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Abstract

Increasingly, geospatial web applications such as  www.fixmystreet.com or
www.seeclickfix.com are being integrated within citizen participation processes in spatial
planning and the provision of communal services. Recently, several of these platforms
have been launched in Latin America and other countries of the Global South. This
development raises the questions of whether citizens with low ICT-skills can fully access and
use these tools, and hence whether they are empowered to participate in related
community management processes. The GeoCitizen framework (www.geocitizen.org) has
been designed specifically to address citizens who tend to be excluded from established
planning processes, providing them with accessible and easy-to-use online tools to make
their voice heard through the public space of the internet. This paper describes the set-up
and results of a Human Computer Interaction (HCI) Evaluation carried out for the
GeoCitizen-reporting application amongst members of marginalized communities in Cali,
Colombia. It investigates whether spatially iliterate users with low ICT-skills can access and
use this application to its full extent. It analyses the most common usability issues that were
identified by the test user group and gives indications as to how geospatial web
applications should be designed in order to meet the challenges that come along with its
use.
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1 Geoweb Technologies, Public Participation GIS and the Digital
Divide

In recent years, extensive research has shown how Public Participation GIS (PPGIS) can
empower marginalized communities to participate in decision-making processes related to
spatial planning, community management and urban development (Carver et al, 2001;
Ghose, 2001; McCall, 2012; Mukherjee, 2015; Ramasubramanian, 2010; Sieber, 2006). Today,
the geo(spatial)web, which combines geographical information, internet technology and
social networking to produce, use and exchange geo-spatial information (Scharl &
Tochterman, 2007), is an intrinsic part of many PPGIS frameworks (Pfeffer et al., 2015). An
increasing number of cities provide geospatial web platforms (e.g. www.fixmystreet.com,
www.seeclickfix.com or http://www.frankfurt-gestalten.de/) as well as mobile applications
(e.g. ‘Salzburg:direkt’ or www.citysourced.com/ ) in order to reach out to their citizens and
enable them to participate in the provision of communal services, planning of infrastructure
projects, and other developments that affect the livelihood of their communities. Recently,
similar applications have been launched in Latin America (e.g. www.ciudadanosactivos.com/,
www.barriosactivos.com or http://www.colab.re) and other countries of the Global South.

However, the increasing use of geoweb technologies within PPGIS and community
management projects has revealed critical issues that must be addressed for a comprehensive
assessment of whether or not these technologies lead to inclusion or further exclusion of
members of marginalized communities who should be empowered to engage in better
management of their living environments (Elwood & Leszczynski, 2013; Haklay, 2013;
Mukhetjee & Ghose, 2012; Sui et al., 2013). Ethical issues such as the privacy of shared
(locational) data and abusive user behaviour (Ashley et al, 2009; Torrens, 2010), the
shortcomings of geo-technologies in representing the perspectives of minority and
vulnerable groups (Pfeffer et al., 2015), as well as the issue of ownership of (local) knowledge
mapped through crowd-sourced data (McCall, 2012) have to be considered when designing
geospatial web applications for a PPGIS environment. In general, maps and data created in
these applications tend to reflect the reality of the wealthier and more technologically
experienced individuals and communities; they do not represent the qualities of a random
sample population. Therefore, they tend to perpetuate existing power relations (Caquard,
2013; Elwood, 2008; Fischer, 2012; Ghose, 2007).

