: 8/9
Treatment: 5/6 Treatment: 6/6 Treatment: 5/6 Treatment: 5/6 Treatment: 6/6 Treatment: 5/6

Can you stop mosquitoes? No Can you stop mosquitoes? No Can you stop mosquitoes? Yes,
partially

Can you stop mosquitoes?
Yes, partially

Can you stop mosquitoes?
No

Can you stop mosquitoes? No

Has anything changed in the
house? No

Has anything changed in the
house? Buckets of water from
the washing machine now
disposed of in a week. Before,
they stayed for 15 days

Has anything changed in the
house? Cleaned the yard

Has anything changed in the
house? No

Has anything changed in the
house? No

Has anything changed in the house?
Changed roof kitchen, balcony
structure (mother house)

Do you want to change
something in the house? No

Do you want to change
something in the house? Not in
the next month, but in the future,
a bedroom with bathroom

Do you want to change
something in the house? No,
intends to sell the house or rent

Do you want to change
something in the house? No

Do you want to change
something in the house? No

Do you want to change something in
the house? Finish the balcony finish the
side wall, put windows in the kitchen
and bedroom

Workshop 2B
(13/12/2020) - - - - - -

Transmitter: 8/8
Reproduction of the transmitter: 9/10
Transmission of the disease: 4/4
Prevention: 8/9



Treatment: did not answered
Can you stop mosquitoes? Did not
answered
Has anything changed in the house?
did not answered
Do you want to change something in
the house? did not answered

Chart 13 – Results from questions regarding to the workshops – Method 3.

OPINIONS REGARDING THE WORKSHOPS – METHOD 3 (IMPACT TRACKING: PARTICIPANT)
Participant Resident 1 Resident 2 Resident 3 Resident 5 Resident 6 Resident 7 Resident 8

Event Opiniões sobre Oficinas

Workshop 1A
(13/09/2020) - - - - - - -

Workshop 1B
(25/10/2020)

Are informations useful? Yes Are informations useful? Yes Are informations useful? Yes Are informations useful? Yes Are informations useful? Yes Are informations useful? Yes Are informations useful? Yes
Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Está colocando conhecimentos
em prática? Yes

Está colocando conhecimentos
em prática? Yes

Está colocando conhecimentos
em prática? Yes

Está colocando conhecimentos
em prática? No

Está colocando conhecimentos
em prática? Yes

Are you putting knowledge into
practice? Yes

Está colocando conhecimentos
em prática? Yes

What do you think of the
meetings? Very satisfying

What do you think of the
meetings? Very important,
because the thing is uglier than
we think

What do you think of the
meetings? Liking it 100%, want
to come more often

What do you think of the
meetings? You are enjoying it,
they are good

What do you think of the
meetings? Very informative and
necessary

What do you think of the
meetings? Very cool, friendship,
knowledge, loved microscope.
They suggest that there is
always activity for children

What do you think of the
meetings? Very useful because it
teaches about some care that we
must always maintain with our
place of residence

Workshop 2A
(22/11/2020)

Are informations useful? Yes Are informations useful? Yes Are informations useful? Yes

Did not participate

Are informations useful? Yes Are informations useful?  Yes Are informations useful? Yes
Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you learning about dengue?
Yes

Are you putting knowledge into
practice? Yes

Are you putting knowledge into
practice? Yes

Are you putting knowledge into
practice? Yes

Are you putting knowledge into
practice? Yes

Are you putting knowledge into
practice? Yes

Are you putting knowledge into
practice? Yes

What do you think of the
meetings? Very important. Many
people die of dengue. On the
street there is a lot of neglect. He
has emptied objects on the
street, but when he sees ...

What do you think of the
meetings? He is enjoying it a lot,
he likes to interact with other
people and learn about a subject
so important for health.

What do you think of the
meetings? Grade 10

What do you think of the
meetings? Very enlightening and
important

What do you think of the
meetings? They are finding it
very useful

What do you think of the
meetings? At the moment
everything is right

Workshop 2B
(13/12/2020) - - - - - - -
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Method 4 – Survey - What do you have in your backyard?

Chart 14 – Results from Method 4 per resident.

