How little is enough? Evaluation of user satisfaction with
maps gener ated by a progressive transmission scheme for
geospatial data

ABSTRACT

Progressively transmission of vector data representsmipirtg means of delivering large amounts
of geospatial data to mobile device users who are consttdapesmall screen size, limited bandwidth,
and limited device storage. A progressive transmissicatesdly works for a given spatial dataset by
computing a series of level of maps at increasing detail. thiberetical approach of progressive trans-
mission is to send every progressive level of the map. Howyeeene users depending on their require-
ments may be satisfied with one of the intermediate levelilde&ps. This will result in a resource
saving to the user in terms of both download waiting time aaddwidth. This paper discusses user
trails to quantify user satisfaction with the output of thimgressive transmission scheme, which is
based on overall shape complexity of the geographical feain the map. Initial results indicate a sig-
nificant relationship between Levels of Detail (LOD) andhibty of the corresponding progressively
transmitted maps.

1: INTRODUCTION

The Volunteered Geographic Information (VGI) movement $ta@vn the potential to provide the
data needed for Location-based Services (LBS) (Goodcd@@l9) with OpenStreetMap (OSM) being
one of the most promising VGI projects (Haklay and Weber80The quality of data obtained using
such a crowd-sourcing model can vary spatially which is tgadoe to differences in skills, equipment,
and ICT tools used by those who contribute data (Flanagin\eizger, 2008, Mooney et al., 2010).
Some data may be poorly represented and consequently agmresentation of the features it repre-
sents. Transmitting vector data to mobile devices, fromrc@sisuch as OSM, which can potentially
contain variations in representation, presents a numbehaifenges including: different user interpre-
tations of the same map; different user satisfaction wiffieding levels of variations and representations
of maps; and different user expectations regarding theetekl spatial data on their mobile device. As
outlined by Fairbairn (2006) there are many ways to measa@complexity including: spatial statis-
tical measures, entropy and image-based indices. Our medelshape complexity analysis (area ratio,
shape circularity, vertex/node significance scores) terdg@he how a given vector map dataset could be
progressively transmitted. Using map generalisation outhguided by the shape complexity scores,
a number of maps containing increasing levels of detail anepuited and are progressively transmitted
to the client. This paper describes the implementationisfiitogressive transmission model in a tradi-
tional client-server model. The client is a mobile devicee $\rvey a number of users on “how usable”
or “how satisfied” they are with the maps generated at selétteative stages of the progressive trans-
mission. We use the results of these user trials to draw soiti@l iconclusions about the advantages
of our approach. The evaluation of the outcomes of the usas will also assist us in refining the
progressive transmission model to better meet the maplitgabguirements of LBS users.



2: LITERATURE REVIEW AND MOTIVATION FOR THISWORK

Due to constraints imposed by screen resolution and nettvankiwidth it is necessary to first
transmit the most significant map details to mobile applicet Subsequent transmissions can transmit
additional detail until the entire spatial dataset has livered successfully. Progressive transmis-
sion has many advantages including: the transmission ofemdata sizes, quick response times, and
possibly the transmission of only relevant details (Berttol, 2007). Many implementations of vec-
tor data progressive transmission have been suggestee iitegrature over the last decade such as:
Bertolotto (2007) ,Buttenfield (2002), Wu et al. (2010) analidert et al. (2009). The maps of varying
Levels of Detail (LOD), received by the user in a progressra@smission scheme, are generally cre-
ated using map generalization methods. Many different $oofrgeneralization algorithms exist. Such
algorithms attempt to generate a generalization whiclsféagi particular goals which can be specified
(van der Poorten et al., 2002). For geometric accuracy soetbats of generalization have been de-
veloped which maintain topological equivalence with thigioal map (van der Poorten et al., 2002).
Many methods exist which attempt to preserve some shapaatkéstics of the original map (Wang
and Muller, 1998). Ontology driven generalizations methade semantic information to determine a
suitable generalizations (Kulik et al., 2005). For mapstaiming many polygons and lines a method-
ology for determining a globally suitable generalizatisrréquired. Fisher et al. (2005) proposed an
approach for generalization of vector data tailored speadlfi for mobile devices with limited screen
resolution. On-the-fly generalization, many of which are Xkbsed (Foerster et al., 2010, Ying et al.,
2010a), may be applied to data such as OSM as it is availatde XML format. In this paper we
use two generalization approaches. The well known Dougtagker algorithm is used for polyline
simplification. For polygons it is very important to preseishape/contour attributes for rendering on
the small screen of a mobile device (Setlur et al., 2010). Wpley a very well known method from
the domain of computer vision which preserves a contoursativghape across levels of detail. The
method by Latecki and Lakamper (2000) is a contour presgrapproach to generalization of poly-
gons. A separate issue is the software development of ovoagip. As outlined in Regnauld (2006) the
author comments that he found “very few (generalisatiogp@thms that we were able to try, in order
to reuse them” and had to invest significant effort to devellgorithms. However this issue is being
addressed by Neun et al. (2008) who illustrates the poseidge of generalisation support services
as web services. Their WebGen framework implementatiowstegreat potential for enabling the
interoperable, flexible and reusable deployment of geisatadn algorithms.

