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ABSTRACT To know the overall regional or international scientific production is of vital importance to many
areas of knowledge. Nevertheless, in interdisciplinary areas such as Geographic Information Science (GISc)
it is not enough to just count papers published in specific journals. Most of them, as is the case of the
International Journal of Remote Sensing (IJRS), welcome GISc papers but are not exclusive to that area so
the production assignable to authors in the region must consider not only affiliation but also whether or not
each paper falls into the theme of GISc. IJRS publishes far more papers than any other GISc journal, so it
is important to assess quantitatively how many of them are of GISc. In this work, a representative sample
of IJRS articles published over a period of almost 30 years was analyzed using a specific GISc definition.
With these data, a manual classification methodology through a set of experts was carried out, and a dataset
was built, analyzed, and statistically tested. As a result we estimate that between 47 and 76% of the IJRS
articles can be considered from GISc, with a confidence level of 95%. Aside from the primary goal, this set
could be used as a gold standard for future classification tasks. It constitutes the first GISc dataset of this
kind, that may be used to train artificial intelligence systems capable of performing the same classification
automatically and in a massive way. A similar procedure could be applied to other interdisciplinary fields of
knowledge as well.

INDEX TERMS Gold standard, manual classification, indexer consistency, geographic information science.

I. INTRODUCTION no exception. For example, one of the entry requirements
One of the priorities of scientific journals is to be indexed in order to be indexed by the Scientific Electronic Library
in regional or international catalogs, and those of the Online - SciELO,' is that a journal relevant to the subject
Geographic Information Science area (GISc henceforth) are area of Earth Science should publish at least 45 articles per

The associate editor coordinating the review of this manuscript and A catalog system of scientific journals on the Internet that is very popular
approving it for publication was John Xun Yang. in Latin America
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year. Candidate journals then have difficulty determining
whether the gross academic output to which they potentially
have access reaches the minimum threshold. Although this
bibliographic exercise seems a priory straightforward, this is
not the case for GISc. It is not a homogeneous and strictly
defined discipline, and that there is no consensus among
GISc researchers on the relevant publication outlets [1]. Even
for those where ample agreement exists, Caron et al. [2]
state that it cannot be assumed that all articles published in
those journals belong to the GISc area. They are valid outlets
for GISc authors, but they are not exclusive. The name of
the journal itself generally provides a first hint to the target
scientific or technological field. However, as a discipline is
usually broad, composed of sub-disciplines and is influenced
by other disciplines or areas of knowledge, a journal usually
covers a non-exhaustive number of topics of interest that can
expand the core discipline or area of knowledge.

The GISc term was originally coined by Michael Good-
child [3], who from the beginning admitted the difficulty of
defining and finding a consensus definition. He stated that
“[...]1 GISc is the science behind the systems, in other words
the scientific knowledge on which the GIS (Geographic
Information System) is based” [4]. Since then, some other
authors (e.g. [5]-[7]) have attempted to specify and narrow
the breadth of the original GISc description. For example, the
definition of GISc seen as “‘[...] the set of fundamental issues
raised by the technology or the critical issues that arise when
the technology is employed. These would include accuracy
and uncertainty, scale, and the methods used to capture the
infinite complexity of the real world in binary digits” [6]
still remains inclusive and does not provide concise criteria
to uniquely label a work as GISc.

The fact that there exist numerous broad and inclusive
interpretations and descriptions [8], [9], without yet reaching
a consensus on a global, widely-accepted definition of GISc
is an impediment to unambiguously determine whether or
not an article belongs to GISc. In words of Held, Laudel
and Gléser [10], lacking an accepted definition of GISc is
equivalent to lacking a ““fundamental truth” on which to build
the identity of that science. Indeed, the authors already warn
about the diffuseness and vagueness of scientific areas that
do not have “‘natural” boundaries.

Recently, the authors in [11] addressed these issues and
proposed a new operational definition driven by a set of
actions (verbs), which are related to the science in question,
making it easier to know if an article deals with or covers any
of such actions. Using such a definition as a starting point, the
contributions of the presented work are two-fold. The first is
an estimate of the proportion of papers published in a given
journal that (according to such definition) can be labeled as
GISc. Under mild assumptions, we can later apply this rate
to the total number of works with Latin American authors.
The second contribution is a bibliographic metadata dataset
that has been manually labeled (GISc, NoGISc) by a group of
experts. Since there is no true or false classification in cases
like this, most of the standard classification accuracy metrics
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could not be applied. In order to be considered a reliable
dataset, we computed the inter-rater reliability thus following
best practices. Datasets like this are known as gold standard,
and they would be an essential input in the development of a
future intelligent system to automatically classify new articles
as GISc or NoGISc.

The rest of the article is organized as follows: after the
Introduction Section, the background and previous work of
the problem is analyzed in Section II, both in the classification
of journals and individual articles. It will also justify the
need to generate a gold standard, essential to train future
artificial intelligence systems to tackle this problem automat-
ically. Next, in the Materials and Methods section, aspects
of the process are analyzed, from the definition adopted,
to the selection of experts, the sampling criterion used and the
design of the questionnaire offered. Aspects of the process,
which consisted of two rounds of evaluation of 208 articles
carried out by 14 experts, as well as the statistical analysis
carried out will be also detailed. In the Results and Discussion
section, the results are presented and a brief discussion of
them is made. Finally, the Conclusions and future work are
presented.

