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Abstract. The government interoperability frameworks (GIFs) are mainly centered on technical perspective neglecting important actual issues in Public Administration (PA) as the performance of their services and process as well its
strategic, legal and politic positioning. This wide spectrum of organizational
knowledge demands specific interoperability assessment (IA) methods based on
a preliminary step of identifying and organizing adequate attributes that allow a
wider view on the PA domain regarding interoperability requirements. This paper proposes a knowledge discovering and extraction method from PA and IA
literature, presenting a rationality through a conceptual model in order to identify and organize attributes that will be used as input for an IA model. A preliminary set of attributes is presented, as well as a future approach of how to deal
with these attributes using AHP (Analytic Hierarchy Process) in order to evaluate them with experts through a specific structure suited to the IA process itself.
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Introduction

Organizations are facing a competitive marketplace and they must develop partnerships and work in an integrated way with competitors and stakeholders. As one of
the important factor of this collaboration, interoperability [1, 2] is the ability of two or
more systems (or components) of: sharing specific information, using them with a
specific semantics and creating, with that information, a specific mission in a precise
context. Interoperability takes into account dimensions such as concerns, barriers,
degrees of maturity and assessment, and consists of more than technical aspects [3].
Interoperability assessment (IA) is the method that defines some formal metrics to
quantify and qualify the level of interoperability between heterogeneous systems from
one or more organizations [4]. With the increasing use of ICT (Information and
adfa, p. 1, 2011.
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Communication Technologies) in government institutions, the concept of eGovernment emerges in the late 1990s [5]. The term eGovernment, e-gov, eGov and similar
are an abbreviation of “electronic government” and refers to the use of ICT to support
the government business, providing or enhancing public services or managing internal
government operations [6]. Assembling the concepts of interoperability and eGovernment, an eGovernment interoperability domain arises, in a broad sense, as the ability of constituencies (or public agencies) to work together [7].
The literature analysis, presented in [8], reveals that there are many works regarding interoperability models and government initiatives of eGov models and frameworks. Nevertheless, since 2000 it was not possible to identify specific models,
frameworks or assessment procedures regarding the evaluation of government entities
not related to (almost entirely) technical issues and also it was not found in the literature review papers describing the rules (rationale and procedures) regarding the
knowledge discovering steps [9, 10, 11].
The desire to map the concerns and identify the barriers (other than the technical
ones) is a recent interest in the literature [12]. This new approach, focused on semantics, opens an important issue regarding the proper collection of attributes related to
interoperability of these other dimensions related to public administration (e.g. processes, services, governance, legal and political). Obtaining, identifying and organizing relevant knowledge are important steps to the IA considering also the models and
frameworks established in Enterprise Interoperability Assessment (EIA) in the private
industrial sector, as well as the work done in eGov.
An exploratory approach into the literature sources will allow the identification of
important dimensions (concerns, barriers and attributes) for the evaluation of the ability to interoperate in the governmental entities. There is need of a specific rationale
for this broader knowledge extraction of organizational behavior into the public domain. In fact, to characterize the qualification attributes and the IA in their different
visions other than the technological, such attributes and guidelines should present the
structure, the quality and the completeness of observation in the IA performed by a
method that ensures these requirements.
It is important to contextualize that this paper is part of a wider research scope,
represented in Figure 1 and more specifically related to the process A2 and A3. The
IDEF0 diagram [13] identifies basic steps (which are contained in phases and may
contain activities), proposing an attributes’ and guidelines’ structure collection and
composition as well as the assessment method definition. The results of A0 and A1
processes can be summarized as (i) definition of a database of related papers, (ii)
analysis regarding the world publication and authoring, helping the justification of the
research and mapping the distribution of the subject, (iii) domain definition and (iv)
identification of gaps regarding the existence models and related works. Based on the
information gathered from A0 and A1, the next step (A2) relates to the identification
of preliminary set of attributes and guidelines and in A3, in conjunction with expert
assessment, a fact-oriented transformation (FOT) method is applied to evaluate and
gather new (if any) attributes from other knowledge sources and types of databases.
Those identified objects can be considered as a set of best practices, requirements or
desired interoperability characteristics within public entities. The organization, meth-

ods and tools regarding the process A2 is exposed in Figure 2, which also provides an
overview of the structure and main goals of this paper.
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Fig. 1. Full research methodological steps

