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ABSTRACT Over the last two decades, governments have increased their investment in information
technology to improve the use of public resources, using public electronic procurement systems to obtain
better prices, better solutions and to show transparency in the procurement process. Public procurement
of software development projects is specific acquisitions having specific technical, methodological, and
management constraints that make transparency an elusive target. This article proposes a maturity model as
a tool to measure tendering transparency when government agencies procure software development.We have
used a procedural model to support the design of maturity models along four dimensions: Institutionalization,
Software procurement process, Communication, and Accountability. We have defined a five-step model, and
we have tested it with real government buyers. The model is supported by an appraisal tool that helps to guide
the next steps in the transparency of software acquisitions.

INDEX TERMS Maturity models, transparency, public tenders, software requirements, accountability.

I. INTRODUCTION
Transparency is a concept that emerges in the 90’s and is
established mainly in opposition to corruption. It is recog-
nized as a term hosting several ideas behind the visibility
metaphor, such as honest decision-making processes, proper
behaviors of officials, public disclosure, integrity, account-
ability, and even democratic values [1]. However, in spite of
all these features being possible values of social systems, it is
recognized that transparency is today a computer-mediated
goal whatever be its analysis perspectives [2].

In the last two decades, governments havemade significant
advances in the use of information technology in electronic
government (e-government) to improve the quality of the
public services and increase the transparency of govern-
ment processes [3], [4], which implies to improve citizens’
perception and trust in government. In various countries,
these initiatives began with laws for the public sector on
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Information Technology as an enabler, support, and stream-
lining mechanism [4].

Due to public resources involved in governmental purchas-
ing of goods or services, governments endeavor to use effi-
cient and effective electronic procurement systems. In some
countries, all public sector organizations manage their public
services tenders through procurement web portals in order to
show a transparent procurement process [5], [6].

In order to increase the efficiency and effectiveness of pur-
chase processes, governments need to face several challenges,
for example: fully integrating technology and developing
e-government systems [7], defining guidelines and policies
to secure widely available high-quality public services; pro-
moting legal frameworks; promoting acceptable management
practices; and creating an adequate institutional structure
while training operators and public officials [8].

In particular, public procurement controlled by
e-government systems has a crucial role in national govern-
mental programs. The procurement controlled purpose is to
secure active transparency and efficiently improve relations
with suppliers [5]. Therefore, these procurement systems
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should reduce corrupt practices, increasing confidence in the
procurement system, increasing procurement productivity,
and attracting new suppliers hoping to do business with the
government [9].

Despite these expectations, corruption can be found in
public sector procurement [10], [11]. Therefore, increasing
the transparency of procurement processes, in any of their
steps, is one of the main challenges faced by governments and
a way to enable the citizens to monitor it. For that purpose,
each government provides its policies and laws concerning
how government procurement is published, and the indices
by which it tries to measure transparency or corruption in
its institutions and organizations [12], [13]. Some examples
are the International Country Risk Guide index [14], Busi-
ness International [15], the Global Competitiveness Report
Index [16], and the Corruption Perceptions Index [17]. How-
ever, laws by themselves do not ensure genuinely transparent
behavior [18].

This article proposes a maturity model as a tool to
measure transparency in software development biddings.
A maturity model is a map that guides the organization in
the implementation of good practices, offering a starting
point [19], [20]. It describes a path of evolutionary improve-
ment, from inconsistent processes to the most mature of
the organization [21]. It allows to evaluate the development
status of an organization or business process, clearly outline
improvement strategies to achieve the planned objectives and
identify the areas where the organization should focus to
improve [19].

The proposed maturity model aims at providing a frame-
work that guarantees a transparent software acquisition pro-
cess in public institutions. In this sense, it represents the
first study designed for conferring transparency to software
tenders via maturity models, to the best of our knowledge.
Our main contribution to the state of the art is the adaptation
of existing models to this purpose, combining a variety of
approaches from the e-government and software development
literature. Our research question is: how can a maturity model
successfully confer transparency to the software acquisition
process in public institutions?