Il. PREVIOUS WORK

This section describes the two approaches to do GISc classi-
fication: the journal-level and the article-level. The need for
a gold standard is also pointed out.

A. GISC CLASSIFICATION AT JOURNAL LEVEL

Some authors have previously attempted to identify the most
appropriate journals to publish in the GISc area. For example,
Caron et al. [2] used the Delphi method to build a list of
46 journals organized in four categories, with IJRS in the
first category. Kemp, Kuhn, and Brox in [12] presented a
similar methodology to analyze GISc production, classifying
the journals in three categories. The first earned a ‘leading’
rating from most respondents. The second collected those
mentioned by a substantial number of respondents, and the
third contained the rest. The authors did not generate a strict
categorization acknowledging the weaknesses of their proce-
dure. Again, IJRS was classified in the ‘leading’ category,
underlining its importance in the GISc area. Scarletto [13]
also built a list of GISc journals but with a different procedure.
She selected four grassroots journals and analyzed the source
of the citations from 2008-2010. She included 2,070 journals
in English, which after further analysis were reclassified into
three groups. The first group included 23 journals, the second
190, and the third the remaining journals. Notice that the
order of the list represents the certainty of the journal mem-
bership in the GISc area. In this case, although the choice of
the initial seed of journals was arbitrary, the methodological
procedure is objective. The IJRS journal belongs again to the
first group. Finally, Biljecki in [1] generated his own list.
He pointed out that the lack of a well-established definition
of GISc had led to the ranking of journals being somewhat
arbitrary. In particular, he proposed removing from the list
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those journals whose top priority is not GISc, leaving IJRS
out in this case. This is a good example of the necessity to
use clear definitions about what is and what is not a work in
the GISc research area. In all cases, it must be emphasized
that the previous journal lists indicate those who accept GISc
articles, but are not necessarily journals exclusive to GISc.
This means that not all the works published in any of these
journals could be automatically classified as GISc. Therefore,
we start from the idea that a methodological alternative is
necessary to inform us when an article in a journal is or not
from GISc, which can be articulated through a classification
at the article level rather than at the journal level.

Shu et al. in [14] state that sometimes directly using the
classification at the journal level places half the articles in the
wrong classes, which will be seen to be consistent with our
results (see Section III). In the case of GISc, none of the clas-
sifications in vogue (see the list in [15]) clearly distinguishes
it from the other sciences. Therefore, relying on these pre-
existing listings will be useless in the case of GISc.

B. GISC CLASSIFICATION AT ARTICLE LEVEL
Related literature is scarce when it comes to classifying GISc
articles, although there are proposals for viable procedures to
do so. Milojevic in [16] starts from the hypothesis that jour-
nals can belong to one or more categories at the same time,
but it is not so frequent that the same happens for an article.
To illustrate that, Milojevic describes a method for classifying
a large volume of articles into the nearly 250 classes provided
by Web of Science (WoS in what follows). Some classes
included the adjective Multidisciplinary, while the rest were
more specific to a particular area (see a list in [16]). His pro-
posed method is as follows: first all journals cataloged with
the adjective Multidisciplinary (Multidisciplinary Physics,
Multidisciplinary Geosciences, etc.) were rejected while the
rest might belong to one or more classes (Biology, Geology,
Physics, History, ... ). For each WoS category, it is possible to
form sets with those journals that belong exclusively to one
category. At the article level, the author’s hypothesis is that
by citing a majority of journal papers from a single class,
the work can be assigned to that category. The procedure
is iterative, aiming to use in a second stage the categories
assigned to the articles that originally did not have one.
Nevertheless, the essential limitation of this procedure
is that journals need to be pre-assigned to classes. In the
case of GISc, in the listing by Caron et al. in [2] there are
46 journals, 17 of which meet the criteria of Milojevic [16].
Among them, there is one from Experimental Psychology,
one from Geology, two from Remote Sensing and the rest
are from Geography. Therefore, applying the Milojevic cri-
terion, it will not be possible to infer, from a majority of
journals classified as Geography, that the articles will belong
to GISc and not to Geography since GISc is not a category
foreseen by WoS. Similar results can be derived from the
categories from SCOPUS. Starting again with the listing by
Caron et al. in [2] there are 14 journals with unique SCOPUS
category. Five from ’Earth and Planetary Sciences: General
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Earth and Planetary Sciences’. Three from ’Social Sciences:
Geography, Planning and Development’. Two from ’Earth
and Planetary Sciences: Earth-Surface Processes’, and one
from each of ’Engineering: General Engineering’, ’Earth
and Planetary Sciences: Oceanography’, ’Earth and Planetary
Sciences: Computers in Earth Sciences’ and *Social Sciences:
Social Sciences (miscellaneous)’. It can be stated that not all
journals belonging to those categories are specifically related
to GISc.

Another alternative is to identify the production in a
research area based upon article networks [10]. Neverthe-
less, despite a promising and interesting approach, conclusive
results are still missing.

