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Abstract

Background

Cities worldwide are growing fast, and so 1s solid waste production, which calls
for different stakeholders to come together and find creative ways to deal with
urban growth and waste. This study explores how Augmented Reality (AR)
could enhance public participation i public spaces and deal with solid waste
in Mozambique’s capital city, Maputo. The study draws on material semiotics,
detournement theorists and study participants’ views gathered through a
questionnaire on urban public spaces in the city to make a case for AR
technologies to enhance public engagement.

Methodology

The study received responses from 57 participants (n=57). Inspired by the
participants’ answers, Detournement theory, and AR activism, an AR
experience called the Trash Snail to symbolise the slowness of the municipality
i gathering solid waste and properly managing it and the waste’s agency in
shaping life in public spaces was created.

Results

Three participants placed and experienced the Trash Snail in public spaces
with poorly managed solid waste. They also responded to two surveys, one
before the experience with AR and the other after experiencing AR. The
results were screenshots depicting the Trash Snail cohabitating with waste from
human consumption and modes of living in contemporary Maputo and
residents’ opinions about public spaces in Maputo.

Conclusions

Drawing on those materials, Detournement theory and AR activism, the study
concluded that AR, rather than just relaying computer-generated graphics
mformation onto the real world, 1s best understood as an agent that shapes the
users’ relations with it. AR has the potential to enhance public engagement in
public spaces and i dealing with solid waste i1ssues in Maputo. However,
structural challenges related to the digital divide and financial shortcomings are
limiting factors that one needs to consider when employing AR in Maputo and
similar contexts. On a more extrapolative note, the study argues waste in
public spaces needs to be seen as more than an administrative and technical
problem, but one that i1s deeply embedded in lifestyles and accelerated
consumption.
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1 Introduction

I believe that my opinion 1s as valid as any other urban dwellers’. But I also
know that public opinion 1s of little importance to the municipality and the
government. That has been very wvisible in the numerous highly contested
measures that, despite being contested by the people, are carried out by the
municipality, such as the forced removal of street vendors from the streets
without presenting them with options for suitable locations to continue their
business or create alternative economic activities, hence, exacerbating the
already serious urban poverty (Study participant, February 2022).

The epigraph above 1s a steppingstone to understanding how Augmented
Reality (henceforth, AR) could enhance public participation and reflection in
public spaces in Maputo, Mozambique, specifically on solid waste. As the
thesis’ title suggests, this study focuses on waste as a matter with social life (see
(Appadurai, 1988) that shapes both environmental and social life in urban
Maputo. To do so, the study drew on material semiotics, detournement
theory, and participants’ views gathered through a questionnaire (n=57) on
urban Maputo public spaces to design an AR experience—called the Trash
Snail—which elicited participants’ reflections on solid waste and public spaces
in the capital Maputo city, Mozambique.

The study is carried out in the context in which cities are growing fast
worldwide, and with them, waste production. In 2018, “it was estimated that 4
billion people lived in urban areas globally|...]. And by 2050, it 1s projected
that 7 billion people will live in urban areas” (Ritchie & Roser, 2018). “The
African urbanisation rate stood at approximately 47 per cent in 2020” (Saleh,
2021, para. 2). In Mozambique, the growth rate was 35.77 per cent in the
same year (id.). According to a report commissioned by The World Bank
(2018) “[tlhe world generates 2.01 billion tonnes of municipal solid waste
annually, with at least 33 per cent of that—extremely conservatively—not
managed mn an environmentally safe manner” (Kaza et al., p. 3).

That urban growth and respective production of solid waste production are
occurring in the context of what some scholars have called the Anthropocene.
This new geological epoch puts humans as the major force inducing chimate
change (Crutzen, 2006). The effects of the Anthropocene, in the case of
African cities, intersect and amplify the long-established challenges such as
poor access to sanitation, and transport services, the growing cost of living,
overpopulation, shanty areas sprawling, socioeconomic divides, criminality,

and their colonial legacies (Green, 2020; Pratt, 2017).

Studies have called for the need to bring together stakeholders to think and
plan cities to meet the challenges of curbing climate change and low life quality
i urban centres (see, for example, UN-Habitat, 2019; Hansen & Philo, 2007;
Okano & Samson, 2010; Shaftoe, 2012). Within that frame, this study

1|Page
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contributes to enhancing the agency of urban dwellers by exploring AR’s
affordances, specifically mn dealing with solid waste with a geographical
emphasis on the capital city Maputo, in the south of Mozambique.

While the focus of this study 1s to explore the potential of AR in public spaces
in Maputo city, the study’s purpose 1s much broader, as discussed above. It
seeks to mvestigate how extended reality, specifically AR, could assist in
tackling long-established and complex challenges like urban growth, waste
production, environmental degradation, low life quality, and social exclusion in
the African continent.

Despite exciting experiments with AR in Africa, as the study discusses in
chapter 3, the technology 1s yet to gain traction on the continent (Kondlo et al.,
2020). Albeit incipient, the rise of AR worldwide has meant a renewed hope to
tackle the African continent’s challenges m different sectors (UN-Habitat,
2019). This study contributes to those advances with the case of using AR in
urban public spaces to raise awareness and public reflection over solid waste as
objects with life that shape urban life, qualty of life, and impact negatively on
the environment. Much like the epigraph to this chapter suggests, there 1s a
need to engage residents in dialogue with the state authorities on public spaces
design, use, and management.

Regarding the thesis structure, this chapter constitutes the mtroduction.

Then m the second chapter, the study carries out a background study of
Maputo city public spaces to show how historical processes created the divide
between the ruled and the rulers since the colonial period and its articulations
m subsequent periods. In the same chapter, the study also performs a brief
conceptual discussion on the main concepts that it uses throughout the text:
mixed reality, virtual reality, augmented reality, public spaces, and public
participation.

In the third chapter, the study performs a literature review of AR and Virtual
Reality (henceforth, VR) in Africa to understand the different applications the
technologies have had on the continent, which help situate this study. In this
chapter, the study focuses on peer-reviewed, non-peer-reviewed literature
(mostly blogs, news, and commentaries) and private sector practices around
AR and VR because scholarly literature on AR and VR in Africa i1s embryonic.

In the fourth chapter, the study performs a theoretical discussion of material
semiotics to highlight the agency of nonhuman actors like waste and
Detournement theories to emphasize that AR 1s more than overlaying
computer-generated graphics onto the real world. Rather, AR 1s an
mtervention that helps build the world or reality.

2|Page
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In the fifth chapter, the study discusses the methods employed to gather and
analyse data, including three surveys (an opinion gathering survey, a pre-AR
app use survey, and a post-AR-use survey) and MonsterMash (visit
https://monstermash.zone/), Blender (visit https://www.blender.org/), Unity
Vuforia Engine (visit htips://library.vuloria.com/articles/Training/getting-started-
with-vuforia-in-unity.html) and QSR NVivo to create the AR-Trash Snail (visit
https://play.google.com/store/apps/details?id=com.AnselmoMatusse.Lix. AR Maputo)

The sixth chapter 1s the analysis and results of the study. The study presents
the data gathered through the three surveys and the screenshots created by the
study participants to show how Maputo urban dwellers coexist with poorly
managed waste in public spaces and their views of such spaces.

Finally, it 1s the discussion and conclusion chapter where much like the (UN-
Habitat, 2019) the study concludes that AR has the potential to enhance public
engagement on waste in public spaces; however,, technical limitations need
proper consideration. In the same chapter, the study also discusses some of
the limitations faced and makes suggestions for future research on AR in
public spaces in contexts like Maputo city.

3|Page
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2 Background: From Lourenco Marques to Maputo
city

No one from the bottom to the top listens to city dwellers’ concerns. (Study
participant, February 2022)

The opinions [of urban dwellers] matter, but [the municipality] does not listen
to them. (Study participant, February 2022)

Drawing on the study participants’ responses (some of which are transcribed
above) and this study’s author’s experience as a resident and researcher in
Mozambique, in this chapter, this study shows how colonialism, racism, lack of
accountability of Mozambique’s Frelimo ruling party, surveillance,
neoliberalism, and other power structures, on the one hand, have restricted
public participation in public spaces, as the extracts above suggest, and on the
other hand call for urban dwellers to actively engage with public spaces to
tackle such power structures towards improved quality of life and
environmentally aware and friendly urban Maputo.

During the colomal period, the Portuguese colonizers constructed Maputo
city, then called Lourenco Marques, after a Portuguese explorer, for white
settlers and the elite (Isaacman & Isaacman, 1976; Newitt et al., 1995). The
majority-black and poor people dwelled i the city, mostly as servants or
workers. The colonial government forced black people to carry a pass to move
around the city while living in poorly organized, under-serviced suburban areas
that form today’s Maputo shanty areas. Antonio Enes, the architect of the
Portuguese colonial system in Africa, envisioned that spatial segregation based
on race (Enes, 1893).

Two years after Mozambique became independent in 1975 after Frelimo’s
(Mozambique Liberation Front) armed struggle, the country adhered to a
socialist 1ideology (Chichava, 2013). The socialist government used the urban
areas and the built environment as spaces of socialist propaganda through the
construction of murals and renaming of avenues and streets with international
and national figures associated with communist or socialist ideology (see, for
example, Sachs, 1983). In 1976, Lourenco Marques became known as
Maputo.

The communist regime nationalized all land, natural resources, and public
mfrastructures. The regime also nationalized all production, education, health,
retail, and urban services provision (Madeley et al., 1983). It proclaimed
Frelimo the sole political party tasked to govern Mozambique and dismantle
capitalism and any debris of colonialism in the country (Newitt et al., 1995).

While privileging rural areas and a “productionist” agenda (Chichava, 2013),
the communist regime framed the city as a space of consumption, colonial

4|Page
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dominance, and moral and political degradation. Hence, the regime neglected
the city and its allegedly morally corrupt dwellers in favour of rural areas. That
policy option, the increase of inhabitants and migrants in a city that was built
for few white people and the elite, and the ongoing civil war that had started in
1976 headed by Renamo (Mozambique National Resistance)—a military group
that some scholars claim the South African apartheid regime had initiated and
funded to destabilize the country (Geffray, 1990)—and lack of funds led to the
degradation of urban infrastructures, public spaces, and urban public service
provision.

In the late 1980s, after the fall of the socialist state, the International Monetary
Fund (IMF) and The World Bank forced Mozambique to adhere to
neoliberal policies and implement Structural Adjustment Plan (SAPs) to open
the country’s economy to market forces.

The civil war had devastated the country’s economy, infrastructure, and lives,
mcluding in some peripheral areas of Maputo city, and raised the number of
poor people living on Maputo’s streets. The war only officially ended in 1992
when Renamo and the Frelimo government signed the peace accord in Rome.

The peace accord, among other things, sought to implement neoliberal
democracy and democratic elections and decentralize the state authority to
boost social and economic development through private forces. Many studies
claimed that those policy options further impoverished the country and its
residents while creating a political, economic, and social elite attached to the
government (Hanlon, 1991; Sumich, 2005). Those policy options led to
Mozambique’s dependency on western donors (Hanlon, 1991).

The Frelimo party won the first democratic elections in 1994 and the
subsequent elections. As the epigraphs to this chapter above suggest, the
citizens and the state have mcreasingly experienced a gaping divide (Roque et

al., 2020).

On the one hand, citizens feel that the ruling party, Frelimo, and their
government are not catering to their needs and have sought ways to express
their grievances through public protests, arts, music, social media, and other
forms of manifestation in public spaces. On the other hand, Frelimo, fearing
losing their power and sensing the citizens’ increased discontent, has
mcreasingly resorted to the state’s oppressive apparatus to stop people from
exercising their constitutional right to protest and communicate their
grievances in public spaces.

In addition to the elements described above, the current fast-paced lifestyles of
urban Maputo and its (historically) alienating ethos further corroded urban
dwellers’ agency and voices and their ability to shape urban policies and the
built environment.

5|Page
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2.1 Enter Extended Reality

Extended Reality (XR) refers to all real-and-virtual environments and human
interactions mediated by computer technologies and wearables. XR includes
AR, Mixed Reality (henceforth, MR), and Virtual Reality, and AV (Kwok &
Koh, 2021; Milgram & Kishino, 1994). The technologies are shifting the
grounds of public participation and public discourse.

With the nise of new media and other related technologies like XR, public
spaces or squares are “[...] no longer the only anchor for interactions in the
public realm. Public discourse has been relocated to a novel space: a virtual
space [...]” (Ulmer & Freeman, 2022, p. 95). Such new technologies can
enable users to look at their world differently. While Ulmer and Freeman’s
approach can be criticized for dualizing virtual and reality, it points out the
emergence of new media and virtual environments as arenas of public
engagement. One example of such new technology shifting the locale of public
discourse and mteraction with the world 1s Augmented Reality (AR). However,
as 1t will be discussed later, AR intervenes in the physical world.

Jonathan Linowes and Krystian Babilinski define AR as “a technology and,
more 1mportantly, a new medium whose purpose 1s to i1mprove human
experiences, whether they be directed tasks, learning, communication, or
entertainment” (Linowes & Babinhnski, 2017, p. 10). According to Ronald
Azuma, AR systems present the following features: “Combines real and virtual;
Interactive in real-time; and Registered in three dimensions (3-1))” (Azuma,
1997, p. 2). This commonplace definition of AR has been the same since
Arnald Azuma’s AR survey study in 1997.

While that succincet definition of AR 1s useful, it reduces AR merely to
technology and function and neglects how AR shapes social relations between
users and the world. In other words, more than just a technological projection
or overlaying of information in the world to enhance human experiences, as
the commonplace definition of AR would have it; AR 1s best understood as an
mtervention in the world with serious political, social, environmental, ethical,
legal, and theoretical implications as Vladimir Geroimenko (2018), one of the
leading scholars in AR, argued. In Geroimenko’s words:

AR 1s 1deal as a social tool to generate conversations in and
around the community. It 1s often experienced in public space at
the site of a problem which creates an opportunity to engage
people 1n conversation. AR can create experiences that make
people laugh, cry, or think deeply. These experiences can be
shared 1n real-time, allowing millions to relive atrocities in hyper-
realistic detail as they are happening. This conversation and

6|Page
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experience can be easily extended to the Internet and social
networks (Geroimenko, 2018, p. 18).

Geroimenko’s words highlight that AR 1s more than a mediator; it 1s an agent,
as the proponents of material semiotics (Law, 2019) and detournement theory

(Geroimenko, 2018, 2022).

Moreover, because the law cannot confine AR to spatial boundaries,
hegemonic discourses, surveillance, or censorship of the state (Geroimenko,
2018; Thiel et al., 2017), AR offers the opportunity to override, rewrite,
reinterpret, intensify, or challenge such proverbial straitjackets or borders, and
empower citizens and urban dwellers, but because of its “untameable” nature,
it also requires serious critical and ethical scrutiny. AR makes it so that “[t/he
relationship between the viewer and the creator of the work must be built on
trust [...]” (Gwilt & Wilde, 2022, p. 231) because, different from graffiti or
analogue art, the viewer can only see for themselves the creator’s AR content
after deploying it on their devices.

