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ABSTRACT Many governments worldwide are engaging into digital transformation initiatives to improve
efficiency, effectiveness, cost, and transparency. Collaborative e-government processes offer a way to
overcome the typical integration and interoperability issues of existing isolated e-government solutions.
A study was conducted to help e-government modelers and architects to know current approaches to
modeling collaborative e-government processes that consider integration and interoperability. The research
questions are: Which kind of representations (architecture, framework, ontology, meta-model, model or
process) are used to model these processes? Which concerns (cost, value, citizen, technology, organization)
do they focus on? How do they address collaborative processes concepts (interoperability and collaboration)?
This article describes the design, execution and results of a Systematic Literature Review (SLR) that gathered
primary studies from well-known scientific literature databases, and organized them with a novel literature
classification schema consisting of model type, model focus, collaboration scheme, and interoperability
level. The initial search found 326 publications, of which duplicates removal and exclusion criteria appli-
cation left only 52 for detailed analysis. Key findings are: literature for this topic proposes Frameworks
and (general) Models, but not metamodels or ontologies; most addressed focus has shifted from Technology
and Organization, towards Citizen; collaboration studies have shifted from Open Participation towards Data
Transparency; and most work that addresses interoperability remains focused on Technical aspects with a
smattering of Semantics and Organizational aspects. These findings reinforce the need for proposals that
address the problem of collaborative e-government processes as something that lives at the junction of e-
government, software architecture description, collaborative work, and interoperability.

INDEX TERMS E-Government, collaborative processes, interoperability, software architecture.

I. INTRODUCTION
Many governments make extensive use of Information and
Communication Technologies (ICT) to support their internal
and external processes to improve efficiency, effectiveness,
cost, and transparency [1]; for example, official web por-
tals [2] facilitate interaction among government, businesses,
citizens and other institutions. Widely known as digital or
electronic government (e-government), this phenomenon has
become part of the strategic vision of government at the
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highest level, offering the public sector a means to operate
more efficiently and transparently, and to provide better,
cheaper and faster services to citizens.

However, it is also well-documented that many
e-government projects are unsuccessful [3], [4]; indeed, some
studies put failure rates near 60% [5]. Besides delays and
cost overruns, many systems are rejected because they do not
fit their defined purpose, with reasons ranging from failure
to consider end-user requirements, to lack of vision and
strategy [5], [6].

Researchers have proposed several models to conceptual-
ize some or all significant aspects of e-government, to reduce

19602 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ VOLUME 9, 2021

https://orcid.org/0000-0002-3900-2770
https://orcid.org/0000-0002-6487-5813
https://orcid.org/0000-0001-7375-3052
https://orcid.org/0000-0001-8318-4201
https://orcid.org/0000-0001-9696-3626


R. Gacitúa et al.: Recent Models for Collaborative E-Government Processes: A Survey

the gaps between project design and on-the-ground reality.
Thus, there are proposals for e-government adoption [7];
quality evaluation of e-government services [8]; modeling
e-government itself with ontologies [9], [10]; meta-models
for public services [10], [11]; semantic web service-based
architectures for interoperability of e-Government ser-
vices [12]; and so on.

Collaborative e-government processes can be defined
as a set of mutually synchronized actions, by peer and
autonomous enterprises or people, in order to jointly
provide an input or output for e-government. Several
studies present solutions and case studies that combine
technical aspects (e.g. architectures, platforms, interoper-
ability, or collaboration) with procedures and regulations
for e-government actors (businesses, organizations, citi-
zens [13]–[16]). For example, Beynon-Davies [17] proposes
a framework and meta-model of e-government business mod-
els, focusing on business processes and information sys-
tems, and Helali et al. [18] review seven e-government
architectures.

This study aims to capture the state of the art in modeling
of collaborative e-government processes, and thus identify
gaps and research opportunities. Existing literature on the
topic are gathered with a systematic mapping, and sorted with
a newly developed classification schema, which combines
the perspectives of design (about models as artefacts) and
research concerns (about themodeled aspects of collaborative
e-government).

The remainder of this article is structured as follows:
Section II introduces the literature classification schema used
for the literature analysis; Section III presents the method-
ological approach for the literature analysis; Section IV
describes the results of this study; Section V presents the
main study findings and research challenges; Section VI
addresses threats to validity; and Section VII summarizes and
concludes.

II. THE LITERATURE CLASSIFICATION SCHEMA
Several researchers have proposed models to conceptualize
e-government from different perspectives, such as technol-
ogy, functionality, components, and quality. For this study’s
purpose, we adopt the definition of e-government as [19]
‘‘using the internet and the world-wide-web for delivering
government information and services to citizens, business and
other government agencies.’’