Chart 15 – Results from Method 4 per item.



Method 5 – Survey - What would you like to have in your backyard?

Chart 16 – Results from Method 5 per resident.

Chart 17 – Results from Method 5 per item.
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Method 6 – Survey - Where is the mosquito in your backyard?

Chart 18 – Results from Method 6 per resident.

Method 7 – On-site backyard inventory

Chart 19 – Results from Method 7 per resident.

Chart 20 – Results from Method 7 per item.
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In addition to the types of objects found in the backyards of the participating residents, it was also verified what these objects were, their location in the backyard,

why they were where they were, and their conservation conditions. These information are presented below for each object type, for the result set (Chart 20).

Chart 21 – Objects detailing.

TYPES OB OBJECTS OBJECTS LOCATION REASON FOR LOCATION CONSERVATION CONDITION

RECYCLABLE
MATERIALS

garbage bag, feed bag, coal bag, suitcase and
backpack; mattress foam, pallets; sabouts,

cardboard boxes; plastic containers, PET
bottles, glass bottles, aluminum cans;

covered area in the back; garage; back part
of the backyard; back part of the backyard;

that's where it fell, near the door –
convenience; that's where it fit; that's

where it fit;

good condition; good condition;
exposed - bad; exposed but intact;

CONSTRUCTION
MATERIALS

tiles, wooden planks, tiles, bricks; tiles; bricks,
tiles, blocks, rebars; ceramic tiles, tiles; tiles,

wooden door, rebars; bricks, tiles;

corridor and back of the yard; back part of
the backyard; back part of the backyard;

back part of the backyard; back part of the
backyard, commercial room; lateral part of

the backyard;

near the construction site; will use but has
nowhere to store; that's where it fit; that's

where it fit; that's where it fit; that's
where it fit;

good condition; good - stacked;
exposed - bad; good; exposed - bad;

exposed but intact;

RUBISH/GARBAGE
crate, canvases; pieces of wood, tiles, bricks,
tiles; wooden crates, paint cans, cardboard

boxes; metal bead;

garage, on top of the dog house; front and
back part of the backyard; back part of the

backyard; lateral part of the backyard;

that's where it fit, didn't have time to rule
out; that's where it fit; that's where it fit;

bad; damaged; bad and reasonable;
good;

UNUSED/DAMAGED
FURNITURE

chairs, benches, fan, drawers, swimming pool;
mattress springs, damaged bicycle, kitchen

cabinet; headboard; furniture parts, drawer,
bed frame, metal door, metal chairs; metal

chairs, stool parts;

covered area in the back; garage, on top of
the dog house, back part of the backyard;
lateral part of the backyard; back part of
the backyard; back part of the backyard;

that's where it fit; that's where it fit; uses
it to hang pet bottles; that's where it fit;

that's where it fit;

bad or very bad; bad; damaged;
exposed – very bad; exposed – very

bad;

UNUSED/DAMAGED
APPLIANCES

freezer; microwave; garage; back part of the backyard; that's where it fit; that's where it fit; good; exposed – bad;

WORK MATERIALS tools, plastic drum; wheelbarrow;
inside the dog house, garage; back part of

the backyard;
that's where it fit, why you have to leave it

in an open place; that's where it fit;
good - uses to store soap; good;

FIREWOOD
pieces of firewood; wooden slats; wooden logs;

wooden planks;

inside the dog house; lateral corridor; back
part of the backyard; back part of the

backyard;

because it’s covered space; intends to use;
that's where it fit; that's where it fit;

good; decomposition; exposed - bad;
exposed - very bad;

VEGETATION plant pots, tree; vases;
lateral corridor of the house and yard and

supported on the tree; front;
where there was land, already existed in
the house, to be near the tree; decorate;

well cared for; bored;

TOOLS wheelbarrow, shovel; back part of the backyard; is being used there; good;

CONSTRUCTIVE
ELEMENTS

bench stone, tub; gutter, drain; gutters

covered area at the back; garage, lateral
corridor of the house; back part of the

backyard
that's where it fit; where it has covered

space; need professional to fix;
good; good condition, clean; pie and

accumulating water;

OTHER OBJECTS

baleiro, books, console for games, dvd player,
wires, microsystem, shower, tools, toy box,
market cart; recycling cart, wheelbarrow,

armadillo trap; mattress on top of roof, books,
water canisters; hot dog cart for sale, bird cage,

canisters, basins, awning frame;

covered area at the back; back part of the
backyard, lateral corridor; covered area at

the back; back part of the backyard;

that's where it fit; near the house, to use
in the work; that's that's where it fit; that's

where it fit;

bad or unknown; rusty; very bad;
exposed – bad;



Method 8 – Mosquito hunt (participant)

Chart 22 – Results from Method 8 per resident.