The unequal access to and limited use of Infernet and Communication Technologies (1CT) can
therefore be considered major obstacles for successfully introducing geoweb technologies
into citizen participation initiatives in urban planning and community management. This is
what the term ‘Digital Divide’ refers to. This phenomenon is defined as a ‘gap between
people and places with regard to their access to ICT and the use of the internet for a wide
variety of activities’ (OECD, 2008). Nielsen (2006) provides a broader definition, in three
parts: (1) The Economic Divide refers to unaffordable prices for computer hardware or the
lack of broadband data transmission to rural and poor urban areas (Geissinger, 2006). With
the advent of mobile technology, this also implies having access to GPS- and internet-
enabled mobile devices, adequate bandwidth, and data download volume at a reasonable
price (Pfeffer et al., 2015). (2) The Usability Divide (or secondary digital divide) refers to how
complex technology hinders users with low literacy skills (such as senior citizens or members
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from deprived socio-economic areas) in fully accessing and using ICT. (3) The
Empowerment Divide relates to how only a few people make full use of the opportunities
that such technology affords, although they would be literate enough to do so (e.g. when
uncritically selecting the first results in search engines such as Google).

Usability issues are considered a major parameter in the design process of geospatial web
applications for spatial planning and community management initiatives that aim to bridge
the digital divide (Adebesin et al., 2010; Haklay et al., 2010). User-friendly tools and
frameworks should address users who do not have the necessary skills for handling and
processing spatial information adequately. These skills are what scholars such as Bednarz &
Kemp (2011) and Goodchild (2010) refer to as Spatial Literacy.

In an attempt to approach the question of whether or not citizens with low ICT skills can
fully access and use geospatial web applications for spatial planning and community
management, and hence whether they are empowered to participate in related decision-
making processes, this research carried out a Human Computer Interaction (HCI) evaluation of
the GeoCitigen reporting application amongst members of marginalized communities in Cali,
Colombia, with a specific focus on usability issues. This mobile application is part of the
GeoCitizen framework (www.geocitizen.org), which aims at engaging citizens, local initiatives
and organizations in taking collective action regarding the conservation, management and
design of their neighbourhoods and communities. The GeoCirizen framework merges geoweb
technologies and social media in a comprehensive approach for participatory spatial planning
and community management, allowing citizens and communities to collaboratively report
observations, to discuss ideas, and to solve and monitor issues in their neighbourhoods
through the public space of the internet. This framework is currently being evaluated in a
field study in two pilot communities of Quito Sur, Ecuador (http://geobarrio.blogspot.com).

2 HCI and geospatial web applications

The advent of the geospatial web in recent years (Atzmanstorfer & Blaschke, 2013;
Mukherjee, 2012; Pfeffer et al., 2015) has not only made geoweb technologies available to a
mass public of non-expert users, but has also altered the requirements and parameters of
HCI and usability, especially within PPGIS projects and community-engagement activities.
Nowadays, geoweb technologies aim at reaching out to the general public by providing basic
applications for simple tasks, instead of combining complex functionalities in expert GIS
desktop systems (Haklay & Chao Li, 2010; Mittlbock et al., 2012; Skarlatidou et al., 2013).
Hence, it is especially important to take into consideration the user context when designing
and evaluating these applications. Skarlatidou (2010) lists the following dimensions in
determining the user context: (1) the user’s characteristics and needs such as age, level of
experience with similar applications, and educational background; (2) the user’s goals (their
expectations with regard to the application) and tasks (or steps to accomplish a goal when
using the application); (3) the uset’s spatial and domain knowledge; (4) the user’s mental
models of a system (their expectations as to what will happen when a specific action is
performed; the vocabulary and metaphors that are used for describing system elements).
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Because Human Computer Interaction focuses on the development of interactive software
user-interfaces (Shackle, 2009), a key concept of HCI is User Centered Design (UCD). This
aims at supporting the entire product development process with user-centred activities in
order to create applications which are easy to use and fulfil the needs of the intended user
groups (Norman & Draper, 1986). Within common UCD approaches, a plethora of HCI
techniques are available to developers of geospatial web applications, suited to particular
evaluation aims and objectives (Table 1).