The existing literature on modeling of collaborative
e-government processes can be studied from two perspec-
tives: (1) design, about models themselves, as artefacts prod-
uct of design activities; and (2) research concern, about
the domain concerns that these models address and serve
(e.g. interoperability, transparency, collaboration, quality of
service, etc).

In this study, these perspectives are combined into a single
literature classification schema (summarized in Figure-1):
from the design perspective, we take categories (i) model
type, and (ii) model focus; and from the research concern

perspective, we take (iii) collaboration category, and
(iv) interoperability level.

Each scheme category is internally organized using
category-specific refinements:

• Model types are [20] architecture, framework, ontology,
metamodel, and conceptual model.

• Model focus are the primary drivers of e-government,
as proposed by Kubicek [21].

• Collaboration categories follow the stages provided by
Lee and Kwak [22].

• Interoperability levels adopt the categorization provided
by the New European Interoperability Framework [23].

The resulting literature classification schema is used to
categorize each study.

A. DESIGN PERSPECTIVE
In the design perspective, several model types and focus
categories are distinguished.

1) MODEL TYPE
A model is an abstraction that allows people to focus on the
essentials of a (complex) problem, keeping out non-essential
details. Since there is a limit to what a person can understand
at any given time, models provide support in activities such as
e-government development or development of large software
systems.

e-government models fall into five categories:

(1) Architecture: software architecture is the fundamen-
tal structures of a software system. Since most
e-government assumes the use of the Internet (and
usually the Web) to distribute information, structural
models of a system components are categorized as
architecture.

(2) Framework: a standardized set of concepts, practices
and criteria to approach a particular type of problem,
and which serves as a reference to address similar
problems.

(3) Ontology: a representation, formal naming and defini-
tion of the categories, properties and relations among
the concepts, data and entities that substantiate one or
many domains of discourse.

(4) Meta-model: a model that describes another model.
Ameta-model is not an aggregated or less detailed view
of another model, but a model at a different abstraction
level and which makes claims about the structure of
another model (or set thereof) but not about its content.

(5) Conceptual model: a model of e-government concepts.

2) MODEL FOCUS
The conceptual interest of e-government model focuses into
five categories:

(1) Economic/cost driven: the model goal for cost reduc-
tion, resource management, process management,
or efficiency.
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FIGURE 1. The literature classification schema.

(2) Value driven: the model focus is improving decision
making, service provisioning, protection, or security
and safety.

(3) Citizen driven: the model focus is to represent aspects
like citizen participation, collaboration, transparency
or shared governance.

(4) Technology driven: the model represents a platform
components, or the use of particular technologies or
tools.

(5) Organization/process driven: the model describes a
process or organization and its components.

B. RESEARCH DIRECTION PERSPECTIVE
The research direction perspective includes the collaboration
and interoperability categories.

1) COLLABORATION
The process of two or more people or organizations working
together to complete a task or achieve a goal.

We consider four categories:

(1) Ubiquitous engagement: continuous participation of
external stakeholders, which is permanently taken into
account at all stages of the collaboration cycle.

(2) Open collaboration: cooperation of politics and admin-
istration with external stakeholders, such citizens and
organizations.

(3) Open participation: opening politics and admin-
istration to the ideas and knowledge of external
stakeholders.

(4) Data transparency: open access to administrative data,
and especially Open Government Data.

2) INTEROPERABILITY
Interoperability is the ability of a product or system to work
with others, with completely understood interfaces, in either
implementation or access, without any restrictions present or
future.

Four interoperability categories are considered:
(1) Legal: related to public administration, including rel-

evant legislation about data exchange, including data
protection.

(2) Organizational: documenting some business processes
and agree on how these processes will interact to
deliver a public service.

(3) Semantic: relative to the meaning of data elements
and relationships among them, including vocabularies
for data exchange and mechanisms to ensure that data
elements are understood in the same way by communi-
cating parties.

(4) Technical: the technical aspects of linking information
systems, including interface specifications, intercon-
nections services, data integration services, data pre-
sentation and exchange, and others.
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TABLE 1. Criteria used to classify articles.

C. USING THE CLASSIFICATION SCHEMA
The literature classification schema allows to analyze each
paper’s content and extract its key elements. We use explicit
classification criteria (Table 1) to determine when to assign
each paper to a schema category.