Considering all the presented aspects, this paper exposes the rationale for the extraction of attributes, as well as a set of preliminary attributes themselves in order to
help the IA of public administration entities. Figure 2 shows a general structure of the
components adopted as basis for the extraction process, taking into account that the
solution space helps to provide information in order to solve issues related to the
problem space.

Fig. 2. Structure of the attributes extraction and its application for EIA

After that, a join of the aspects leads to reflections associated to measurement selection, culminating in the generation of a set of attributes and its use into the EIA
applications and domain. In addition, a proposal of ranking mechanism (for the attributes) based on AHP [14] is presented as one of the next steps of the research.
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Methodology

According to [15], knowledge is a justified belief that increases an entity's capacity for taking effective action. In [16] the authors defines knowledge as experience,
facts, rules, assertions and concepts about their subject areas that are crucial to the
business (customers, markets, processes, regulations). There are two basic dimensions
of knowledge: tacit and explicit [15], which can be combined to an ontological dimension. In complement, knowledge management is a process of identifying, capturing and leveraging collective knowledge to help the organization compete [17].
Knowledge can be represented using different formal forms, among others, semantic

nets, rules, ontologies, mind maps and conceptual maps. A general model of the information retrieval process is exposed in Figure 3, based in [18].

Fig. 3. Overview of the attributes extraction steps

In the initial steps, information regarding the problems of the domain and the concepts involved were processed with conceptual queries in order to filter and select an
initial documents database with the execution of conceptual searches. In summary,
considering the existence of a database collection, the steps to extract the attributes
are: (i) concept identification; (ii) keyword analysis and word count as support mechanisms; (iii) tagging words to identify groups of knowledge and (iv) matching process
to search for relations among the words found and root concepts of the research.
These steps are described in the subsections bellow.
2.1

Concept identification

As the goal is to extract attributes from the literature (knowledge) database, it is
important to define and characterize attributes as in: (i) A quality or characteristic
given to a person, group, or some other thing. An abstraction belonging to or characteristic of an entity [19]; (ii) A quality or feature of a person or thing, especially one
that is an important part of its nature [20]; (iii) A quality or feature regarded as a characteristic or inherent part of someone or something [21] and (iv) Regarding class diagrams, an attribute represents a data definition for an instance of a classifier. An attribute describes a range of values for that data definition and may describe the structure and value of an instance of a class [22].
Although the grammar structure is a specific body of knowledge (and not the focus of this research), it is important to mention that attributes are nouns and/or adjectives that modify that noun (e.g. collaboration (noun), collaborationist (adjective)),
and guidelines are suggestions to show how to behave and usually derives action from
its statements [19]. Guidelines can contain (or suggests) attributes and they (guidelines) will be used (along with the attributes themselves) to assess the interoperability
of the entities, with a similar approach exposed in [23]. Figure 4 illustrates the relation among important concepts for the research, which is useful in the process of attributes extraction and the idea is to expose the components that are connected (somehow) primarily with an attribute and secondly with a guideline. Considering the database of files regarding the domain (150 documents), a keyword analysis and counting
was made as a first attempted to derive some attributes. The rationale adopted was
that if a document deals with such important issues of the government interoperability

aspects, there is a chance that qualification words (attributes) could be cited in the
keywords of the paper.