Today (in theory), anyone with a smartphone (with required OS and Android
versions) and an internet connection could produce or experience AR
anywhere in the world (Geroimenko, 2018).

While the internet has expanded in urban southern African cities, like
Maputo, the price of iternet bundles 1s still prohibitive to most Africans, and
the speed of the internet leaves a lot to desire (ATLAS & BOOTs, 2022;
Seasio.co, 2019). For example, in 2017, the National Statistics Institute found
that only 6.62% (out of 24,269,150) people used the internet three months
before their study in Mozambique (INE, 2017). In Maputo city, only 344, 807
people used the mterned mn the same period. Moreover, political control over
the internet 1s also evidenced in the continent (Freyburg & Garbe, 2018). Yet,
more young African people are using smartphones, new media, and
technologies i their daily lives to the point of those artifacts becoming central
aspects of their identity building (Archambault, 2012, 2017), political
mterventions (T'sandzana, 2018), communication, education, arts, economic
activities, entertainment (Goethelnstitute, n.d.).

However, a literature review of scholarly publications reveals that AR beyond
social media (Snapchat, Instagram, and TikTok) 1s incipient in Africa and
nearly non-existent in Mozambique. Most literature has focused on the
political use of digital media i the continent and not so much on creative
practices around it. In other words, not much 1s known regarding how people
use those technologies for other purposes other than social media, political
participation, and 1dentity building.

That limitation could be due to technological, infrastructural, and economic
reasons, like low massification of smartphones, high cost of internet data
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bundles, lack of funding in developing countries and the digital exclusion (see
INE, 2017). Furthermore, it 1s also crucial to highlight that AR is a recent
technology, as Geroimenko points out (Geroimenko, 2018, 2022). Those
limitations and the novelty of AR significantly affected this study’s
materialization, as the study will later discuss in the analysis and results
chapter.
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Africa Asia Europe Global Latin Middle East Oceania Us. &
Armerica Canada

Figure 1. International Bandwidth Growth 1 different regions Region from 2016 - 2020
(Source: TeleGeography, https://techblog.comsoc.org/2021/01/27/telegeography-strong-
mternational-bandwidth-demand-in-latam-global-internet-traffic-and-bandwidth-increased-in-
2020/#:~ :text=International%20Internet9620 Bandwidth%20Growth9620bv%20Region%3 A& te
xt=Average9%20and9%20pecak%20international9620internet,annual9%620growth%20rate %6201n9%2
Obandwidth.)

Rather paradoxically, Africa has experienced a faster digital adoption rate than
other continents (Banda, 2021) as figure 1 above shows. That rapid digital
adoption and young people’s growing usage of technologies provides a unique
opportunity to understand how such technologies shape social relationships in
Africa. This continent has remained marginal m global conversations on
technology and everyday life, even more so in Mozambique, a Portuguese
speaking country.

2.2 Terminology

Before getting into the crux of the study, it 1s crucial to delimit the principal
concepts.

The field of VR worldwide has been gaining vibrancy and becoming a multi-
billion industry. Many industries have taken up the technology and included it
i their daily operations. The technology has become more accessible to the
public, and the shift of Facebook (social media) to Meta (multiverse) attests to
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that growth. However, with that expansion and diversity of uses, confusion
emerges 1n its definition and scope.

Milgram and Kishino noted that “the VR label is [...] frequently used in
association with a variety of other environments, to which total immersion and
complete synthesis do not necessarily pertain, but which fall somewhere along
a virtuality continuum” (Milgram & Kishino, 1994, p. 2). The authors then
devised a three-dimensional taxonomic framework based on the following
criteria: the extent of world knowledge, reproduction fidelity, and extent of
presence metaphor to differentiate between different technologies m the
Reality and Virtuality continuum (Milgram & Kishino, 1994, pp. 8-12).

Scholars and developers interested m AR, VR, and Augmented Virtuality
(henceforth, AV) have taken up Milgram and Kishino’s RV continuum.
However, his definition has also received criticism. Richard Skarbez, Missie
Smith, and Mary Whitton argued that the “RV continuum is misguided.
Rather than an RV continuum since the ‘virtual reality endpoint 1s
unreachable. Any form of technology-mediated reality is, in fact, mixed reality”
(Skarbez et al., 2021, pp. 1-2).

This study agrees with Skarbez, Smith, and Whitton’s criticism since no virtual
world experience where humans participate that can be designed as an
absolute opposite of reality 1s possible as of the present. Furthermore,
humans’ interaction with reality i1s mediated. However, for the sake of the
scope of this study and facilitated discussion, the study will employ Milgram
and Kishino’s RV continuum. The author’s classification helps understand
what stands as virtual reality and reality and the other forms of technologically-
mediated experiences in between.

| Mixed Reality (MR) I
I . | —— I
Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment

Reality-Virtuality (RV) Continuum

Figure 2. Mixed Reality and the Reality-Virtuality continuum, (Milgram & Kishino,
1994, p. 3).

2.2.1 Mixed Reality

From figure 1 above, it is possible to note that MR pertains to the spectrum
between the Real Environment and the Virtual Environment. In Milgram and
Kishino’s words, MR 1s “a particular subclass of VR related technologies that
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mvolve the merging of real and virtual worlds” (Milgram & Kishino, 1994, p.
3). Richard Skarbez, Missie Smith, and Mary Whitton, following Milgram and
Kishino, defined MR as “any display (interpreted broadly) that presents a
combination of real and virtual objects. That 1s perceived at the same time”
(Skarbez et al., 2021, p. 3).

22.1.1 Virtual Reality

The 1dea of VR has a long history, some scholars going as far back as the
classical age. In Book VII of Plato’s Republic, Bruno Arnaldi, Pascal Guitton,
and Guillaume Moreau (2018) quote Plato’s Allegory of the Cave. Arnaldi,
Guitton, and Moreau write that in that book:

there 1s a detailed description of the experiences of several men
chained m a cave, who can only perceive shadows (thrown
against the walls of the cave) of what happens in the outside
world. The notion of reality and perception through what 1s and
what 1s perceived becomes the subject of analysis, in particular
concerning the passage from one world to another (Arnaldi et
al., 2018, p. xviii).

In this extract, the shadow projections on the cave’s walls could be compared
to an instance of virtual reality, an illusion that the people in the cave believed
to be real. However, while VR practices existed in the forms of pamntings (pre-
historic), perspectives (Renascence), panoramic displays (18" Century),
stereoscopic vision and cinema (19" Century), and the British pilot flight-
simulators from World War II” (Arnaldi et al., 2018, p. xix)), it was only in the
1970s, that the definition of VR as we know it today was developed.

Arnaldi, Guitton, and Moreau attribute the first use of the concept of VR in
scholarly writing to Antonin Artaud, who wrote about it in a chapter of his
collection of essays with the title “The Alchemical Theatre.” However, authors
widely accept that Jaron Lanier was the first to define the concept of VR as it 1s

currently used, in 1978 (Rueda & Lara, 2020).

J.B. Loewen’s review of Lanier’s famous book “Dawn of the New Everything”
found 52 broad and tentative definitions or descriptions of Virtual Reality
(Loeven, 2019). Those definmitions sought mostly to persuade the public about
the transformative ethos of VR. The definitions emphasized that VR was a
revolutionary tool enabling users to experience a completely virtual world
without interfering with the real world. More boldly, Lanier stated that VR was
a “[...] medium that can put you in someone else’s shoes; hopefully a path to
mcreased empathy” (Lanier, 2017, p. 299)—hence, VR 1s also known as the
empathy machine (Rueda & Lara, 2020).

The common definition of VR 1s a technology that completely immerses the
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user n a virtual world via a VR headset (Arnaldi et al., 2018; Lanier, 2017;
Linowes & Babinlinski, 2017; Milgram & Kishino, 1994). According to
Linowes and Babilinski (2017), “VR magically, yet convincingly, transports you
to a different (computer-generated) world. VR is intended to be an immersive
experience where you are no longer in the current environment. The sense of
presence and immersion is critical for VR’s success” (Linowes & Babinlinski,
p. 14). The VR Headset seals off the real world or environment.

221.2 Augmented Reality

While VR creates a virtual world in which the user is “totally” immersed, and
the user’s actions occur within that virtual world, AR “enhances” the reality
that the user mhabits (Arnaldi et al., 2018; Linowes & Babinlinski, 2017;
Milgram & Kishino, 1994).

In trying to distinguish AR from VR, Helen Papagiannis states that “In AR,
you remain in your physical world, and the virtual enter your surroundings by
way of a par of see-through digital glasses, a smartphone, a tablet, or a
wearable computer” (Papagiannis, 2017, p. 3). Even though technologies
mediate the user’s experience, “You still see and experience the real world
around you with all of your senses, it just now becomes digitally enhanced and
alterable” (Papagiannis, 2017, p. 3).

As the reader could have noted from the definitions above, the common
words that scholars and practiioners use to describe AR are “enhance,”
“augment,” “add,” or “superimpose.” Those words suggest AR as a neutral
technical device. However, following the work of AR activists such as Thiel
Tamiko and Vladimir Geroimenko, the study looks at AR as not only
performing the tasks mentioned above like a technical device, but in fact, AR
mtervenes in the world. It creates a different world, not one that exists in the
duality of wvirtual or reality but merges them and constitutes a “total”
experience for the users. This framing of AR 1s crucial since it highlights the
agency of technologies and views reality as an emergence from the interaction
between humans and their technologies (Latour, 2012; Law, 2019). That
framing highlights AR’s ethical, social, political, economic, legal, and
epistemological implications in constructing or dismantling specific regimes of
truth that give meaning to what we call the “real” world.

221.8 Augmented Virtuality

Whereas AR integrates virtual experiences mto the world, Augmented
Virtuality does the opposite. AV integrates real-world objects into a virtual
experience. In Matthias Neiges, Stephan Adwernat, and Michael Abramovic’s
words, AV 1s based on a virtual environment that integrates fundamental
components, like tangible objects. These possible manifestations restrict the
range of Mixed Reality” (Neges et al., 2018, p. 172).
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In the same chain of thought, Arnaldi, Guitton, and Moreau view AV as
Tangible User Interfaces (henceforth, TUIs) paradigm. In their words, “the
task 1s situated in the virtual world, and the user acts on digital information by
manipulating physical objects that represent either the digital information or a
control on the digital information or both” (Arnaldi et al., 2018, p. 59).

Brygg Ulmer and Hiroshi Ishu, credited for having comed the concept of
Tangible User Interfaces, defined TUIs as “devices that form to digital
mformation, employing artifacts as representations and controls of the
computational data” (Ullmer et al., 2001, p. 581). In their turn, Ont Shaer
and Eva Hornecker pointed out that TUIs are “concerned with providing
tangible representations to digital information and controls, allowing users to
quite literally grasp data with their hands” (Shaer & Hornecker, 2010, p. 2).
The key feature of TUIs is that the information can be grasped.

2.2.2 Public spaces

Willingness above all. A big part of green spaces 1s associated with restaurant
businesses, among others, and they [the businesses] should be responsible for
cleaning and managing those public spaces. It is an added value to a restaurant
and other businesses to be close to those spaces. I would like to know how
much money the municipality allocates to such spaces because they just collect
taxes, but public spaces are still in bad conditions” (Study participant, February

2022).

The concept of public space has been discussed from different scholarly
perspectives, including sociology, anthropology, urban planning, architecture,
policy, legal studies, history, philosophy, geography, and others. The concept
takes on different configurations in those studies, making it hard to grasp
across disciplines.

While people, in general, might view space as being empty or passive arenas of
social relations or consisting of a network of infrastructures, buildings that
serve a certain function in the life of a city (Carmona, 2021), scholars in
(economic) geography, history, sociology, and anthropology look at space as
being a product of social relations (Miller, 2007; Okano & Samson, 2010;
Shaftoe, 2012; Stasiak & Wojtowicz-Jankowska, 2017).

One leading voice in this latter approach 1s the Marxist scholar Henry
Lefebvre, who looked at space not as an empty entity or just a physical entity
but as being socially and historically constructed. Those constructions of space
are at the service of capitalism and hegemonic modes of living. In his view,
space has an “active—operational or instrumental—role of space, as knowledge
and action, in the existing mode of production (Lefebvre, 1974, p. 11).

Space 1s created through legislation, cultural norms, economics, religion, and
other factors. Only by taking this approach can one talk about public or private
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spaces and their complex articulations in the present that could help make
sense of the extract above on Maputo public spaces.

The epigraph of this section suggests a regime in which public spaces are
explored by private companies that pay taxes, and the municipality 1s still in
charge of cleaning and maintaining such spaces. The extract also points out
that the municipality charges taxes from residents; however, waste in public
spaces 1s still poorly managed. Here, we sense a tension between public or
private service provision of cleaning public spaces.

Focusing on public spaces, Katrine F. Miller states that “[w]hile people might
think of public spaces as a concrete reality, studies show that public spaces are
“a tenuous condition” (Miller, 2007, p. x). Miller continues by stating that
“public space 1f it 1s going to play a role in democratic life, must be a hybrid of
actual physical places and active public spheres” (Miller, 2007, p. x1).

In other words, that prescriptive approach holds that public spaces are
physical, social, accessible, and open for conversations. That hybridity forces
us to attend to “the constantly changing intersections of physical places, the
laws and regulations that govern them, the people who claim them through
their use or demands, and the actions of government officials to answer these
demands” (Miller, 2007, p. x1).

Knistine F. Miller, while focusing on New York public spaces, goes as far as to
state that “[w]hat we believe are its essential and enduring qualiies—openness
and accessibility, public ownership, and ties to democratic life—are at best
temporary conditions, and more often are completely absent” (ibid.). The
author states that public life in such spaces “is bound by regulation and codes
of conduct. These codes and regulations not only control what can happen on
the streets and sidewalks, plazas, and parks but also who can be present there”
(Miller, 2007, p. xi).

Lefebvre’s and Miller’s observations enable this study to look at public spaces
as being socially and historically produced through complex and contiguous
arrangements of legislation, property regimes, infrastructures, cultural codes,
and city dwellers that could exclude or include, enable democratic
participation, or erode it, create conditions for conviviality (Shaftoe, 2012) or
polarisations (Inggs, 2016).

As described earlier, Lourenco Marques and Maputo became products of
different legislative systems, including the colonial that racially segregated
public space. This socialist regime framed Maputo city public spaces as spaces
of colonial dominance and moral degradation. The neoliberal Maputo n
which public spaces had the role of ensuring democratic and neoliberal values.
All those productions of space occurred via legislaion and its different
1deological orientations.
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This study looks at Maputo city public spaces as hybrids of actual physical
places and active public spheres or lack thereof. More than just physical
spaces, the study looks at those public spaces as spaces of encounter and
possessing potential for democratic engagement and public participation in
dealing with solid waste, following the works of scholars such as (Shaftoe,
2012) and (Peters, 2011).