RESIDENTS NOTES
Resident 1

● Tire
● Cans, without holes
● Bottles with holes turned

down
● Bathroom drain
● Bottle caps upside down
● Crumpled cans
● Toys up
● Plastic bags
● Small pieces face up
● Broken glass
● Face-up glasses retain

water
● Moist woods
● Roof tiles
● Drains in the bathroom

are covered
● Refrigerator does not

have a defrost box (tray)
● Crushed egg cartons in

the water reserve plants

Resident 2
● Tire with water
● Beer cans
● Withered ball with water

residue
● Buoy with water
● Separate trash with traces of

water
● Drain
● Bottle with facing up

Resident 4
● Bowls
● Trash can up
● Uncapped bucket with standing

water
● Open bottle
● Beer can
● Lid facing up
● Basin
● Tire
● Plant plate

Resident 3

● Tire with water
● Beer cans
● Withered ball with water

residue
● Buoy with water
● Separate trash with traces of

water

Eventual participant
● 1 tyre
● 1 thermal box
● 1 bottle box
● Cardboard boxes
● Buckets

Resident allocates and washes the dogs'
water and feed bowls

Resident 6
● Bags, plastic tarpaulins,

packaging
● Home appliances
● Toys

● Drain
● Bottle with facing up

Resident 7
● Did not participate – had

COVID-19

Resident 8
● Constructive materials
● Cans or caps
● Unused pieces of furniture
● Household items
● PET or glass bottles
● Flowerpot
● Bags, plastic tarpaulins,

packaging
● Home appliances
● Toys

The methods appliction results, shown above, seek to better illustrate the scenario os habits, physicial and

social aspects and general data asn figures of the seven families involved in the process. One thing that was very

positively received by both means of application (physical presence and online presence), was the definition of

Profiles and the self-identification activity, which helped bring more (self)awareness in a non offensive way, while

also creating a more trusting and cheerful atmosphere during the activities. By providing theses profiles categories, it

creates more opportunities to tackle future solutions and replicate the experience in a wider scale – as will be shown

in Stage 9.



9. ACTION TO SCALE UP THE EXPERIENCE

ACTION PLANNING:

Through the application of research methods developed, results were obtained that highlighted the

incompatibility between current home management practices and the effective fight against dengue in homes.

From the performance of Method 1 with 33 participants from different locations in the neighbourhood, it

was possible to observe that 50% had had dengue at least once. At the same time, 84.8% stated that there is no

mosquito breeding in their homes. The proliferation of the mosquito is often attributed to the backyards of

neighbours, which, as reported by the participants, are some times full of garbage or rubble, other times abandoned

with high bush. 97% of the interviewees made important changes in the house or backyard, involving construction,

demolition and generation of debris. Among these, only 20% had some professional help, and the others performed

interventions on their own initiative. 54% have not yet completed the reform and in addition,32% said they have

construction materials at home awaiting use opportunity.

In the physicall workshops, it was found that the 7 families had intermediate knowledge about dengue, and 4

out of 7 were not sure about how dengue contamination occurs, while 4 others were not sure about how the

mosquito reproduces. Among the participants, 6 out of 7 kept building materials at home to make renovations when

possible, 4 in the uncovered yard and 2 in a covered area of the yard. From the walkthroughs conducted by

researchers in the participants' homes, the presence of several risk situations for mosquito proliferation was also

observed in the 7 houses (see topic 6).