C. THE NEED OF A GOLD STANDARD

While there are several ways to perform automatic classifi-
cations based on citations, references, etc., they all share the
problem of the accuracy of their results. Also, most of the
prior related works results are based on manual and time-
consuming tasks. This leads us to the idea that it is necessary
to have at least a partial classification, in which the classes
are previously assigned and interpreted, assuming that this
classification is correct. For this purpose, it would possible to
compare two or more classifications trying to confirm a sub-
stantial agreement between them. Klavans and Boyack in [15]
comment that there are several automatic classifications, both
at the journal and article level, but few have tried to rigorously
measure their accuracy. Cabitza et al. [17] recently propose
(in the case of a manual classification) a procedure that could
provide a solution by incorporating the confidence of the
experts in each of the answers provided.

Both Waltman and Eck [18], and Klavans and Boyack [15]
point out the importance of having a gold standard against
which to compare automatic classifications. A gold standard
would be a set of articles classified in the classes of interest
(GISc in our case) to which high accuracy is attributed.
According to the authors, this gold standard could be obtained
manually or automatically. But usually the first classifica-
tion is acquired by human experts as a preliminary step to
build intelligent automatic classification systems. Klavans
and Boyack [15] identify as members of a possible gold stan-
dard those articles with more than 100 references. Through
their citations, the authors establish a network of connec-
tions that allows them to characterize a field of knowledge.
Thus, the articles that cite another pre-classified as GISc
would make up a set of articles that would inherit that pre-
classification. Nevertheless, characterizing them through the
number of their own references is a possible procedure, but it
is far from usual.

In a paper devoted to developing a ground truth for a
specific field, Held ef al. [10] mentioned as a first option the
use of a gold standard (if available) as a surrogate. Sec-
ond option was to rely on expert validation, and a third to
use already available reliable classifications. To the best of
our knowledge, the GISc community lacks a gold standard
for discerning whether a work belongs to GISc. Regarding
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experts, the authors stated that no individual should provide
expert validation alone, even if he/she is an expert in the field
under scrutiny. Also, it is very important that any strategy
to build a gold standard should be checked against a shared
definition of the scientific topic. Nevertheless, this is not the
case for GISc.

Hence, this work aims to generate the first gold standard
for the case of GISc area. In this case we only include articles
published in IJRS. A concrete and operational definition of
GISc is used, relying on a set of experts to classify a sample of
a reasonable number of cases according to the work of Held,
Laudel and Gliser [10].

IIl. MATERIALS AND METHODS

For our purposes we adapted the procedure HELP [19]
designed for labeling students. It has three main steps: pre-
labeling, labeling and post-labeling. The first one includes
another two: Planning and afterwards Labeler recruitment,
Training and Evaluation. We will provide now a summary of
the activities and later we will expand on them.

A. PRE-LABELING

1) PLANNING

To assign an article to the category GISc or NoGISc, we used
a two stage questionnaire. Details will be provided below, but
the first stage requires confirmation/denial that the emphasis
of the paper is on methodology. If not, the papers is classified
as NoGISc without further analysis. In order to discern the
emphasis the procedure pose no special requirement for the
experts. The second stage requires evaluating the correspon-
dence of each article with a specific definition, an activity
which requires that the expert must be familiar with the
terminology. Thus, the required professional characteristic is
to actively work with Geographic Information, either in the
academia, government or industry.

A key aspect for the success of the classification process
was the selection of a definition of GISc. After evaluating
the alternatives available in the literature, the one recently
proposed by Lépez-Vazquez et al. in [11] was used:

GISc definition: “Geographic Information Science is a
formal science that studies the methods to capture, store, ana-
lyze, model, represent, exchange and manage N-dimensional
spatial data”.

A significant amount of time was devoted to preparing
and designing the forms. We tested and refined the pro-
cedure with just three experts, working with IJRS papers
as well as from other journals also included in the list
of Caron et al. [2] (namely ’Cartographica: The Interna-
tional Journal for Geographic Information and Geovisu-
alization’;’International Journal of Geographic Information
Science’ and ’Journal of Spatial Science’). Assuming that the
order of the papers is random, we used systematic sample
to build a meaningful chunk of data ( [19]) choosing for
example the paper located fourth in the issue #3 of the last
20 years. Its results are not reported here, but the refining pro-
cess of the forms was driven to improve the reliability index
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TABLE 1. Description of the experts’ profiles. CS denotes computer
science.

Gender | Academic | Training workplace h-Index (Scopus) | h-Index (Google)
F MSc Geo Government NA 3
F MSc Geo Government NA NA
M PhD Geo Company NA 4
M MSc Geo University 1 3
M PhD CS University 10 14
M MSc Geo Government NA NA
M PhD CS University NA 7
M PhD CS University 5 11
F MSc CS University NA NA
F PhD CS University 9 13
M PhD CS University 18 27
M PhD Geo University 6 7
F MSc Geo Government NA NA
F PhD Geo Company NA 3

(to be defined below) among the answers of the three experts.
Afterwards, a video explaining the procedure was prepared.”