2.2.3 Public Participation

As stated earlier, the resulting AR experience seeks to intervene in Maputo city
public spaces and enhance urban dwellers” public participation in such spaces.
One of the characteristics of public spaces 1s their ability to enable access and
public engagement in consumption, leisure, political participation, creative
activity, and others (Hansen & Philo, 2007; Okano & Samson, 2010; Shaftoe,
2012).

Public spaces enable dwellers’ mobility to appropriate them and give them
meaning. In other words, in theory, public spaces enable co-existence and
participation  (Shaftoe, 2012; Stasiak & Wojtowicz-Jankowska, 2017).
However, in practice, the situation 1s far more complex because of aspects
such as race (Landman, 2010), gender (van Geel, 2016), social and economic
status (Pasaogullart & Doratli, 2004), religion (Abbink, 2011), age (Derr &
Tarantini, 2016), body-ableness (Hansen & Philo, 2007) and other identity
markers shape people’s access to and participation in public spaces. Those
studies showed how different social, biological, environmental, and political
issues shape participation in public spaces and Imit inclusion. As the
epigraphs to this chapter indicate, Maputo public spaces are yet to be open to
residents’ views and wishes.
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3 Previous research and practices: AR and VR in
Africa

We are changing the narrative here i Africa, as creators and not just
consumers of technology (AR/VR Africa, https://arvrafrica.com/).

The extract above from AR/VR Africa highlights the enthusiasm around the
media in the continent in terms of telling stories and catering to the continent’s
needs.

The extract also highlights that AR intervenes in the world. AR shapes the
user’s experience and space—a table, a wall, a room, a house, a body, a
museum, a touristic route, an engine, a classroom, space, squares, and others.
That ability to engage in different milieus has made AR a pervasive technology
across different sectors of society.

Since AR in Africa is incipient, in this chapter and subsequent chapters, the
study drew on examples of the use of both AR and VR in different sectors of
society. However, it 1s important to highlight that AR and VR are different
technologies and multibillion industries.

3.1 VR and AR in tourism

The use of VR and AR has grown steadily in tourism in Africa. In South
Africa, scholars and practiioners have proposed using AR in tourism to
enhance the experience of tourism and deal with the existing shortages in the
sector.

For example, Aphile Kondlo and colleagues (2020) observed that the shortage
of touristic guides in the Cape Flats Nature Reserve, situated in the Western
Cape, South Africa, makes it so that the Reserve provides guided tours only
once a day. The authors argue that that shortage could be mitigated using AR
self-guided tours. That would mean that more-self guided tours could happen
and, 1n the process, generate more income for the reserve (Kondlo et al.,

2020).

Because tourism 1s a big industry in Africa, the International Finance
Corporation (visit
https://www.ifc.org/wps/wem/connect/corp _ext content/ifc _external corporate

site/home) estimated that in 2019 tourism accounted for approximately 7% of
Africa’s overall GDP and contributed $169bn to its economy. Hence, it is no
surprise that in 2021, DPVR, a Shanghai-based company, announced a
partnership with Travel Africa Network (TAN), a South African satellite travel
TV channel, to provide VR solutions aiming at promoting tourism on the
continent (Sprigg 2021).
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3.2 VR and AR in Museums and storytelling

Other sectors that VR and AR have seen growing interest in are museums and
storytelling. For example, Electric South and the Goeth-Institut presented a
vibrant exhibition of African VR named “New Dimensions - Virtual Reality
Africa”, which showcases artworks from artists from Kenya, Senegal, and
Ghana on their website (Oyelude, 2018).

In South Africa, the museum Ongins Centre at Witwatersrand University
created a virtual reality exhibition of African fossils, art, and artifacts that
enable visitors to mteract with the past (Oyelude, 2018). Still, in South Africa,
Africarare became the first metaverse to seek to showcase African creativity
and modes of living (visit https://www.africarare.io/). The plattorm enables
artists to sell their work. In Nigeria, multiple projects, and forums for
discussion about the importance of the digitization of cultural heritage have
also produced encouraging results.

Still, in South Africa, Makhulu Media recorded a 360° video of a young man
that decided to know his virological situation (visit https://unicrio.org.br/na-
alrica-do-sul-programa-da-onu-lanca-videos-em-realidade-virtual-sobre-teste-de-
hiv/). The UN-AIDS financed the video and sought to explore the potential of
the “empathy machine” to encourage young people to be tested and
understand the plight of the people mfected by the HIV-AIDS virus.

3.3 VR and AR in Education

Education 1s another sector where the use of VR and AR to enhance the
sector and deal with its shortcomings has increased. However, most work in
this sector 1s still in the exploratory phase. For example, David Lockwood
prepared a pilot study of the use of VR in education in Uganda and South
Africa that UNESCO commissioned. The author concluded that students and
teachers found the use of VR i the classroom satisfactory and enjoyable
(Lockwood & Kruger, 2008). The African Leadership University (ALU),
known for its mnovative and business-oriented education model, has
embraced VR In classrooms as an  educational tool  (visit
https://www.alueducation.com/virtual-reality-african-education/); however, little
mformation exists about the project’s status.

Equally, Angelina Misso and colleagues explored the potential of using VR in
education in Tanzania. They found that respondents were aware of the
technology and believed it could enhance the learning experience in the
country (Misso et al., 2019). Similar exploratory works of AR and VR in
education were done in South Africa (Abdul-Razak, 2020) Also, the

University of Witwatersrand i Johannesburg in South Africa has started a
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pilot study of VR to teach students in stem disciplines that they expect to
replicate in other schools and universities in the country.

The studies reviewed above show that VR and AR could benefit the education
sector in the continent; however, much needs to be done to reap the benefits
of AR and VR since most projects are still in the exploratory or agenda-setting
phase.

3.4 VR and AR in Gaming

One of the areas where VR 1s prospering in Africa beyond the exploratory
phase 1s the gaming industry. For example, In Morocco, Funsoft produced a
VR puzzle game called Rangi that draws on African art, music, folklore, and
culture to create its world (visit https://www.oculus.com/blog/explore-african-
culture-and-solve-puzzles-in-rangi-now-available-on-1ift/). In South Africa, the
V&A Waterfront in Cape Town got the world’s first permanent VR arcades to
enable gamers to use the newest VR headsets in an old-school arcade
environment.

The use of AR and VR for gaming is one people associate the technologies
most with. In the case of this study’s respondents, one of them, when asked
whether he knew what AR was, responded that “yes, in Gaming”, but 52 (out
of 57) responded that they had not heard about AR.

3.5 VR and AR i industry and business

VR and AR have also found their way into the industrial sector in Africa. In
South Africa, the high incidence of accidents in the mining industry has made
it so that the South African government has been trying to teach mine workers
about safety protocols to reduce accidents. In 2001, CSIR Miningtek
developed a PC-based VR hazard awareness training simulator to train miners
(Squelch, 2001). Not much information exists in the present about its status.

In Kenya, Black Rhino, a company created in 2015 focusing on producing
documentaries and stories, recently embraced VR in their business after
Facebook acquired Oculus for 2 billion dollars. Their work includes
mmmersive documentaries and news format content, education, marketing,
advertising, and AR (visit https://www.blackrhinovr.com/services/).

In South Africa, VR360.0c.za started operating in VR in the late 1990s and
produced street view maps using 360 degrees videos. The company works in
virtual tours, virtual ~ realty, and  creative mndustries (visit
https://vr360.co.za/about-vr360/). Stll, in South Africa, bizAR Reality started
operations in 2015, working on immersive technologies. They produce AR for
websites, social media, smart glasses, and apps and games for their clients
(https://www.bizarreality.co.za/ar/). In Nigeria, one leading organization in AR
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and VR 1s Imisi3D which seeks to build a community of VR and AR
enthusiasts in the continent (visit https://imisi3d.com/).

Moreover, the Startup list. Africa i1dentified startups from more than 25
countries that have embraced VR in their business model (visit
https://startuplist.africa/industry/virtual-reality). The growth of startups i this
arca shows that VR and AR have a bright future m the continent amd
challenges.

3.6 VR and AR n public spaces

From the sectors mentioned above where VR and AR were used, the public
spaces are the least explored on the continent. Speaking of the affordances of
VR and AR, Virpi Oksman and Mika Raunio argued that “...] these tools can
be used to increase transparency and inclusive engagement in city planning”
(Oksman et al., 2018, p. 249) and explore the potential of their use mn
Keetmanshoop, Namibia.

An exploratory study on the potential of AR and VR to enhance public
participation in urban planning is a report created in 2019, with the title Mived
Reality for Public Participation m Urban and Public Space Design: Towards a
new way of Crowdsourcing more Inclusive Smart Cities containing a pilot
study in South Africa. The UN-Habitat commissioned the study. Much like
Oksman and Raunio’s study, the UN Habitat’s report highlighted how MR
could enhance the participation of multiple stakeholders such as
“municipalities’ urban planning departments, architect firms, engineering
companies, game developers” (UN Habitat, 2019).

3.7 Limitations and opportunities of VR and AR m Africa

The brief survey of VR and AR use in Africa highlighted some of the most
exciting prospects of the emerging VR and AR technologies in the continent
and their pitfalls. Most work in those fields 1s still exploratory, and few studies
exist detaillng the successes and falures of the different pilot studies
performed in the sectors of education, tourism, museums and storytelling,
business and industry, gaming industry, and relevant to this study, public
participation in urban public spaces. Additionally, the pilot studies were
carried out mostly in African English-speaking countries.

The mexistence of proper infrastructures, the prohibitive prices of internet
data bundles, and the shortage of reliable funding hinder the public’s use of
AR and VR in Africa beyond the early adopters and technology enthusiasts on
the continent. However, some international organizations are starting to set up
funding agencies, collaborating with African agencies and organizations to set
up funding for AR and VR interventions in the continent.
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For example, Africa No Filter (ANF) and Meta (former Facebook) have
recently established a program named “Future Africa: telling Stories, Building
Worlds” that aims to increase the use of VR i Africa. The program grants
African storytellers up to USD30000 to produce digital media stories (visit
https://alricanofilter.org/luture-africa-telling-stories-building-worlds).

The other example mentioned above 1s the DPVR, a Shanghai-based VR
headset manufacturer, and Travel Africa Network (TAN), a cable network
broadcaster from South Africa, partnership agreement to explore the potential
of tourtsm mn Africa using VR and AR.

VR and AR have a place in Africa. Even embryonic studies and pilot projects
show that those immersive tools will play a key role in helping urban people,
policymakers, and other stakeholders deal with the continent’s challenges.
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4 Theoretical background

4.1 Material semiotics

As stated earlier, approaches to AR, VR, and urban public spaces frame them
as arenas of social relations. Following the material semiotics scholarship, this
study framed those entities as agents that constitute social socials in complex
ways. Hence, the study sought to understand how the materiality of AR could
shape social relations in specific encounters with waste. To do so, there 1s a
need to understand material semiotics.

Material semiotics, states John Law, “i1s a set of approaches to social analysis
that includes actor-network theory, feminist material semiotics, the successor
projects to both these traditions, and a range of related lines of work in
disciplines including social and cultural anthropology, cultural studies,
postcolonmial studies, and geography” (Law, 2019, p. 1). That field of
scholarship emerged 1 the 1980s and has wundergone significant
transformations ever since.

According to Law, “[m]aterial semiotics is a set of tools and sensibilities for
exploring how practices i the social world are woven out of threads to form
weaves that are simultaneously semiotic (because they are relational, and they
carry meanings) and material (because they are about the physical stuff caught
up and shaped n those relations)” (Law, 2019, p. 1 original brackets). Rather
than devising a single causal reason for structural issues, the material
semiotician explores how processes or regimes of truth are made to hold
together or not in the weaving and unweaving of material and immaterial or
human and nonhuman agents in the way they relate to other weavings and
emerging assemblages.

In the same line of thought, while advocating for the Actor-Network Theory
(ANT) and the need to include nonhuman actors as social relations producers,
Law maintains that it “describes the enactment of materiality and discursively
heterogeneous relations that produce and reshuffle animals, ‘nature,” ideas,
organizations, Inequalities, scale and sizes, and geographical arrangements”

(Law, 2019, p. 1).

However, a challenge posits itself when dealing with AR. How can these digital
tools be understood as materials (physical) with meaning? In the 1980s, the
mternet was still i its infancy and had not caused the profound
transformations in different sectors of human life as we know it today. Equally,
VR and AR are recent developments in which social relations and meaning-
making have combined the physical realm with the virtual. As such, they
require a reworking of theoretical framings.
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One such move would be to highlight that AR and other digital platforms
cannot exist without material artifacts shaping their ontology and functioning.
The fact that most of this study’s participants could not deploy the AR because
of their phone model lmitations highlights the inseparability of the virtual and
material. Furthermore, it 1s important to discuss how the digital could be seen

as a semiotic process with matenality. The rise of those media has made some
scholars look at AR and VR as a “semiotic world” (Han, 2011, p. 54).

According to Han, “Semiotics 1s the science of signs, whether the signs are
words or mmages, in daly life or virtual worlds” and “in the virtual world,
because everything 1s created, everything carries certain meanings. Nothing can
be taken for granted in the Second Life” (Han, 2011, p. 54). AR employs
techniques to stimulate its users’ visual, sound, taste, touch, and smell; as
stated earlier, AR intervenes in the world and creates reality. They do so
through an application (app) installed on a mobile device or tablet or via an
mternet link.

According to Sergio Cicconi and Maurizio Marchese, AR, and the resulting
Augmented Environments (AEs) include text, [graphs], paratext, the interfaces
where such texts are operated, and the space where content 1s displayed or
mteracted with text (Ciccomi & Marchese, 2019, pp. 3-5). Altogether those
elements enabled a semiotic reading of AR and VR.

In the case of Lix.AR_Maputo AR app, it 1s necessary to first attend to the
name. Lix. 1s a shortened version of the /Zixo (waste) Portuguese word. AR is an
abbreviation for Augmented Reality; however, altogether, Lix and AR could be
read as the Portuguese word /ixar, which means to sand wood, file nails, or rip
something or someone off, in this case, Maputo.

It 1s also necessary to attend to the 3D object that the user can spawn in the
real world. The Trash Snail that emerged from the app is a waste-looking snail
that breathes, moves, and eats, connoting waste as an agent and being alive. Its
manifestation in the real world emerges from people’s actions which
symbolizes that waste production is a condition of life. The Snail connotes the
slowness of the municipality through Ecolife, a private waste management
company, to collect solid waste from public spaces. Speaking of that slowness,
one respondent of this study suggested that the “municipal council should
perform daily waste collection and manage properly waste” (Study participant,

February 2022).

Moreover, the app’s canvas depicted an aerial picture of Maputo city in one of
the app’s versions (see figure 4). This study used that picture as a spatial
anchor of the AR experience. However, in later versions of the app, the
picture was removed just so anybody in the world could use the app without
reference to Maputo city. Also, a share button at the bottom of the canvas
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directs the users to take a photo and share it with others through social media
and email addresses. That button enables the experience to be more than an
individual and 1solated experience but shareable, much like Geroimenko
(2018) suggested.