From the online workshops it was found that the level of knowledge of the participants about dengue

(transmitter, transmission, symptoms, reproduction, treatment, and prevention) was intermediate, with

approximately 50% of hits in all themes evaluated by Method 3. At the same time, more than 66% reported storing

building materials or materials to recycle in their homes, in the covered yard or indoors organized.

These results provide indications that mosquito reproduction occurs without being perceived in the

backyards of many residents, possibly in these building materials and others, improperly stored in their backyards. It

is understood that the misstep between what is said and what is actually done indicates a difficulty in putting into

practice the knowledge held and even recently acquired by the target audience of the research. However, the results

of the co-production workshops activites and methods applied showed a hopeful window, as the participants were

highly engaged, willing to properly learn and make a positive change in their lives and, consequently, in their

community.

In this sense, there must be a continuity of actions and co-production workshops with this public in order to

contribute to the effective change of practices aimed at eliminating the dengue mosquito in backyards is strategic to

generate lasting transformations, as demonstrated from the pilot performance of the toolkit with a small group of

participants over a longer period of time (see topic 10).

After all, from the results of the methods’ performance, as well as the researchers’ perceptions regarding the

workshops’ sessions (physical and online), two main products were designed in order to spread the discoveries and

toolkit solutions retrofit developed: 1. Guidebook; and 2. Web App. These products are a direct consequence of the
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success of the methods solution development, as proven with the co-production workshops results and the

engagement assessment. With that said, Chart 23 summarizes information about the guidebook and web app design.

Chart 23 – Action description.

DEVELOPMENT OF GUIDEBOOKS AND WEB APP

GENERAL GOAL: Influencing the broader context, replicating the experience of the workshops, expanding knowledge/action on
the relationship between dengue proliferation and the management of the built environment in HIS

PROPOSED PRODUCTS: SCOPE AND IMPACT

 ITEMS GUIDEBOOK WEB APP

SPECIFIC GOALS

Increase awareness of the dengue problem -
indicating aspects that go beyond the "obvious" (eg,
water accumulation in tires and plant pots) and
relate themselves with questions regarding the
conservation state of the built environment.

Increase awareness of the dengue problem in
relation to the built environment - indicating
examples of real / everyday situations from the local
context from the profiles identified by the research
group (self-builder, higyenist, accumulator/recycler,
gardener).

Highlight the mosquito's relationship with the built
environment, and clarify misinformation that
people usually have

Indicate options for solutions to problems, justifying
both wrong and correct solutions, to promote
learning

Enable change in practice through a challenge /
action at the end of the booklet (changing practices)

Enable a "second chance" of responses - to promote
greater assimilation of the indicated content

ACTIONS
(CONTENTS/FRAMES

/SEQUENCE)

Talk initial context - statistical data on dengue,
explain that the problem is not so obvious in many
cases

Talk initial context - statistical data on dengue,
explain that the problem is not so obvious in many
cases

Highlight the mosquito's relationship with the built
environment - which in fact attracts the mosquito,
where it usually stays in the residential space,
misinformation that people tend to have

Invitation to help residents avoid this "danger" -
which is the proliferation of mosquitoes

Explain mosquito’s behaviour (evolution, what
attracts it, etc.)

Present problems to be solved + alternatives in 4
categories / levels - hygienist, accumulator/recycler,
selfconstructor, gardener
(Provide a justification for each chosen alternative -
if it is right / wrong and why)

indicate practices / habits that help mosquito
proliferation, and show how they can be avoided

At the end of the answers indicate a score and
present the possibility to answer again to expand
the score / ranking (think about how to encourage
users to seek higher scores)

Launch a 'challenge' - show your home ideas to help
prevent the mosquito from proliferating (worth a
note / bonus as an incentive)

After the "second chance" make a small evaluation
of the app (example - Ifood) indicate final score and
links to the research platforms (website, instagram)

TARGET AUDIENCE

Social housing development’s elementary and high
school students in the Shopping Park
neighbourhood. Replicable to other scenarios
(future).

Web app - Initially for social housing development’s
elementary and high school students and their
families (pilot). Replicable to other scenarios
(future).