III. LITERATURE REVIEW METHOD
There is a growing number of proposed models to concep-
tualize all or some relevant aspects of e-government, and it
becomes essential to summarize and provide overviews of
those proposals. Existing literature is analyzed with a Sys-
tematic Literature Mapping [24]. This provides a systematic
and objective approach to identifying the nature and scope
of available empirical study data, in order to answer spe-
cific research questions. The review process has three major
stages: (1) planning the review, (2) conducting the review, and
(3) reporting the review.

The following subsections describe the study phases.

A. FIRST PHASE: PLANNING THE REVIEW
A systematic literature review (SLR) on a specific topic is
useful when there is a rising interest and accumulation of

research on that topic [25]. A comprehensive review also
takes into account a manageable quantity and quality of rele-
vant literature, as emerges from a coherent conceptual struc-
turing of existing research. Also, a detailed review facilitates
developing a theory, closing areas where a wealth of research
exists, and discovering areas where research is needed.

1) RESEARCH QUESTIONS
This review aims to identify which models are being used
to conceptualize e-government, and which aspects are being
modeled.

Three research questions are addressed (see Table-2), cor-
responding to the study objective and in accordance with
customary SLR standards [26]. The research questions are
framed by three criteria:

• Population: scientific literature that presents an
e-government conceptualization.

• Intervention: models that address specific issues, e.g.
representing technical characteristics of e-government
or relationships among e-government components.

• Outcomes: quantity and type of related evidence
about e-government models; ff particular interest is
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TABLE 2. Research questions (Scope of the literature review).

determining the type of e-government model and how it
uses key concepts (e.g. collaborations, interoperability,
IT governance, and quality services criteria).

In this study, restrictions regarding specific outcomes are
not considered. To answer the research questions, data is
collected from the literature; this involves defining a search
strategy, identifying data sources, selecting studies, and ana-
lyzing and synthesizing data.

2) PROTOCOL REVIEW
Given the absence of previous similar studies, no gold stan-
dard to assess searching thoroughness was defined. Instead,
a protocol review and pilot testing were conducted before
the actual review. Its purpose is to manage the research
objectives and to define how to achieve them, by defining
research questions and planning how sources and selected
studies will be used to respond to them. The review protocol
comprises the search strategy including search terms, sources
to be searched (i.e. databases), and inclusion and exclusion
criteria. The protocol describes how the criteria are applied,
e.g. how many reviewers evaluate each prospective primary
study, and how disagreements among reviewers are resolved.
The review protocol also includes the methodology for data
extraction and synthesis.

3) PILOT TESTING
To avoid introducing bias by the accumulating data, a pilot
test was conducted with an initial screening process, to ensure
that the extracted information is both standardized and rele-
vant. Pilot testing must address three main questions:
1) Are eligibility criteria expressed clearly enough?
2) Do screeners interpret the criteria consistently?
3) Are any relevant papers not identified as such?

It is common practice to run a pilot test with a small sample
of included papers (e.g. 10) [27] to assess data extraction and
quality appraisal.

The pilot testing protocol used is:
1) Define with topic experts the initial set of eligibility

criteria.
2) Identify reviewers to conduct the screening process.
3) Define the process for resolving disagreements in

screening decisions; in this case, arbitration by a third
party, previously identified.

4) Select a random subset of the full set of studies to use as
training set, i.e. representative of the topic areas in the
full set.

5) Define the success conditions for the training process.
6) Screen the studies in the training set; each study should

be assessed by all the reviewers who are conducting the
screening process.

7) Discuss each disagreement and difficult decision
between the reviewers who are conducting the screen-
ing.

8) Reach consensus on each decision, using the disagree-
ment resolution process defined above.

9) Clarify and add detail to eligibility criteria as required.
10) Determine whether the success conditions for complet-

ing the training process have been fulfilled.
The pilot testing yield some reassuring conclusions:
• Reviewers quickly became familiar with the set of eligi-
bility criteria.

• There was only one classification disagreement in the
total group of test items, and the arbitration procedure
was quick and effective.

• The review and consensus process were conducted
online and distributed; a Google Drive template was
used for the review to quickly identify disagreements.

• The review and consensus process was quick and did not
require further discussion, and the classification criteria
were quickly understood by the reviewers.

The pilot testing showed consistency of decisions through-
out the screening process.

B. SECOND PHASE: PERFORMING THE REVIEW
Collecting data from the research literature (to answer the
research questions) involves searching and screening of arti-
cles published in indexed scientific press.

1) SEARCH STRATEGY
The review goal is to find primary studies about collaborative
e-government processes, using an unbiased search strategy.

