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Figure 4.1 Examples of the displays in the concept test: a sample map of a road 

dataset in parallel to a topographic map (left) and sample maps of two road datasets 

in parallel (right).  

In addition to sample maps, reference images were included in the displays. The role 

of the reference images was to represent the real world, and the idea was to support 

users in assessing characteristics of the data by allowing comparison with the 

reference. Because the real world is continuous and infinite in its details the 

representation can never be more than an approximation. Therefore, a reference 

image at its best can only give a more detailed approximation than what the data do. 

The reference images in the test were a city map, a topographic map, and an 

orthophoto (see Figures 4.1 and 4.2). They have different limitations in respect to the 

level of detail and currency. 

The sample maps were displayed individually, in parallel to each reference image, 

and overlaid on the orthophoto. In addition, the two road data samples were 

displayed in parallel to and overlaid on each other, and the coastline data sample was 

displayed with a sample of coastline data from the national topographic dataset that 

corresponds to map scales 1:20 000 - 1:50 000. After a pilot test, the display of an 

individual coastline was removed as a distraction, because it was impossible for the 

test subject to figure out which side of the coastline was water and which one land. 

Examples of the test displays are given in Figures 4.1 and 4.2. 

   

Figure 4.2 Examples of displays in the concept test: a sample map of a coastline 

dataset in parallel to a city map (left) and overlaid on an orthophoto and presented in 

two different scales (right).  
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Multivariate visualization methods 

Four multivariate visualization methods were tested, i.e. scatterplot matrix, parallel 

coordinate plot, star glyphs, and Chernoff faces (see Figures 4.3-4.5). Reasoning for 

the selection of these methods is given in Chapter 3.4. A set of geospatial metadata 

was compiled for the production of realistic displays. The set was composed of five 

metadata elements for eight road datasets, namely updating frequency, scale (or 

reference scale), geometric structure, price, and number of geometric objects (i.e. 

road segments). Metadata were collected from data suppliers’ brochures and in direct 

contact with them. Still some single values remained missing, which reflects the 

reality of metadata being incompletely available. 

Figure 4.3 Examples of multivariate visualization displays in the concept test: a 

scatterplot matrix (left) and a parallel coordinate plot (right). 

In enumeration of metadata values, the ISO 19115:2003 standard was followed. The 

metadata values were then manipulated as ordinal data and coded to numeric values 

for the displays. In the scatterplot matrix, parallel coordinate plot, and star glyphs 

displays datasets were colour coded, and the colours were linked to datasets (called 

A-H) in each display. This was necessary to make datasets distinguishable without 

interactive brushing. In the scatterplot matrix and parallel coordinate plot names of 

the metadata elements were given at the axes. In the parallel coordinate plot also 

minimum and maximum values were displayed. In the displays of star glyphs and 

Chernoff faces, explanation of the elements was given in each display. For the 

Chernoff faces, the metadata values were classified into tree classes to keep the face 

features clearly distinguishable. 

Alternative displays were created for the parallel coordinate plot and the star glyphs. 

In the other parallel coordinate plot, two “most suitable” (according to the use 

scenario) datasets were removed in order to test how users interpret the display when 

there are no such obvious choices as those two. For the star glyphs, an alternative 

display with star axes in full length was created (on the right in Figure 4.4); the plots 

with several missing values were left out from this display. Another display of star 

glyphs presented four star glyphs overlaid. 
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Figure 4.4 Examples of multivariate visualization displays in the concept test: star 

glyphs. 

Missing values did not cause any problem when creating the scatterplot matrix, as 

only dots were missing in related scatterplots. In the parallel coordinate plot, order of 

axes was such that missing values occurred only in the last two variables. Therefore, 

lines representing datasets with missing values just ended at the axis of the last know 

value. This solution had not worked if the parallel coordinate plot had been 

interactive and users could have changed the order of the axes. Also in star glyphs, 

the missing values caused a break in the outline. Actually, one missing value caused 

two segments missing. The three variables displayed in Chernoff faces were selected 

so that values were not missing.  

The face features in the Chernoff faces were selected so that there would be a 

relation between favourable metadata values (according to the use scenario) and 

satisfied face features. 