EXPECTED IMPACTS

Awareness Awareness

Get deeper knowledge Get deeper knowledge

Assimilation Assimilation

Changing practices/habits Changing practice/habits

HOW TO MEASURE
THE IMPACT

Number of people who received the guidebook
Number of people who accessed the web app and
play until the end (chef if is it possible to measure
this)
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Number of people who received the guidebook x
number of people who gave feedback on the
proposed activity

Number of hits on the first x second attempt

Questionnaire / interview with students (made by
phone / whatsapp / google forms) to assess how
useful the guidebook is

Web app rating - positive x negative

WEB APP – MINI GAME:

The web app was conceived intending to increase the awareness of the dengue problem in relation to the

built environment indicating examples of real and everyday situations from the local context from the profiles

identified by the research group (self-builder, higyenist, accumulator/recycler, gardener). It is a web page (responsive

for accommodation on mobile device screens) where the participant is initially characterized by sociodemographic

questions, and then invited to help representative characters of each behavioural profile to avoid the proliferation of

the dengue mosquito in their homes, during a mini game.

The user is encouraged to choose a character to help, whose behavioural profile is presented and its main

characteristics described. Statements containing problems to be solved and 4 possible alternatives for each of the

behavioural profiles are then presented. Regardless of the answer marked by the participant, a justification is

presented next to inform the participant about their mistake or success and the reasons why.

After solving the problems for each profile, the participant must answer which practices similar to that profile

he or she develops at home, being asked whether or not they identify with that behavioural profile. After answering

the questions for all profiles, the participant is asked whether they learned something new about dengue or not,

having then access to a screen where it can check their successes and start the mini game again in order to improve

their performance or finish the process.

This web app was developed, initially to suport co-productions processes within social housing

development’s elementary and high school students and their families (pilot), being replicable to other scenarios in

the future. Images 80 to 85 show the initial screen of the web app and the presentation screen of the mini game. The

Annex 16 show translated frames of the web app.

Image 80 – Initial screen of the web app – mini game.
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Image 81 – “About Us” screen of the web app – mini game.
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Image 82 – “Meet the residents” screen of the web app – mini game.

Image 83 – “Resident Profile Card” screen of the web app – mini game.
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Image 84 – Question example of the web app – mini game.

Image 85 – “Final Score” screen of the web app – mini game.
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Interface design process of the web app

For the development of the project, the team started with the production of a high-fidelity prototype. This

type of prototyping is the most accurate representation of the system that will be created. It is possible to obtain a

better visualization of the flows and journeys that users will undergo, making it possible to find some bottlenecks in

content, design and development.

The initial construction of the prototype was based on the search for information and research related to the

project, especially the profiles of residents that we would like to include. In this sense, to give shape to the profiles,

we searched for illustrations to portray them in a friendly way and approximate the context of the users. Thus, we

found illustrations and edited them according to the needs of this contextualization, making the characters actually

represent the behavioural profiles found in the research.

For illustrations, we searched for searched images that represent the mosquito, bringing it with a variety of

facial expressions to demonstrate its achievements to the user and generate reflections on what they learned in the

game.

The choice of colors was based on the logo of the project "Minha Casa sem Dengue" with applications in

yellow and orange, always seeking to bring colors that instigate joy and attention, showing the user a playful and

colorful setting that emphasizes the appearance of a game.

The use of colors was also a very important factor for differentiating actions to ensure an affordance

(GONZALEZ, 2018) - denoting the quality of any object that allows the individual to identify its functionalities through

its attributes (shape, size or color) in an intuitive way and without explanations -, for example, when developing the

correction of the alternatives answered by the user, we chose to establish the red color to indicate an error and the

green color to indicate the correct answer.

In relation to the buttons, icons and interface components, shapes and formats were used, we wanted to

produce an easy understanding to assimilate the action that will be performed from a learning curve. Therefore,

when applying a shape to a button, this same shape has been repeated on all other pages that have buttons, this

ensures that the user understands what a button is and also promotes visual consistency to the design. This feature

also makes it easier for users to understand what it can and cannot do within the platform.

Another important point for the scope of the project was to think about how these visual resources would

interconnect in a navigation flow and with the insertion of content. For this, when inserting the game content, the

team was concerned about assembling the order of information so that the user could interrelate with all the

residents' profiles. In this sense, the choice was to use a character blocking system simulating learning levels. At the

end of each “level”, the user is asked if he identifies with the profile and what actions to combat dengue he takes at

home.