The search strategy was developed through the review of
the data needed to answer each research question. To identify
existing evidence as completely as possible, several data
sources are considered.

The search string has three parts (see Table-3).
An appropriate set of search keywords was reached itera-

tively, after some initial results of little relevance. The first
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TABLE 3. Search terms.

part of the search string includes several terms used as syn-
onyms for e-government. conceptualizations, such as model,
meta-model, framework, ontology, and architecture, which
represents the focus of this article. The second part of the
string includes the term ‘‘e-government’’. Finally, the con-
cepts ‘‘collaboration’’ and ‘‘interoperability’’ were initially
included but later replaced with ‘‘collaborative processes’’
because they yield too many unrelated papers.

The search chain was built from Table-3: terms within
a row are connected with ’’OR’’, and the resulting
terms are connected with ’’AND’’, yielding the search
string (model OR metamodel OR architecture
OR framework OR ontology OR approach)
AND (e-gov OR e-government) AND
(“collaborative processes”) .

2) INCLUSION AND EXCLUSION CRITERIA
Inclusion and exclusion criteria filter out studies not relevant
for answering the research questions.

Inclusion criteria for papers are:
• Includes an e-government conceptualization: the
abstract explicitly mentions the term e-government and
a category of e-government model (e.g. model, meta-
model, framework, ontology and architecture).

Exclusion criteria for papers, as applied to the paper titles,
abstract, and conclusions, are:
• Research focus unrelated to e-government: the article
was outside the field of e-government.

• Research focus related to e-government, but not
related to e-government conceptualization: the article
is within the field of e-government, but an e-government
conceptualization is not part of its contribution.

• Research focus related to e-government, but insuf-
ficient information on e-government conceptualiza-
tion: an e-government conceptualization is not part of
the article contribution, and its terms were only men-
tioned in the abstract initial sentence.

• Duplicate studies: if the same study is reported in sev-
eral articles, only the most recent one is included.

• Article already been included from another source:
replication between sources.

• Article in a language other than English: English-
only.

• Technical reports and theses: excluded since they are
not peer reviewed publications.

3) STUDY SELECTION
This step identifies those primary articles that provide direct
evidence about the research question.

The search is restricted to studies published between
2008 and 2019, to achieve wider coverage of the study area.
The initial step run a search on several digital library search
engines, using the terms described in Table-3; sources include
high-level publication editors [28]: Elsevier’s Scopus, IEEE
Xplore Digital Library, ACM Digital Library, and Springer
Library. DBLP Computer Science Bibliography are also used
when conference proceedings were not available on their
website.

The actual selection of primary studies involves three fil-
ters to select the most relevant results and reduce significant
clutter.

Figure-2 summarizes the full systematic literature review
process in a diagrammatic format, indicating the number of
studies at each phase.

Studies were selected by three reviewers. Each of them
gave an opinion on whether or not to include each study in
the final list. Once all the studies had been evaluated, if all
reviewers had the same decision (i.e. approve or reject), this
consensuswas considered final. Those studies for which there
was no agreement were read again, and reviewers voted again.
If still there no consensus, a third round was carried out. The
final list reflects total consensus of the reviewers.

4) SNOWBALLING
To ensure that no major works have been left out due to the
survey design or search terms, we performed a breadth-first
search using a backward and forward snowball method. An
initial manual search using Google Scholar yielded over
100 articles; three of them thatmentioned e-governmentmod-
els were reviewed, but they covered e-government maturity
models, and were thus excluded as irrelevant to collaborative
e-government processes. Thus, no additional relevant articles
were found, giving reasonable confidence on the design and
search.

5) PRIMARY STUDIES QUALITY ASSESSMENT
Primary studies quality assessment guide interpretation of
findings and determine strength of inferences [26].

The quality of each specific evaluated article was assessed
with a repeatable and traceable manual procedure, as follows:

• Three reviewers (also co-authors of this article)
extracted separately information from each article.

• Two of the reviewers assessed independently the article
using the criteria, and provided a rationale for each
response.

• The reviewers compared their responses, and reached a
consensus assessment.

• This partial consensus was compared with a third inde-
pendent assessment, it was discussed, and a final con-
sensus was reached.

To assess the study itself, we use the quality criteria pro-
posed by York University’s Database of Abstract of Review
of Effects (DARE) [29], which puts forth three questions with
scoring Y (yes) = 1, P (partial) = 0.5, and N (no) = 0:
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FIGURE 2. The full systematic literature review process.

1) Is the literature search likely to have covered all relevant
studies?