Table 1: HCI techniques for evaluating geospatial web applications, according to Marsh & Haklay
(2010)

Evaluation frameworks Evaluation methods Data collection techniques  Data analysis techniques
Formative evaluation Usability tests Questionnaires Content analysis
Summative evaluation Field studies Interviews Statistical analysis
Rapid prototyping Cognitive walkthroughs Focus groups Performance measures
Case studies Task analysis Think aloud protocols Problem frequency counting
Remote studies Heuristic or guideline- Diary keeping Discourse analysis

based evaluations Eye-tracking

Whatever HCI technique is applied in a software-development process or research project,
the problem of ecological validity is particularly acute when evaluating software created for
mobile devices or web applications (Lindgaard et al., 2005; Marsh & Haklay, 2010).
Ecological validity refers to the extent to which conditions simulated in the laboratory reflect
real-life conditions (Brunswick, 1955), which is of specific importance when designing
applications for PPGIS projects.

Experiences of research and application in Usability Engineering (UE) led to standards that
provide a solid base for HCI-evaluation processes in software development. The ISO 9241-
210 standard defines usability as ‘the effectiveness, efficiency, and satisfaction with which
specified users achieve specified goals in particular environments’ (ISO, 2010). The
ISO/IEC 25010:2011 standard mentions usability as one of the eight characteristics defining
the quality of a product (functionality, reliability, efficiency, security, compatibility,
maintenance and portability being the other seven; ISO, 2011). Recently, the concept of User
Experience (UX) has placed usability in a broader approach that describes the subjective
experience people have when using a particular software (Hassenzahl & Roto, 2007; Roto et
al., 2011). UX deals with categories such as comfort, sociability, safety, performance,
usability, acceptance and identity (Tschigeli, 2013). Usability models for mobile applications
have to take into account several parameters that differ from those for desktop and web
applications (Budio & Nielsen, 2012; Delikostidis, 2007; Madrigal & McClain, 2010; Zhang
& Adipat, 2005): (1) physical restrictions of mobile devices (small screens, keyboards, limited
processing and memory capacities, varying display resolutions); (2) limitations on bandwidth,
network access and network reliability; (3) limited data entry models, increasing the
likelihood of erroneous input and decreasing the rate of data entry; (4) competition between
the mobile space and the distracting environment that surrounds the user.

When talking about the operational framework for evaluating geospatial web applications,
especially within research projects with a limited budget and a challenging organizational set-
up typical for PPGIS-initiatives, Nielsen (1994a) advocates ‘guerrilla usability’. This approach
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deploys usability tests with a limited number of test users, based on his research showing that
most usability issues can be identified by having just five test users. This approach was
applied in the HCI-evaluation of the GeoCitizen reporting application presented here.

3  Case Study: HCI-evaluation of the GeoCitizen reporting App

This research relates to the methodology for HCl-evaluation of geospatial web platforms
developed by Ferré Grau (2005), which was based on the work of Nielsen (1994b). It
proposes a process with three principal stages:

1. Predesign Stage, consisting in (a) identifying and analysing typical platform users, and (b)
defining typical tasks that should be performed

2. Prototype Design

3. Prototype Evaluation carried out through either (a) a usability test, or (b) a heuristic or
guideline-based evaluation.

This Predictive or Formative Evalnation Framework, which allows an empirical evaluation of user
interaction, is particularly useful for evaluating geospatial technology tools developed by
small research teams (Bowman et al., 2002; Marsh & Haklay, 2010).

User Analysis

As the GeoCitizen framework aims in particular at integrating members from marginalized
communities into decision-making processes in their neighbourhoods, the following typical
user characteristics were defined for the HCI evaluation. Users should (a) be members of
neighbourhoods with low socio-economic indicators! (see Burke, 2014), (b) have little
experience in using ICT, and (c) show an interest in participating in neighbourhood
initiatives. Most of the test users belong to the Afro-Colombian communities of Guachené
and Villa Rica located in the rural area of Valle de Cauca Province in the south of Cali. Over
recent decades, this area has suffered from on-going security problems, and related social
and economic marginalization, caused by armed conflicts between guerrillas, paramilitaries
and the Colombian Armed Forces. As a result, access to ICT and education is difficult, while
unemployment and racial segregation are widespread in these communities (Marin, 2015).