The elements raised above show that rather than insisting on the already-made
virtuality-reality duality, we need to focus on how AR, much like scallops, fish,
machines, ideas, graphs, and text, are “non-human actors [that] can indeed
act” (Law, 2019, p. 4) and produce meaning. It 1s crucial to understand how
AR enacts reality, virtuality, public spaces, and users. We enable our
theoretical, methodological, ethical, moral, and legal tools to keep pace with
the rapidly evolving realm of new media and related technologies and their
proliferation in contemporary societies.

Relevant to this study, the focus was on how AR, as an agent, could enhance
the public’s participation in public spaces and dealing with solid waste in the
capital, Maputo city, Mozambique.

4.2 Detournement theorists and AR activism

The kinds of novel forms of articulations mentioned above have found more
resonance within the “detournement theory”—a theoretical and praxiological
stance that the Situationists employed.

The Situationists were a Paris-based avant-garde group comprised of artists,
mtellectuals, and political theorists mspired by Marxist thought and the avant-
garde art movements of the 20" century, namely Dada and Surrealism (Trier,
2014). They emerged in Europe during the 1950s and 1960s (Harold, 2004).
The Situationists critiqued the 1dea of spectacle that resulted from capitalism’s
growing tendency to centre social relations around materialism and
consumption (Trer, 2007).

According to the group leader, Guy Debord (1958), “[tlhe spectacle 1s the
acme of 1deology, for m its full flower it exposes and manifests the essence of
all 1deological systems: the impoverishment, enslavement, and negation of real
life. Materially, the spectacle 1s the “expression of estrangement, of alienation
between man and man” (Debord, 2012, p. 52) However, missing from the
Situationists’ approach 1s the alienation and estrangement of the relation
between man and ecology. Such alienation between man and the ecology 1s
associated with the ongoing ecological crisis or the Anthropocene (Green,
2020; Miller, 2007). Solid waste and its harmful impacts are good examples of
that alienation and estrangement that need to be urgently addressed.

The 1dea of detournement emerged as a counter to capitalism and its

spectacles and consisted m “turning expressions of the capitalist systems
against itself” (Holt & Cameron, 2010, p. 252). In this case, arts and academia
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emerged as an intervention—a political engagement. Detournement proposes
the “reuse of preexisting artistic elements in a new assemble” (Debord, 2012
cited by Trier 2014, p.1). And such artistic elements could be “Any elements,

no matter where they are taken from, [they|] can be used to make new
combinations” (Debord, 2012 cited by Trier 2014, p.1).

The resulting artifacts from such a detournement approach are artifacts that
propose a “switch of perspective and offer a new angle on the way we perceive
capitalism and capitalist labels in this respect, metaphorically, the detoured
mmages highlight the disturbing aspects of capitalism” (Kiziltunali, 2020, p.
101). The detournement approach’s recent articulations are known as culture
Jjamming (Kiziltunali, 2020).

In AR, AR activists have taken up detournement, who, according to Vladimir
Geroimenko, find their “[...] roots in the Situationist’s 1dea of “detournement.
In detournement, the artist or activist appropriates an existing media artifact
and then alters it with the purpose of giving it new meaning” (Geroimenko,
2018, p. 8). Detournement 1s an interpellation of economic, cultural,
ecological, and political hegemonies.

Waste 1s the by-product of such hyper-consumerism and materialism
promoted by capitalism, even more in urban areas worldwide. By constructing
the Trash Snail, the study draws on the detournement theory and praxis to
critique humans’ relations with consumption and materialism and its damning
effects on the quality of life and the ecology, specifically in the context of urban
areas in Africa.

The Trash Snail results from a combination of news photography that was cut
and 1inflated to turn mto a 3D model and animated it using MonsterMash.
Then the 3D model was used in Unity Vuforia to create an AR app. Some
people have described the Trash Snail as “disturbing”, “nasty”, “poor snail”, or
“absurd” in informal conversations, meaning that, as an agent, the Trash Snail
elicited reactions from users.

Also central to Situationists 1s creating a situation that 1s a “moment of life
concretely and deliberately constructed by the collective organization of a
unitary ambiance and a game of events” (Internationale Situationniste 1958,
definitions). The application Lix.AR_Maputo lets users pause and reflect on
the solid waste framed on their smartphone’s screens 1n specific urban Maputo
locales. The application nvites the user to be aware of their geography and the
solid waste that constitutes their daily experience at that moment and
encounter. When placing the Trash Snail on a geographical locale, the built
environment 1s not just enhanced or augmented, as AR’s commonplace
technological definition or name would suggest. Still, 1t is reconfigured,
reinterpreted, challenged, and reimagined.
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5 Methodology

5.1  Purpose and aims

Following material semiotics and detournement theory, this study explores
how AR could enhance the study participants’ engagement with public spaces
and solid waste 1ssues in urban Maputo, Mozambique. In doing so, contrary to
Ulmer and Freeman (2018), the study argues that rather than AR being mere
virtualization of public discourse and space, it offers a unique opportunity of
articulating reality with virtuality in non-binary ways and, i the process
producing novel forms of interactions between people, public spaces, waste,
and AR.

To achieve that goal and build the argument, this study asks:

1. How could AR enhance public engagement with solid waste n
public spaces?

2. How do people respond to an AR experience in public spaces?
3. What lessons could we draw from the experiences of using AR

to enhance public engagement with solid waste in Maputo?
5.2 Method

The study resulted from a combmation of qualitative and quantitative
approaches to gathering, analysing, and communicating data. While the results
of this study might sound linear, it 1s crucial to preface that this study emerged
out of trials and errors, technological and economic constraints, and COVID
19 restrictions on mobility. Since not many people own an iPhone in Maputo.
It was decided to develop an app for android smartphones.

5.2.1 FEmpirical material

AR activists such as Tamiko Thiel’s Goldsegen: Golden Blessings SG50 (visit
https://tamikothiel.com/goldsegen/sgh0/index.html) and Mark Skwarek’s AR
Occupy Wall Street, who seek to intervene in a specific contested space with
AR (visit https://docubase.mit.edu/project/ar-occupy-wall-street/), mspired this
study.

The specific site for the AR experience was Maputo City. The choice of
Maputo was due to it being the largest city in the country. It 1s also where the
political and economic elite of the country is based. Those conditions make it
so that the city has more reliable mobile phone coverage, and many young
people living in the city own a smartphone. It is crucial to note that AR
experiences have specific requirements that are restrictive and significantly
reduced the number of participants i this study. The study will discuss those
limitations in the analysis and results chapter.
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Additionally, the choice of Maputo was because 1t 1s the capital city where
most opportunities exist. The more people live in a city, the more solid waste
1s produced, and a timelier response from the municipalities is required.
Those material conditions made it so that an experience of AR in Maputo was
likely to yield a more significant impact on urban dwellers.

Following the AR activism and the detournement approach, rather than
merely projecting computer graphs on a locale in Maputo via AR, the study
sought to open the black box of reality, solid waste, and virtuality from a
critical standpoint because solid waste, the built environment, and AR are not
mediators of human experiences to reality. As material semiotics and
detournement scholars would argue, they are agents that shape reality (Latour,
2012; Law, 2019).

5.2.2 Data collection methods

The study employed a participatory approach, meaning that the study
participants’ voices and opinions were central and informed the design of the
Trash Snail. Participants actively engaged i downloading and deploying the
Trash Snail on their smartphones. However, it 1s crucial to highlight that such
a participatory approach was constrained by the ongoing COVID19 pandemic
and the fact that the study was conducted from Sweden, where I currently live.
The study engaged with the city and the participants by resorting to technology,
like Survey&Report and phone calls.

One of the affordances of AR 1s that physical borders and space do not
constrain it. Hence, 1t was possible to design an experience that anyone with
the app worldwide could engage. At first, there was a plan to produce a
geolocated AR experience that would be placed at Maputo City Hall, where
the municipality 1s housed; however, because GPS 1s not reliable in Maputo
and that experience was more centralizing (meaning more people would be
concentrated n one area during COVID 19), then it was decided that using
plane detection technology in Vuforia Unity Engine would be better because
it enabled each user to place the snail in a specific locale of their choice.

This specific project used Vuforia Unity Engine to create an interactive AR
application named Lix.AR_Maputo through which participants could display a
Trash Snail on public locales that had solid waste that was not properly
managed. The app and Trash Snail was inspired by the participants’ responses
to the residents’ opiions on the Maputo public spaces survey, which were
carried out during the first and second weeks of February 2022 (see figure 2).

The study collected the respondents’ responses using an online questionnaire
was created via the cloud-based program Survey&Report, via Linkoping
University (see annexes) (visit
htips://www.sunet.se/services/samarbete/enkatverktve). A link was shared to
the survey on social media networks, such as WhatsApp and Facebook
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(Meta). Respondents who reside in Maputo or were in Maputo two weeks
before the survey were asked to respond and share the survey on their social
media handles.

The survey was i Portuguese, the official language of Mozambique, and
consisted of 18 questions. The first six questions were structured and asked
about gender, age, profession, physical condition, residence, and workplace
location and aimed at producing a demographic and spatial profile of the
participants.

The next five questions were also structured and asked about the study
participants’ use of Maputo public spaces, frequency, the reason for the visit,
and means of transport to and from the public spaces. This set of questions
sought to get data about the different uses of the public spaces or lack thereof
that could then be connected to the issues of public spaces and access in
Maputo city.

Finally, the last six questions were unstructured and asked about the city study
participants’ perceptions of the public spaces regarding what they liked and did
not like. Some of the responses to those questions were used in the epigraphs
of this study, and they were also fundamental in selecting waste as the main
problem in public spaces that needed to be addressed.

Regarding the opimion of the participants about the challenges of the public
spaces, apart from the lack of inclusion in public spaces design and
management, they reported that waste (/ixo), sanitation (lmpeza), lack (falta),
and spaces (espacos), noise (barulho), maintenance (rmanutencio) and safety
(seguranga) as being the main issues plaguing public urban spaces in the city
(see picture below).
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Figure 3. QSR NVivo word cloud with 50 most common words highlighting the main
1ssues in public urban spaces.

Altogether, the survey enabled the study to gather the profile of respondents,
their uses of public spaces, and the challenges around the public spaces,
namely, solid waste, as the word cloud above suggests. Then the study used the
respondents’ answers to design an AR experience—Lix.AR_Maputo.

In Unity Vuforia Engine Asset Store, the AR Shadow (AR Foundation:
Arkit/ARCore: Plane Detection Template with AR Shader) provided a
template to build the canvas, shade, and plane detection (visit
https://assetstore.unity.com/packages/templates/packs/ar-shadow-ar-
foundation-arkit-arcore-plane-detection-template-wi-1897 53#publisher) was
acquired.

Then the 3D Trash Snail was created using the open-access online platform
Monster Mash and the software Blender to save the file in an FBX (Filmbox)
format that could be used i Unity Vuforia Engine. The Trash Snail was
created by randomly cutting an image that was extracted from a news article
from Canal de Mocambique (CanalMoz, 2018), with the title “During the
festive season in Maputo city: The Municipality distributed two hundred waste
containers to gather waste” (see figure 3 below).
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Figure 4. Empty waste containers in Maputo city surrounded by waste (CanalMoz,
2018)

What was compelling about the image was that it showed empty containers
surrounded by solid waste on the ground. That waste on the ground could be
because the municipality only emptied the overflowing containers and did not
clean the waste on the ground or that urban dwellers did not put the waste into
the containers. Judging by this photo, it was hard to find who was to blame
mmediately. As some of the respondents of the residents’ opinions on the
Maputo public spaces survey mentioned, the municipality had to do a better
job 1n managing solid waste, but the residents also needed to be educated
(sensibrlizan on how to use public spaces and deal with waste.

Hence the image was good to think with. The 1image also depicted a mix of
organic and inorganic waste, reflecting the city's general treatment of solid
waste or lack thereof. The study participants also found similar situations, as
the study will later describe in the analysis and results chapter. Then,
animations were added to the Trash Snail that resembled the movements of a
snail to give the impression of a living creature—living waste.
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Figure 5. This 1s a screenshot of the Trash Snail the author of this study took at
Johannes IP, Johannelund, in Link6ping, on March 20, 2022.

After creating the Trash Snail, people who reside or have been in Maputo two
weeks before the study were nvited to test the application via social media.
Seven people accepted the invitation to use and provide their feedback on the
AR experiences in two structured surveys: the first before using the application
and the second after using the application. However, only three participants
were able to utilize the app.

The questions on the post-application use survey focused on issues about

originality, aesthetic quality, interactivity, and usefulness, and enjoyment.
These questions used 5-point Likert scales (from 1 = “strongly disagree” to 7 =
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“strongly agree”) and were adapted from Flavian, Ibanes-Sanchez and Orus
((Flavian et al., 2019, p. 34).

The study provided the participants with the option to respond anonymously
to protect their identities. However, the study participants were asked to take a
screenshot with their smartphones of the Trash Snail placed in the real world
if they were willing to. In addition to the surveys, the study used those
screenshots to draw the analysis and respond to questions 2 and 3 of this
study. The study also used that data to communicate the study to a wider
audience via social media to draw a wider audience.

5.2.3 Data analysis method

The Survey&Report platform provided final reports in PDF, Word, PPT, and
Excell formats. They could then be downloaded. The gathered data was then
manually cleaned by removing typos mostly in the qualitative data parts of the
survey. Then, the software Tableau was used to visualize the data. The study
also resorted to Survey&Report visualisations n the final report.

Since there were also qualitative data that the survey gathered, the study
employed the software QSR NVivo to analyse that qualitative data and draw
msights from the data that was used to design the AR experiences that were
presented to the study participants. QSR NVivo was used to make a word
cloud, which enabled the study to grasp the central issues the respondents
alluded to (see figure 2 above).
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6 Analysis and results

6.1 The voice of the participants
6.1.1 Gender

The study gathered responses from 57 urban participants, of which 66,7%
responded as being male and 33.3% as female (see figure below). The data
could be biased toward male perspectives about public spaces.

Qual é o seu  |Number of responses
sexo?

Masculino 38 (66.7%)

Outro 0 (0.09%)
Total 57 (100.09%)
Outro

o

10 20 30 40

Graph 1. Gender of study participants

6.1.2 Age

Regarding age, 12 respondents were 18-29, and 45 were in the age range of 30-
59, meaning that young and adult perspectives were mostly gathered in this
study, leaving outside older adults and children. This high number of young
participants might be the effect of the limited access to mobile phones and the
mternet by children and older adults.
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Qual ¢ a sua Number
idade of respon-
ses
17 ou menos 0 (0.09%)
17 ou menos
18229 12
(21.1%)
30 a 59 45 18a29 -
(78.9%)
60 a 69 0 (0.0%)
80 ou mais 0 (0.0%)
Total 57
(100.090) 60 a 69

70a79

80 ou mais

Graph 2. Age of study participants

6.1.3 Residence

The most revealing part was the residences (bairros) of the respondents, which
showed quite an interesting mix. 9 out of the 57 respondents resided in
Maxaquene, a peri-urban neighbourhood where the author of this study was
born. The prevalence of respondents from Maxaquene could be connected to
the fact that the questionnaire was shared via this study’s author’ social media
handles with “friends”, some of which the study’s author lived and grew up
with. Only five respondents were from the city centre, namely Alto Maé (2),
Bairro Central (1), and Coop (2), which means 52 respondents lived outside of
Maputo city but had engaged with public spaces in the city.
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Bairros

Count of Data

Graph 3. Residence of study participants
6.1.4 Body-ableness and access

All the respondents to the questionnaire reported being abled (n=57). 67,4%
used private cars in terms of access, while only 34,8% used public
transportation.