2) Are the research articles clear and coherent?
3) Did the reviewers assess the quality/validity of the

included studies?
The study was assessed by the research team as follows:
• Question 1: yes; the search covered five well-known
digital libraries, and deployed additional search strate-
gies, e.g. referencing all journals that address the subject
matter.

• Question 2: yes; information about each article is pre-
sented in a clear way, can be traced, and can be followed
to relevant additional papers.

• Question 3: yes; the inclusion criteria are explicitly
defined in the study documentation.

The global DARE score of the study is 1.0.

6) DATA EXTRACTION
Several data were extracted from each article: authors;
source; conference/journal; publication year; summary; a
brief opinion regarding its strengths and weaknesses and the
study’s objectives.

If several studies were reported in the same article, each
relevant study would have been treated separately; however,
this situation did not present itself.

7) DATA SYNTHESIS
The final list of selected studies includes 52 primary studies
(see the full list Table 7), organized with the classification
framework presented in Section II (see Figure-3).

C. THIRD PHASE: REPORTING THE REVIEW
The final phase of this systematic review is writing up the
review results and circulating them to potentially interested
parties.

The reminder of this section reports them using the classi-
fication scheme introduced in Section III-B3.

1) MODEL TYPES
Table-4 summarizes the studies per model type.

• Architecture: description of a system-s major
components, relationships (structures), and interaction.
Software architecture and design includes several con-
tributory factors such as Business strategy, quality
attributes, human dynamics, design, and IT environ-
ment. The appearance of new technologies, such as
Cloud and Containers, leads to the definition of new
architectural patterns, such as Microservices, Server-
less Pattern, among others. But, it is recognized that
the process of adoption of such technology is not
immediate. Several architectures oriented Services for
e-government have been proposed [30], but, to our
knowledge, architectures based on these new con-
cepts and which also include key concepts such as
collaboration and interoperability, have not yet been
adopted. We guess for this reason there are not proposed
e-government architectures in the set of selected studies.

• Framework: a standardized set of concepts, practices
and criteria to approach a particular type of problem that
serves as a reference, to face and solve new problems
of a similar nature. This category concentrates the most
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FIGURE 3. Data synthesis: Overview of included studies.

FIGURE 4. Articles per model type.

studies related to proposals to conceptualize
e-government (24 of 52). Since e-government is defined
as the use of the internet and the world-wide-web
for delivering government information and services to
citizens, business and other government agencies [19]
most studies focus on providing technological solutions
that include technical aspects, procedures and some

regulations for particular e-government actors, such as
businesses, organizations and citizens.

• Ontology: an explicit specification of a conceptualiza-
tion. Even when ontologies were found in the set of
analyzed studies, they were only used as artefacts to
add semantics to some parts or components of a soft-
ware application, but they did not have the purpose of
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TABLE 4. Articles per model type.

specifying an e-government conceptualization. For this
reason, they were not counted.

• Metamodel: a model which is intended to give an
all-inclusive picture of a process, system, etc., espe-
cially by abstracting from more detailed individual
models contained within it. One study [11] proposes
a meta-model for structural representation of public
services.

• Conceptual Model: a representation of concepts that
shows how it is, how it works, or what components make
it up. Several models were found in the data-set although
they do consider only some e-government concepts;
some of them include key concepts, like collaboration
(e.g. [31]–[35]).
Several types of conceptualization were found (sys-
tems, processes, and methodologies), even though
they represent only a partial view of e-government;
e.g. [36] presents a collaborative process for pub-
lic administration inter-organizational business pro-
cesses modeling. Some studies restrict e-government to
Internet-enabled applications, with business processes
do not use technology or focus on interactions between
government and external groups; e.g. [37] describes a
semantic platform for e-government; [38] presents a
system for e-government, and [39] proposes a collab-
orative network. They are classified as models in this
study.

Figure-4 shows the number of articles per year of pub-
lication and per type of representation (e.g. model, meta-
model, ontology, framework, and architecture). The size of
each bubble is proportional to the number of studies (as is
the bubble label). Most articles with clear model types occur
in 2010 (11 studies, five models and six frameworks) and
2011 (8 studies). From then on, e-government representa-
tion proposals decreased slowly, but saw a resurgence the
last couple of years. The most published types of model
have remained the same all along: frameworks, and (general)
models.

TABLE 5. Articles per model focus.

2) MODEL FOCUS
Some models aim to reduce costs, others to improve the
decision-making process or provide transparency and citi-
zen participation. Table-5 summarizes the articles per model
focus.
1) Cost/economics drive: although e-government aims to

improve efficiency, effectiveness, cost and transparency,
no studies have been found within the list of selected
articles that consider economic aspects.