When implementing a progressive transmission strategyiitportant to perform generalization to
obtain map levels which are suitable and exhibit gowp usability. In Li (2006) a conceptual model
was shown to assist in understanding user behavior andmatan preferences for LBS. Oulasvirta
et al. (2011) conducted a study regarding the percepttedactive search people perform when using
2D and 3D maps on mobile devices. They state that mobile mplicapons should be friendly and
with high usability. The visualization of multi-scale magms mobile devices should also exhibit high
usability. The problems of map display on mobile deviceseaaeerbated by the nature of spatial data,
where a large information space needs to be presented anduized on a small screen (Tonder and
Wesson, 2009). In Lavie et al. (2011) the authors carriedraals of maps for in-vehicle navigation
systems. The found that maps with minimal detail producesd jperformances and highest user evalu-
ations. Cartographic aesthetics are also rated highly iy $hudy participants. In map usability tests
carried out by Kratz et al. (2010) the authors found thatsiperferred map zooming to map panning
and scrolling. The authors comment that tasks such as magatiawn require users to view and clas-
sify larger features of the map (in a zoomed-out state) irotd locate the point of interest they are
interested in. In Harrie and Stigmar (2010) the authorsideogome measures of map information that
eventually should be used as constraints for the selecfidata layers and in real-time generalisation.
They found that measures such as the number of objects, mwhpeints and object line length had
better correspondence with human judgement than objeatao@e. In Rosenholtz et al. (2007) the



authors warn against the “congestion” of the map and thelgmolf map objects “bleeding” into one
another which creates visual clutter. While map designiemaise color to differentiate map objects
the authors find that this should be avoided as increasedali@ability increases visual clutter.

3: EXPERIMENTAL SETUP
In this section we describe the setup of the experimentss iflgludes a discussion of how our

implementation of our progressive transmission model warkpractice. The results from the user
trials are then presented.
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Figure 1: Schematic diagram of the implementation of our progressansmission model

3.1: How our implementation of our model for progressivetransmission works

The progressive transmission model is outlined in Figuesnd described in Ying et al. (2010b).
From the client device the map area for which spatial datadsired is selected. The coordinates of
this rectangular area are transmitted to the applicatiores&vhere the OSM XML is downloaded im-
mediately. This OSM XML package is then processed server. gidlava application has been written
to parse the OSM XML and create the necessary data struttusapport the progressive transmission.
After parsing the XML and binding the spatial data to Javaoty the process of building the progres-
sive transmission data structure begins. An array-basedstlaicture is used where the nodes of the
input spatial dataset are stored. A lookup table is maiathimhich manages the ordering of vertices for
progressive transmission based on their removal duringeheralisation process. The array-based data
structures store a logic@¥-version model of the input dataset. The application safvem the server
then begins the transmission of the spatial data beginnitig,ahe most generalised level and lowest
level of detail. WhenL, has transmitted successfully the nodes (and polygon steuatformation)
for L, is prepared for transmission. This process is repeatebthatiinal nodes of the original dataset
are transmitted witll 5. The nodes transmitted durirlg, can be seen as the most important nodes or
vertices in the overall shape structure of the polygonsiwitie original dataset. The nodes transmitted
to complete the final level ;v are the most insignificant nodes of the map dataset. The wedetide
that they are happy with the map representation at a givenlewapL ; and can abort transmission.