Qual ¢ o principal Number of
meio usou para responses

aceder aos espagos
publicos da cidade
de Maputo?

Transporte piblico | 16 (34.89%) S— _

Transporte pessoal 31 (67.4%)

Transporte publico

Ando/carrinho de 1 (2.29%) Andolcartinho de I
rodas/muletas/etc. BT e
Biscicleta 1 (2.29%) I
Bisciclet:
Outro 9 (4.39%) iscicleta
Total 51 (110.9%)
Outro I
0 10 2 0 4

Graph 4. Body ableness of study
participants
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6.1.5 Public spaces

In terms of public spaces that the participants used in the past three months
(December-February), 68,2% responded that they used municipal markets
(mercados municipais), 54,5% reported that they visited beaches (praias) in the
city, 5H09% responded that used plazas (pracas), and 43,29 and 29,5% visited
gardens (jardins) and parks (parques).

Se respondeu Number of res-

sim na pergunta ponses

anterior, que es- Jardins _

pacos publicos

frequentou?

Pode escolher Pragas _

mais de uma

0opgao. Parques _

Jardins 9 (43.2%)

Pragas 2 (50.0%) ees . [
e 9

PralaS (\)4‘ J%) municipais

Mergados 30 (68.2%) . .

municipais

Outl‘os 3 (68%) 0 5 10 15 20 25 30 35

Total 111 (252.3%)

r

Graph 5. Public spaces used by study
participants in the past two weeks

6.1.6 Activities in public spaces

When asked about what activities they performed in public spaces, 65%
responded leisure activities (lazen, 41,3% responded meeting with friends,
partners, relatives, etc., (encontro com ammigos, lfamiliars, parceiros, etc.), and
23,9% reported that they used the space for physical activities (actividade
fisica). Of the seven respondents that answered other (outra), 6 stated
shopping, and one respondent studied.

3|Page



=)

Linnaeus University

Sweden
Que actividade mais fez nes- Number of
ses espagos publicos? responses
- L
Lazer 30 (65.29) bazer
Actividade fisica 11 (23.9%) Actividade fisica |
Actividade artistica 3 (6.5%)
Actividade artistica !

Trabalho 7 (15.29%)
Actividade politica 0 (0.0%) UEEED |
RC“CCQQ() 9 (19.69) Actividade politica
Encontro com amigos, 19 (41.3%) r—
familiares, parceiros, etc. Reizeee® | |
Outra 7 (1'52%’) Encontro com amigos, fmmEncomro com amig...
Total 86 r—

(187.0%) Outra

0 10 20 30 40

Graph 6. Activities study participants performed in
public spaces in the past two weeks.

Nobody reported using the public spaces for political activity, which also tells
about the dissociation of public spaces and political engagement. Drawing on
the participants’ responses, an AR experience was designed that, while being
mostly based on leisure, also reflected their “unheard concerns”.

6.1.7  Opinion about public spaces in Maputo city

When asked about their opmions on Maputo city public spaces, a respondent
reported a “[lJack of adequate sanitation and hygiene. Lack of garbage bins for
waste. And cars occupy sidewalks because there are no available parking
spaces” (Study participant, February 2022). Another respondent reported that
the spaces are “badly managed waste, little safety, and no maintenance [of the
spaces]” (Study participant, February 2022). However, respondents also
mentioned that the waste problem had to do with the municipality’s
mcapability to keep public spaces clean and stop city dwellers’ from littering
them. Hence, they stated the need for “raising the dwellers’ awareness” about
keeping public spaces clean (in Portuguese sensibilizar).

The respondent addressed the need to raise awareness in the following terms:
“I think that the municipality, through its city councillors overseeing a certain
area, should mobilize funds for that end (cleaning public spaces) and add
human resources. Also, they should sensibilize the residents, and teach them
not to litter” (Study participant, February 2022).

Drawing on those responses, the study designed the Trash Snail experience
that participants could engage with using their android smartphones or tablets.
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6.2 Enter AR in Maputo

The Trash Snail was an attempt to allow the participants to reflect on solid
waste 1ssues mn urban spaces. Hence, rather than overlaying information in
public spaces, the purpose was to create an AR experience that would mvite
the participants to reflect on the solid waste that shapes urban life, politics,
citizens’ understanding of wellbeing, and the environment in Maputo.

Lix. AR (Beta)

Anseimo Matusse Entertainment

E PEGI3

Figure 6. Listing of Lix.AR App on Google Play Store

After the Trash Snail was built, people with an android mobile phone were
asked to volunteer to download and use the app. The mnvitation was sent via
social media platforms. Seven people showed interest in participating in the
study and filled out a survey before using the app to gather their profiles and
experience with AR. Then a hink from which to download the APK file with

those volunteers was sent.

However, when installing the app, the volunteers experienced some
difficulties. First, the AR experience required Google Play AR services, and
some of the volunteers’ phones did not support that service. Second, the APK
gave a warning sign of the possible phone damage due to the APK size.
Altogether those aspects made four volunteers give up.
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This application requires the latest version of
or AR

CONTINUE

About this app

Figure 7. Screenshots showing Google Pay Store notifications about device
mcompatibility with AR.

Then, the application was listed as an ABB (Android App Bundle) on the
Google Play store to ensure that people trusted the applicaion and
downloaded it on their phones. The study understood the implications of
using Google Play Services in terms of Google extracting data from their users,
as discussed by Trzaskowski (2022) and Zuboff (2019); however, this was not
an 1ssue that could easily be mitigated around in this study nor was it within the
study’s scope.

Listing the app on Google Play Service helped the study gain the remaining
three volunteers’ trust over the app. However, it added another challenge. The
app could only work with android devices from android 7 (Marshmallow) and
above. Furthermore, such devices are also required to have Google Play AR
Services. Google Play Store listed only around 514 models as being able to use
the app around the world. Many residents of Maputo could not afford those
models. None of the three-study participant’ models was on that list.

Hence, those participants were asked to find one device that could work
following Google Play Service’s stated requirements, as suggested by this
study’s supervisor. The participants managed to find a Samsung A70 device
listed on Google’s list of availlable devices. After using the app, the three
participants were asked to respond to a survey before and after using the app,
take screenshots of their experiences with the app and send them to this
study’s author personal WhatsApp number.
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6.2.1 The participants

The participants were all male, aged between 18 and 29, and all lived in the
same neighbourhood i Maputo city, called Malanga. Two of them were
students and the other unemployed. They all did not know about AR before
the study.

6.2.2 Finding Waste in Maputo

The study participants used the app on the 7" April 2022. It was a public
holiday in Mozambique. The participants were instructed to take a screenshot
of waste that was not properly managed and then add the specific name and
date after taking the screenshot and sharing a pre-written message with me,
saying, “Lixo que precisa ser retirado” [waste that needs to be removed].

One fascinating aspect of the results of such screenshots was that the
participants chose to start from their neighbourhood, which 1s a place they
knew best. They knew they were very likely to find waste—in this case, in
Malanga and a municipal market in the area.

0, 8N .
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Figure 8. Google Map showing the route taken by study participants.

That observation highlights the major concerns raised by the study participants
about their perception of public spaces. In the first survey, participants
reported waste and nsecurity as the major problems around public spaces in
Maputo (see figure 2).
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0.2.2.1 The screenshots

This screenshot shows the Trash Snail alongside a waste container overflowing
with waste. The container is in the Malanga neighbourhood at Fajardo Street,

Trabalho Avenue.

April 7, 12:52 PM

Lixo que precisa ser retirado! Rua do fajardo,
Avenida do trabalho. 12:51

& 2 s

Figure 9. Trash Snail placed at Fajardo Street, Trabalho Avenue, Malanga, Maputo.
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The Trash Snail reaches for a tyre on the ground circled by organic waste,
mcluding onions and tomatoes sold in the vicinity, mostly plastic inorganic
waste.

April 7, 1:03 PM

Lixo que precisa ser retirado! Malanga,
Avenida do Rio. Tembe 13:03

Figure 10. Trash Snail placed at Rio Tembe Avenue, Malanga, Maputo

There 1s a barraca (barrack) in red that sells food and beverages behind the
container. And behind the barracks, there 1s a secondary school.

This screenshot depicts an empty waste contaier at Rio Tembe avenue in the
Malanga neighbourhood. While the waste container is empty, it 1s possible to
see waste on the floor around it. That waste includes vegetables, cardboard
boxes, plastic bags, and glass bottles.
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The Trash Snail hovers the road facing the waste on the ground. Underneath
the Trash Snail and closer to the container, we can see vestiges of urine. One
can almost sense the smell of urine in the image.

Behind the container, a male figure can be seen looking inside the waste
container. At the bottom of the picture, a finger can be seen. The presence of
the male figure could be the reason why the finger appears on the screenshot.

Apart from the waste around the waste container, we can see urine on the
ground since there are no public toilets available in public spaces, as the
residents’ opiions on Maputo public spaces survey respondents also
reported.

Lixo que precisa ser retirado! Avenida do'Rio
Tambe, tendinha'13:13

Figure 11. Trash Snail placed at Rio Tembe Avenue, (Tendinha), Malanga, Maputo
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The screenshot below also depicts an empty waste container in a residential
arca. The empty container 1s surrounded by waste on the ground, including
plastic bags, cardboard boxes, and glass bottles.

In this screenshot, the Trash Snail 1s facing the camera. We can see a pile of
sand and waste and vestiges of urine behind the waste container to the left.

April 7, 1:34 PM

o

Lixo que precisa ser retirado!. Alto mae,
Avenida da Zambia 13:29

Figure 12. Trash Snail placed at Zambia Avenue, Alto Maé, Maputo
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This screenshot depicts the Trash Snail hovering close to one waste can 1 a
residential area at Zambia avenue, Alto Maé, a neighbourhood close to
Malanga.

The Trash Snail 1s facing the Ecolife logo with its mouth wide open. Eco-Life
1s a private company responsible for public waste management in Maputo,
which was mmplemented after the municipality realized that it could not
manage waste in the city. Next to the container, there is a small bundle of
waste consisting of food and plastic bags.

In this picture, different from other areas, the floor 1s cleaner, and not much
vestige of urine can be seen. That could be because the waste containers are
in residential areas that are often very well-policed and maintained instead of
places close to municipal markets with many dwellers and poorly lit.

April 7, 12:28 PM

Y

N

Lixo que precisa ser retirado! Bairro da
malanga Rua Cmnte. Moura Braz

Figure 13. Trash Snail placed at Commte. Moura Briz street, Malanga, Maputo
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In this picture, we can see the body of the Trash Snail hovering close to a
waste container. The Trash Snail’s head 1s out of the frame. The contamer 1s
at Commander Moura Briz street in Malanga. We can see plastic bags,
clothes, cardboard boxes, and paper on the ground underneath the Trash
Snail. There 1s also an exercise book.

It 1s not possible to tell whether the container 1s full or empty; however, like
other containers depicted above, waste can be seen on the ground around the
waste containers.

6.2.3 User Perception

After the three participants used the app m public spaces of Maputo city, the
study asked them to respond to the post-AR-use survey on issues related to
accessibility, originality, aesthetics, interactivity, enjoyability, and utility of the
AR experience. The work on AR and customer experience by Oras (2021)
mspired the choice of these variables to understand user behaviour and
perceptions about AR and public spaces.

6.2.3.1  Accesstbility evaluation

The participants reported that the application was easy to use (100%).
However, they referred that the application was’ plane tracking, and placement
mdicator positioning was very slow. They also mentioned that sometimes the
Trash Snail appeared to turn to the opposite side of what they had expected.
However, the application enabled users to use their fingers to rotate the Trash
Snail through touch.

6.2.3.2  Orngmality

The participants also reported that the app and its content were original
(1009%). On the survey before their experience with the Trash Snail, the
participants responded that they had not used AR before.

0.2.3.83 Aesthetics

When asked about the application’s aesthetics, the respondents stated that it had a
good aesthetic (1009%).

0.2.5.4 Interactivity

When asked about the interactivity of the application, the respondents
reported that it was very interactive (1009). However, they reported that they
experienced issues with the positioning of the Trash Snail. The application
enabled the users to place the Trash Snail with touch, resize it by pinching it
using two fingers, rotate it by twisting it using two fingers, and repositioning it
using one finger.
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0.23.5 Utlty

The study asked the participants whether they found the app useful for
thinking about waste in public spaces. Two of them (66.7%) replied that they
agreed that the application was useful to reflect on and make urban waste
visible, and one (33.3%) agreed that it was good to think about waste.

6.2.3.6  Emjoyability

In terms of the enjoyability of the application, two agreed that the application
was enjoyable (66.79%) and one (33.3%) agreed that it was enjoyable.
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7 Discussion and conclusions

7.1 AR as having the potential to enable public participation

Waste and exclusion of the public in urban management are indeed
challenges in Maputo city. Inspired by the detournement theory’s ideas that
AR has the potential to elicit reflections and engage with the space where it 1s
experienced (Gerommenko, 2018, 2022; Gwilt & Wilde, 2022; Thiel et al.,
2017), the study explored how AR could enhance the study participants’
engagement with public spaces and solid waste issues in urban Maputo,
Mozambique.

The study showed that Maputo residents live with waste in public spaces.
Much like The World Bank reported, some of that waste 1s “not managed in
an environmentally [and socially] safe manner” (Kaza et al., 2018, p. 3). Those
conditions bag for a radical reflection on how humans relate to waste and
nature in urban cities. In this study, AR offered an opportunity to tackle sohid
waste 1ssues in urban Maputo.

The study respondents stated that AR was useful in rethinking solid waste
1ssues in Maputo. Their sentiment connected to Geroimenko’s idea that “AR
1s 1deal as a social tool to generate conversations in and around the
community. It 1s often experienced in public space at the site of a problem
which creates an opportunity to engage people in conversation. AR can create
experiences that make people laugh, cry, or think deeply” (Geroimenko, 2018,
p- 8).

The placement of the Trash Snail alongside poorly managed waste m urban
spaces created conditions for the participants to engage with the waste actively.
Under normal circumstances of their daily lives, the participants could have
just walked past such places and waste but not stopped and reflected on it. The
AR app, much like the detournement theory proposes, created a situation for
the study participants to engage with solid waste in public spaces.
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viewers Share story Feature
O que precisa ser retirado! Rua do fajardo,

Figure 14. Facebook post of the Trash Snail on my Facebook (Meta) stories.

After posting one of the screenshots on a personal Facebook story, one of my
Facebook “friends” asked me, “how did I know about the waste left in
containers in public spaces?” He then stated that “it doesn’t matter how; the
waste has to be removed whatever it takes”.