2) Value drive: four articles (7,7%) aimed at adding
value on issues such as improving decision making
and improving the provision of services were found.
Mainly they were focused on the improving the pro-
vision of services, as they included aspects of web
services.

3) Citizen drive: some studies represent aspects related to
citizens such as participation, and collaboration (17,3%)
all supported through the use of web applications.

4) Technology drive: this focus is the one that concentrates
the most studies (34,6%). Indeed, it seems reasonable
considering that e-government is defined as the inclu-
sion of technology in a government’s internal and exter-
nal processes. Several studies describe technological
aspects of their proposals, mainly describing software
applications.

5) Organization & Process: studies describing processes
and organizational approaches were also found (40,4%).
Although it was inferred from the abstracts that some
proposal were about modeling e-government, they were
actually limited to describing aspects of processes and
ways of organizing processes. Some studies were only
limited to collaborative networks (e.g. [39]) or presented
descriptive studies of administrative situations that were
presented as models (e.g. [38], [59]), so they were clas-
sified in this category.
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FIGURE 5. Articles per model focus.

Figure-5 shows the number of articles per year of publica-
tion and per model focus (i.e.. cost, value, citizen, technology,
and organization and process driven). Most articles with a
clear model focus occur in 2010 (11 studies, five on Orga-
nization & Process, four on Technology, and two on Citizen)
and 2011 (10 studies).

The most addressed model focus has shifted, from Tech-
nology and Organization & Process (2008 to 2013) towards
Citizen and (some) Technology; strikingly, the initially
co-dominant Organizational & Process has vanished from the
literature. Unfortunately, the method and results of this study
do not allow to decide whether this reflects maturity, aban-
donment, migration to another community, or some major
(yet unlikely) terminological shift.

3) COLLABORATION
All reviewed articles considered the term ‘‘collaboration’’
(by definition and as per the search string), but they differ
in the type of collaboration they describe. Table-6 (left side)
summarizes the articles in this category.

1) Ubiquitous engagement: no studies were found to
match this category (i.e. continuous participation of
external stakeholders in the stages of the collaboration
cycle). This suggests that collaborative e-government
processes have not yet reached maturity levels that
address ubiquitous participation by citizens.

2) Open collaboration: 30 studies (57,7%) were classified
in this category. Most of them describe some improve-
ments in the cooperation of politics and administration
with external stakeholders (e.g. [48], [55]). Several arti-
cles explicitly mention the term collaboration as part
of their proposal, but do not provide enough detail to
determine a particular category. Most of them mention
open collaboration and are classified in this category.

3) Open participation: eleven studies (21,2%) were clas-
sified in this category. Several address opening politics

and administration to ideas and knowledge of external
stakeholders.

4) Data transparency: eleven studies were found (21.2%).
This category considers open access to administrative
data, in particular in terms of Open Government Data.
Some articles present case studies that describe the
proposal outcome in an application domain; e.g. [43]
presents a case study in the tourism domain.

Many studies do not explicitly describe how collaboration
is implemented in their proposals. Most of them promote
collaboration with external organizations, and are classified
as ‘‘open collaboration.’’

Figure-6 shows the number of articles per year of
publication and per collaboration category (i.e.. ubiquitous
engagement, open collaboration, open participation and data
transparency). Most studies that address collaboration occur
in 2010 (11 studies, one on data transparency, eight on
open participation, and two on open collaboration) and 2011
(10 studies).

From 2011 on there is a decreasing number of articles
addressing collaboration. The focus of recent work hasmoved
from open participation (which dominated overwhelmingly
from 2010 to 2015) towards data transparency.

4) INTEROPERABILITY
Interoperability is the ability of unrestricted sharing of
resources among several systems. This may be data shar-
ing among several components or machines via soft-
ware/hardware, or exchange of information and resources
among several computers via local area networks (LANs) or
wide area networks (WANs). Table-6 (right side) summarizes
the articles in this category.

1) Legal: one study was found in this category ( [43] that
address legislation for data exchange.

2) Organizational: twelve studies were found (23,1%) that
address the organization of business processes,
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FIGURE 6. Publications classified by collaboration category.

3) Semantic: Six studies were found (11%) in this
category; some semantics artefacts are provided,
e.g. that include collaboration or interoperability in
e-government. Vocabularies and ontologies are used to
describe data exchange, and ensure that data elements
are understood in the same way by communicating
parties.

4) Technical: 23 studies were found (63,5%); most of them
present technological aspects (such as web services) to
describe how interoperability is achieved.