3.2. Detailsof User Trial Experiments
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Figure 2: Screen shot of the emulation of a mobile device upon whieh trgals were per-
formed

We recruitedl0 usersto take part in the user trials. At this time only users withl& 8ackground
were available to take part. We ran our progressive trarssomssoftware forl0 input datasets. To
ensure each user evaluated the same |eyebf the map we configured our client software to pause
at 5 distinct levels: Ls the full version with no reduction in data size, the original map dataset is
reduced by 2% of its nodes (called r2B), L3 a further 205 reduction (called r4%), L4 a further 20%
reduction (called ré%), and L5 a final 20% which represented an 80reduction (called r8%) on the
original map dataset. The delivery of the geospatial dattaetoendering application on the client mobile
device happens in the ordés through toLs. A mobile phone running the Android OS was used. As
learned from Rosenholtz et al. (2007) the screen displaykefissimple and uncluttered. A screenshot
of one of the map displays on the Android device is shown iufédg. TheM ap Datasets used in our
trials were chosen as follows. We cholecase-study areas in OSM for map datasets. These study
areas chosen exhibit variability in: shape complexitiesnber of features, and representation levels.
We used the Processing framework (Processing, 2011) toafertbe map images. In default operation
of our software a user can select an area from OSM in two wagsn & a simple web-map interface
using OpenLayers or by selecting the “My Locality” optiowifn the application menu. This sets the
map center as the current position on the mobile device GRSOBM XML corresponding to this area
is then downloaded automatically from the OpenStreetMayese using the OpenStreetMap API. The
size of the maximum bounding rectangle is limited - in oudgtto 2 square kilometers. The scale is set
at 1:50000. To carry out an initial evaluation of our modellvaee omitted line features. However, line
features will be included in future work. TH® datasets selected include single polygon datasets and
multi-polygon datasets. There ate@latasets with one polygon: c42 (211 nodes), d14 (309 nodes),
(46 nodes), r50 (51 nodes). The remainthdatasets are multi-polygon and have betw2&nnodes
(n6) and2172 nodes (n7). An example of this progressive transmissionga®applied to tha’3 map
dataset is shown in Figur@ Results of the user trials were collected as follows. As users viewed
the 5 levels of maps on the mobile device they filled out a questtenon paper. A ten point Likert
scale (Duncan and Stenbeck, 1987) was used in the quest®mizen to each subject with answers
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Figure 3: An example of the progressive transmission process wineraiser views five
version of the same map.

ranging from (1), which corresponds to “strong dissatisfecwith map”, to (10) which corresponds
to “strong satisfaction with map”. This broad scale progidsers a wide range of possible answers to
correctly express their opinion. Table 1 (mean of all useres) and Table 2 (standard deviation of all
user scores) tabulate the results of the survey for(allsers over all0 datasets.

4: Findings and Discussions

In our experiments we attempted to quantify how satisfiedsusere with progressive generated maps.
We also attempted to quantify if this satisfaction is suffitly strong to introduce stopping conditions
to potentially avoid having to send all of the map data. Rsesudicate that user satisfaction has
nonlinear relationship with data reduction size. Satisfmconly reduces slightly when the data is
reduced by 2% or 40% but satisfaction reduces sharply in the more simplified ivass (0% and
80%). Over represented examples exhibit greater user sat@fat greater data reduction percentages.
For example the study area$6 or 50 have large standard deviations in user satisfaction leWgts
believe that when generalization approaches completiaheofeature shapes are under-represented
then significant poping effects occur between levels. Themh decreasing users scores in th&60
and 8% reduced maps indicate that some of the most simplified vessioe not liked by users. If

a polygon is over-represented simplification is necessamngduce the data size before transmission
to a mobile device with limited capabilities. Users do natagnize additions to the map during the
progressive transmission after a sufficiently good shapeesentation has been obtained. In regard to
some specific observations there are some points whichagbeulighlighted. The satisfaction amongst
users of maps the single polygon examples (C42, D14, R16),iR88ry positive for the full version and
R20% but quickly degrades for other versions. In the cases ofititgespolygon examples, combined
with a low number of nodes used to represent the polygonetiespes lose their shape characteristics
quickly. Users commented that the generalised versionasfetipolygons were too sharp and jagged.



