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Abstract

Designing user -friendly Public Participatory Geographic Information Systems (PPGIS) is a
challenging task, since a PPGIS is typically used by users who have different characteristics

and different requirements and needs. Hence, applying Human dComputer Inte raction
(HCI) principles is of particular importance in designing PPGIS. This study aims to create an
inventory of usability aspects of a PPGIS by focusing on understanding the characteristics

of a broad range of users. The usability study included 73 part icipants from Colombia,
Uganda and Austria. We combined a custom qualitative survey (conducted in all three
countries) with an eye -tracking based survey (conducted only in Austria). Considerable
usability problems were faced especially by participants with low levels of IT -literacy. This
was mostly due to a lack of experience in using functionally complex  smartphone
applications or interactive maps. In general, we observed a high level of difference in
usability between the user groups. The eye -tracking sta tistics for the Austrian study
supported the outcomes of the qualitative survey well
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1 Research in Humar®Computer Interaction and Public Participatory
Geographic Information Systems

Public Participatory Geographic Information Systems (PPGIS) are commonly used in spat
planning processes where different kinds of users are involved. PPGIS are designed
supportdecisiormaking processes that involve citizens, taking their opintm@ecount
(Corbett & Keller, 2005; Irvin &&hsbury, 2004; Stivers, 20RE)GIS are typically used by

a heterogeneous user group, e.g. having different levels of experience, skills and inter
(Brown et al., 2013pome potential user groups are not used to working with this kind of
application. Consequently, a PPGIS should be designed in such a way that all users can €
and enjoyably interact with (Bidlar & Rinner, 2007; Tobon & Haklay, 2008)s, it is
particularly important for the design of a PRP®&l include Hum@&TComputer Interaction
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(HCI) principles, and to investigate the usability of the RIBGI®n et al., 2013; Tobdn
& Haklay, 2002)

A number of HCI design principles are addressed in the PPGIS litéviageand
Malczewsk{2009)state that the map interface should highlight specific elements, and tha
the number of buttons and amount of information should be linfitedta (2014)
describes how any piece of informatiowisual element should be carefully chosen and
should not overload the us8karlatidou and Hakl§3006) andL6pezOrnelas, Abasecal

Mena and ZepeddernandeZ2013)indicate that the map presentation, colours and other
features affect the wuser's perception ar
objectivesNewman et a[2010)also discuss the importance of explaining the context and
purpose of the application to the user thorougblyezOrnelas et a(2013)further state

that each symbol should be intuitive and easily understandabld, tee theer can
concentrate on the essential information without being distracted by having to rea
explanations for the symbols. They also show that inexperienced users prefer to use
applications that are in ajefined state and offer all the infatimn needed at once. A
study byBrown et al(2013ye-emphasizeNielsen and Madks g u(1984&Hatinatieal
terminology should be used. Ladilgwman et al(20l0)ment i on t hat a
application design creates a positive and pleasant experience.

Usability studies help to evaluate these design principles and their influence on use
Numerous usability studies have been conductB&@iS (e.gButt and Li(2015)Haklay

and Tobo6n(2003) Meng and Malczewsg009) Poplin (2015) Skarlatidou and Haklay
(2006) and Atzmanstorfer et al(2016). These studies are usually carried out with
participants who have similar user characteristics. We argue that PBf&#8 ased in

quite different geographical contexts with different user types. Hence, we see a gap in 1
literature analysing the parameters and consequences of user characteristics (in diffe
geographical regions), and how these affect the usbhiRPGIS.

This paper therefore aims to evaluate the usability aspects of a mobile PPGIS f
participants with a wide range of characteristics, including their varying IT skill levels ar
age. We asked people from three different ar€msombia, Ugandand Austriad to
participate in a qualitative survey to evaluate the usability of a PPGIS. Fu@h#eHike

Heil, Garlandini and Fabrikaf2009) we combined a custom qualitative surittyeye
tracking statistics as an objective way of measuring usability aspects. Siricackiregeye
device was not available in Colombia and Uganda, we were able to combine the qualita
survey with eyeacking only for the participants from Austria.

The paper addresses the following research questions:

- What are the key usability problems of a PPGIS for participants inrsatioulél
study that includes a broad diversity of user types?

