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Abstract. Geographic metadata quality is one of the most important
aspects on the performance of Geographic Digital Libraries. After re-
viewing previous attempts outside the geographic domain, this paper
presents early results from a series of experiments for the development
of a quantitative method for quality assessment. The methodology is de-
veloped through two phases. Firstly, a list of geographic quality criteria
is compiled from several experts of the area. Secondly, a statistical anal-
ysis (by developing a Principal Component Analysis) of a selection of
geographic metadata record sets is performed in order to discover the
features which correlate with good geographic metadata.

1 Introduction

Geographic Digital Libraries typically use geospatial metadata in order to pro-
vide surrogate representations of geographic resources and they represent the
most powerful technique currently available for describing and locating geo-
graphic objects. As research and development make progress in the geographic
area and metadata repositories grow in size (there are currently geospatial repos-
itory projects operating, whilst others are either to receive geographic metadata
or plan to receive them in the near future), new requirements arise and system
performance must improve necessarily. In this sense, the issues surrounding the
creation of good quality metadata for Geographic Digital Libraries have surpris-
ingly received little attention. Besides, regarding computer systems, there is a
popular acronym, GIGO (Garbage In, Garbage Out), which means that if the
input data is wrong, the output data will be unavoidably inaccurate or wrong.
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In other words, low quality information leads to bad system performance. Con-
sequently, Geographic Digital Libraries need good quality metadata records in
order to produce good results. The influence of poor quality metadata on the
performance of Digital Libraries has been already studied from the perspec-
tive of other domains of knowledge: Barton [1] warned that “...these problems
manifest themselves in various ways, including poor recall, poor precision, incon-
sistency of search results, ambiguities and so on...”. Regarding the geographic
domain, not only must the attention be focused on those problems, but also on
the new ones that may appear with the geospatial information specific aspects:
geographic coordinates, place names and so on.

Nevertheless, in order to tackle the problem, the requirements surrounding
good quality metadata and, speaking more generally, the idea of quality have
to be analysed previously. Quality is a matter of human judgement, thus, many
complex human factors have a great influence on it. Additionally, it should be
taken into consideration that these factors might vary widely among individuals
or, what complicates things more, some individuals may modify their judgements
throughout the time. However, the “notion” of quality is so simple, immediate
and direct that it might be recognised less often by logical argument than by
direct perception and observation. Mainly because of these reasons, much of the
scientific research agrees that the definition of metadata quality is not out of
difficulties. Nonetheless, according to [2] a metadata record of good quality is
defined as “a record that is useful in a number of different contexts, both with
respect to the search strategies and terms that can be used to locate it”. Another
definition [3], even more simple, might be “fitness for purpose”. Following with
this rationale, it seems that geographic metadata may be fit to their purpose,
if they describe geographic data well and those descriptions are useful for their
users.

The objective of this paper is to propose a quantitative method for quality
assessment of metadata in geographic digital libraries. The method is developed
through two phases, involving human experts in geographic information systems.
Firstly, a list of geographic quality criteria, structural and semantic, is compiled
from the experts. Then, derived from this criteria list, a group of metrics is
proposed. Secondly, a statistical analysis of a selection of geographic metadata
record sets is performed in order to discover the features which correlate signi-
ficatively with good geographic metadata.

The remainder of this paper is organised as follows. Next section discusses
other work related to this paper. In section 3, some geographic quality criteria are
obtained from an opinion poll conducted to some experts and some geographic
metadata metrics are proposed. In section 4, the statistical analysis is described
and tested. Finally, the conclusions are given.

2 Related work

Initial efforts in metadata development have been primarily invested in struc-
ture rather than in content, that is, in the design and in the implementation of
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geographic standards. Consequently, appropriate standards such as CSDGM [4]
and ISO19115 [5] were developed and currently represent an excellent base for
metadata creation and system interoperability. However, not only does metadata
quality depend on these standards, but also on the creation process. Thus, gen-
erally speaking, two main approaches can be found in the research of metadata
quality.