Just like in the case of collaboration, many proposals do
not explicitly describe how interoperability is implemented.
Most of them describe some recent technological aspect, and
are thus classified as ‘‘Technical interoperability.’’

Figure-7 shows the number of articles per year of pub-
lication and per type of focus (i.e.. legal, organizational,
semantic, and technical). The highest number of studies that
address interoperability occur in 2010 (11 studies, eight on
technical interoperability, two on semantic interoperability,
and one study on organizational interoperability) and 2011
(9 studies).

From 2011 on there is a decreasing number of articles
addressing interoperability, just like happens with collabo-
ration. However, unlike collaboration, interoperability liter-
ature has not been thoroughly dominated by a single aspect;
instead, a plurality of works address technical aspects but a
steady trickle of work addresses semantic and organizational
aspects (but not legal at all).

IV. ANALYSIS OF RESULTS AND DISCUSSION
This section answers the main research question, by answer-
ing the three research questions introduced in Section III.
RQ1. What model types have been published?

Several type of e-government conceptualizations were
identified, mostly frameworks and models, but no ontologies
were found. Since e-government is the use of technological
communication devices to provide public services to citizens
in a country or region, it could be expected that many pro-
posals would address technology-related aspects; however,
only one software architecture for e-government was found
that considers both collaboration and interoperability. Since
not many articles are found, it seems to safe to assume that
defining these architectures is a labor-intensive task; in fact,
several countries have developed their own e-Government
reference architecture (e.g. the European Union (EU) [79]).
Ontologies do not seem to be used to conceptualize collabo-
rative e-government, but have been used as semantic artefacts
in some technological implementations.

Table-4 and Figure-4 illustrate the results obtained to
answer RQ1. Most articles propose models, ranging from
a process to a collaborative network; most of them were
published between 2010 and 2013. Other studies provide
solutions and case studies that include technical aspects, but
mainly as a technological framework.

As the concept of e-government is analyzed by differ-
ent communities (e.g. business, social, political, technolog-
ical, etc) from different viewpoints, it seems reasonable
that the results obtained show a wide diversity of types
of e-government conceptualizations. Some offer little detail
since they are general proposals; others describe technolog-
ical aspects in detail to address some relevant e-government
aspect, such as interoperability.
RQ2. What is the target of the models?
Several targets were found according to the analysis frame-

work. Most of the studies are mainly focused in technolog-
ical and both organization and process aspects. This result
is consistent with the definition of e-government that uses
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FIGURE 7. Articles per interoperability level.

TABLE 6. Results obtained for collaboration and interoperabity categories.

technologies to improve processes in order to achieve efficacy
and efficiency in the relationship with internal and external
actors (e.g. citizens, organizations, and others). As economic
target was not found, we thought that providing e-government
conceptualizations to establish costs and benefits would be an
interesting challenge.
RQ3. How are key concepts (such as collaboration and

interoperability) included in current models?
In terms of the key concepts both collaboration and

interoperability are partially considered in the proposals
for conceptualize e-government. Interoperability between
different organizations is a complex task, where a key
element to enable real collaboration between them is to
be able to define without ambiguity the concepts that
are involved in each domain and their relations. For this
reason, an e-government conceptualization should provide
conceptual integrity in order to avoid errors during its
implementation.

As a conclusion, in order to define, formalize and
exploit knowledge and information related to collabora-
tive e-government processes, metamodels and ontologies
are useful conceptualizations that provide an overview of
e-government. In addition, such conceptualizations also
allow for easy consideration of concepts of collaboration
and interoperability. In fact, a meta-model can be specialized
towards specific collaborations in the business field, Since

many government entities deliver the same services, but in
a different way and they have many potential similarities,
we think the realization of collaboration e-government needs
a systematic conceptualization to be able to deal with the
both new and current challenges such as the inclusion of new
technologies, dealing with new needs of citizens, between
others.

V. RESEARCH CHALLENGES
The findings, and especially the absences, from this system-
atic review allow to identify several research challenges:

• Using new technologies: new technologies like Cloud,
microservices, IoT, serveless, etc. can be used to
increase the scope of applications and to facilitate pro-
cessing of large amount of data, thus allowing to focus
on processes rather than technology.