Fig. 4. Concept model of attributes

The keywords are not only “one word”, but may be also a group of words separated by commas or other symbols. The MaxQDA software [24] was used to count (and
organize) the keywords of the documents and the results are represented in Table 1.
Table 1. Quantitative overview of keywords.
# of appearances
1
2
3
4
6

# of words
178
21
6
4
1

# of appearances
7
8
10
55
53

# of words
2
1
1
1
1

The highest appearance are the words “interoperability” (55 times) and “egovernment” (53 times) and this was expected because of the rules adopted during the
literature review (these two words were one of the most important composing the
search strings) [8]. Nevertheless, as the idea is not have a sort of a “sample” approach,
the quantity and distribution of the keywords are not as important as the meaning in
terms of creating knowledge [15]. However, after the analysis of all keywords retrieved, it was detected that most of them are related to the paper itself (as expected)
but in general ways. That is, the keywords tends to show generic aspects of the paper,
containing words of global meanings, in order to introduce to the reader some “tags”.
Because of this, it was not possible to find words that could be used (directly or indirectly) to compose the preliminary set of attributes.
As the keyword analysis did not bring information about possible attributes, it was
defined that the extraction of the attributes would follow a process based on a word
counting and Natural Language processing analysis. According to [25], an average
English word has from 4.5 to 7 characters and, using the MaxQDA software [24], the
whole documents database were scanned searching for words of six characters length.
In a first round, 44,111 words were found and, after a second round of execution
(with the elimination of authors names, symbols, irrelevant words and words that
appeared less than 10 times) a total of 21,644 words were selected. The quantitative
analysis by itself does not solve the problem of finding attributes, so it was necessary

investigate some of the semantic meaning of this large group of words. That is, as a
next step, try to discover the lexical linguistic category (e.g., verbs, nouns, adverbs) of
the words, searching specially for adjectives (considering the relations in Figure 4).
2.2

Conceptual tags, matching process and results

As an attribute may define (or derives to/from) adjectives and also because of the
large number of existent words (21,644), a Natural Language Processing Software
was used in order to detected the adjectives in the word’s database. The software
adopted was the Stanford POS Tagger [26], maintained by the Stanford Natural Language Processing Group and built based on the research of a log-linear part-of-speech
taggers described in [27]. A Part-Of-Speech Tagger (POS Tagger) is a software that
reads text in some language and assigns parts of speech to each word (and other token), such as noun, verb and adjective. The tool was also used in [18] within the natural language processing approach. The list of 21,644 words were processed with the
Stanford POS Tagger and the results were 3,739 words tagged as adjectives.
At this point, considering that the set of words identified as adjectives could contain a subset of attributes, there is a need to search for a connection among each of the
identified words with the concept words that represents the research subject domain
(interoperability within public administrations/government). This process was done
using a lexical matching functionality of MaxQDA tool and the results are the following preliminary list of attributes: adaptability, collaboration, commitment, communication (semantic), conflicts, cooperation, economical, efficiency, historical, integration, loyalty, politic, process, responsibility, senior management support, sociological,
standardization.
2.3

Conceptualization process (with Fact-Oriented Transformation)

Figure 5 presents an approach related to the process A3 (Figure 1), aimed to evaluate (expert view) and gather new information from other types of knowledge sources
and databases (structured or semi-structured data) in order to corroborate and improve/refine the obtained set of attributes.. The first step is a reverse engineering
method through which a model from the application or schema level can be derived
(Step 1). Then, the resulted model is enriched through a step of Application
Knowledge Injection (AKI) where the model is automatically compared and matched
with existing domain and application ontology (Step 2). The model is corrected
through a Knowledge Extraction and Mapping Validation in a harmonizing step (Step
3). In fact, the model is examined with the help of a domain expert or an end-user,
who is a qualified person to describe the context of the peculiar domain and to put in
evidence the contextual knowledge. The next step (Step 4) is a FOT through the application of a set of patterns rules for transforming the enriched conceptual model to a
Fact-Oriented Model (FOM) with its finest-grained semantic atoms completely displayed [28]. The Step 5 represents a structural optimization through the application of
the Formal Concept Analysis methodology. The output of the entire conceptualization

process is a set of formal objects (attributes) inserted in an optimized structure derived
from the data analysis and ready to be conceptually analyzed and tagged.