On the one hand, some studies are more concerned with the content of the
metadata fields and the process involved in the creation of the metadata. In [1] it
is stated that once a metadata standard has been implemented within a system,
the specified fields must be filled out with real data about real resources and
this process brings its own problems. The following assumptions underlying the
metadata creation process in the learning objects and the e-Prints communities
are also challenged there:

— in the context of the culture of the Internet, mediation by controlling author-
ities is detrimental and undesirable, that rigorous metadata creation is too
time-consuming and costly, a barrier in an area where the supposed benefits
include savings in time, effort and cost.

— only authors and/or users of resources have the necessary knowledge or ex-
pertise to create metadata that will be meaningful to their colleges

— given a standard metadata structure, metadata content can be generated or
resolved by machine.

Guy [3] suggests a number of quality assurance procedures that people set-
ting up an e-Print archive can use to improve the quality of their metadata. The
process is developed in the conviction that the metadata creation process is cru-
cial to the establishment of a successful archive. Another interesting document is
the report elaborated by the Academic ADL Co-Lab [2], which sets up the first
step towards community creation and building in the learning repositories com-
munity. The paper is a guide to the various issues challenging learning repository
projects: issues of quality, both content and metadata (creating quality content
and metadata, guidelines to ensure access to quality educational content, quality
and consistency of metadata, tools and workflow).

On the other hand, there exists another block of strategies whose research
is mainly concerned with identifying and computing metrics for quality indi-
cators. Then, resources are classified into different quality bands in accordance
with those indicators. The study carried out by Armento [6] predicts quality
rated Web documents (around popular entertainment topics) by using some pre-
existing relevance ranking algorithms. Armento states that the results, though
promising, should be tested more extensively and with more quantity of data in
other knowledge domains. Other experiments carried out by Custard and Sum-
mer [7] identify and compute metrics for sixteen quality indicators (indicators
that were obtained from an extensive and previous literature review and meta-
analysis) and employ machine-learning techniques in order to classify educa-
tional resources into different quality bands based on these indicators. Addition-
ally, previous experiments were developed to determine whether these indicators
could be actually used for the classification. Hughes [8] describes the motivation,
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design and implementation of an architecture to aid metadata quality assessment
in the Open Archives Language (OAL) Community. It is worth highlighting that
these quality indicators used in order to support quality judgements are based
on the adherence to best practice guidelines for the use of the Dublin Core [9]
elements and codes. Finally, another interesting work [10] computes some met-
rics for quality indicators and studies the relation between metadata quality and
the quality of services.

3 Identifying Geographic Metadata Quality Criteria

At an early stage of our work, we considered studying the criteria by which
the quality of geographic metadata records can be analysed. We carried out an
initial experiment which consisted in asking several experts about the features,
the elements or even the requirements for geographic metadata records that can
determine their quality. As an outcome of this study, a compilation of geographic
metadata quality criteria was obtained (see Fig. 1).

Two main tendencies can be observed in the compiled list. One tendency is
more concerned with the structure of the metadata records and tries to determine
to what extent the metadata records accomplish the standard. For instance,
in the ISO 19115 standard, there exist certain recommendations regarding the
format of certain data types such as dates, integers and so on. Additionally, in
the same standard, there is a subset of elements known as the “ISO19115 Core
metadata for geographic datasets” (called ISO Core onwards) that suggests to
have each of them filled in. The most important elements such as the title, the
abstract and the spatial reference system, among others, are included there.
In the same sense, several experts were expecting to find specific information
elements which were useful for their daily work and which were outside that
core. Other considerations pointed out that the greater the number of filled
elements, the higher the quality for the metadata record.