2) LABELER RECRUITMENT, TRAINING AND EVALUATION
Using Purposive Sampling [20], a group of 41 GISc
experts was initially invited, 32 of whom held a PhD level.
Of those who accepted, a group of 14 experts was finally
selected. The majority (9/14) were primarily doing research
(including Geoinformatics, Geomatics, Geography, Seman-
tics, Artificial Intelligence, Machine Learning, Geodata, SDI,
Visualization, Language Processing, Usability, etc.). Table 1
summarizes the individual profiles of the group of experts.
It is worth noting the diversity of the expert group, regarding
workplace and discipline. The corresponding h-Index range
(as of the time of writing) is included as an indicator of their
research expertise in the field.

It should be clear that each of the experts had experience
in just certain aspects of this scientific field. For that reason,
it was assumed that while the sum of these individual expe-
riences could cover a substantial portion of the GISc area,
it was unlikely that the group of experts as a whole would be
fully competent in the entire field [10].

As a universe of interest, the nearly 10,000 articles that
have appeared in IJRS since Goodchild in 1992 [3] first
mentioned the term Geographic Information Science were
potentially considered. For our study, this journal has several
characteristics that make it interesting:

« It does not define itself as a specialized journal in GISc,
S0 it is reasonable to try to estimate the proportion of
GISc articles published therein.

o As indicated in Lopez-Vizquez and Bernabé-Poveda
in [21], IJRS has an important weight in the production
of the Latin American region (482 articles out of a total
of 2008, in the period 2009-2019).

The universe of articles to be considered was obtained after
querying SCOPUS, covering the period 1992-2020 (up to
volume 41, #13). To consider changes in editorial priorities
that may have occurred over time, a stratified sampling [20]
was considered.

2https://tinyurl.corn/3yp4x4nc
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In order to evaluate agreement levels among the experts,
the 14 selected reviewers were provided with the same set
of 40 IJRS articles. This corresponds to the first part of a
scheme called fully crossed design [22] in order to keep
the revision effort limited. These 40 articles were drawn at
random from a set of 58 also constructed at random at the
rate of two articles for each of the 29 years under analysis
(1992-2020). The overall process is sometimes denoted as
Two-Stage sampling [20]. The number 40 was selected to
keep the evaluation effort under control. To assess agree-
ment between word count responses (required by the query
about emphasis), the Krippendorff’s alpha [23] was used for
ratio-type data (quantitative). Although the first calculated
statistic is not directly related to the outcome of interest,
it allowed generating confidence in the procedure. To eval-
uate the binary GISc/noGISc classification, we used three
metrics. The first one is the so-called Simple Agreement,
the second the Krippendorff alpha index [23] but applied
to nominal data (qualitative), and the third the Gwet AC;
index [24]. Any of them assesses the reliability of the final
result. Following the criterion of the artistic competitions
of the Olympic Games, two experts were identified whose
withdrawal made respectively maximum and minimum the
Krippendorff alpha of the classification calculated with the
remaining 13. The numerical effect turned out to be minimal.
The indicator fluctuates only between 0.30 and 0.25, which
shows a consistent behavior compared to the rest of the group.
After eliminating the two experts, a majority voting scheme
among the 12 experts was used for the classification.

B. LABELING

Once the reliability values among the experts were obtained,
a second set was built also by stratified sampling. Following
the indications of Hallgren [22], a set of 168 articles was
randomly selected, also taken from a random sample of 6 per
year over the period under study. Each of the 12 experts
received a personalized list of 42 articles systematically
selected from the set of 168, assuring that each article receives
exactly three evaluations from different experts. To preserve
anonymity, the two omitted experts each received also a block
of 42 articles. The resulting GISc/NoGISc classification of
the 168 articles was calculated by majority vote of three
opinions. Unlike suggested by [19] we have not formally
requested comments about the procedure but informal ones
have been received and considered.

C. POST-LABELING

The answers from the experts were now three per paper.
We computed again the same reliability indices. Because
the answer is just a binary one there is no chance to detect
and remove outliers, as suggested by [19]. Thus, the final
class will be decided again by majority voting. The numerical
results will be presented below.

D. FURTHER DETAILS ABOUT QUESTIONNAIRE DESIGN
Consistency among rater responses was a primary concern,
and therefore efforts were made to measure it. Following [19]
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the inter-coder reliability was used as a metric of evaluation.
According to Lacy et al. in [25] the results in terms of relia-
bility measure the appropriateness of the questionnaire more
than the competencies of the experts. Due to the peculiarities
of GISc the procedure to follow required first to discern the
emphasis of the paper. Every sentence of the abstract will thus
be classified in three mutually excluding categories denoted
by colors and afterwards the number of words involved in
each colored part will be counted. Depending on the results
the paper will be classified as NoGISc and the evaluation
ends, or a second stage will be performed. This criterion
was in agreement with Scheider et al. [8] who pointed out
as characteristics of the GISc theme the emphasis on the
HOW and PURPOSE. In his words, the HOW describes the
methodology used to solve a problem and the PURPOSE
shows the reason for its practical application. In cases where
there was no novel methodological contribution, the work is
not considered as GISc but rather described the use of GISc
for the benefit of empirical science [8]. Otherwise, the expert
considered some questions associated with the definition of
GISc which led directly to the requested labeling.