Our work is structured as follows: In Section 2,
we described Public procurement of information technol-
ogy. In Section 3, we present the methodology used to
create our proposal. In section 4, we explore the con-
text of transparency and accountability as applied to the
Information and Communications Technology which gov-
ernments have made available to the public. In Section 5,
we indicate the importance and uses of maturity mod-
els and a brief review of models related to our proposal.
In Section 6, we describe the selection criteria for our pro-
posal. In Section 7, we present maturity levels as a tool to
measure transparency. In Section 8, we describe the criteria
used to create the measuring tool, which we then tested.
Finally, in Section 9, we present our conclusions and future
work.

II. PUBLIC PROCUREMENT OF INFORMATION
TECHNOLOGY
Public procurement of information technology is a frequent
andwidespread tender item; it includes software development
projects that move large amounts of money between govern-
ments and the software industry [22].

Public tender processes associated with a software product
usually include a set of practices related to Software Engi-
neering, which have been explored mainly from Require-
ments Engineering. Indeed, Software Engineering addresses
various problems and new challenges that include improving
the quality of output procedures and Software Requirements
Specifications (SRSs) [23],[24].

Next, we will explain the tender process. To do this,
in Figure 1, we have represented the process by using
BPMN notations. In this notation, the actors (roles) are rep-
resented by swimlanes, in this case Supplier and Customer.
Empty circles represent the initial and possible ends of the
procedure, clocks represent deadlines or time constraints, dia-
monds represent making decisions activities and rectangles
represent sub-processes, finally, flows represent information
messages and/or sequence controls. These multiple interac-
tions are managed by electronic platforms.

FIGURE 1. An excerpt of electronic platforms tender process.

First, the customer or acquirer (usually a public administra-
tion) publishes the call for tenders and classifies it according
to topics and areas (upload C4T document). All public calls
for tenders managed through electronic platforms are by def-
inition open, i.e., anyone may submit an offer. The platform
supports a suppliers’ database, which is also classified by
areas and topics of expertise. The platform then sends an
email to any supplier whose area of expertise matches that of
the new offer (flow from customer to supplier). Furthermore,
suppliers can perform a manual search of public calls for
tenders at any time according to a set of predefined criteria
(search bases for proposals). Once the supplier has decided
to enter a public tender process, the acquirer prepares the
proposal according to the call for tender document specifica-
tions (prepare offers). During this stage, some public tender
processes allow suppliers to send questions to the customer,
who may answer publicly, to all suppliers at once through
the platform, or privately, via email. Also, the customer may
organize a public interest manifestation meeting, where the

VOLUME 9, 2021 45669



J. Hochstetter et al.: Transparency MM for Government Software Tenders

customer and the tenderers can gather to further clarify the
actual problem the project aims to solve. Once the public
tendering process has been prepared, the tenderer submits
its proposal through the platform (Post offer as bases). At a
given date (clock), the customer opens all the tenders received
and evaluates them according to the set of criteria that was
published in the call for tenders (Opening of offers). The
evaluation result is finally communicated to all the suppliers
on an electronic platform. The customer must publish not
only the selected supplier, but also a chart presenting the
scores of every tender submitted (Proposal award).

This type of procurement suffers from the same lack
of transparency, which is a contradiction to the fact
that transparency is a vital aspect of software systems
quality [25]–[27], but also a market symmetry indicator,
and one of the values most appreciated by the public [28].
Therefore, transparency is a crucial indicator for potential
providers that must choose what software projects to bid and
for governments to demonstrate, to the citizens, that ratio-
nal decisions take place under its command. Unfortunately,
current transparency parameters cannot address all the situa-
tions encountered in software development projects, and there
is no transparency benchmarking for software procurement
processes. Moreover, transparency is widely recognized as an
organizational-culture issue having a soft-side to observe as
part of progressive improvements [29].

In Information Technology, socio-technical progress is
assessed by Maturity models. Maturity models provide a
systematic framework of reference for measuring organi-
zational performance in specific areas, focusing on tech-
nological areas [30]. Besides, there is evidence that the
soft-side of particular organizational issues requires partic-
ular maturity models [26], [27]. Therefore, measuring the
maturity of the transparency in the public procurement pro-
cess implies e-government agencies to increase transparency
and to identify and disseminate best practices for electronic
procurement [6].