The story had 141 views. The Trash Snail made those interactions possible. It
was an agent, much like material semioticians scholars argued (Latour, 2012;
Law, 2019). And more than individual experiences, those mteractions could
be shared with other people across space and time (Geroimenko, 2018) using
new and traditional media. In Ian Gwilt’s words, AR enables us “to switch
between a personal and shared experience of an artwork or urban space and
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to experience both digital and analogue versions of the same environment”

(Gwilt & Wilde, 2022, p. 227).

The application has a screenshot and sharing button that enables the
participants to share their experiences.

The Snail Trash’s screenshots highlighted that Maputo municipality faces
challenges in managing waste. The screenshots depicted empty and full waste
containers surrounded by waste and urine on the ground, mostly close to
municipal markets, non-residential, and poorly unlit areas.

The urine on the ground reflected those public spaces in Maputo lacked
public toilets, a situation that respondents to the residents’ opinions on
Maputo public spaces survey also reported. The waste on the ground, despite
empty containers, indicates the problem of urban dwellers’ attitudes towards
waste as well as the municipality’s incapability to collect waste timely.

Although penalized, urination and waste in urban public spaces are not limited
to Maputo and Mozambique. Other large cities, including in developed
countries, face similar concerns. Those 1ssues require novel forms of dealing
with them. For example, Paris has installed public open urinals in streets
known for having urine problems and then using the collected urine for
composting (Stone, 2017).

7.2 Lix.AR_Maputo, AR activism and power

Drawing on Detournement theory and material semiotics, this thesis designed
the Trash Snail to explore how AR could help residents make their living
experiences and concerns around public spaces heard. While the thesis
successfully gathered Maputo residents’ concerns over public spaces, the study
was limited in that it could not bring the perspectives of the municipalities.
Beyond that, the study could not follow the study participants as they tracked
waste 1n public spaces and deployed the app and in the process made evident
the littered spaces and their knowledge of the city. Nevertheless, this study was
able was to gather study participants’ views about public spaces and mputs
generated from their use of the app in Maputo.

Reading the study participants’ responses, a tension emerged between looking
at waste as an administrative or moral problem. On the one hand, the study
participants voiced the need for keeping public spaces clean and safe but also
elicited their alienation from decision-making and public space design in
Maputo.

Cities are starting to recycle and reuse morganic waste and turn organic waste
mto biogas for transportation, and household consumption. Those are
technical solutions that while important do not cover the problem of waste
production. That administrative approach to waste was evidenced by a
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municipality official who after, seeing the Trash Snail suggested that it would
be useful to develop a GPS-based app that could assist in finding and showing
waste 1 public spaces through crowdsourcing. Such an app already exists n
Maputo called MOPA that uses both and feature phones (for more details,
visit https://www.mopa.co.mz/#como-funciona).

Following the Detournement theory, the study rather extrapolates that waste in
public spaces needs to be seen as more than an administrative and technical
problem, but one that 1s deeply embedded into hfestyles and accelerated
consumption. Hence, there 1s a need to rethink public spaces and bring all
stakeholders together to creatively reflect the city, consumption, and waste.

Consequently, the Trash Snail bore no practical or administrative use. It did
not seek to solve the waste problem, but to linger on it. It sought to harness the
discomfort of being with waste, living with waste, witnessing waste, or even for
some ignoring waste. The Trash Snail enabled that lingering on littered spaces.
However, it remains unclear how the experiences created by the Trash Snail
could translate mto exerting meaningful long-term change on residents, and
how such experiences could be connected to the municipality. That limitation
1s a fruitful avenue to be explored in future studies.

The study discussed how AR bears the potential to open the public space for
community building and public reflection on solid waste and its destructive
mmpacts on people and the environment. By making the participants point
their smartphones to solid waste and place the Trash Snail, they dwell on the
littered spaces and solid waste. Their bodies become bodies with solid waste
and makers of new realities. By posting the screenshots with the exact location,
date, and message, the participants intervene and make their voices heard; that
presence and reality-making was the goal of this study.

From a developer perspective, creating the Trash Snail enabled this study to
engage with the maladies of consumption and exclusions rather comically and
satirically. The Trash Snail enabled the sense of a malleable reality that AR
affords to its developers and users.

7.3 Study Limitations

Many studies on AR in Africa have focused on the potential of using AR n
different sectors of society either in a practical or theoretical manner, mostly
via large institutions like the UN-Habitat. This study 1s one of the few that has
sought to understand the potential of AR through its implementation i public
spaces.

While the potential of AR in helping rethink the challenges related to solid
waste and public participation in Mozambique and Africa, in general, is
massive, its materialization 1s still limited. Structural problems such as poverty,
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shortage of infrastructures, high cost of mternet bundles, low internet speed,
and proliferation of smartphones-akin to Hartmund Rosa’s notion of social
acceleration (Rosa, 2013)—limited this study.

Those constraints amount to what Jan van Dyk (2020) called the “digital
divide” to refer to the divide between those who access to and use digital
resources and those who do not (Van Dyk, 2020, p. 1). While that divide
exists within countries (see INE, 2017) and continents, it 1s even wider between
the developing and developed countries.

Those structural lmitations determined the number of participants of this
study because their participation was limited to the fact that their smartphones
must have Google AR Services and possess android version 7 (Marshmallow)
as required by the ARCore Plugin that Google developed. Recent technologies
are more expensive, hence tend to reproduce exclusions in terms of income.

The limited number of participants 1s a testament to the technical, economic,
and social constramts. Even though most software to develop AR, like Unity
Vuforia Engine is free, the costs associated with downloading, running, and
maintaining the software could limit their use and uptake in Mozambique and
other African countries by individuals. That shows that while some software
has the classification of “free” or “open access” does not mean that they do not
mcur costs associated with the downloading, using, and updating such fast-
changing software.

Additionally, the study participants were mostly male, young, and body-abled.
That means that perspectives from women, old and disabled people are
missing from this study. The discussion on space and public participation in
this study showed that gender, religion, race, and body ableness impact access
and use of public spaces.

This study’s results originated from a small sample size of participants. The
factors described above and COVID 19 limited this study. That small sample
size makes the study’s results and conclusions hard to generalize to the whole
city and other cities in Mozambique and Africa. However, they indicate the
potential of AR in enabling public space discussions and reflections that future
studies could seek to perform.

7.4 Future studies

As the literature review m this study showed, AR and VR research and
practices are incipient i Mozambique, and Africa in general. Scholars,
policymakers, artists, and other stakeholders could greatly benefit from these
technologies. That 1s the case mostly with AR in public spaces.
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Future research could harness the benefits of VR and AR by focusing on
discussions of the digital divide, and its impacts on AR and VR creation and
use 1 Africa. Connected to earlier point, another crucial line of research
could mclude studying the many pilot studies on VR and AR in the continent
to access whether they succeeded or failled and the reasons they failled or
succeeded. However, pilot studies with AR and VR exist ranging from early
2000s , however not much 1s known about them in the present.

Moreover, this study identified some of the exciting projects using VR and AR
m the continent. However, not many studies have attended to the ways such
projects are to be made to exist and the challenges they face. This would give a
glimpse at how such projects managed to stay afloat even in the context of a
digital divide.

Finally, much needs to be studied about privacy and VR and AR in Africa.
Those discussions should also attend to how African experiences are being
turned into 3D objects that could be used in video games, VR, and AR
projects worldwide and the resulting production of an “Africaness” or “African
3D aesthetics”.
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1. The residents’ opinions on Maputo public spaces survey:
Espacos Publicos em Maputo

Answer Count: 57

Qual ¢ o seu sexo?

Qual ¢ o seu sexo? Number of responses

Masculino 38 (66.7%)

Feminino 19 (33.3%)

Total 57 (100.09%)

Outro
0 10 20 30 40
Mean Min Median Max
Qual ¢ o seu sexo? l 1.3 l 1.0 ‘ 1.0 IQ.O
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Qual ¢ a sua condicio fisica?

Qual ¢ a sua condigio fisica? |Number of responses

Dificiente 10.(0.0%)
Normal 57 (100.09%)
Prefiro nao responder 0 (0.0%) Dificiente
Total 57 (100.09%)
Prefiro nao
responder
0 10 20 30 40 50 60
Mean | Min | Median Max
Qual ¢ a sua condic¢io fisica? 2.0 2.0 2.0 2.0

Qual ¢ a sua 1dade

Qual ¢ a sua idade |Nun1ber of responses

17 ou menos I0 (0.0%)
18a 29 12 (21.1%) 17 ou menos
30 a 59 45 (78.9%)
602 69 0 (0.09%) TR -
70279 0 (0.09%)
i b ]
30a59
Total 57 (100.09%)
60 a 69
70a79
80 ou mais
0 10 20 30 40 50
Mean Min Median Max
Qual ¢ a sua idade 9.8 9.0 3.0 3.0
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Em que bairro vive?

Em que bairro vive?

Maxaquene
Hulene
Sikwama
Polana
Khongolote
Malhangalene
Mateque
Magude Distrito
Alto Mae
Mumemo
Aeroporto
Tchumene
Ferroviario
Patrice Lumumba
Maxaquene
Beluluane
Mateque
Matola H

Mali, Bokisso.
Albasine
Magoanine
Gumbane-Mulotane
Khongolote
Bairro Central
Hulene
Machava socimol
Alto Maé
Mateque
Maxaquene
Coop

Guava
Malhazine
Inhagoia
Magoanine
Maxaquene
Maxaquene
Laulane
Maxaquene
Xipamanine
Mussumbuluco

Laulane
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Matola-Fomento
Mahotas
Zimpeto
Mathemele
Maxaquene
Maxaquene
Intaka
Ndlavela
Matola, intaka
Ferroviario
Campoane
Matola J
Maxaquene
Zimpeto
Tsalala

Maxaquene

Qual ¢ a sua profissao?

Qual ¢ a sua profissao?

| Number of responses

Estudante 12 (21.1%)
Conta propria 9 (15.8%)
Trabalho 40 (70.2%)
Nao trabalho nem estudo 1 (1.8%)

62 (108.8%)

Estudante

Conta propria

Nao trabglho nem
estudo

Trabalho _

0 10 20 30 40
| Mean | Min ’ Median Max
Qual ¢ a sua profissio? I 2.5 I 1.0 ‘ 3.0 I 4.0

Onde se localiza o seu trabalho ou a sua escola?
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Onde se localiza o seu trabalho ou a sua | Number of res-

escola? ponses
Dentro da cidade de Maputo 45 (78.9%)
Fora da cidade de Maputo 11 (19.3%) Dentro da cid
1 (1.8%) de Maputo

Total 57 (100.09%)

Fora da ci

Maputo

0 10 20 30
| Mean | Min | Median Max
Onde se localiza o seu trabalho ou a sua escola? I 1.2 ' 1.0 ' 1.0 |3.0
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Frequentou algum espaco publico de lazer (Ex. praias, praias, pracas,
jardins, parques, mercados municipais, etc.) da cidade de Maputo nos
ultimos 3 méses?

Frequentou algum espaco publico de lazer (Ex. | Number of
praias, praias, pragas, jardins, parques, mer- responses
cados municipais, etc.) da cidade de Maputo
nos ultimos 3 méses?

Sim 44 (91.7%)
Nio 4 (8.3%) Sim
Total 48 (100.09%)
Néo
0 10 20 30 40
|Mean |Min |Medi;m |Max
Frequentou algum espaco publico de lazer (Ex. praias, praias, pracas, jardins, par- ' 1.1 I 1.0 I 1.0 I?.O

ques, mercados municipais, etc.) da cidade de Maputo nos ultimos 3 méses?

Se nio, pode responder porqué?

Nio me fol pertinente visitar.
Pandemia
Nio tive necessidade de 14 ir.

Tempo de Covid
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Se respondeu sim na pergunta anterior, que espacos publicos

frequentou? Pode escolher mais de uma opcao.

Se respondeu sim na pergunta anterior, que Number of

espagos publicos frequentou? Pode escolher responses

mais de uma opgao.

Jardins 19 (43.2%) e
Pragas 22 (50.09%)

Parques 13 (29.5%) Pragas
Praias 24 (54.5%)

Mercados municipais 30 (68.29%) Parques
Outros 3 (6.8%)

Total 111 (252.3%) Praias

Mercados
municipais

Outros

o
o

10 15 20 25

|Mean |Min |Medi;m |Max

Se respondeu sim na pergunta anterior, que espagos publicos frequentou? Pode es-
colher mais de uma opcio.

33 10 40 60

Se escolheu outros, especifique

Concentracoes nos bairros, onde bebemos e comemos carne de porco.
bermas das estradas

Bares, restaurantes, supermercados, hoteis, ginasio.

Quantas vezes por més frequentou esses espacos?
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Quantas vezes por més frequentou esses | Number of res-
espagos? ponses
Menos de 5 32 (69.6%)
o T wrosses. [
Mais de 11 3 (6.5%)
0 (0.0%)
Total 46 (100.09)
Mais de 11 I
0 10 20 30 40
|Mean |Min | Median Max
Quantas vezes por més frequentou esses espacos? I 1.4 ' 1.0 I 1.0 |4.0
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Que actividade mais fez nesses espacos publicos?

Que actividade mais fez nesses espacos
publicos?

Number of res-
ponses

Lazer

Actividade fisica
Actividade artistica
Trabalho
Actividade politica
Reflec¢io

Encontro com amigos, familiares, par-
ceiros, etc.

Outra

30 (65.2%)

7 (15.2%)

Total

86 (187.0%)

Lazer

Actividade fisica

Actividade artistica

Trabalho

Actividade politica

Reflecgao

Encontro com amigos, f:

tcEncontro com amig...

Outra
0 10 20 30 40
| Mean | Min | Median Max
Que actividade mais fez nesses espacos publicos? 3.9 1.0 3.0 8.0

Se escolheu a op¢iao outras, especifique.

Compras

Compras para casa.
Estudar

Compras

Compras

Compras
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Qual ¢é o principal meio usou para aceder aos espacos publicos da

cidade de Maputo?

Qual ¢ o principal meio usou para aceder
a0s espacos publicos da cidade de Maputo?

Number of
responses

Transporte ptblico
Transporte pessoal

Ando/carrinho de rodas/muletas/etc.

16 (34.8%)
31 (67.4%)
1 (2.29%)

Biscicleta 1 (2.29%)
Outro 2 (4.3%)
Total 51 (110.9%)

Transporte publico

Transporte pessoal

Ando/carrinho de
rodas/muletas/etc.

Biscicleta

Outro

o

Maputo?

Qual ¢ o principal meio usou para aceder aos espacos publicos da cidade de

|Mcan |Min |Medi;m |M;1x
1910 20 50

Se escolheu a op¢iao outro, especifique.

Carro
Carro pessoal

A pé, caminhando

xii|Page

40



Linnaeus University

Sweden

O que gosta a respeito dos espacos publicos na cidade de Maputo?

O que gosta a respeito dos espacos publicos na cidade de Maputo?