Figure 4.5 An example of multivariate visualization displays in the concept test: 

Chernoff faces. 
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4.1.2 Subjects and test sessions 

For the validity of usability testing, it is important that the test subjects represent the 

potential users and their number is significant. As was discussed above in Chapter 

3.6.2, when working processes are being studied, the number of subjects should be 

10-20 (Beyer and Holtzblatt, 1998). The concept test was carried out with 12 subjects 

from the Finnish Defence Forces. In addition, a pilot test was conducted before the 

actual test sessions. All the test subjects were professionals working with geographic 

data, either as application developers, data administrators or application users. Their 

working experiences with GIS varied from two years to over 15 years. Therefore, 

they represented well the professional users of geospatial metadata. Individual 

differences in experience of evaluating datasets as well as in motivation and attitude 

were obvious during the test sessions. 

The concept testing was carried out in December 2002 and January 2003 in 

individual test sessions. Eight sessions were organised in the offices of the subjects, 

four sessions were organized at Helsinki University of Technology for those subjects 

who work outside the metropolitan area but regularly visit Helsinki for meetings. The 

test sessions took from 50 to 90 minutes. During the sessions, thinking aloud 

protocol and semi-structured interview alternated, and the sessions were audio 

recorded. 

After an introduction that covered the purpose of the test and its general structure, I 

gave the subject the first displays that were organized in a set of PowerPoint slides 

on a portable PC and instructed the subject to proceed at their own pace and return to 

previous displays when convenient. I asked the subject to study each display of 

sample maps and consider what he or she could perceive about the contents and 

quality of the presented data. Some questions where written in the displays, such as 

which one of the two or three successive displays the subject finds the most useful. I 

made further questions on the basis of subject’s comments or to prompt thinking 

aloud if the subject remained silent for a longer while. 

In the second phase, I gave the subjects a use scenario that described a need to select 

a dataset for an intended use from eight alternative road datasets. The use scenario 

explained that the user had already selected the criteria (they concerned the five 

metadata elements explained above) and the favourable values for each metadata 

element. So the evaluation criteria were fixed for the subject. The favourable values 

and the organization of metadata were such that higher values in the displays were 

the most favourable. This is a rough simplification of ordinary cases of evaluation 

but I thought that such a case could result if the data manipulation tools in a 

visualization environment were advanced enough. The subject then studied each of 

the multivariate displays, one at a time. I first explained the principles of the method, 

and then the subject, thinking aloud, tried to identify the most suitable dataset 

following the use scenario. While talking about the displays, subjects referred to 

datasets by colour or the identifying letter (A-H). Two of the subjects were colour 

blind but they could distinguish the objects by differences in brightness if not by hue. 
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After the subject had finished with a display, I explained how interaction techniques, 

such as ordering of axes, brushing and filtering, and multiple linked views, would be 

implemented with the method. Displays provoked many comments from the subjects, 

also about how they would use the interaction possibilities when working with 

metadata, and they compared various methods without request. 

At the end of the test session, I asked the subject’s opinion of the visualization 

approach on geospatial metadata, what tools seemed to be most useful (and why), 

and in which situations the subject could benefit from visualization of metadata. 

4.1.3 Analysis method 

Afterwards I transcribed the recordings and made a qualitative analysis. I compared 

positive and negative remarks of the subjects on different displays and collected the 

opinions they expressed on individual methods and the process of using metadata. 

The results are explained in Chapter 5. Some of the findings affected the prototype 

that was used in the second test, as explained in the following. 

4.2 The prototype test 

The other test in this research was carried out with an interactive prototype that 

implemented some of the ideas that were present in the concept test, whereas some 

ideas were ignored because of the results of the test. The prototype simulated a real 

geospatial metadata visualization environment in the respect that it was 

implementable, and partly implemented, in the Internet. 

The prototype test aimed at gaining understanding about the process in which users 

select a dataset for an intended use and how different representations of metadata 

would support this process. Therefore, it was important to observe users in a situation 

that simulated a real selection case and with tools that provided feel of a real 

environment. Furthermore, the subjects had to represent real users of geospatial 

metadata. 