The three exhaustive -categories (PURPOSE-HOW-
WHAT) used to classify the sentences of an abstract were
a simple but effective mechanism to find out in which part
the author had put more emphasis. The definitions of these
parts-of-abstract are as follows:

« PURPOSE (motivation and objective of the work).
Explain the problem to tackle. It is not related to the
research method, and is usually a simple description of
the problem addressed.

¢ HOW (methodology or procedure followed). The
methodological novelty must be described in this part.

o WHAT (description of the result or product). The result
is generally associated with the requirements of some
empirical evidence.

In the absence of better criteria, it was decided that an
indirect way to measure the emphasis that the author places on
each of the three blocks is to count the words involved in the
abstract of the article. Taking into consideration the above, the
final decision was made based on the following assumptions:

« If an article places considerably emphasis on describing
the WHAT (results), it can be assumed that the article is
about the application of an already known methodology
to a field of empirical science and the HOW (the method-
ology) has less interest. It is even possible that a variant
of a well-known methodology is applied, but clearly the
author does not consider it to be the most important
aspect in the article because it was not reflected in the
abstract. Therefore, it was concluded without further
considerations that the article was not about GISc but
about an empirical science that uses GI to obtain its
results.

o If HOW has a greater emphasis or at least comparable to
WHAT, then the experts proceed to a second stage of the
questionnaire in which they compare the content of the
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Abstract #8

An efficient texture image segmentation algorithm based on the GMRF model for classification of

remotely sensed imagery:

Texture analysis of remote sensing images based on classification of area units represented in image segments is

usually more accurate than operating on an individual pixel basis. In this paper we suggest a two-step procedure

to segment texture patterns in remotely sensed data. An image is first classified based on texture analysis using a
Iti-p: eter and multi-scale technique. The i iate results are then treated as initial segments for

subsequent segmentation based on the Gaussian Markov random field (GMRF) model. The segmentation

procedure seeks to merge pairs of segments with the minimum variance difference. Experiments using real data

prove that the two-step procedure improves both computational efficiency and accuracy of texture classification.

A T Abstract #8
Abstract | Enter the number of words | Ifthe number of ‘WHAT' Put here the answer to the
code words is sub. ially larger uestions.

PURPOSE WHAT | than those of the FHOWE, you 2[3[4[5]6][7]8
can put directly in the box
below that the Abstract is NOT

from GISe.

Otherwise, fill in the questions
1-8 10 the right. If at least one
answer is YES (1), then the
Abstract will be classified as
GISe.

IS or ISNOT of GISc?
YES=1;NO=0

#A07

Do you have any comments about the
evaluation of this Abstract?
(Write itin the box to the right )

FIGURE 1. Visual aspect of one of the summaries received by the experts,
with the corresponding empty evaluation table.

Abstract #8

An efficient texture image segmentation algorithm based on the GMRF model for classification of
remotely sensed imagery:

Texture analysis of remote sensing images based on classification of area units represented in image segments is
usually more accurate than operating on an individual pixel basis.

iments using real data
prove that the two-step procedure improves both computational efficiency and accuracy of texture classification.

ASSESSMENT Abstract #8
Abstract Enter the number of words If the number of "WHAT' Put here the answer to the
code words is ially larger uestions
PURPOSE WHAT | than those of the [HOWR,you | 123 [4[5[6[7]8

can put directly in the box
below that the Abstract is NOT
from GISc.

Othervwise, fill in the questions
1-8 to the right. If at least one
answer is YES (1), then the
Abstract will be classified as
GISc.

/ 1S or IS NOT of GISc? T~
YES=1; NO=0 N
T 707 34 27 1 ojofo|1|T]0]0

DW& about the | Abstract too short to judge it pro
evaluation of this 4

(Write it in the box to the right ) |

FIGURE 2. The result of the evaluation of the article. Note the coloring in
the text, and the inserted numeric values. In this case there were also
comments.

Article Summary with the proposed definition to finally
decide whether or not the article is about GISc.

« In our proposal, the space dedicated to PURPOSE is not
considered in the decision.

For an easier visualization, it was proposed to the experts
to mark each of the parts of an abstract (PURPOSE, HOW
and WHAT) in a different color (see Figure 1 as example).

After that, the experts must do the following:

o Count the number of words in the sentences according
to each color (see Figure 2);

« If the number of words of the WHAT section is signifi-
cantly greater than that of the HOW section, the article is
marked as “NOT belonging to GISc” and the evaluation
ends.

o If the number of words of the HOW section is sig-
nificantly greater than that of the WHAT section, the
expert proceeds to answer eight additional questions
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The "HOW" of the article is mainly about ... e
No=0

—

Describe processes and procedures for capturing spatial data

Capture specifications. Sampling strategics; Use of volunteers; Sensors and Sensor Networks, cfc.

)

Define aspects of spatial data storage

Database structure; Integrity constraints, ctc.

w

Aspects related to semantics
Checklists; Gazetteers; Thesauri; Ontologies, etc.

Treatment of raw spatial data (input and output data is of the same type)

I

Fusion; Integration; Filtered out; Data cleansing; Estimation of quality parameters; Comparison between
several methods for the previous or improvement of an existing one; Data format transformation (Data

munging or data wranglig); Analysis of data heterogeneity cfc.