III. METHODOLOGY
To develop the proposed maturity model, we have fol-
lowed Becker’s procedural methodology [31]. The selected
method to createMaturityModels (MM) for Information Sys-
tems (IS) presents a process proposal to design and validate
maturity models. It has the aim of avoiding the variability
in the ways in which MM are motivated, produced, and
evaluated. The methodology of [31] begins by establishing
eight sub-phases for the development of maturity models
that are grouped into two main phases: ‘‘Generation’’ and
‘‘Transfer’’.

The Generation phase has four sub-phases: the first, called
‘‘Problem definition’’, determines the scope of the domain of
the maturity model, as well as the conditions for its applica-
tion and the intended benefits.

The second sub-phase is ‘‘Comparison of existing maturity
models’’, the aim of which is to analyze existing models in

order to propose the new one. As [32] points out, a newmodel
may also be an improved version of an already existing one.

The next sub-phase is ‘‘Determination of a development
strategy’’, in which we suggest a design strategy that com-
bines extracts from a set of maturity models into a newmodel.
We recommend using the identified maturity models as a
starting point for the design process.

The fourth sub-phase is ‘‘Iterative maturity model develop-
ment’’, in which the maturity model is submitted to revisions.
The steps of this sub-phase are: ‘‘select design level’’, ‘‘select
approach’’, ‘‘designing the model section’’, and ‘‘testing the
results’’, which should be iterated by each maturity level.

These four sub-phases constitute the first phase. The sec-
ond and final phase is the transfer phase, which also consists
of four sub-phases. It starts with academic publications and
public web sites enabling companies to evaluate their degree
of maturity, providing additional support for an empirical
basis.

The interpretation of the general terms of the Becker
methodology is amethodological design to achieve our objec-
tives, for this, we have focused our proposal on following the
procedures of the generation phase of the maturity model.

Therefore, in order to generate our Transparency Maturity
Model for Software Acquisitions, we have followed the cor-
responding sub-phases: i) Problem definition, ii) Comparison
of existing maturity models, iii) Determination of develop-
ment strategy and iv) Iterative maturity model development.
In Figure 2, we summarize the phases of this procedure as
it has been proposed by [31], in addition to the original
representation, we have added checks on reached sub-phases.
The following sections detail the development inside of each
of these sub-phases.

FIGURE 2. Followed stages from the methodology for developing
maturity models.

IV. SUB-PHASE I: PROBLEM DEFINITION
Transparency refers to information that has not necessar-
ily been available to the public in the past. For a pro-
cess to be transparent, information concerning it must be
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accessible, high quality, and reliable, complete, relevant,
accurate, timely [33].

Transparency is regarded by governments as an essential
mechanism in order to meet public expectations and their
responsibility to society. It has been even claimed as a demo-
cratic right of every citizen and it has become essential for the
exercise of good government [34]. However, it has not only
been associated with the quality of a particular government
but as a crucial target as economic growth is [35].

Transparency is also used by governments to publish
certain information or to open up to the public certain
decision-making processes [1].

A lack of transparency and accountability in the public
sector tends to contribute to macroeconomic destabiliza-
tion, distortions in the allocation of resources, and economic
inequalities. These effects cannot be ignored [18]. Therefore,
over the last decade governments have worked to increase
their transparency, using Information and Communication
Technology (ICT), which is expected to bring about a reduc-
tion in corruption [36].

Government procurement portals can reduce corruption,
for example, by enabling people to compare prices [36],
offers, types of bidder and delivery times of bids; to under-
stand the time required to execute the awarded project and the
payment methods proposed; and by permitting an interaction
between bidders and customers through the inquiries resolved
during each tender process.

This commitment by governments has generated enthu-
siasm and concern about the potential for ICT to create a
substantial social and cultural change in attitudes towards
transparency [37].

Many governments encourage the use of ICT to promote
efficiency and transparency at the same time [38]. How-
ever, evidence suggests that incorporating technology is not
enough to produce this change, as several other issues need
to be addressed at a cultural level [37], [39]. For exam-
ple, the public in some places still has a strong preference
for personal or telephone contact when making inquiries or
requesting an external service, which can be interpreted as an
operational obstacle and even a lack of transparency in some
cases [40]. Furthermore, socio-cultural factors determine that
making information available is not enough to ensure trans-
parency, as indicated by [41] and the World Bank report [42].