The other kind of tendency is related to semantic issues on the metadata el-
ements. It is worth mentioning the considerations that the experts made on im-
portant free text elements such as the title and the abstract. Some experts stated
that every title should answer, at least, the questions where, when, what and
whom about the data; and that the abstract should describe, in a slightly broader
way, the information which appears on the title, though they also thought that
other issues can also be summarised there. Controlled elements such as the sub-
ject were found important as well, since they contribute to sort out subsets of
topic-related records. The use of standardised thesauri, as the tool for filling
in the subject element, was suggested as better than controlled lists. The rest
of the semantic criteria focus their attention on more general aspects such as
the coherence between the element and the information which it contains, the
avoidance of duplicated information, the avoidance of contradictory information,
the importance of precise information, the importance of homogeneity in the in-
formation among the metadata record set, and in a similar sense, the need for
entity naming uniformity throughout the metadata record set and, finally, nat-
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ural language semantic issues such as ambiguity which the experts recommend
to minimise.

ISO Core filled

Number of filled elements

Data purpose

Spatial reference system
Distribution Format

Data responsible’s information
Metadata creator

Access and usage data constraints
Data lincage

Data quality report

Structural Criteria

Considerations on free text
Consideration on controlled elements
Coherence

Duplication of information

Semantic Criteria Contradictory information

Precise information

Uniformity of entity naming
Homogeneous information

Natural language semantics issues

Fig. 1. Compilation of criteria for the assessment of geographic metadata quality

Nonetheless, some other interesting criteria taxonomies can be proposed:

— according to the information type contained in the elements, the criteria
may be sorted out into spatial (if they are related to spatial element types),
textual (if related to textual element types) or temporal (if they deal with
temporal element types).

— assuming that geographic metadata records do not usually appear in an
isolated way, but form geographic thematic catalogues whose topics are di-
verse, from environmental aspects, to geographic images and cartography
maps, there may exist quality criteria related to individual quality aspects,
global quality aspects and both of them. In fact, it seems obvious that the
quality of the individual records affects the perception on the repository.
For instance, let us consider a metadata record set in which a high percent-
age of the records does not present an important, desired characteristic (i.e.
presenting an accurate title field, presenting a correct topic-keyword classifi-
cation and so on). Although some records fulfil the requirements, the overall
impression on the set is likely to be of bad quality, circumstance that is con-
firmed because wrong records appear more frequently. Consequently, quality
criteria which measure individual quality aspects, global quality aspects and
both of them have to be taken into account.

Additionally, when studying the initial classification of the criteria (structural
criteria and semantic criteria) more carefully, it can be stated that the semantic
criteria merely determine the constituents of metadata without any regard to the
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quantity of each ingredient: they consider qualitative aspects of the metadata.
On the contrary, the structural criteria give evidence of aspects which involve
the measurement of quantity or amount which can be computed automatically.

Table 1. Proposal of geographic metadata metrics

Metric ID|Metric name [Metric description

Met1 purpose Data purpose filled in

Met2 coreFilledPercentage Percentage of the ISO Core filled in

Met3 alternateTitle Number of words in the alternate title

Met4 numberOfFilledElements| Number of filled in elements

Metb dataAccessConstraints |Data access constraints filled in

Met6 distributionFormat Distribution format filled in

Met7 referenceSystem Spatial reference system filled in

Met8 abstract Number of words in the abstract

Met9 dataUpdateFrequency |Data and update frequency of the data filled in
Met10 title Number of words in the title

Met11 responsiblesData Information about the data responsible filled in
Met12 quality Information about the data quality report filled in
Met13 lineage Information about the lineage of the data filled in
Met14 metadataCreator Information about the metadata creator filled in

In each engineering discipline, counting and measuring play an important
role, because when it is feasible to measure the things that are being studied
and to express them in numbers, something is known about them. In addition,
an important element in proving theories is provided by experiments, without
measuring, experiments would be useless as an aid to natural scientists and engi-
neers. After these considerations on the significance of measurement, it should be
noted that there are important difficulties when measuring geographic metadata
quality and, what is more, the engineering good practice of observing, counting
and measuring regarding geographic metadata quality has so far been neglected.
Undoubtedly, those quantitative criteria compiled (the structural criteria from
Fig. 1) represent a good starting point in order to obtain metrics for geographic
metadata quality. In Table 1, a list of 14 metrics for assessing quantitative as-
pects of geographic metadata quality is proposed. Some of the proposed metrics
merely determine whether certain elements appear on the records (i.e. purpose,
dataAccessConstraints or quality), others count the number of words per element
(i.e. title, alternateTitle or abstract) and others try to determine the percentage
of elements in the ISO Core that are filled in.