DIGITAL GUIDEBOOK:

The digital guidebook was conceived intending to increase the awareness of the dengue problem - indicating

aspects that go beyond the "obvious" (eg, water accumulation in tires and plant pots) and relate themselves with

questions regarding the conservation state of the built environment. It highlights the mosquito's relationship with the
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built environment clarifying misinformation that people usually have regarding the transmitter, transmission,

symptoms, reproduction, treatment, and prevention of dengue disease.

It is structured in a presentation of the project and the research team, a 1st part - describing the relationship

between dengue and the human being, a 2nd part - describing the relationship between dengue and the management

of the home, being both parts finalized with an invitation to fill forms for learning and practices verification hosted by

Google Forms. The material was developed for inclusion in the curriculum of high school courses in schools located,

primarily, in the studied housing complex, and could be replicated in other case studies in the future.

The design of the guidebook followed the same principles as the web app, in terms of colors, shapes and

visual language, adopting dimensions of graphic elements for better accommodation on a cell phone screen (a device

owned by 97,5% of the target audience, according to Villa et al., 2017), aiming to arouse interest and favour a

pleasant experience. Images 86 to 89 shows some screens of the graphic material produced in Portuguese (go to

annex 15 in order to see the complete translated content of the guidebook).

The material aims to inform the audience about dengue and strategies for combating it in the specific context

of housing of social interest, combining this informative dimension with an evaluative moment (through

questionnaires to verify learning and practices). On the one hand, it favors the expansion of awareness, assimilation,

getting of deeper knowledge and changing in practices of those involved, as well as the acquisition of data by the

research team on the knowledge and practices of residents of housing developments in different contexts.

Images 86 and 87 – Team presentation and 1st part – statistics on dengue and transmittor characterization.
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Images 88 and 89 – 2nd part – situations for mosquito proliferation and behavioural profiles x situations for mosquito

proliferation.

INFORMATIVE AND EVALUATIVE DIMENSIONS:

As described above, both the the web app and the guidebook include an informative and an evaluative

dimension. At first, it is interesting to instruct the target audience through virtual materials hosted on internet

servers with different levels of complexity and interaction styles. These products have the potential to favour the

process of co-production of community knowledge about the relationship between the proliferation of dengue and

the conditions of the built environment and the practices of its residents, aiming to modify the set scenario.

At the same time, it is understood that the incorporation of assessment questionnaires through digital

interfaces improves the user experience, making the Post-Occupation Evaluation (POE) process more efficient and

producing better quality data (VILLA et al., 2020; CHANDLER & UNGER, 2009). Such data are of strategic importance

for the production of evidence-based intervention proposals, aimed at eliminating the dengue mosquito in social

housing through the insertion of the user as a protagonist in the decision-making process.

In this regard, several studies have highlighted the relevance of orienting POE methods to the reality and

needs of users, conditioned by economic, cultural and local factors (PEIXIAN, THOMAS & FROESE, 2018;

KOWALTOWSKI, 2018; COLE, 2005). The items assessed, ranking scales and the extension and typology of the

selected research methods themselves are some of the elements that need to reflect the context in which the

assessment methods will be performed. In this sense, the research methods developed and later incorporated in the

guidebook and web app are structured according to the valued criteria for the topic being discussed (dengue x
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practices x the built environment of social housing), ultimately scripting the path to modifying the harmful patterns

verified.

USABILITY TEST:

Preliminary to the dissemination of the products produced to wider audiences, usability tests were

conducted in order to identify the necessary adjustments in the web app and digital guidebook. Usability tests

support the improvement of the analyzed object, making its use experience more pleasant and assertive, as well as

promoting more lasting learning.

Nielsen (1993) defines the term usability as “quality attribute that assesses how easy an interface is to use”,

or “the measure of quality of a user's experience when interacting with a product or a system”. For Zandoná (2017),

these are “ethnographic techniques in which users interact with a product or system, under controlled conditions, to

perform a task, with defined objectives, in a given scenario, aiming at the collection of behavioural data, and with the

main objective to improve the ease of use of the product/system”.