- To what degree do these main usability problems depend dm-igeacy,
national context and type of task?

- Do eyetracking statistics support the findings of the qualitative survey?
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2 Study Design

This usability study evaluates the GeoCitizen application as an example of FRIPE&GIS (
D . The application aims to structure ci
the spatigplanning decisiemaking process in cities and municipalities. Citizens can
participate in surveys, upload georeferenced ideas for improving theimentjirand
involve themselves in discussions with, for example, their neidAtmaenstorfer, Resl,
Eitzinger, & lzurieta, 2014The application was developed by Rhadacién CEC in
cooperation with the Interfaculty DepartmenGeoinformatic®d Z_GIS, University of
Salzburg, and the International Center for Tropical Agriculture (CIAT), Colombia.

Figure 1: GeoCitizen Application

Atzmanstorfer et a{2016)conducted a usability study using GeoCitizen with participants
from marginalizk communities in Cali, Colombia. This paper extends their approach by
testing the usability with novice users of different user characteristics from three study are
We measured the effectiveness, efficiency and satisfaction of using the PPGIS. Ti
corresponds to ISO standard 9241 defining usabilitinternational Organization for
Standardization, 1992Zhe three aspects of usability refer to the ease, pleasure, comfort ant
trust experienced when carrying out tasks with an applid&ty@bi, Desharnais & Abran,
2012)

In this study, participants carried out six takiisl€1). Two of these concerned general
interaction with the application (entering the applicatiangicly the profile configuration

of the account). The remaining tasks were about interacting with the map element (changi
the basemap; finding and reviewing a Point of Interest (POI); adding a new POI). W
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measured three usability metrics of the applicaeffectiveness, efficiency and satisfaction.
Effectiveness corresponds to the error rate: completion without errors, with figitiaadn

errors (slight usability problems that were overcome), moderatgticanerrors (major
usability problemthat were overcome), or critical errors (major usability problems that were
not overcome). Efficiency corresponds to the time spent on each task. Finally, we measul
the participantsd satisfaction. Af tralr p ¢
qguestions about the applicationds desig
manner. Remarks and observations were documented while the participants were carry
out the tasks and/or responding to the questions.

Table 1: Survey Design
(1) Enter the application and navigate to the map
(2) Change the basemap

(3) Find a POI and review its description
Task scenario
(4) Leave a comment on a POI

(5) Add a new POI
(6) Find the profile configuration and change the age

Application design General remarks

evaluation Design evaluation

In addition, we used an dyacking device for the Austrian participant@de and Ball
(2005) indicate, statistics derived from -ggeking aim to understand the cognitive
processes of the participants. This in turn suppuetevaluation of usability aspects
(Coltekin et al., 2009)

In the eydracking based evaluation, the application's interface was defined by and divide
into Areas of Interests (AOI) for which it was possible to obtain statistics, such s when,
how long and how often eye fixations occur on an AOI. Our study included two eye
tracking metrics: (1) the time to first glance at the target AOI (i.e. the AOI that the
participant had to focus on in completing the task), compared to how longtid took
complete the task, indicating how much attention the AOI drew, and how clear the task t
be completed was to the participants; (2) comparing the number of fixations on the targ
AOI to the total number of fixations reveals how sedfidient the paitipants were in
completing the tasks. A higher number of fixations equals loweresgzectty(Coltekin

et al., 2009; PooleBall, 2005)

We selected 73 participants from three different study areas: 30 from Colombia (12 fema
18 male), 23 from Ugaa@® female, 14 male), and 20 from Austria (11 female, 9 male). (Se
Appendix1f or a detailed overview of pa&mwoft i ci
differing levels of economic development, we expected to find participavdsyivithuser
characteristic¥he participants from Colombia were students at Camacho University in Cali,
and employees from CIAT in Palmira. In Uganda, the particigaetsoffee farmers from
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the Luweero district, students from the Makerere University in Kampala, and employee
from the International Institute of Tropical Agriculture (IITA) in Kampala. In Austria,
students and employees from the University of Salztigpated. The participants were
invited by email and assigned a time slot. They were divided into four different user grou
according to age range andrsgéd IT skillsTable2). For coherence, the same age ranges
were selected as in the earlier usability stédyrbginstorfer et a2016)