4 Analysing Geographic Metadata Quality Criteria

4.1 Methodology

With the aim of understanding the notion of geographic metadata quality, we
decided to carry out another experiment which intended to discover the quan-
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titative features which correlate significatively with good geographic metadata.
Basically, the experiment consists of the following steps:

— select a sample of geographic metadata record sets

— ask the experts to assess the quality of the record sets with a numerical
assessment

— compute the proposed metrics for the selected record sets

— analyse the correlation between the metrics and the assessments coming from
the experts.

Table 2. The average value of the assessment per metadata record set.

Sets | AVGVal| |Sets AVGval Sets AVGval
Set 1 7.26| |Set11 7.07| |Set21 6,15
Set 2 7,06 Set12 7.06 Set 22 0,88
Set 3 7.18| |Set13 6,78| |Set23 5,95
Set4 7,06 Set14 7.34 Set 24 5,70
Set 5 7.23| |Set15 7.73| | Set25 6,28
Set6 7,23 Set 16 7.34 Set 26 4,82
Set7 6,54 | |Set17 7.02| |Set27 478
Set 8 6,73 Set18 5,69 Set 28 571
Set9 6,81 Set19 6,26 Set 29 8,04
Set 10 7.10| |Set20 5,18| |Set30 8,04

Because of the aforementioned reasons, the experiment was focused on the
quality of the set rather than on individuals. Thus, 30 geographic metadata
record sets of diverse cardinality were selected in order to carry out this experi-
ment. They were compiled from different institutions: the Spanish National Geo-
graphical Institute, the French National Geographical Institute, several Spanish
regional governments, some European institutions (such as the Joint Research
Center) and the US Geological Survey. Their topics were Spanish, French and
European cartography, Spanish and French hydrology, European LANDSAT im-
ages and orthoimages and geologic maps from the USA. The metadata record
sets were all conforming to ISO 19115 with the exception of those from the US
which were in CSDGM and were translated into the ISO 19115 standard by using
the crosswalk described in [11]. Several experts from relevant public European
organisations were asked to collaborate. Besides, the career backgrounds of the
experts were rather heterogeneous: geographic, librarian and technologic.

The precise instructions given for the assessment were to assign a number
from 1 (the lowest quality) to 10 (the highest quality) for each of the thirty
metadata record sets and to write down an optional description for each of the
assessments and a mandatory overall list of the assessment criteria. A form was
given away in order to facilitate the noting down of those three elements. Two
human-readable formats for the records were provided, one in HTML and an-
other one in XML. A browser was recommended to visualise the records in the
first case and the metadata edition tool CatMDEdit [12] in the second one. It
is important to note, however, that neither evaluation criteria nor assessment
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recommendations were indicated to them. However, as geographic metadata rep-
resent the description of a particular geographic dataset and the dataset was not
provided, the assessment was somehow constrained.