Colombia divides neighbourhoods into six categories (‘estratus’) according to different socio-economic indicators
from 1 (poor) to 6 (rich). People living in low-estratu neighbourhoods pay fewer taxes and lower prices for public
utilities.
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Figure 1: Usability test group from Guachené community

In order to analyse socio-demographic characteristics of users, test users had to complete a
questionnaire which followed the categories of the official Colombian Census. Most test
users attended the continuous education programmes that the University Antonio José
Camacho (Institucién Universitaria Antonio José Camacho — UNIJAC) offers at graduate
level, especially for members of marginalized communities of Cali and its surrounding
municipalities. Other test users were employees of UNIJAC with limited ICT-skills, such as
the cleaning staff, guards or cafeteria employees. The typical test user had computer and
internet access at home and owned a smartphone, or had at least used these technologies in
the past six months. Specifically, they were familiar with the use of email, Facebook and
WhatsApp. Detailed results are presented in Table 2.
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Table 2: Socio-demographic characteristics of the test users

Whatis your sex? Female 11
Male 11
What age group doyou belong to? <18 years 1
18-29years 9
30- 65 years 11
> 65 years 1
What ethnic group doyou belong to? Mestizo 11
White 3
Afro-Colombian 7
Indigenous 1
Whatis your highestlevel of education? Primary School 2
Secondary School 7
Graduate Level 13
Postgraduate Level 0
Doyou have a computer athome? Yes 18
No -
Have you used a computer in the past six months? Yes 17
No S
Doyou have the internet athome? Yes 17
No S
Have you used the internet in the past six months? Yes 20
No 2
Doyou have a smartphone f/iPhone? Yes 17
No S
Have you used a smartphone /iPhonein the past sixmonths? Yes 18
No =
Which applications and social media doyou use regularly?  Twitter 5
Google maps 8
E-Mail 15
Facebook 17
Skype 6
Whatsapp 17
Which 'estratus’ has the neighbourhood where you live? 1 (low) 6
2 7
3 9
- 0
5 0
6 (high) 0
Which labour group do you belong to? Employee 10
Employer 1
Independent Worker 3
DomesticEmployee 2
Others (Retired, Unemployed,
etc.) 6
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Task Analysis

In order to simulate the most important steps a user would perform when using the
GeoCitizen reporting application, six principal (product-defined) tasks were analysed,
following Cordes (2001): (1) Register, (2) Log-In, (3) Explore background maps, (4) Report
an observation, (5) Consult observations, and (6) Change personal settings. In order to
complete each task successfully, the test user had to work his/her way through one or more
sub-tasks and give feedback to the evaluators. The sub-tasks were defined as in Table 3.

Table 3: Detailed description of sub-tasks of the GeoCitizen usability test

(1) Registration (1.1) Select the ‘Create Account’ button after accessing the application for the first time
Form (1.2) Complete register form for the personal useraccount
(2) Log-In (2.1) Enter credentials on the log-in screen

(2.2) Select city wherethe application would be used (through standard menus for
differentcities where a specific spatial extent is set in order to help the user to localize
him/herself onthe map screen)

(3) Explore (3.1) Select a different background map (the application allows integrating
background maps ArcGlS Server background layers such as land-zoningplansthat are of

special interest in participatory decision-making processes (see Figure 2)
(4) Report an (4.1) Localize the site where a user wants to report an observation (supported
observation by the automatic GPS-positioning of the mobile device)

(4.2) Start the processto reportan observation

(4.3) Choose the topic and thematic category of an observation (e.g. Mobility >
Public Transport)

(4.4) Complete the reporting form (providinga title and description for
the observation as mandatoryfields, and a suggestion for a temporal
solution as well as a URL for addinga website with furtherinformationas
optionalfields; see Figure 3)

(4.5) Make an audio recordingin order to provide more detailed descriptions
for the observation

(4.6) Finish the reporting task by taking a picture of the observation and closing
the reportingmenu