Table 2: User Groups and Number of Participants

Age/IT - literacy Colombia Uganda Austria
18- 29 years/low Zmedium 8 5 5
30- 65 years/low Zmedium 7 8 5
18- 29 years/medium Zhigh 8 5 5
30- 65 years/medium Zhigh 7 5 5

We asked the participants to sit at a desk in a quiet place. In Austria, the participants w
linked to the eywacking device, which was installed onddsk. In all study areas, the
smartphone remained on the desk, without being moved or held by the participants. Eac
survey took between 15 and 20 minutes, depending on the amount of feedback that ti
participants provided. For each task, we gave orattiaosts. If clarification was needed,

we allowed participants to ask questions. Since most participants were unfamiliar with Gl
related terms (e.g. basemap, POI), we explained these using language that was accessi
the participant.

3 Results

3.1 Qualitative Survey

Figure2 andFigure8 show the error rate (effectiveness) of tasks 1 and 6, concerning genere
interaction with the applicatidrigure3, Figures, Figures and Figure7 show tasks db,
which relate to interactions with the map.

For task 1Rigure2), the participants were asked to navigate to the map. The majority of the
participants were able to complete the task without help. Participants from Austria an
Colombia finished without ersoror with norcritical errors (mostly light naeritical);
mediundhigh IT-literate participants from Uganda finished the tasks without errors;
Ugandan participants of lémvedium IT skills experienced greater difficulty, for the most
part completing the tasvith noncritical errors, while 20% of Ugandan participants aged
18529 finished with critical errors. Nevertheless, for the majority of participants the interfac
design was intuitive.
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Figure 2: Error Rate (Effectiveness) of Pa rticipants for Task 1 (Navigating to the Map): NoE = No Errors,
Light-NCE = Light Non -Critical Errors, Mod -NCE = Moderate Non -Critical Errors, CE = Critical Errors

Task 2 Figure3d) asked the participants to change the basemap. Several participants were r
used to the concept of modifying a basemapdrhedium IFliterate participants in
particular faced problems while carrying out the task, indicated by the higher number ¢
critical errors. None of the Ugandan and Colombian participants of the user §é6&dup 30
years with lodmedium IT skills was able to carry out the task. Most Austrian and
Colombian participants with medainigh IT skills performed the task without errors or

with non-critical errors.
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Figure 3: Error Rate (Effectiveness) of Participants for Task 2 (Change the Basemap): NoE = No Errors,
Light-NCE = Light Non -Critical Errors, Mod -NCE = Moderate Non -Critical Errors, CE = Critical Errors

Manyparticipants had difficulties understanding the meaning of the button icons. Inside th
map are three buttons that can be tapped to open a menu of additionalfgtieds. (

Figure 4: Button Groups
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Most of the participants were guessing which button was the right one for the task, randonr
screening, tapping and/or selecting other buttons on the map, thus indicatingcibras the
do not clearly illustrate the buttonsdo f

For task 3Kigureb), participants had to find a POI on the map and review its description.
Most of the participants did not use the search bar which had been designed for th
purpose. We deduce from this that #earch bar must be better placed. Some of the
participants discovered and used it after a while; others found the right POI by chance; sor
were not able to complete the task at all. Generally, we detected a high number of criti
errors among particips from all study areas, except for participants aged gfiag 18
years with mediushigh IT skills.

18-29 years/imedium-high 30-65 years/medium-high 18-29 years/low-medium 30-65 years/low-medium

“ i|||u||d ‘

NoE Light NoE Light- Mod CE NoE Light Mod hx Mod
NCE C NCE NCE NCE NCE CE NCE

Countries
B Austria
B Colombia
- Uganda

Nurnber of Panicipan!s as %

Figure 5: Error Rate (Effectiveness) of Participants for Task 3 (Find and Review Description of a POI): NoE
= No Errors, Light-NCE = Light Non -Critical Errors, Mod -NCE = Moderate Non -Critical Errors, CE = Critical
Errors

For task 4Kigure6), participants had to leave a commerdroexisting POI. For most, this

task was easy to complete. The majority of the néginT-literate participants from
Colombia and Austria completed the task without any errors or with lighitinaherrors.