“w

Analyze or mathematically model spatial data (data enters and new data comes
out) ATTENTION: It must be a sufficiently general treatment, not tied to a specific
problem

Error and Uncertainty i Cl

Simulation; Generalization, etc.

methods; Pattern iti Model

o

Human-machine interaction to communicate spatial data

Cognitive aspects; Geovisualization; Usability; Augmented reality and virtual reality ctc.
7| Machine-t
Interoperability; Exchange standards, Cloud computing efc.
Relationship of spatial data with society

Data g Digital

sharing and di ion of spatial data

o

Spatial Data Legal, cconomic and security aspects of

access; Integrity and authenticity; Privacy, etc.

FIGURE 3. Questions to be answered by experts if the emphasis of the
article is on HOW.

(see Figure 3). Since the GISc definition provided
is action-based (capture, store, analyze, model, repre-
sent, exchange, manage), the expert checks whether the
abstract describes or makes reference to any of these
verbs. If any of the eight questions received an affirma-
tive answer, the article is then marked as GISc.

o In the case of a similar number of words, the expert
should apply their own criteria. There is an optional text
field for comments (see the bottom of Figures 1 and 2).

E. FURTHER COMMENTS ABOUT THE STATISTICAL
ANALYSIS

1) MEASUREMENT OF THE QUALITY OF THE RESULT

In the area of remote sensing, the results of a classification
are usually evaluated using indicators of the Cohen kappa
type [26], comparing against the reference values obtained in
the field or from an independent source of greater accuracy.
The same kappa indicator could also be used using two
independent classifications, without involving reference data.
Although there are serious and well documented concerns
about it (see [27]-[30]), the Cohen kappa index is by far the
most widely used to characterize the quality of a classifi-
cation. Others also derived from the Confusion Matrix are
Validity, Reliability, Sensitivity, and Specificity. In the case
under analysis in this work, none of these metrics can be used
for two reasons. First, there is no reference classification or
ground truth to compare to. Second, because the set of articles
is not evaluated by two but by several experts. Therefore, the
quality must be evaluated with another criterion.

According to some authors (see for instance [22] and [31]),
in the expert’s responses there are two magnitudes of interest:
validity and reliability. The latter can be between the expert
and himself (intra-rater reliability) or between several experts
(inter-rater reliability). To some extent these magnitudes are
analogous to accuracy and precision, common terms in many
sciences. Accuracy indicates or measures how close the result
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is to its true value (which is always inaccessible), while
precision measures the mutual agreement between the mea-
surements, a quantity that does not require access to the true
value. In addition to the terms mentioned there are others
such as Intercoder reliability and even Intercoder agreement
that Zhao et al. in [32] consider equivalent to Inter-rater
reliability although this opinion is not entirely unanimous
(Lovejoy et al. [33]). In any case this parameter can be
assessed in various ways. The literature recommends jointly
considering at least three indicators ( [33]-[35]). To follow
this suggestion and ensure an adequate evaluation, in this
work three metrics were used, namely:

o The Simple Agreement is sometimes also called the
Holsti reliability coefficient [36] and consists of dividing
the total of cases with agreement between the experts by
the total of evaluated cases. The ratio oscillates in the
interval [0,1]. Although it has many limitations, there
are authors who recommend its use when there is not
a marked imbalance between the classes.

o Krippendorff’s alpha is a measure of agreement that
takes values in the interval [—1,1] (as the well-known
Cohen’s kappa does), with case 1.0 corresponding to
perfect agreement, 0.0 to a random classification and
—1.0 to a perfect disagreement (inverse agreement).
Delgado and Tibau [29] show that in certain cir-
cumstances Krippendorff’s alpha and Cohen’s kappa
coincide. Although Krippendorff alpha has been used
in the field of remote sensing (see Rosenfield and
Fitzpatrick-Lins [37] and Kerr et . [38]), it is also the
standard indicator in other areas, for instance commu-
nication content research [33].

o Like alpha and kappa, AC; is also an indicator that
corrects for random coincidences. Unlike the previous
ones, AC; assigns a different behavior to the experts
depending on whether the article is ‘easy’ or ‘hard’ to
classify. If it is Easy, the experts will presumably classity
it correctly. If is Hard, it is assumed that they will decide
at random with uniform distribution among the available
options (in this case, GISc/NoGISc). The AC; is also in
the interval [—1,1].

There is some disagreement on the acceptable or adequate
values that these statistics would take. In the case of Cohen’s
kappa, Landis and Koch in [39] suggested without much
justification cut-off thresholds to qualify adjustments from
poor to near perfect, thresholds that have been frequently
cited in the literature. Table 2 lists these values, which will
be mentioned later.

Bornmann et al. in [40] recognize that, in practice, there are
frequent cases in which the reliability indices do not reach
the high values specified by Landis and Koch. This is also
expressed by Lovejoy et al. [33] who points out as a problem
the lack of concrete rules and not merely speculation about
the values that should be acceptable. In fact, Lacy et al. [25]
go further and question the specification of values to be
achieved. The authors point out that these numerical indica-
tors are useful during the protocol adjustment process, giving
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TABLE 2. Threshold values commonly used to qualify the results. Taken
from Landis and Koch [39].

kappa Statistic | Strength of Agreement
<0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost Perfect

objective criteria to improve its performance. These improve-
ments in the protocol will allow the values to be increased
somewhat, always within what the problem makes possible.
There are works such as that of Thompson and Walter in [41]
or that of Zapf et al. [31] that indicate that the thresholds
suggested by Landis and Koch cannot always be assumed to
be achievable since they depend (among other things) on the
prevalence of the defined categories.