(5) Consult (5.1) Find a reported observation on the map screen and retrieve information
observations

(6) Change (6.1) Find the button for changing the personal settings

personal settings (6.2) Switch language of the user interface (Spanish<>English)

Prototype Design

During the initial design process of the GeoCitizen prototype, expert users from the
University San Francisco de Quito (USFQ), Ecuador identified the most severe usability
problems that might occur for typical platform users. The preliminary design of the
GeoCitizen reporting application was developed using the results of a heuristic or guideline-
based (expert) evaluation carried out by a group of software engineering students from
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NIAJC in spring 20152 (see Hub et al., 2011). This preliminary design was then evaluated in
the usability test presented in this paper.
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of Cali

In addition, the research team received constant feedback on usability issues from a non-
expert user group taking part in a participatory land-zoning process in Tumbaco-Quito,
Ecuador, where the GeoCitizen framework was being tested (Atzmanstorfer et al., 2014).
This focus group (Finch & Lewis, 2003) comprised users with similar socio-economic and
demographic characteristics and a similar level of spatial literacy. The research team acted as

2 Specific results are not presented here as this paper focuses on presenting the results of a usability test carried
out by non-expert users from marginalized communities.
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participating observers, joining people in their activities and giving them access to the
application in their everyday environment in order to gain insight into the ecological validity
of the usability test subsequently conducted at UNIAJC (in vivo evaluation) (Dunbar &
Blanchette, 2001).

Usability Test

The usability test was carried out in October 2015 amongst a group of 22 test users on the
UNIAJC-campus in Cali, Colombia. The participants had to work their way through the six
principal tasks (see 3.1.2 above) on smartphones and tablets provided by the evaluation
team, which consisted of students and teaching staff from UNIJAC. They were asked to
express their immediate thoughts and feelings as they went through the different tasks,
helping the evaluators to create ‘think-aloud protocols’ (Verbal Protocol Analysis — VPA) as
additional feedback for identifying usability issues (Haniff & Baber, 2003; Marsh & Haklay,
2010; Nielsen, 1994b). Furthermore, test users were asked to give general feedback on the
opportunities and limitations of the GeoCitizen reporting application as a tool to empower
them to better participate in decision-making processes in their communities.

4 Results and Discussion

From the sample of 22 questionnaires, the following results are considered the most
significant for identifying and then interpreting usability issues associated with the use of the
GeoCitizen reporting application. Results are organized according to the six principal tasks
identified in section 3.1.2 (Task Analysis):

1. Register: This task achieved one of the highest performance levels, with 72% of the
users completing the task independently. This is related to their proficiency in using
applications with a similar functionality for registering users, such as Facebook.

2. Log-In: 63% of the participants managed to complete the application without help.
However, the arrangement of the log-in buttons and the colours assigned did not
help them to quickly recognize the logical sequence of the log-in process, which is a
serious limitation for novice users in adopting the application.

3. Explore background maps: This task obtained the lowest completion percentage of
all tasks, with only 27% of the test users completing it on their own. In particular,
they had problems interpreting the map and/or understanding the map legend, as
well as when the application did not respond (Figure 4).

126



Atzmanstorfer et al

m The user asked for help because he/she did not understand the map lenend

W |t took the user some time to perform the task but in the end he/she
managed it on his/her own

The application did not respond
m The user performed the task quickly and understond the meaning of the maps
and the map legend

m [fie user desisted

The user asked for help because he/she did not find the map menu

m The user asked for help becauss ha/she did not understand the meaning of
the maps

Figure 4: Task performance rates — Explore background maps

4. Report an observation: 50% of the test users managed to complete this task
independently; an additional 27% asked for help. The main inconvenience faced was
recording the audio testimony and using the mobile device’s camera to take a picture
when concluding the reporting process, as these GeoCitizen functions were different
from those of common social media applications such as Facebook and WhatsApp.
In addition, some users reported that they would not take pictures in their
neighbourhoods as they were afraid of compromising their personal integrity and
safety.