Table 3. The numeric values of the metrics computed

Met1 Metz Met3 Met4d Met5 Met6 Met7 Met8 Metd Met10 Met11 Met12 Met13 Met14
Set1 1,00 100 000 8767 000 067 000 16867 1,00 2133 000 067 033 067
Set 2 1,00 100 1,00 12900 0,00 1,00 000 2800 000 500 000 100 050 1,00
Set 3 1,00 100 1,00 151,00 0,00 1,00 000 7700 000 4,00 000 100 050 1,00
Set4 1,00 1,00 1,00 124,00 0,00 1,00 000 2§00 000 500 0,00 1,00 050 1,00
Set 5 1,00 079 1,00 164,00 1,00 1,00 1,00 3500 000 600 100 100 050 1,00
Set 6 1,00 0,79 1,00 138,00 1,00 1,00 1,00 6800 000 400 100 100 050 1,00
Set7 1,00 079 1,00 12400 1,00 1,00 100 2100 000 800 100 1,00 050 1,00
Set 8 000 079 1,00 14000 100 100 1,00 11800 000 400 100 100 050 1,00
Set 9 000 079 1,00 14000 100 100 1,00 53,00 000 400 100 100 050 1,00
Set10 1,00 079 1,00 137,00 1,00 1,00 1,00 21,00 000 7,00 1,00 1,00 050 1,00
Set 11 1,00 0,79 1,00 13500 1,00 1,00 1,00 21,00 000 7,00 1,00 1,00 050 1,00
Set 12 000 074 100 31467 100 100 100 2233 000 400 05 05 033 050
Set13 086 1,00 057 1298 007 100 079 1100 000 4,14 08 000 050 086
Set 14 1,00 097 1,00 126,00 060 060 100 9380 000 €60 100 000 050 1,00
Set 15 1,00 100 1,00 14467 050 1,00 100 1700 000 167 1,00 000 050 1,00
Set 16 1,00 1,00 000 101,00 1,00 1,00 050 24600 000 4,00 1,00 000 050 1,00
Set 17 000 1,00 000 16700 050 100 1,00 2000 000 300 100 000 000 100
Set 13 1,00 075 0,50 178,30 075 1,00 1,00 53,00 100 100 050 000 050 050
Set 19 080 083 020 10860 020 080 100 9560 080 640 080 000 040 080
Set 20 000 089 000 5100 050 100 1,00 31,14 000 1043 050 000 021 050
Set 21 1,00 060 1,00 367,00 033 1,00 100 3967 000 600 100 000 017 1,00
Set 22 000 029 100 800 000 000 000 000 000 500 000 000 000 000
Set 23 067 098 000 8200 000 067 017 73,00 067 7,33 067 000 033 067
Set 24 050 050 050 5300 050 050 000 47,00 050 1050 050 025 050 050
Set 25 1,00 079 1,00 173,00 1,00 1,00 1,00 3500 000 600 100 100 050 1,00
Set 26 1,00 064 000 5867 1,00 0,00 000 14567 1,00 10,00 050 0,00 000 0,50
Set 27 1,00 086 025 12150 1,00 025 000 190,25 100 825 013 025 025 0,13
Set 23 1,00 080 080 7940 1,00 020 000 4120 100 520 080 060 080 080
Set 29 025 093 025 10925 100 100 1,00 3225 100 350 100 000 050 1,00
Set 30 000 093 000 11033 100 100 1,00 13,67 100 467 100 000 050 100

Once the results were compiled, the first necessary step for this statistical
analysis was to obtain a unique assessment value per metadata record set. The
assessments of the experts, however, differed slightly. The variation depended on
the nature of the criteria chosen, since some of the experts were more concerned
with structural aspects and others with semantic ones. An arithmetic average
on the assessments was calculated in order to have a unique number per record
set (see Table 2, note that again the values range from 1, the lowest quality, to
10, the highest quality).

The 14 metrics were computed for each of the 30 sets. The process consisted
in computing the metrics for each of the records and then computing the average
of those values to obtain the metric for the record set (see Table 3).

One way of studying the correlation of the metrics and the metadata record
sets quality might be by determining the main source of variation in the met-
rics. This study was carried out by developing a Principal Component Analysis
(PCA) [13]. The PCA is a mathematical procedure that transforms a number
of variables into a smaller number of uncorrelated variables known as principal
components (PCs). The first principal component (PC1) accounts for as much
of the variability in the information as possible, and each succeeding component
accounts for as much of the remaining variability as possible. The aim of this
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procedure is to reduce the dimensionality of data and to identify new meaningful
variables. The relationship between the metadata quality values, coming from
the assessments of the experts, and the principal component scores, obtained
from the metrics, were studied through correlation analysis.
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Fig. 2. The relationship between the quality values and the PC1