In addition, these indices are not infallible, and there are
well-known situations (known as ‘kappa paradoxes’, see Cic-
chetti and Feinstein [42] in which, despite a high agree-
ment, the index takes a low or very low value (Feinstein
and Cicchetti [43], Gwet [24]). A similar situation occurs
for other statistics [34]. Given the relationship of kappa with
Krippendorff’s alpha, it can be assumed that the threshold
values proposed for kappa would also serve as guidelines
to alpha. Alternatively, the values suggested by Krippendorff
could be used.

2) ESTIMATION OF THE PROPORTION OF GISC ARTICLES IN
1JRS
Considering the total sum of 208 (40 + 168) classified arti-
cles, the proportion of GISc articles in the sample can be
initially established. However, in addition to the value that
can be obtained with this sample, it is interesting to estimate
its confidence interval applying the re-sampling technique
called Bootstrap proposed by Efron in [44], widely used in
experimental sciences. It consists of the random extraction
with replacement of a total of 208 articles, where the 208 arti-
cles are available to be chosen. It is thus clearly possible that
some article is repeated, even more than once. Each time a
set of 208 articles is assembled (called a re-sample) the per-
centage of cases classified as GISc can be easily calculated.
If the operation is repeated many times, a large set of values is
built, each of which is representative of the variable of interest
for this analysis. The 2.5% and 97.5% percentiles of this
population define a 95% confidence interval for it, which is
what will be reported in the results. The bootstrap technique is
non-parametric, and therefore the re-samples are not expected
to belong to any particular probability distribution.

In this sense, all the calculations were carried out in Octave
5.2.3 and for the inter coder reliability index the toolbox due
to Girard* was used.

3 https://www.gnu.org/software/octave/index.html
4https ://tinyurl.com/2z6dbem4
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TABLE 3. Krippendorff alpha values as a reliability indicator for the
number of words per class.

PURPOSE | HOW | WHAT
English (4 reviewers) 0.60 0.67 0.81
Spanish (10 reviewers) 0.55 0.55 0.62

IV. RESULTS AND DISCUSSION

The proportion of GISc-type articles in the set of 208 arti-
cles was of 62.5%. To provide confidence levels, the set of
208 papers was re-sampled 10° times, and the proportion
of GISc articles was calculated for each re-sample. It was
found that the re-sampled proportions do not follow a normal
distribution. With the population of the proportions obtained,
a 95% confidence interval was estimated, which turned out to
be [47% T76%].

The length of the interval is relatively large, but for the
purposes of this paper it is not a problem. After quantifying
the academic production in GISc in the region, the data will
be used in support of political decisions for investments in
research, offers of specific postgraduate courses, editorial
decision-making to apply or not to a re-categorization of one
journal, etc. all of which require other inputs as well with
perhaps even greater uncertainties. If any of the envisioned
applications require smaller uncertainties, the sample sizes
will have to be expanded.

In addition to the proportion of GISc articles in IJRS, some-
thing should be said about the quality of the data used. The
classification in GISc/NoGISc was done in two stages. In the
first one, the experts were asked to classify the sentences
that appeared in the abstract into one of three categories
(PURPOSE, HOW, WHAT). Then the words were counted
and if the total of words in the HOW category was not clearly
greater than the total in the PURPOSE category then the task
was finished and the article was classified as NoGISc. Before
continuing, it is important to assess the agreement between
the experts even at this intermediate stage. Table 3 shows the
results of the first round of 40 articles, for which the classifi-
cations of 14 reviewers were available. The reliability index
(Krippendorff’s alpha in this case) is somewhat lower for the
classification in Spanish than in English, but the differences
are not substantial. Among the ones available, Krippendorff’s
alpha is the only reliability index suitable for quantitative
answers. The agreement can be classified as Moderate or
Substantial according to the classes of Landis and Koch
(1977). The relatively high level of agreement among the
experts is a positive and surprising result, as it empirically
corroborates that the instrument led to consistent results in
terms of (PURPOSE, HOW, WHAT). Indirectly, this show
that it is capable of detecting the emphasis of the article.

To the extent that the word count in each class could discard
an article for the rest of the process, the good agreement
achieved is considered significant, regardless of the language
in which the evaluation was carried out.

After this verification, an Inter Rater Reliability analy-
sis was carried out to characterize the level of agreement
that the experts had when making their classification as
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TABLE 4. Results of the inter rater agreement in the classification of
articles as GISc/NoGISc.