Nielsen (1993) also discusses the potential for financial savings involved in carrying out usability tests since

the product conception, placing the user experience as an important source of information for improvement. Thus, it

establishes 5 attributes for the analysis of a product: learning ability, efficiency, memorization, errors and satisfaction.

Based on this structure, the attributes to be evaluated were listed according to the research needs and characteristics

of the digital guidebook and web app, namely: functionality, intuitiveness, practicality, design, learning and critical

incidents. The questionnaires to assess the usability of the digital guidebook and web app can be seen in annex 17.

Usability test of the web app:

The questionnaire for the web app was performed by 3 people, being the 3 females. Each person tested the

app twice, one in a desktop computer, and another on a smartphone. The three respondents were between 21 and

30 years old, and had completed higher education. Chart 24 summarizes the results of the questionnaire.

The problems presented were resolved in the final version. There were questions raised about the app tha

could not be solved at the moment, bu are pertinent for a future and further development of the tool in question.

The digital guidebook was produced with a view to its incorporation into a high school audience, and foreseeing an

extension and difficulty equivalent to the level of this target audience.

Chart 24 – Web App usability test - results.

PROBLEMS IDENTIFIED
Intuitiveness:
● Game sequence could be better indicated.

● Dynamics of checking answer and moving to the next question can be improved.

Practicality:
● Flow in the cadastral part can be improved
● In the final score, it could show hits in relation to the total, for example 7/10 hits, or 70% success, something like that,

because the way it is it is difficult to have a sense of the whole.

Design:
● In the final score, it could show hits in relation to the total, for example 7/10 hits, or 70% success, something like that,

because the way it is it is difficult to have a sense of the whole.
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Learning:
● On the thank you screen, why not put a call to action? Please share with your friends, or leave us a comment... maybe

for the next versions.

Critical incidents:
● There were no critical incidents reported.

Usability test of the guidebook:

The questionnaire for the guidebook was performed by 6 people, being 3 female and 3 males. Two

respondents were between 21 and 30 years old, one was between 31 and 40, two between 41 and 50 and one

between 14 and 20. Four had completed higher education and 2 had completed high school. Chart 25 summarizes

the results of the questionnaire.

The problems presented were mostly resolved in the final version. Issues related to reading time and

language specificity could not be addressed at this time, since it could mischaracterize the material. The digital

guidebook was produced with a view to its incorporation into the timetable of high school courses, under the

tutoring of teachers and foreseeing an extension and difficulty equivalent to the level of this target audience.

Chart 25 - Guidebook usability test - results.

PROBLEMS IDENTIFIED
Functionality:
● Difficulty accessing the unlisted video of YorTube;
● Absence of YouTube logo on video indication;
● Difficulty identifying social media buttons;
● Archive of the guidebook is heavy;

● Difficulty uploading files to the survey.

Intuitiveness:
● Difficulty inlocating the questionnaires of learning verification;

● Lack or incoherence of information from the booklet with those requested in the
questionnaire;

● Specific language, difficult to understand;

● Difficult questionnaire questions;
● Unnecessary to abbreviate T and F in the questionnaire;
● Difficulty in distinguishing between profiles in the text, lack of spaces between paragraphs;

● Suggestion of insertion of images in the questionnaire, to facilitate understanding.

Practicality:
● The content reading time is long;
● The survey's runtime is long.

Design:
● Lack of uniformity in buttons for external content on parts 1 and 2;

● Illustration of puddle of water does not look like a puddle of water;

● Illustration of gutter is unconventional, weird;
● Difficulty reading subtitle 6 - is confused with the background;

● Lack of spacing between paragraphs of the introductory text.

Learning:
● Difficulty in understanding the score of the learning verification questionnaires.

Critical incidents:
● There were no critical incidents reported.
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10. FINAL IMPACTS AND INDICATORS

What was actually achieved with all the performed actions and the method development in terms of
solutions and impact?