• Including artificial intelligence and ontologies: artificial
intelligence is becoming a crucial part of daily human
lives today and it assists in almost every scenario. Given
the complex nature of the public sector, with several dis-
tributed government institutions and multiple semantic
differences of interpretation, achieving interoperability
and integration is a key challenge for complete and
effective e-Government. The use of ontology and Arti-
ficial Intelligence (AI) systems could play an impor-
tant role in assisting the goal of interoperability and
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TABLE 7. Articles per model focus.

integration. Ontologies provide a common definition of
heterogeneous resources, while AI techniquesmake pro-
cess integration dynamic and automated. To our knowl-
edge, the use of AI together with ontologies is quite
limited in e-government.

• Incorporating Linked Data: linked data can be used in
e-government websites to improve the quality of gov-
ernment information, and addresses head on the inter-
operability issues. Linked data is a term used to describe
a recommended best practice for exposing, sharing, and
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connecting pieces of data, information, and knowledge
on the Semantic Web using URI’s and RDF.

• Modeling with focus on economic aspects: since no
e-government models were found with focus on eco-
nomic aspects, modeling and quantifying the costs and
benefits of e-government collaborative processes is a
wide open research challenge.

• Developing meta-models: a meta-model for collabora-
tive processes of e-government is an interesting research
challenge. In fact, since interoperability among hetero-
geneous organizations is a complex task, a key element
to enable real collaboration among them is to define
unambiguously the involved concepts and relationships.
Since many government entities provide the same ser-
vices, but in different ways and with potential similar-
ities, a meta-model could facilitate the realization of
e-government in several fields through conceptualiza-
tion from a general perspective, and then create specific
flexible models adapted to domains of interest.

VI. THREATS TO VALIDITY
Some threats to internal validity (i.e. to the study’s correct-
ness) are:
• Consideration of synonyms: the terms used in the search
string may have some synonyms, and the search may
have overlooked some studies; for example, sometimes
authors only mention the term approach or method-
ology, but do not describe specific types of mod-
els, technologies, or collaboration or interoperability.
This threat was mitigated with inclusion and exclusion
step that inspected the citations of included articles
to find whether any other relevant studies were miss-
ing; this was done by three researchers, and disagree-
ments among them were discussed until consensus was
reached. This, to a significant degree, confirms the valid-
ity of the entire search process.

• Evaluation quality: the quality of the studies selection
and evaluation, as well as their weighting factor, may not
represent adequately their importance. This threat was
mitigates by grouping the chosen attributes into subsets,
to facilitate ranking and improve selection.

Some threats to external validity (i.e. to the study’s
generalizability) are:
• Review based on the authors’ experience: studies assess-
ment was based on the judgment and experience of the
authors, and other researchers might have judge differ-
ently. This threat was mitigated by providing an analysis
protocol with a systematic way of reaching agreement.

VII. CONCLUSION AND FUTURE WORK
Governments worldwide are engaging into digital trans-
formation initiatives to improve efficiency, effectiveness,
cost, and transparency. Since existing e-government solutions
are typically isolated, their integration and interoperability
require deploying collaborative processes.

This articles describes a study to understand cur-
rent approaches to modeling e-government collaborative

processes and their integration and interoperability
approaches. The research questions are: Which kind of rep-
resentations (architecture, framework, ontology, meta-model,
model or process) are used to model these processes? Which
concerns (cost, value, citizen, technology, organization) do
they focus on? How do they address collaborative processes
concepts (interoperability and collaboration)?

The design, execution and results of the Systematic Litera-
ture Review (SLR) is described. Articles were organized with
a novel literature classification schema consisting of model
category, model focus, collaboration scheme, and interoper-
ability level.

Initial search found 326 publications, but only 52 were left
after applying exclusion criteria. Key findings are:
1) The most published type of model have consistently

been Frameworks and (general) Models, but not Meta-
models or Ontologies.

2) The most addressed model focus has shifted, from Tech-
nology and Organization & Process (2008 to 2013)
towards Citizen and (some) Technology; the former has
vanished from the literature.

3) Work on collaborationwas dominated by open participa-
tion, but interest has shifted towards Data Transparency.

4) Work on interoperability has been mostly about Techni-
cal aspects, but with a steady trickle about Semantic and
Organizational aspects.

Several contributions are offered. Firstly, the study pro-
poses and deploys a novel literature classification schema to
analysis studies of e-government conceptualizations, going
beyond previous classifications. Second, the current state of
conceptualizations for e-government is described on the basis
of this classification schema; this collection of articles, which
provides an overview of existing works, is a useful starting
point for researchers conducting work in this field. Third,
the formulate concise proposals shifted for future research,
on the basis of the identified limitations of the existing work;
We hope that these proposals will help close existing gaps in
design and conceptualization of collaborative e-government
processes, and inspire research in this area.
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