Holsti alpha ACy

40 papers, 12 opinions/paper mean value 0.67 0.34 0.36
> 95% interval | [0.640.71] | [0.250.42] | [0.29 0.43]

168 papers, 3 opinions/paper mean value 0.07 0.34 0.34
i 95% interval | [0.550.79] | [0.110.57] | [0.09 0.60]

208 papers mean value 0.67 0.34 0.35
95% interval | [0.570.77] | [0.220.46] | [0.14 0.55]

GISc/NoGISc. It should be noted that the prevalence of
the GISc class compared to the NoGISc class was close to
62.5%, which removes the problems of the indices associ-
ated with imbalances between classes. In the first stage and
after discarding two experts with the mentioned criterion of
artistic gymnastics, the 40 articles received 12 evaluations
each, being 0.67, 0.34 and 0.36 the values of the reliability
index considered (Simple Agreement, Krippendorff alpha,
and AC; respectively) as shown in Table 4. According to the
usual criteria, the adjustment can be described as Fair. When
repeating the calculations for the set of 208 articles, the results
were very consistent with the previous ones, reaching 0.67,
0.34 and 0.35, respectively. These results validate the option
followed by using only three experts per article for the last
168 works, which allowed, with the same number of experts,
to generate a substantially larger set of classified articles.
In a very recent work, and according to Cabitza et al. [17],
if the results of the Inter Rater Reliability are similar with
3 and with 12 experts, this could be interpreted as that
the (unknown) accuracy exceeds 85%. This is consistent with
what was observed when deciding which experts to remove
from the set of 14, for which all the possibilities of using 13 of
them were evaluated. An indicator of the high competence of
the experts is the low variation of the Krippendorff alpha in
the 14 alternatives, which ranged between 0.25 and 0.30.
The single value of an index may say nothing of its
own uncertainty. Following the suggestion of Gwet [24], the
variance of each estimator was estimated with the Jacknife
method, then applying a variance correction factor. The con-
fidence intervals assuming normality turn out to be relatively
wide, which is illustrated in Table 4. They are smaller in the
case of the first 40 articles, surely reflecting the greater num-
ber of opinions available per article. The Krippendorff alpha
index shows somewhat greater variability than the other two.
About the results, we could state that:

o The relatively high degree of agreement obtained by the
experts in the identification of PURPOSE-HOW-WHAT
phrases in the abstract demonstrate that it is a consistent
method to identify the emphasis of an article.

o The results confirm that it is not necessary to use a large
number of experts per article, since a comparable inter
rater agreement was achieved with either 3 or 12.

o The evaluation was a heavy task. The typical time
required to read the 40 abstracts, classify into
PURPOSE-HOW-WHAT blocks, count the words in
each one, and finally compare the abstract with the
definition, can be estimated as a few hours.
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« If the work with experts is to be repeated in the future,
it would be convenient (following Cabitza et al. [17]) to
ask about the confidence that they themselves attribute to
their opinion in each article. According to these authors,
this would enable additional quantitative analysis.

« Reducing the length of the Confidence Interval of the
proportion of GISc articles will require an increase in
the number of articles to be analyzed.

e Our results in the form of a ‘gold standard’ is valid
for articles already published but may become obso-
lete as the technologies and applications of GISc vary
over time. The method will be applicable as long as
the definition remains acceptable. The data that sup-
port the findings of this study are openly available in
https://figshare.com/s/32aa4615e6eb0959¢36e.

V. CONCLUSION

The GISc area has a strong multidisciplinary nature, which
means that substantive contributions can appear without con-
tradiction in journals devoted to mathematics, geography,
computer science, etc. thus making it difficult to quantify
the production of the area based upon just journals. Article
level classification is required. To tackle this, a sample of
papers from IJRS was considered. The existing literature
has consistently included and rated IJRS as one of the most
important publications in the area, although IJRS does not
consider itself as such.

A binary classification was achieved, elaborated by a group
of 14 experts applied to a sample set of 208 IJRS articles,
which are the result of a stratified sampling of a universe
of almost 10,000 articles published in the period 1992-2020.
As a result, the estimated proportion of GISc articles in the
total published in IJRS for the period considered reaches
62.5%, with [47.5% 76.2%] being the 95% confidence inter-
val. From Loépez-Vizquez and Bernabé-Poveda [21], IJRS
holds 24% of the papers published in GISc journals up to
2019 with the participation of authors from the Latin Ameri-
can region. The second journal in importance from the list of
Caron et al. [2] takes 11%. Assuming that the IJRS articles
with coauthors from the region behave like the rest of the
population, the production that can be attributed to Latin
American authors would be between 10 and 16 articles per
year.

The set of 208 scientific articles classified as GISc/NoGISc
can be regarded as a ‘gold standard’ for GISc. This type of
datasets is used in the area of Artificial Intelligence, specifi-
cally machine learning, to automate classification tasks. Its
usefulness thus exceeds IJRS and the period considered.
Looking at the future work, with adequate machine learn-
ing procedures, it could be possible to generate algorithms
capable of replicating the classification and massively apply
it to all the scientific literature. This would allow discovering
GISc articles published in journals that a priori could have
been discarded. Or it would also allow the identification and
reclassification of journals as specialized in GISc.
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All in all, the gold standard dataset could allow the devel-
opment of systems capable of emulating the work of humans
but applying to all the works published in IJRS (instead of a
sample) or to another journal in the area. In this way, even
admitting that the automatic classification is not conclusive,
an estimate of academic production in the GISc area could
be obtained and updated regularly, which becomes useful in
research policies that involve as diverse activities as academic
management decisions, promotion of research areas, launch
of new journals, and allocation of research funds.
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