4.2 Results

Only the first component extracted from the PCA, which explained 32.2% of
the observed variance (eigenvalue = 4.5), was significantly correlated with the
metadata quality values (assessments). This correlation was strong and nega-
tive (R = -0.85) as Fig. 2 shows. The factor loading of the PCA reflects (Table
4) that this component (PC1) was significantly correlated with the metadata
metrics: coreFilledPercentage, numberOfFilled Elements, distributionFormat, ref-
erenceSystem, responsablesData, lineage and cataloguersData. The numerical val-
ues represent the correlation degree between the metrics and the PCs and the
symbol * represents that there exists significant correlation (p <0.001). Thus,
it can be concluded that these metadata metrics could be used as indicators of
geographic metadata quality. If the value of the metrics increases, the quality of
the record set increases as well. Nevertheless, the rest of the metrics were not
significantly correlated and, consequently it cannot be statistically determined
whether they have influence on the quality.

The first two components obtained through the PCA (PC1 and PC2) were
used to represent the record sets in two dimensions (see Fig. 3). Metadata record
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sets were sorted into three groups according to the degree of their quality value
degree (high quality, >7; medium quality, 5-7 and low quality, <5 ). The highest
quality group appears associated to low values of PC1 and the lowest quality
group with high values of this component.

Table 4. The PCA Factor loading

Metric PC1 PC2
purpose -0.158 -0.603*
coreFilledPercentage -0.486* -0.595%*
alternateTitle -0.409 0.368

numberOfFilledElements|-0.794* -0.221
dataAccessConstraints | -0.395  0.169

distributionFormat -0.840* 0.015
referenceSystem -0.710* 0.439*
abstract -0.150 -0.781*
dataUpdateFrequency 0.441 -0.470*
title 0.424 -0.383
responsiblesData -0.632*  0.269
quality -0.402 -0.123
lineage -0.616* -0.305
metadataCreator -0.853* -0.193

According to Fig. 3, it is important to note that:

— high quality metadata record sets appear quite near among them and far
way from poor quality metadata record sets

— high quality metadata record sets and some medium quality metadata record
sets appear near what may suggest that the significantly correlated metrics
do not determine quality completely and some other indicators such as those
with semantic dimension take also an important role.

It can be stated that within this metadata set sample, the quality of the sets
can be predicted by computing the correlated metrics. Thus, high values of the
metrics involves medium-high quality and low values of them, low quality.

5 Conclusions

This work has presented early results from a series of experiments on identify-
ing the quality of geographic metadata. The paper has proposed a quantitative
method for quality assessment. The method is developed in two phases. Firstly, a
list of geographic quality criteria was compiled from an opinion poll conducted to
several experts of the area. The criteria were primarily classified into structural
and semantic, though some other taxonomies were also described. The struc-
tural criteria give evidence of certain aspects which involve the measurement of
quantity or amount which can be computed automatically. Derived from those
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Fig. 3. Distribution of the different metadata record sets in relation to the PC1 and
PC2

criteria, a list of 14 geographic metadata metrics was proposed. Secondly, a sta-
tistical analysis was carried out on a selection of 30 geographic metadata record
sets. The experiment, by developing a Principal Component analysis, studied
the relationship between the 14 metrics, which were computed for each record
set, and the assessments made by some experts. As a result, it was observed
that some metrics could be used as indicators of geographic metadata quality
and, within the selected 30 record sets, the geographic metadata quality could
be predicted by computing those metrics: high values of the metrics involve
medium-high quality and low values of them, low quality.

As further work and in order to validate these results and to generalise them,
the experiments should be carried out with an extended metadata corpus. Addi-
tionally, it would be interesting to investigate whether metadata quality metrics
can be applied to the development of more efficient information retrieval rank-
ing algorithms. It is expected that quality metrics can play an important role in
computing the relevance of the resource described.
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