Fig. 5. Entire conceptualization process overview for concept identification

2.4

The use of attributes and guidelines on an AHP structure

The AHP method, proposed in [14], is one of the widely accepted and frequently
used mathematic analysis method that supports multi-criteria decision-making. The
priority assessment in AHP is based on mathematical analysis of pairwise comparisons defined on hierarchical tree structure, in which, the priority scales between each
two related terms are relying on the judgments of domain experts. A significant number of research projects employing AHP method has been proposed in several domains [29], however, as highlighted in [30], little work has been done in specifying
and formalizing the important concepts together with their relationships from the
AHP method itself. In [30] the authors propose an ontological representation of AHP
method to deal with the lack of a deep conceptual understanding on its objects (attributes and reasoning) as well as the lack of flexibility and reusability. This conceptual
model (Figure 6) acts in this research as a reference model to facilitate the concept
mapping between the domain ontology (obtained in previous knowledge discovering
and extraction process) and the IA method.
The importance of having an AHP ontology (Figure 6) merged with a concept
model of the attributes (Figure 4) is that, for EIA purposes, each attribute is considered a criterion. Such connection helps the prioritization and evaluation of attributes,
made by practitioners and academy, by adopting the AHP technique as a tool to compare the criteria. In addition, during the assessment activities, as each criterion is being compared with others, it is possible to have an adherence degree related to the
achievement of the attributes (and guidelines).
The proposed attributes will be firstly evaluated by domain experts and then validated in a selected organization. Figure 7 overviews the evaluation and validation
scenario, as a zoom in process A4 (Figure 1). The preliminary attributes (and guidelines) are inputs to expert evaluation process in order to refine those objects. The vali-

dation process is divided in two modes: design and execution mode. In the design
mode, a decision hierarchy is firstly created based on refined attributes and the AHP
method.

Fig. 6. Ontological representation of AHP

Then, an algorithm will process this hierarchy and produce corresponding questionnaires for criteria assessment and alternative assessment. In the execution mode,
practitioners and experts related to the entities will be invited to answer these questionnaires. Finally, based on the assessment of criteria and the alternatives (with respect to each criterion), this validation process will generate the ranked results used as
input for the A5 step (Figure 1).

Fig. 7. Overview of the evaluation and validation scenario

Regarding the planning of the assessment and the assessment itself (Figure 1, A6
and A8), the AHP can provide a structure to assess two aspects of EI: potentiality and
compatibility [31]. Potentiality can be analyzed as an internal characteristic that reflects the readiness (adherence to attributes) and preparation to interoperate with a
possible future partner. Compatibility can also be analyzed regarding internal characteristics, but comparing them between two (or more) known public entities willing to
interoperate. In this research, the compatibility approach intends to evaluate which
entity, from a group of alternatives (Figure 8, GE B...Z) will better interoperate with a
specified entity (Figure 8, GE A). A potential approach implies the ranking of the
attributes in order to create ranges that are related to some maturity level. That is,

according to the ranking of the group of attributes of an entity A, the entity is associated to a certain maturity level, with a potential degree for future interoperability actions (Figure 8, ML-1, ML-2 and ML-N).

Fig. 8. Potential and compatibility EIA into AHP structure
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Conclusions

The problem of obtaining, identifying and organizing relevant knowledge is an
important issue to the IA in public administration. Considering the models and
frameworks established in EIA (in private and public sector), it was detected a gap in
the literature regarding the extraction of measurements attributes and criteria. This
paper is part of the result of a wider research scope (Figure 1) and presented a rationale of an attributes’ extraction from a literature database in order to help the definition and composition of guidelines regarding the IA of public entities. The presented rationale follow steps related to identification of concepts, word count and word
analysis, resulting in a set of 17 preliminary attributes and a wide structured and formalized knowledge formal concepts set. The paper also presents an approach of how
to adopt a decision-making technique (AHP) in order to organize the attributes (during a validation phase) and assess the interoperability (during an assessment phase).
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