Image 90 – Theory of Change (Before)

This research assumed as a hypothesis that by establishing a set of retrofit tools, co-produced with the
community, arbovirus epidemics can be reduced with potentially substantial positive effects on health, well-being
and the built environment. However, the COVID-19 and the whole pandemic scenario limited the physical actions
that could be done by the team. Therefore, the research focused on addressing these three underlying problems:

Image 91 – Theory of Change (After)
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By focusing on (i) Increasing awareness; (ii) Providing deeper knowledge; and (iii) stimulating changing
practices; it was possible to obtain very important indicative results on how the developed toolkit could play a
changing role in tackling the dengue issue through resident engagement, while also reaching a wider audience, even
in a pandemic context.

Although the results sample is small, considering the activities impacted directly only 7 families, their
participation in the workshops and activities provided us with enough positive indicators that the methods
developed were successful and could have even more potential on a wider and bigger scale , as shown by the wider
digital work accomplished with the Shopping Park secondary school.

Image 92 – Impacts Indicators

It is clear from image 92 that all the familes participating improved their knowledge and were applying
information they had obtained. More than half had also made active physical changes to their backyards to prevent
dengue. That being said, it is also important to highlight that, albeit not on the same scale and level of intensity and
proximity, other parts of the community were also involved and directly and indirectly impacted by the research
actions.
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Image 93 – People Indirectly impacted

In conclusion, it was possible to identify that the research outcomes were successful in addressing the three
underlaying problems identified in the initial stages.

Image 94 – Impacts Indicators – what was achieved

11. CONCLUSION: key findings from the project

As seen in more detail throughout this report, 6 important contributions can be synthesised below:

1)    Poor construction quality and expansions occurs without professional support

The study shows that around 90% of the houses in Shopping Park neighbourhood had been expanded or

renovated since its inauguration in 2010. This process represents a cycle where the expansions decrease the

permeable area at the same time increasing waterproofed ground. Afterwards, the expansions generate tons of

debris, which are expensive to be properly moved away, so they remain on backyards or streets waiting for someone
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else (local authority) to remove them. Most residents don’t have money enough to complete expansion at once, so

they tried first to collect material, storing them in the backyard. It could take several years until they are used. This

scenario forms the perfect place for breeding grounds – Lots of materials ready to get the water stuck. (see pages 71

– 85). Public policies must address this questions urgently.

 

2) The Solution is Collective Action

As seen in other studies (ZARA, et. al. , 2016) Aedes Aegypiti mosquito could cover up to 500 metres in the

search for food (human bloody). It means that just one good breeding ground could affect greater areas of the

community. Eliminating mosquitos must be a collective action. The developed methodology shows to be able to

deliver strong empowerment and community sense. The project needs to be continued to reach the entire

neighbourhood.

 

3) The Methodology is effective

The project has built a solid methodology as a solution space capable of helping the community to avoid the

dissemination of arboviruses. However using only 10 houses sample, the results also indicate that all participants

have changed their practices to avoidi mosquitos proliferating. And the results, as seen 5 months after the end of the

workshops, show that they had changed their practices effectively. Despite performing the activities directly with

only 10 families, hundreds of people in the community had the opportunity to know about the methods which are:

325 students from the Shopping Park Secondary School, 168 families from the NGO Estação Vida and 23 neighbours

of the 10 sampled families.  

4) Scale up is  key for wider results

Given the collective nature of facing arboviruses epidemics, the project should be scaled up in future actions.

In this pilot study, important partners raised like Shopping Park secondary school from which two workshops with

students have been performed, NGO Estacao Vida a vibrant institution serving the community and Uberlandia

Zoonosis Control Centre that demonstrates the desire to collaborate in future projects.

 

5) Digital methods for COVID-Proof projects

The methodology as developed proved to be quite resilient to be COVID-19 proof. Due to the pandemic

contingencies, the team turn the methods into digital ones, developing tools that will be a legacy for future projects.

Also, a flexible web application has been developed to be used in different studies. The gain from the development of

digital methods will help the study to go to wider contexts, other countries and different climate zones.

 

6) Innovative students/researchers training

The project provided intense training for students at different levels. from undergraduate to doctorate, all 11

students were able to participate and actively contribute to their studies. This methodology is put into practice at

Grupo Mora and is an example of vertical integration between different levels of skills.

(see https://morahabitacao.com/)
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