Most of the Ugandan participants of #dame user profiles had a higher number of
moderate noieritical or critical errors. Most of the Ugandan lovitéTate participants of

the 1829 age group completed the task with moderateritical errors, the rest with
critical errors. Most of the ombian participants of the same user group finished without
errors; however, 25% of the participants made critical errors. Austrian participants with lo
IT-literacy showed mixed results. While the younger user group completed the task mos
without erres, the older user group, with 40%, had the highest number of critical errors of
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all Austrian participants. Most of the Colombian and Ugandan participant$égedt30
lowdmedium IT skills completed the task with critical errors.
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Figure 6: Error Rate (Effectiveness) of Participants for Task 4 (Add Comment on an Existing POI): NoE =
No Errors, Light-NCE = Light Non -Critical Errors, Mod -NCE = Moderate Non -Critical Errors, CE = Critical
Errors

From our observationthe location of the information seemed to be intuitive to most of the
participants, and the meaning of the button icons was understood. The participants wt
made critical or moderate Rnaonitical errors had already faced usability problems in the
previoustasks. We assume that these participants had a higher level of frustration th:
decreased their motivation to complete the task. This is a crucial insight that underlines t
importance of a frustratidree experience.

For task 5Kigure7), we asked the participants to add a new POI. Austrian and Colombian
participants of the user groupd28 years with medid@mgh IT skills completed the task
without erors or with light nostritical errors. Austrian participants of the other user groups
mostly carried out the task without errors or with lighicridoal errors. Only participants
aged 3865 with lowmedium IT skills made critical errors (20%). Colongaiditipants

aged 3865 with mediuhigh IT skills for the most part carried out the task with moderate
non-critical errors (43%); 29% of this user group were unable to finish the task. The majorit
of low IT-literate participants from Colombia were @n&blcomplete the task (50% and
71% for the younger and older age groups respectively). A high number of Uganda
participants from almost all user groups were unable to finish the task, with 60%, 80% ar
50% of critical errors for the user groups agé6b30ith mediurdhigh IT skills, and both

age groups of la#nedium IT skills. Only 60% of the participants of the user grégp 18
years with mediudhigh IT skills were able to finish the task with lightcnitioal errors.
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As in task 2, some participants faced problems finding thbutigint. In order to add a

new POI, there is a marker positioned in the centre of the map that the participants have |
place over a selected location. Afterwards, a tap on a button opens a menu to input the P
description. Some patrticipants were conflgdélde marker in the centre of the map; some
expected to have to tap for longer on a specific location in order to create a new POI; othe
thought that they should first tap on the button for adding a POI and then define the
location. Hence, we need tadarstand what seems to be the most intuitive way to add a
new POI and to relesign this functionality.

For the last taskF{gure 8), we asked thparticipants to make changes to the profile
configurations of the account. Here, they faced considerable problems completing the ta:
Most of them criticized the fact that the profile configuration was hidden. Apart from 12.5%
and 20% of the Colombian addandan participants belonging to the user group ayed 18
29 with mediudhigh IT skills, participants were unable to carry out the task without any
errors. The user group of those ageib3ith lovdmedium IT skills faced the highest
number of problems. éfe, all participants from Colombia and Uganda and 80% of the
participants from Austria made critical errors. The rest of the Austrian participants finishe
the task with moderate noritical errors. The Ugandan participants had the most
difficulties, fdbwed by the Colombian participants. Comparing the user groups, we detecte
a trend (reading the diagram from left to right): fewer usability problems were encountere
by the user group aged28 with mediudhigh IT skills, and more were found by the user
group aged 385 with lovdmedium IT skills.
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Figure 8: Error Rate (Effectiveness) of Participants for Task 6 (Reconfiguring the Profile): NoE = No Errors,
Light-NCE = Light Non -Critical Errors, Mod -NCE = Moderate Non -Critical Errors, CE = Critical Errors

We hypothesize that the high number of moderateritmal errors and critical errors was
due to two problems. First, the application offers three separate configuration menus for tt
information/visualization settings, bagipl@ation settings (e.g. language settings) and the
userprofile informationKigure9).