Sem opinido

Nada

Comida e ambiente

Ar puro

Diversao

O verde das plantas e arvores. O convivio das minhas crian¢as com outras crianc¢as
Tranquilidade

Jardins

Tranquilidade

Espago aberto que proporciona um ambiente agradavel
Tudo

Sao mimimamente organizados

Falta de organizagio

Nada

Suavidade, sitios calmos

Ver os espagos limpo

O ambiente agradavel

E Seguro

Jardim

Frescura

Tivesse mais espagos e dispor de sanitirios ptblicos
Nada

Sao confortiveis

Tranquilidade e seguranca durante a noite
Praticamente nao algo que goste, embora alguns espacos tenham bancos e arvores se sombta
Liberdade no uso dos mesmo.

Ambiente relaxamento... e servicos

Flores

Os jardins

Irescura

o facto de serem abertos a todos municipes sem excep¢ao
Organizacao em alguns pontos

O informalismo na interaciao interpessoal.

Estiao. Bem abertos/espasosos.

Comodidade

Olhar na praca onde a gente caminhando

Restaurantes e supermercados.

Crelo que o espaco publico nio muito levando a sério em algumas artérias da cidade, o que me faz dizer que que nio
gosto de nada.. apenas me faco presente porque nio disponho-me de melhor qualidade ou op¢io

A vegetacio
(=}
Beleza

Nada
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Nio tenho frequentado muito, entio nio sei com profundidade sobre os mesmos
Relva bem cortada, bancos debaixo de drvore

Arquitetura

Nio gosto sao muito cheios

Paisagem

As arvores

Facilidade de encontrar o que precisa

O aconchego, opg¢des economicas de escolha no Consumo
Estao geograficamente bem situados, perto das grandes avenidas
Nada

Aprendo tanto sobre a fragilidade humana

A dimensao

Dos Jardins, espaco para praticar desporto, limpos

Sombra, frescura e interacao com pessoas

Movimento de pessoas oriundas de diversas partes da cidade.

Locais aberto com ar deferente de casa

O que nio gosta a respeito dos espacos publicos na cidade de
Maputo?

O que nio gosta a respeito dos espagos publicos na cidade de Maputo?

Falta de melos de saneamento e higiene do ambiente inadequada. Falta de depdsitos para lixo e ocupagio de passelos
por carros particulares devido a falta de estacionamento publicos

Desorganizagio, imundicie, sujidade

enchentes

Falta de manutengio, inseguranca

Sujidade

Mal cuidados, lixo, pouca seguranga, nao ha manutencao
Barulho

Lixo em todo lugar

Estado de conservacgio

Mau uso dos mesmos, no sentido em que os municipes nio respeitam os espagos publicos
Lixo e mendigos a redor

Falta de WCs e onde existam nio sao limpas

Falta de organiza¢io

Falta de higiene e desorganizacao

Limpeza

Nao gosto de ver lixo espalhado

A desorganizacio

Nio hd higiene

Lixo, cheiro nauseabundo e estradas esburacadas.

Lixo

Pavimento degradado

Falta de higiene
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Lixo arredor

Agitacao durante o dia, barulho de automoves

Proliferacao de marginais, gatunos e mendigos, em alguns casos lixo
M conservacao e demora na recolha dos residuos sélidos.

As casas de banho

O lixo

Nio sio todos inclusivos para deficientes

a manutengao e o saneamento

Enchentes

Higiene e seguranca.

Organization

Desorganizacao

Locais em que nao ha iluminacao e estrada .

Mercados munincipais, pragas.

Nio verdade nao gosto de como as pessoas i se comportam , ou seja, de como elas fazem o uso do espaco
Os quiosques e restaurantes que ocupam a maior parte dos mesmo
Sujeira

Pouca seguranca,

As casas de banho

Falta de limpeza

Sao muito cheio

Lixo

Ha falta dos cuidados, niao os devidos limpezasz:

Falta do uso dos metodos de preventivos

O saneamento nos mercados municipais, ainda por melhorar

Falta de estacionamento e seguranca publica, falta de um sistema eficaz de recolha do lixo doméstico
A cidade ja nao tem espacos publicos, quase todos sdo privados

O tratamento

A falta de sanitdrios publicos

Sujidade e barrulho

Estao localizados no centro da cidade apenas, nos bairros ha poucos espacos publicos, s6 mercados e informais.
Quando exsitem espacos publicos nos bairros periféricos estao privatizados ou associados a um negocio privado

Enchentes, barulho, imundice nalguns casos.

Ha falta de manutencio,isto é, as limpezas.

Pode comentar sobre o como esses problemas poderiam ser resolvidos?

Disponibilizacio de equipamentos de saneamento e educacio civica em preservacio do meio ambiente, pois as pes-
soas tem baixa literacia nas questdoes ambientais.

Limpeza, reabilitacio e interesse politico e municipal.
reduzindo o numero de acesso das pessoas, tendo mais controle sobre as medidas preventivas da covid
Plano de manutengio e preservagio

Educacio civica (tarefa do municipio) ao pessoal que frequenta esses espacos € comecar a ensinar (tarefa do governo)
nas escolas primdrias a cerca de como conservar os espacos publicos.

Vontade antes de mais, e grande parte dos espacos verdes estao associados a negocios de restauraccao, entre outros, €
deveriam ter alguma responsgbilidade na manutencao dos espacos publicos pois é sem duvida uma mais valia para
um restairante ou outri negocio estar junto a um espaco desta natureza. Gostaria de perceber qual é a verba que o
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Municipio reserva para estes espacos pois vemos apenas cobrancas de Impostos e taxas mas servicos e espacos pub-
licos estao em.pessimo estado.

Alocar mais pessoal para controlar os espagos.
Fazer se limpeza didria e fazer se a gestao do proprio lixo pelo Conselho Municipal
Melhor governagiao

Sensibilizacao dos municipes sobre a importancia de preservar os espacos publicos, € que esta sensibilizacio abranja
as escolinhas, escolas, universidade

Limpeza e restri¢io

Colocagio de casas de banho publicas, com sistema de pagamento automatico, através do qual f
das mesmas

flam a manutengao

Mudanga do regime e haver clareza das formas de implementacio de taxas.

ontade politica

Maior esfor¢o por parte do Conselho Municipal

Colocar contentor de lixo em todo canto e os municipe evitar a deitar o lixo nos lugares improprios
Contratar mais pessoas para manter os lugares impos

Consicencializacio, tao simplesmente 1sso.

Maior conscientizagao e mais depositos de lixo.

Manutencao preventiva dos pavimentos

Colocando uma equipe que garanta a limpeza para higienizacao dos espagos

Um bom sistema de saneamento e limpaza

Sensibilizar os automoveis a nao practica de barrulhos nps locais publicos quando possivel.

Vedagao com entradas controladas por guardas municiais e se possivel cobrar taxas simbolicas. Colocagiao de bancos

melhorados e disponibilidade de internet também cobravel com taxas bonificas

Recolha continua com periosidade de pelo menos 8 horas. Fixagio de fiscais e orientadores nos locais de deposito de
lixo e outros residuos. Penalizar quem urinar e ou praticar qualquer acto que degrade o meio ambiente, cobrando
taxas proibitivas.

Nio sao limpos

Através da criacio de depositos de lixo em partes estratégias

Fazendo passadeiras de acesso

Fazendo manutencio periodica e limpeza thm

Filtragem, ha gente desnecessaria fazendo negécio nao aplicavel naqueles locais e outros.

A higiene passa por contratar pessoas especializadas para efeitos de higieniza¢io dos espagos publicos e por outro
lado a sensibilizacio dos municipes ao uso correcto dos espagos para manté-los limpos. Quanto a seguranga, se calhar
comecar por manter os espacos com boa iluminagio durante a noite, e sob vigia de um seguranga.

Organizacio (melhorar os espacos de lazer mediante as condi¢oes de cada um), limpeza, condi¢oes de mobilidade
para todos.

Estes problemas seriam resolvidos ,de uma forma passiva . Porque uma vez que temos estas formacgoes podem vir a
suprir com esta necessidade ambiental

Tentarem organizar os espacos publicos, reabilitando, fazendo limpeza.

Nio tenho muito a dizer, porque alguns problemas tem haver com nivel intelectual , mas colocando um orientador
nesses locals , para que sempre alguém que possivel ela ajudar essas pessoas. Ou mesmo pode-se colocar placas de
sensibiliza¢io .

Deixando os espacos livres somente para sentar e conversar
Educacio civica

Aumentar empregos

Contrata¢io de empresa de limpeza

Limpeza

Esses problemas poderiam ser resolvidos, através da pra pratica de actividades de remocio de lixo concretamente gar-
rafas, plasticos e outoros objectos.
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S6 dd opinidao que, 0 Municipio deve redobrar esfor¢os, na campanha requesitar meios e Recurso Humanos para se
poder limpezas constante.

Acho que o policia municipal deveria trabalhar mais nesse sentido e sem agressoes, somente para sensibilizar a
populacio

Talvez com exiténcia de mais latrinas méveis pela cidade
Apetrechamento da estrutura municipal

Mudar os politicos que fazem politicas publicas populistas € nao para o beneficio da sociedade. Os poucos espagos
publicos que existem, nao sio cuidados, sujos, degradados outros servem de esconderijo de criminosos.

Sendo mas humilde
As autoridades competentes deveriam fazer alguma colsa para reverter a situagio
Melhor organizacao do municipio

Descentralizar aos bairros, para estes planificar e poderem ter mais recursos para desenho do tipo de espacos pub-
licos que querem em consulta com a populacao, e reservar terrenos para tal

Interven¢iao mais arrojada das autoridades municipais ou dos gestores desses espagos.

Penso que, o Municipio atravéz de vereadores que ¢ tutelar da drea, poderia mumbilizar fundos para esse fim, assim
como recurso Humanos. Também sensibilizar os municipios nao deitar lixo de qualquer maneira.

Acha que o municipio e o governo estao fazer o necessario para
resolver o(s) problema(s) que arolou a cima?

Acha que o municipio e o governo estio Number of

fazer o necessdrio para resolver o(s) prob-
lemaf(s) que arolou a cima?

responses

Sim 11 (20.49%)

Nio 43 (79.6%)

Total 54 (100.0%) Sim
Nao

20 30 40

’Mean ‘Min ‘Median ‘Max

lemaf(s) que arolou a cima?
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Pode comentar?

Recentemente o municipio tem feito a requalificagao urbana das ruas principalmente na cidade do que na periferia
concretamente atribui¢ao de nomes as ruas e retirada de alguns vendedores ambulantes nos espagos publicos essas
acoes tem mudado a Cidade e a mobilidade das pessoas.

Simplesmente ignoram
Penso que o municipio ndo estd comprometido com a manutenc¢io dos espagos publicos

O nosso governo nao cuida do povo, hd muita corrup¢ao no pais, 1sso empobrece o povo e faz com as instituicoes
nao funcionem devidamente.

Muita politica mas pouca acgao de facto. Mtas das campanhas de limpeza e transformar e reabilitar os espacos pub-
licos nao sao iniciativas do governo mas sim de organizacoes nao governamentais e cidadaos preocupados e empen-
hados.

Nada se faz a respeito.

Nio esta a fazer nem um pouco para melhorar o problema

A edilidade pode e deve melhorar na Gestiao de espagos publicos. Algo ja esta a ser feito, mas pode melhorar.
Ainda nio ouvi projectos atinentes a colocagio de casas de banho

Ha muita falta de clareza nos planos dos Governo assim como do Municipio para alem de haver muito "amizade nas
fun¢oes pablicas "

Falta de vontade politica e corrupgio

Nem tanto

Retirando e deixar os contentor nos seus lugar

Porque nao ha melhorias em relacao a higiniza¢io dos espagos publicos

As taxas de lixo sdo elevadissimos ¢ mesmo em bairros sem contentores de lixo, essas taxas sao cobradas mensalmen-
te pela EDM que depois canaliza ao municipio, todavia nunca sentimos o impacto desses valores no saneamento am-
biental, e, pior, na reabilitagio de estradas, sendo que alguns buracos acabam causando acidetes graves com danos
materiais elevados e até com perdas de vida.

Ha pouco esfor¢o no governo em realizar os actos que lhes sio atribuidos no ambito da manutengao das estradas.
Nio estio a fazer porque podemos encontrar contetores cheios de lixo
Nio se sente o desenvolvimento, nos bairros as ruas viram lixeiras

sim. Recentemente houve um comunicado informando as multas sobre os motociclistas que fazem barrulho na
rodovia

Olhando para resposta anterior muito falta por melhorar
Nio existem a nivel municipal equipes ligadas a sencibilizacao/ educagio social esancionar, caso seja necessario.
Nio

Se formos a percorrer a cidade podemos notar que em alguns bairros nio existem depositos de lixo e em outros os
mesmos depdsitos niao sio removidos mesmo com o lixo ja acumulado.

Sim porque em alguns locais vemos a iniciativa do governo e nio porque em alguns locais ¢ iniciativa de cidadios
Falta de interesse

Infelizmente, o papel do Conselho Municipal no que tange ao garante de condi¢oes minimas dos aspectos supra ar-
rolados.

Os novos mercados estio bem organizados, o parcelamento, os sanitarios, enfim, estao a trabalhar.
Acho que sim , embora nio seja maior flexibilidade

Nio porque temos pago caro ao municipio em termos de impostos mas continua tudo o mesmo e na verdade tem
vindo a piorar. Acesso aos bairros (niio ha estradas e as que existem estio destruidas)

O municipio assim como o governo tem se esquecido desse lugares o quio importante é. E depois de certo tempo es-
ses lugares viram refugio dos criminosos e os de mais.. Exemplo: jardim zoologico.

O governo e o municipio tem trasformado os poucos que restam em areas comercias € a maioria nem sequer exis-
tem mais

Nio tem projectos para reduzir marginais

Talvez sim. Mas nio o suficiente
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Ha espaco de para melhorar a limpeza

poucas vezes 0 municipio tem feito essas actividades, mas a sociedade civil em parceria com as ONGs ¢ que de vez

enquanto tem feito essas actividades

Nio existe uma politica e estratégia clara por parte do Presente do Conselho Municipal, para o combate.
Creio ainda nio deram o melhor de si, pois 0 empenho sente-se em épocas de campanha politica

Este governo nao se importa com estas coisas

Porque a maioria dos espagos publicos,se nio todos vio dispoe de sanitirios publicos

Nio ha esfor¢o para resolver estes problemas.

A componente de lazer e espacos publicos nao ¢ prioridade da gestao e governacao urbana

Nota se pouco investimento nesses espacos.

Acho que nio, porque ha falta da vontade, em ambas parte. Nao se faz campanha de limpeza, mensal, trimestral ou
chamada de ateng¢do nos locais. Assim como contratagio de miao de obra para zelar pelo espagos
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Acha que como utente dos espacos publicos da cidade de Maputo a
sua opiniao importa para a sua melhoria?

Acha que como utente dos espagos publicos
da cidade de Maputo a sua opiniio importa
para a sua melhoria?

Number of
responses

Sim 41 (71.9%)
Nio 16 (28.1%)
Total 57 (100.09%) Sim
Nao
0 10 20 30 40
|Mcan |Min |Mcdi;m |M;1x
Acha que como utente dos espagos publicos da cidade de Maputo a sua opiniio im- 1.3 1.0 1.0 2.0
porta para a sua melhoria?