4.2.1 Test prototype and materials 

The test prototype was composed of three forms of geospatial metadata describing 

six road datasets. The forms were sample maps, a parallel coordinate plot and star 

glyphs as forms of multivariate visualization, and structures text files. These were 

implemented in two separate software environments. 

The sample maps and textual metadata files 

For the prototype test, a sample map environment (see Figure 4.6) was established on 

Paikkatietolainaamo (a geographic data lending facility) that is a pilot service 

relating to the national geographic information strategy process in Finland. The pilot 

service has provided geographic data samples of 14 private and government data 
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providers since Autumn 2003 for the purposes of research, education, and product 

development. The pilot service has been financed by the Ministry of Environment 

and implemented on an ArcIMS platform in the Department of Geography of 

University of Turku
10

. It provides an environment for browsing of maps with 

functions for displaying sample data, zooming and panning, and a collection of 

background datasets. Sample maps can be overlaid mutually or with background 

data. The prototype for this test was implemented in Paikkatietolainaamo with six 

road datasets and a selection of background maps. A sample site in Tammela in 

Southwest Finland was selected because all the road datasets already implemented in 

Paikkatietolainaamo had sample data for that area. 

Figure 4.6 The test environment for sample maps. In the example, road data A and B 

are displayed without a reference map. 

Four of the road datasets used in the test were already included in the 

Paikkatietolainaamo environment, one additional road dataset was provided by a data 

supplier on request, and one was created for the test. This last one represents a new 

dataset that is in an early production stage and initially has the same geometry with 

10 Kalliola, R. and Toivonen, T., Paikkatietolainaamo kansallisen koealueen pilottina. 

UTU_LCC Publications 6, University of Turku, Laboratory of Computer Cartography, 

Turun yliopisto, Turku 2004. (In Finnish, English summary) ISBN 951-29-2618-0. URL 

http://paikkatietolainaamo.utu.fi/linkit/PTL_loppur_UTULCC6.pdf  (accessed 27.9.2004) 
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one of the other datasets. So a copy of this other dataset sample served as a sample of 

the new dataset. The order in which datasets are drawn when overlaid is fixed in the 

environment, and users cannot change it. Therefore, the order of the datasets was 

predefined according to the scale of datasets, the largest scale on the top. Also the 

colours of maps in the environment are predefined. Different shades of red were 

selected, as red is a conventional road colour in Finnish road maps. Because the 

colours had to be distinguishable from each other, the shades extended from yellow 

and brownish red to purple. 

Background maps were selected from among the datasets already implemented at the 

Tammela sample site. The background maps in the test environment included a 

topographic map at 1:20 000 scale in raster form in two versions, that is with and 

without contour lines, and the building and land cover themes of the topographic 

database, all from the National Land Survey. The road datasets were named as Road 

network A–F to keep them anonymous. However, the alphabetical order of the 

datasets followed their order of scale.  

The files of textual metadata were linked to the names of road datasets. Clicking a 

road name opened a window with metadata for that road dataset (Figure 4.7). I 

defined a structure for the metadata files following the ISO 19115:2003 standard but 

concentrating on metadata elements that are relevant when evaluating datasets. 

Figure 4.7 The test environment for textual metadata. In the example, the text 

window of road data B is open. 
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Therefore, for example, contact information was ignored but classification of 

datasets was described in detail. I gathered the metadata from web pages, brochures, 

and other materials of data suppliers and asked for some datasets directly from data 

suppliers. Lack of quality descriptions was common, but otherwise metadata were 

quite complete. Because of anonymity, data suppliers were named as Supplier I–III. 

An example of a metadata file, translated from Finnish, is in Annex 1. 

As the sample map environment was implemented on a server at Turku University 

and the textual metadata files on a server at Helsinki University of Technology, in 

the test, this part of the prototype was used over the Internet. 

Parallel coordinate plot and star glyphs 

In the concept test, a parallel coordinate plot and star glyphs proved to be suitable for 

visualization of metadata in the evaluation of datasets. Therefore, these two methods 

were implemented as a software component in the prototype test environment 

(Figure 4.8). The aim was interactive software with an easy to use interface. A 

geoinformatics student at Helsinki University of Technology programmed the 

software as a part of his special assignment. The software was based on the Java 

Bean code of the Parallel Coordinates applet of VixCraft11
. Modifications to the 

original software included an additional window displaying star glyphs, linked to the 

parallel coordinate plot, enhancements to the user interface, and translation of the 

user interface into Finnish.  