Project management

Settings

About

Notifications

- Logout

Figure 9: Configuration Elements of Taskbar (Left) and Side Menu (Right)

28



Bartling et al

The first two configurations were prominently displayed in the side menu or in the taskbse
menu. Hence, participants were distracted by these menus and did not find the profi
configurationsSecond, the profile configurations are accessible by tapping on the use
profile icon in the upper section of the side menu. However, the account did not reflect th
participant's name, since we provided a neutral account for the study. We dedute that due
the other two configuration options and the neutral profile, participants got confused. Ir
order to avoid this, we could have asked participants to create their own accounts to be us
for the task scenario. However, the application needs a rdigibbt tonnection for the
creation of an account, which was not the case in Uganda and, therefore, we chose
provide an account for all participants.

For the qualitative study, we also measured the time spent on each task (efficiency) and
evaluatiorby the participants (satisfaction). Both of these measurements show similar trenc
to the error rate (Appendices 2 and 3).

3.2 Eye-Tracking Metrics

In what follows, we analyse the time to first glance at the target AOI, the duration of eac
task, and the number of fixations on target AOIs by the Austrian participants.

For most of the participants, task 1 (navigatitige mapFigurel() was easy to carry out.

The median for the time to first glance was low (3.26s), whereas for the time to complete t
tasks the median was 8.928s means that the participants were quick to locate the target
AOI and spent 36.5% of their time searching for it. The rest of their time (63.5%) was use
for finishing the task. This seems taibexpectedliigh. However, since this was the first
interaction with the application, participants had to familiarize themselves with it. This
assumption supports the high number of fixations (median = 28.5). 8hégliulTtliterate
participants were quicker to locate the target AOI and in completing theripaked to
lowdmedium IFliterate participants. This supports the findings of the previous section,
since high [Titerate participants finished the tasks with fewer errors.
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Figure 10: Eye-Tracking Metrics for Task 1 (Navigating to the Map)

For task 2 (manging the basemdpigure1l), after the first glance at the target AOI,
participants spent 81.3% of the {eskpletion time oanderstanding how to carry out the
task and making sense of the information. Here, the median time to first glance was 2.0
whereas the median tasknpletion time was 10.83s. The same trend also supports the
number of fixations. The median number w&tibns was twice as high (43) as in the
previous task, indicating the reduced sedfickency due to the ambiguity of the button
icons.
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Figure 11: Eye-Tracking Metrics for Task 2 (Changing the Basemap)

Task 3 (to find a POI drreview its descriptioRigurel? showed the highest medians of

all tasks and of all metrics, except for the total number of fixations. The mel@tinfe t

to first glance was 7.82s, and for the time taken to complete the task it was 34.87s. Hen
participants spent 22.4% of their time locating the target AOI and 81.6% understanding ho
to carry out the task. The median number of fixations wasedytregh (59.5), indicating a
reduced searatfficiency. In comparison, the median number of fixations on the target
AOIs was low (3.75). The user group of people agaé w&h mediudhigh IT skills had

a medium of 0 fixations on the target AOI. As dtatehe previous section, participants
faced difficulties in locating the search bar, and many participants navigated randomly on 1
map in order to solve the task.
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Figure 12: Eye-Tracking Metrics for Task 3 (Find a POl and Re view its Description)

For task 4 (leaving a comment on an existingfgire13), we observe a low median for

the time taken to complete the te&B7s). The median for the time to first glance was 3.46s.
Participants spent 50.4% of their time looking for the right AOI. The median number of
fixations was 16.33, the lowest for any task. This demonstrates a higgffisesarci.
People in the 29 group with mediudhigh IT skills were fast in locating the target AOI
and in finishing the task. The older user groups were slower and had a higher numbers
fixations.
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Figure 13: Eye-Tracking Metrics for Task 4 (Leaving a Comm ent on an Existing POI)

For task 5 (adding a new P®igurel4), the median for the time to first glance was 5.04s,
and for the time taken to complete thek it was 11.45s. Participants were using 44% of
their time looking for the right AOI and 66% understanding how to carry out the task. The
median number of fixations, 30, was higher than in the previous task, indicating a low
searckefficiency. Lo@medium IT-literate participants needed a comparatively long time to
finish the task, further indicating a lower efficiency.
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Figure 14: Eye-Tracking Metrics for Task 5 (Adding a new POI)

Since task 6 (locating and changing thdepoafhfiguration) was difficult for most of the
participants, we excluded it from thetegeking data analysis. This was due to difficulties
interpreting the data, since participants were searching in different areas of the applicatior
locate the righinformation.