Pode comentar?

S6 boa vontade e ac¢io resolvem
O governo segue o plano do partido, parece que ninguém se preocupa com o bem estar do povo.

Acredito que a minha opiniao ¢ tao valida quanto qualquer outro utente, mas sei tambem que para 0 municipio e
governo no geral a opiniao publica pouco importa, alias tem sido muito visivel nas inumeras medidas muito contes-
tadas que apesar de contestatdas sao levadas a cabo pelo municipio, como a retirada de vendedores ambulantes e nas
ruas sem apresentar lhes opcoes de locais de venda ou actividades alternativas... exacerbando a ja tao grave pobreza
urbana

O governo nao liga nem um pouco a opiniio publica
Todos temos direito de opinar, contribuir para o bem estar de todos

Sou municipe e elegi um presidente do Municipio para velar pelos meus interesses e garantir o minimo de salub-
ridade nos espacos publicos

Nio hd auscultagio das preocupacoes dos municipes da base ao topo.

A opinido importa, mas ninguém da ouvidos

A opinido do municipe deve ser importante

Podendo melhor nas condi¢oes

Porque eles saberam como melhorar para mante-los limpos e seguros.

A verdade transforma

Como qualquer utente tenho direito de opiniio , contudo, nem todas as opinides podem ser validas

Qualquer usuario de um determinado espaco pode ser um forte candidato na melhor opinido que contribua para o
crescimento do seu melio social.
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Municipio nunca ouve jovens

Toda opinido ¢ importante independentemente do grau ou nivel académico pois é assim que surgem grandes
solugoes .

A agenda da sociedade no geral nio ¢ tida em conta por conta de interesses politicos
Porque faco parte dos que fazem o usufruto do bem publico
N vai mudar nada

Acho que nido, porque mencionei apenas aspectos que considero basicos, os quais nao representam um ponto de vis-
ta no todo singular.

Naio.
A for¢a da juventude ¢ o futuro da humanidade

Nio importa o que um individuo pensa ou sugeri . Se nao chegou o tempo do municipio agir nada vai acontecer. E
caso faga uma greve , sera punido pela lei estadual. Ou condenado a morte.

Mais divertidos, parques de laser Parques de crianga
Talvez os dirigentes ndo a tenham informacio necessaria para clamar por melhorias

Porque ¢ através da minha opiniao e doa demajs cidadiaos que temos a capacidade pra sensibilizar ao governo e ao
municipio aderir essas pratica de limpeza das prais e dos locais publicos

Como usuario deveria e apartido de principio que pagamos Impostos para 1sso

As opinides do publico nio sao ouvidas

Porque a opinido publica pode ajudar as entidades competentes a tomarem decisao

Se os minicipes fossem ouvidos

Preciso contribuir para a gestao urbaan

Da se pouco valor as opinioes dos citadinos sobretudo quando nio favorecem os gestores desses espacgos.

Até pode opinar, mas nao se executar em 10 por cento

Ja ouviu falar sobre Realidade Aumentada?

Ja ouviu falar sobre Realidade Aumen- | Number of respon-

tada? ses
Sim 5 (8.8%)
Nio 52 (91.2%)
Total 57 (100.09%)
Sim
Nao
0 10 20 30 40 50
| Mean ’ Min ’ Median Max
Ja ouviu falar sobre Realidade Aumentada? I 1.9 ‘ 1.0 ‘ 2.0 I2.()

xxi|Page




Linnaeus University

Sweden

Se sim, em que contexto?

Informacio virtual para trazer a realidade
Gaming.
Nunca mim falaram sobre o mesmo

No contexto politico em que algumas autoridades responsaveis pelas certas actividades, promentem coisas que nunca
cumpre
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Finalmente, gostaria de receber os resultados deste inquérito e fazer
parte dos estudos a seguir?

Finalmente, gostaria de receber os resultados
deste inquérito e fazer parte dos estudos a
seguir?

Number of
responses

Sim 45 (80.49)
Nio 11 (19.6%)
Total 56 (100.09%)

Sim

20 30 40

|Mean |Min |Median |Max

tudos a seguir?
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2. the pre-AR-use survey:Espacgos Pablicos na Cidade de Maputo

Answer Count: 6

Qual ¢é o seu sexo?

Qual ¢ o seu sexo? Number of responses
Masculino I 6 (100.0%)
Feminino 0 (0.0%)
o : (00(}6) I\AaSCU“nO _
Total 6 (100.0%)
Feminino
Outro
0 1 2 3 4 5 6
Mean Min Median Max
Qual ¢ o seu sexo? l 1.0 l 1.0 ‘ 1.0 I 1.0
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Participou do inquérito anterior deste projecto?

Participou do inquérito anterior deste Number of res-
projecto? ponses
Sim 0 (0.09%)
Nio 6 (100.0%)
Total 6 (100.09%)
Sim
0 1 2 3 4 5 6
| Mean | Min | Median Max
Participou do inquérito anterior deste projecto? l 2.0 ' 2.0 ' 2.0 I 2.0

Possui alguma deficiéncia fisica?

Possui alguma deficiéncia fisica? | Number of responses
Nio L 6(100.0%)
Sim 0 (0.09%)
Prefiro nio responder 0 (0.09%) Nao
Total 6 (100.09%)
Sim
Prefiro ndo
responder
0 1 2 3 4 5 6
Mean ’ Min ’ Median Max
Possui alguma deficiéncia fisica? I 1.0 ‘ 1.0 ‘ 1.0 I 1.0
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Qual é a sua 1dade

o

Qual ¢ a sua idade | Number of responses
17 ou menos I 0 (0.09%)
18a 29 4.(66.7%) 17 ou menos
30 a 59 2 (33.3%)
70279 0 (0.0%)
80 is 0 (0.0
Total 6 (100.09%)
60 a 69
70a79
80 ou mais
0 1 2 3 4
Mean Min Median Max
Qual ¢ a sua idade Y S0 2.0 EY)

Em que bairro vive?

Em que bairro vive?

Maxaquene B
Marracuene
Maxaquene B maputo
Bairro da Malanga
Bairro Malanga

malanga

Qual ¢é a sua profissao?
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Qual ¢ a sua profissio?

Number of responses

Estudante 3 (50.0%)
Conta propria 0 (0.0%)

Trabalho 3 (50.0%)
Nao trabalho nem estudo 1 (16.7%)
Total 7 (116.7%)

Estudante

Conta propria

Trabalho

Nao trabalho nem

Onde se localiza o seu trabalho ou a sua escola?

Onde se localiza o seu trabalho ou a sua

Number of res-

escola? ponses
Dentro da cidade de Maputo 4(66.7%)
Fora da cidade de Maputo 1 (16.7%)
1 (16.7%)
Total 6 (100.09%)

Dentro da cidade
de Maputo

Fora da cidade de

Maputo

estudo
0 1 2 3
Mean | Min | Median Max
Qual ¢ a sua profissio? 93 10 3.0 L 40

| Mean ’ Min ’ Median Max

Ja ouviu falar de Realidade Aumentada?
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Ja ouviu falar de Realidade Aumen-
tada?

Number of respon-

ses

Sim 3 (50.0%)
Nio 3 (50.0%)
Total 6 (100.09%)

Sim
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Em que contexto?

No contexto do mundo real e virtual.

No contexto da educacio, o uso de melos digitais ao mundo real para o ensino.

Gostarias de receber os resultados deste inquérito? Se sim, deixa o seu email.

Gostarias de receber os resultados deste in- | Number of res-
quérito? Se sim, deixa o seu email. ponses
Sim 6 (100.09%)
Nio 0 (0.09)
Total 6 (100.09%) )
Sim
Nao
0 1 2 3 4 9 6
| Mean | Min | Median | Max
Gostarlas de receber os resultados deste inquérito? Se sim, deixa o seu email. 1.0 1.0 I 1.0 I 1.0
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3. Espacos Puablicos, Participagio e Realidade Aumentada em
Maputo

Answer Count: 3

Qual ¢é o teu sexo?

Qual ¢ o teu sexo? | Number of responses
Masculino ' 3 (100.0%)
Femenino 0 (0.0%)
Total | 3 (100.0%)
Masculino
Femenino
0 1 2 3
Mean Min Median Max
Qual ¢ o teu sexo? l 1.0 l 1.0 ‘ 1.0 I 1.0
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Possui alguma deficiéncia fisica?

Possui alguma deficiéncia fisica? | Number of responses
Sim ' 00.0%)

Nio 3 (100.09%)
Total | 30000%)

Sim

0 1 2 3
Mean | Min | Median Max
Possui alguma deficiéncia fisica? 20 20 2.0 T 20
Qual ¢ a sua 1dade?
Qual ¢ a sua idade? | Number of responses
17 ou menos I 0 (0.0%)
18229 3 (100.09%) 17 ou menos
30 a 59 0 (0.0%)
70a79 0 (0.0%)
80 ou mais 0 (0.0%) 30 a59
Total 3 (100.09)
60 a 69
70a79
80 ou mais
0 1 2 3
Mean Min Median Max
Qual ¢ a sua idade? 2.0 Y 2.0 C 20

xxxii | P age




Linnaeus University

Sweden

Onde vive?

Onde vive?

malanga
Bairro da Malanga

Maputo.Bairro Malanga.rua comandante baeta neves
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Qual ¢ a sua profissiao

Qual € a sua profissio

Number of responses

Estudante 2 (66.7%)
Conta propria 0 (0.0%)
Trabalho 0 (0.0%)
Niio trabalho 1 (33.3%)
Total 3 (100.09)

Conta propria

Onde se localiza o seu trabalho/negécio/escola?

Onde se localiza o seu trabal-

Number of res-

ho/negocio/escola? ponses
Dentro da cidade de Maputo 3 (100.09%)
Fora da cidade de Maputo 0 (0.09%)
Total 3 (100.09%)

Dentro da cidade
de Maputo

Fora da cidade de

Trabalho
Nao trabalho -
0 1 2
Mean | Min | Median Max
Qual & a sua profissio 2.0 o0 1.0 L 40
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Quantas vezes utilizou o aplicativo nas duas semanas passadas?

Quantas vezes utilizou o aplicativo nas

Number of res-

duas semanas passadas? ponses
menos de 2 3 (100.09%)
oud 0 (000%) ek de 2 _
6a8 0 (0.09%)
Mais de 9 0 (0.09)
Total 3 (100.0%) 3a5
6a8
Mais de 9
0 3
| Mean | Min | Median | Max
Quantas vezes utilizou o aplicativo nas duas semanas passadas? ' 1.0 ' 1.0 I 1.0 I 1.0
O aplicativo ¢ facil de usar.
O aplicativo ¢ ficil de usar. | Number of responses
Concordo totalmente I 3 (100.09%)
e e camerc TN
Nio estou decidid@ 0 (0.0%) llHhCHle
Discordo 0 (0.0%)
Discordo completamente 0 (0.0%) concordo
Total 3 (100.09%)

Né&o estou
decidid@

Discordo

Discordo
completamente
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Comenta

O aplicativo € ficil de usar mas complica um pouco sobre o sinal demora aparecer e outras vezes aparece mas virado

O aplicativo ¢ ficil de o usar tem vezes que aparecer ao contrario
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O aplicativo € original.

O aplicativo ¢ original. | Number of responses
Concordo totalmente I 3 (100.09)
e 0% cameris. I
Nio estou decidid@ 0 (0.0%) ulaknciie
Discordo 0 (0.09%)
Discordo totalmente 0 (0.09) Concordo
Total 3 (100.0%)
N&o estou
decidid@
Discordo
Discordo
fotalmente
0 3
Mean | Min Median Max
O aplicativo é original. 10 T 1.0 1.0
Commenta
Sim
O aplicativo tem uma boa estética.
O aplicativo tem uma boa estética. | Number of responses
Concordo totalmente 3 (100.09%)
— o cameris. I
Nio estou decidid@ 0 (0.0%) olakneric
Discordo 0 (0.0%)
Discordo totalmente 0 (0.0%) Concordo
Total 3 (100.09%)
Nao estou
decidid@
Discordo
Discordo
fotalmente
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Mean | Min | Median

Max

O aplicativo tem uma boa estética.
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O aplicativo € interactivo.

O aplicativo ¢ interactivo. Number of responses
Concordo totalmente I 3 (100.096)
1o cameris. I
Nio estou decidid@ 0 (0.0%) ulaknciie
Discordo 0 (0.09)
Discordo totalmente 0 (0.0%) Concordo
Total 3 (100.0%)
N&o estou
decidid@
Discordo
Discordo
fotalmente
0 1 2 3
| Mean | Min | Median | Max
O aplicativo € interactivo. I 1.0 I 1.0 ' 1.0 I 1.0

O aplicativo é util para o efeito de se repensar o lixo nos espacos publicos.

O aplicativo ¢ ttil para o efeito de se Number of res-
repensar o lixo nos espacos publicos. ponses
Concordo totalmente 2 (66.7%) Concordo
Concordo 1 (33.39%) totalmente
Nio estou decidid@ 0 (0.0%)
Discordo 0 (0.0%) Concordo
Discordo totalmente 0 (0.0%)
Total 3 (100.0%) .
Nao estou
decidid@
Discordo
Discordo

totalmente

0 05 1 15 2

’ Mean ’ Min | Median | Max
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O aplicativo ¢ divertido.

O aplicativo ¢ divertido. | Number of responses
Concordo totalmente I 2 (66.7%)
S LA camerte I
Nio estou decidid@ 0 (0.0%) lolakncrke
Discordo 0 (0.0%)
Discordo totalmente 0 (0.0%) Concordo _
Total 3 (100.0%)
N&o estou
decidid@
Discordo
Discordo
fotalmente
0 0.5 1 1
| Mean | Min | Median Max
O aplicativo é divertido. TR 1.0 C20

Qual é a sua opiniao sobre o conteudo do aplicativo?

Qual ¢ a sua opiniao sobre o conteudo do aplicativo?

o aplicativo ¢ ficil de usar mas tem um porém o sinal demora aparecer
I bom mas o sinal demora um pouco aparecer

O aplicativo ¢ muito bom de usar porém as as falhas que as vezes tem

Usaria outros aplicativos de Realidade Aumentada?
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Usaria outros aplicativos de Realidade

Number of res-

Aumentada? ponses
Sim 3 (100.0%)
Nio 0 (0.09%)
Total 3 (100.0%)

Sim
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Gostaria de participar em estudos futuros?

Gostarla de participar em estudos

Number of respon-

futuros? ses
Sim 3 (100.09)
Nio 0 (0.0%)
Total 3 (100.0%)

Sim

Né&o

| Mean | Min

| Median

Max

Gostaria de participar em estudos futuros?

T T

1.0 1.0

10

1.0

Se sim, escreve o seu email

fuccswee@gmail.com

alexnuvunga20@gmail.com
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mateusjuniornuvunga 1 26@gmail.com

Muito Obrigado pelas suas respostas!!!

anselmomatusse@gmail.com

am224fa@student.Ilnu.se