The software reads the variable names and values from a Simple Tabular Format file 

and draws a parallel coordinate plot in one and star glyphs in another window. 

Interaction by mouse pointer in the parallel coordinate plot includes changing the 

order of coordinate axes by drag and drop, zooming in (i.e. filtering out) on a 

coordinate axis, and focusing on a value. The latter function both displays the value 

of the pointed variable and highlights the line(s) in question. One of the axes can be 

divided in 1-3 equal sections that determine the colour of the lines representing the 

datasets. Users can change the number of these sections any time during the 

exploration. 

The star glyphs are drawn in two alternative ways; users can change the style any 

time during the exploration. One of the styles is the traditional star outline from one 

axis point to the next one. In the other style, the star outline starts from a root point 

between two axes near the star centre and goes to an axis point, then via the next root 

point to the next axis point etc. resulting to a more star-like shape (see Figure 4.8). In 

the latter style, the minimum values become detectable more easily than in the 

traditional style in which the minimum values distort the shape badly. The parallel 

coordinate plot and the star glyphs were linked so that changing the order of axes or 

11 URL http://www.amitgoel.com/pcoord/ 
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highlighting of datasets in the parallel coordinate plot reflected to the star glyphs. 

Interaction or linking vice versa was not possible. 

Figure 4.8 The test environment for a parallel coordinate plot and star glyphs. In the 

example, all the six test datasets are displayed. 

The metadata represented in the parallel coordinate plot and star glyphs was 

collected with the other metadata. The test file included four metadata elements that 

were the scale (spatial resolution of vector data), updating interval, number of road 

classes, and price. An additional element provided the names of the datasets.  These 

metadata are shown in Table 4.1. The original values for scale (ranging from 1:10 

000 to 1:1.6 million) were transformed to a logarithmic scale (resulting to values 10-

0.8). Updating intervals were collected according to the ISO 19115:2003 

classification as ordinal/nominal values and transformed to metric values. The 

numbers of road classes ranged from 9 to 28 and prices of the datasets from 100 to 

7000 euros. The transformed values were explained on a paper that was available to 

subjects during the test. 
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Table 4.1. Metadata for the multivariate visualization in the prototype test. 

Dataset 
name

Scale  
(cf. spatial 
resolution) 

Updating 
interval 

No of road 
classes 

Price  
(in euros) 

A 1:20 000 One year  13 7000 

B 1:20 000 Continuous 27 6000 

C 1:10 000 Continuous 21 4000 

D 1:200 000 One month 14 4000 

E 1:800 000 One year  10 100 

F 1:1 600 000 One year  14 100 

4.2.2 Subjects 

The test was carried out with 18 test subjects. Of the subjects, 6 were female and 12 

were male. They all worked regularly with geographic information, their experience 

with geographic information extending from 1 to over 15 years. Of the subjects 14 

had a master’s degree: 7 in geography, 3 in engineering (geoinformatics), 2 in other 

geosciences, 2 in engineering (transportation). They came from the following 

organizations: Finnish Defence Forces, Finnish Environment Institute, Finnish Road 

Administration, University of Turku, and VTT Research Centre.  

Four of the subjects were geoinformatics students at Helsinki University of 

Technology working for their master’s thesis or other research project at Helsinki 

University of Technology. Three of them had made a project relating to metadata 

management, each one in a different organisation. 

The subjects made the test individually, except for two subjects who made the test 

together. One of the subjects participated in both the concept test and the prototype 

test, and two other subjects of the prototype test were familiar with the concept test 

results.

Originally there was one more subject but his test was interrupted by a virus attack 

on the Internet server which disabled access from his organization to external sites 

including Paikkatietolainaamo. 

4.2.3 Test session 

The test session were carried out in June-July 2004. Most of the test sessions were 

organised in the working places of the subjects, either in an office or a meeting room. 

Three subjects came to the University for the test. The multivariate visualization 

software, related data files, and introductory slides were copied to a computer with 




























































