4 Discussion and conclusion

Through the qualitative survey andteyeking metrics, we were able to pinpoint individual
usability aspects of different functionalities of the PPGIS. We observed thditératdT
participants showed a higher rate of critical errors in comparegbertaser groups. This

was due to two factors. First, most of these participants were not accustomed to using
application withfunctionally complex elemerdad stated that they typically used their
smartphones for social media, messaging applieattbpeonecalls. Second, most of these
participants were not experienced in using map applications. We observed that high I
literate participants were much more confident in their IT skills and familiar with
functionally complex applications; loweilitdrate participants had lower confidence in
their skills and were used to more basic applications. For the latter type of participant, v
detected a higher level of frustration, with a tendency to give up more easily. This underlin
the importance of a piise useiexperience for all types of participants.

We also detected differences between the study areas. Most Ugandan participants mentio
not being used to interacting with maps. Lowitdfate participants from Colombia and
Austria, by contrast, véemore used to interacting with maps, but faced problems with the
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complex functionalities of the application. It is, however, beyond the scope of this article t
discuss further differences between the study areas.

Some participants criticized the amtyigyf the button icons, which should belesigned.
Several participants also commented negatively on thseriviendly search bar and the
zoom and navigation performance of the map. All of this affected the usability of the
application, which had ampact on the performance of low-liferate participants in
particular.

We further observed that older user groups and Hiteddte participants were less satisfied
than younger and high-literate participants. This underlines that younger @artcipay

be more accustomed to using functionally
comparison to older participants. Several participants wéimddium IT skills faced
problems using the application: they felt uncomfortable ugilog itp, for example, the
complexity of the information. The majority of the participants in @68 &6er group with
lowdmedium IT skills indicated the need for more time to familiarize themselves with the
application and how to use it. This observaiio#s gmportant insights into the different
requirements of each user group with regard to the content visualization, the complexity
the content, and functionalities.

As a limitation of this study, we faced a challenge with thealilosttion process the
eyetracking data. Since the-tyeking device was sensitive to movements, the offset of the
eyetracking data had to be handled. This potentially biased the statistics. Further biasil
limitations (among others) were the setting of the study (treb envi r onment
number of participants, and the way the user groups were established (e.g. grouping of
participants, andtheselfat i ng of t Hiteracpleveld).i ci pantsdo | T

To conclude, the purpose of the study was to undergitindly the key usability issues of

the PPGIS but also the differences in usability for different user groups. We were able to s
clear differences between the user characteristibsrady, age and geographical location.
This shows the need to resdoto the individual requirements of each user group by
di stinguishing between them in the appl
provide elements that suit the differing needs of the(Ksfes, Giannopoulos, Athanasios
Anagnostopoulos, Schoning, & Raubal, 20kMg adaptive interfaces, allowsei&srto

be simplified, and to reduce both the information load and the number of functionalities
depending on the user. With this study, we want to emphasize the importance of respondi
to the wuserds <characteri st i messuggest eéxplarimgd i v
approaches to personalizing map applications (for example-amarexisystems, mass
customization, recommendation systems, content and interface adaptation etc.). All of this
highly important for advancing the usability of PP@p&cations.
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18229 years 16 10 10
30265 years 14 13 10
Female 12 9 11
Male 18 14 9
Secondary 17 8 3
Undergraduate 9 10 7
Postgraduate 4 5 10
)y ATT RO OOA OEA /- 3 -
Basic 9 9 4
Intermediate 15 11 6
Advanced 6 - 10
Yes 30 22 19
No - 1 1

| need help 1 3 -

| can carry out basic tasks 8 11 3

| am sufficiently able to 21 9 17
use it

Sometimes - 3 1
Every day 3 1 -
Several times  a day 27 19 19
Messages and social networks 30 22 19
News 20 13 16
Other applications 24 15 19

Appendix 1: User Profile and Number of Participants
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Appendix 2: Time on Task (Efficiency)

Appendix 3: Task Evaluation by Participants (Satisfaction)
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