5. Consult observations: Half of the participants performed this task without asking for
help and managed to recognize icons and their meaning (e.g. the pin-point that
marks an observation on the map). This might be related to the fact that those users
were already familiar with using Google Map, as the application uses its APIs.

6. Changing personal settings: With a success rate of 73%, this was the task with the
highest percentage of independent completion. The general proficiency of the
participants in using mobile devices helped them to quickly recognize the
configuration menu and to explore its content.

In conclusion, the usability test showed that where functionalities and the interface design of
the GeoCitizen reporting application corresponded to the design of familiar mobile
applications — notably Facebook and WhatsApp — test users tended to have fewer problems
handling the application. This is not a surprising observation, as the majority of the
participants were familiar with using smartphones and the internet, although they belong to
marginalized and mostly rural communities. This observation coincides with official
statistics, which showed 210 million Facebook users and an internet penetration rate of 61%
for South America (59% for Colombia) in 2015 (InternetWorldStats, 2015). In 2015, Latin
America accounted for 781 million mobile phone connections, which corresponds to a
penetration rate of 126% [sic] compared to the overall population (STATISTA, 2015).
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Although initiatives such as the One Laptop Per Child programme (OLPC) (Graham, 2011)
and the increasing availability of telecommunication connections and (social) media in the
countries of the Global South seem to be helping to close the Digital Divide (Aker & Mbiti,
2010; Evans-Cowley, 2010; Hoftken & Streich, 2013; Martin & Corbett, 2011), the research
team still observed limitations regarding mobile device performance (poor GIS signals, and
limited bandwidth that impeded reporting observations). In addition, several participants
could not afford the costly mobile data download packages that are necessary to use mobile
applications to their full extent.

As expected, the task that proved the most problematic was exploring background maps,
such as the land-use map (POT), which should help GeoCitizen-users to better understand
patterns and relationships of spatial parameters influencing decision-making in planning
processes. One third of all test users could not understand or interpret the maps presented
ot their legends; another 13% gave up in the course of working on the task. Improving map-
reading skills and spatial literacy in general would require long-term and costly educational
initiatives at K12-level (Fu, 2011). In the short term, a comprehensive explanation of
integrated map-functionalities, and implementing standard design guidelines and elements
such as the Google material design (icons) or Font Awesome icons can provide novice users
with a more familiar interface for geospatial web applications (Marin, 2015).

Especially amongst marginalized user groups, geoweb technologies must resort to the social
and cultural realities of the citizens and communities addressed (Haklay, 2010; Resl, 2000).
Hence, adequate design must consider contextual factors, such as the translation of materials
into local languages (Garside, 2009; Gould, 1994), and should provide an interface that uses
local cultural and social conventions and symbols (Haklay, 2010; Mark et al., 2005). A
specific challenge within PPGIS projects that use geospatial web applications is the
integration into the participation process of senior citizens, who tend to have less experience
in using ICT. Several scholars (Haklay, 2010; Muktar et al., 2015; Ramasubramanian, 2010)
suggest embedding young people into community management projects to serve as
‘information brokers” who will familiarize and educate other users in the use of geospatial
technology. This approach is being tested in an ongoing field study in marginalized
communities of Quito Sur, Ecuador, where pupils teach their relatives and neighbours how
to use the GeoCitizen reporting application, helping to build up trust and skills.

In general, the test users in this usability study were very positive about the idea of
introducing ICT into participatory initiatives that aim at improving livelihoods in their
neighbourhoods. Although members of marginalized communities, they tend to have access
to computers, the internet and smartphones. However, they had problems handling the
GeoCitizen reporting application where the design and functionalities differed from
common social media applications. With these lessons learnt, the GeoCitizen reporting
application will be subject to an iterative process of usability-testing and improvement in
order to provide an easy-to-use and efficient tool that empowers citizens to make their voice
heard in spatial planning processes and community management.
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