Table 1: This table outlines the mean of all user scores foh éavel L; of each of thel0
map datasets used in the user trials

Set | Final | R20 | R40 | R60 | R80
C42 | 8.5 76 |79 |44 |3

D14 | 8.6 72 |53 |39 |3

N1 | 8.6 85 |65 |41 |42
N2 | 8.2 73 |59 |38 |32
N3 | 8 7.7 |59 |37 |32
N4 |79 8 82 |81 |81
N6 | 6.3 6.2 |51 |39 |31
N7 [ 7.9 79 | 8 6.4 | 3.9
R16 | 6.1 6.2 |49 |3 2.2
R50 | 6 47 |41 |32 |23

Table 2: This table outlines the standard deviation of afssores for each levél; of each
of the 10 map datasets used in the user trials

Set | Final | R20 | R40 | R60 | R80
C42 | 1.27 | 190| 1.37| 1.58| 0.94
D14 | 1.07 | 1.23| 2.06| 1.85| 1.15
N1 | 0.97 | 1.18| 1.35| 1.45]| 2.04
N2 |1.03 | 211|0.32| 169 1.14
N3 | 1.25 | 048 0.99| 1.70| 1.99
N4 |202 | 183|175 191|191
N6 | 2.26 | 2.04| 1.20| 1.37| 2.08
N7 | 0.74 | 0.57| 0.67| 1.96| 1.52
Ri16 | 152 | 1.75| 1.37| 1.83| 1.14
R50 | 1.83 | 1.89| 1.66| 1.87 | 2.06




For the multi-polygon the satisfaction with the maps atediht levels of refinement are more spread
out. For datasets N2, N4, and N7 there is high mean satigfaatith each level presented to the users.
However the standard deviations of these satisfactiongsatin table 2 show a wide spread of scores
for each level. This is potentially caused by the fact thasthdatasets are well represented (sufficient
nodes). The generalised versions remove insignificanicesrfrom the polygons. But the polygons
retain their overall structure and shape characteristics.

4.1: Issuesfor further research work

There are a number of important issues which provide a firrisldas further research on this topic.
Additional user testing: On the basis of the results it will be necessary to carry autenuser testing.

It will be necessary to attempt to determine the statistalificance of the apparent strong preference
of users for better representations of the map datasetasadhé very heavily generalised version of
the same dataseGeneralization Research and Integration of line features. In this paper we only
considered polygons features. Currently we are includimg features in our implementation of our
model for progressive transmission. As the popularity aispatial web-services grows we will be
investigating the use of web services in our software impletation. For example Neun et al. (2008)
describes their WebGen platform “a processing serviceraviging algorithms and processing power
to be executed remotely”"M ap appearance and aesthetics: The projection of the map on mobile
display and the aspects of visual appearance, such as @siduexture, will also be considered. This
may potentially involve the integration of metrics whichaquify the user’s visual satisfaction with the
map to guide the simplification for multi-scale represeotet. We will be carrying out additional user
testing with more participants. These will be drawn from devipopulation with different backgrounds:
age, GIS skills, usage of mobile mapping, etc in an effortaiidate our proposed model. In the long
term this research work aims to improve the conditions fangmitting large quantities of spatial data
to mobile devices. Mobile devices have to perform in the mmrment where user is always on move;
in the state of hurry and different situations are distragtttentions of user away from task in hand
((Frank et al., 2004). Progressive transmission stragagigy be the most suitable for users who want
spatial data in these types of situations.
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