In the software industry, transparency is regarded as an
aspect of quality [31], and an important feature of quality is
accountability [43], which we describe below.

A. ACCOUNTABILITY
Accountability is a process attribute that concerns us when
discussing transparency, as it is among those attributes
required when governments prepare Software Product Ten-
ders (SPT). Accountability is a characteristic of representa-
tive government [42]–[44], [45], [46], and includes control
processes exercised by the public over their elected repre-
sentatives through elections or vertical electoral accountabil-
ity, and public participation mechanisms or vertical social

accountability [44], [45]. It also includes forms of control
which operate within public administration, i.e. within the
bureaucracy that implements public policies (vertical internal
accountability in the control of internal management), and
between this bureaucracy and government suppliers (contrac-
tors, consultants, etc.), who are considered a specific interest
group [46].

Accountability is usually perceived as reporting or
accounting for how authority has been used. It is also under-
stood in specialized literature as responsibility [47], [48],
defining who is responsible to whom, who is reviewed, evalu-
ated, sanctioned, and as a result liable and controllable. Thus,
accountability as responsibility contains three successive
levels [49], [50]. The first is the informative level (account:
a description), in which whoever is being held accountable
should report their performance and decisions. The sec-
ond is the explanatory level (answerability or responsibility,
account: an explanation), in which whoever is being held
accountable must also justify their performance or decisions
(explain what has been done and why) and compare it with
previous commitments or performance standards established
in advance. The third is the enforceable level, in which who-
ever is being held accountable is subject to proportionate
sanctions, as a result of their performance and justifications
compared to their commitments. In this way, their commit-
ment and performance are made binding.

Accountability within a theoretical principal-agent rela-
tionship implies an obligation by the agent to the principal.
In the relationship between bureaucracy and its suppliers,
accountability is unidirectional, i.e. from the provider as an
agent to the bureaucracy, who directs the agent within the
framework of a contractual relationship. Duties are bidirec-
tional as a bureaucracy needs tomeet the necessary conditions
to secure transparency and efficiency. We propose that it
should be held accountable to its suppliers, by punctually
fulfilling its payment commitments and clearly communicat-
ing its requirements, such as the goods required and their
condition, which should be clearly set out in tender pro-
cesses and subsequently in contractual documentation, and
include budgetary conditions, deadlines, evaluation criteria,
etc. [26], [27]. It must justify its requirements and be evalu-
ated and sanctioned if it fails to comply with its commitments
to its counterparty.

An example of the foregoing, within the context of
preparing software development requirements by govern-
ments, is the proposal from [27] regarding the importance
of transparency in the software development process. The
authors argue that accountability creates auditability, which
in turn creates transparency. Whoever requires software to be
developed must be held accountable, as they must be able
to explain their requirements clearly and intelligibly. The
functionality required must be articulated in the soft-
ware procurement process, which should identify how to
achieve the targets, which processes cause certain events,
which processes end at certain events, the software require-
ments for activities, and the information used during
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the process. In addition, they need to justify their
initial requirements, the decisions taken during the process,
the results, the sequence of activities, and the activities and
players taking part in the process.

This ensures that the information required to design soft-
ware is available, and results in the necessary transparency.
Thus governments as principals identify and justify – or to
use the terms established above, inform and explain – as
part of their accountability processes. According to [27], this
makes them auditable, since their counterparties, who are not
only the software designers but also the public as citizens,
and eventually as users, can examine them to verify the
quality of their decisions, performance and compliance, and
the attributes of the finished products made available to the
public. Therefore, we can say that the process improves trans-
parency because the required information is made available
and thus the process that affects the counterparties is open
to evaluation. This makes the third level of accountability
viable, which is the enforceable level, provided we believe
that public evaluation is a positive or negative sanction that
can make governments responsible and hold them account-
able in a comprehensive manner.

Accountability requires articulated activities relating to
participation, openness, and frequent, symmetrical, proactive,
synergistic and long-term interaction, which is ultimately
governance. This enables feedback, learning and adaptation
to occur at the interface between the players involved. Cul-
tural differences can arise within governments between the
officials or bureaucrats who work there, which can affect
comparison of information transparency, in this case the
transparency of Software Product Tenders. Socio-cultural
factors exist, which do not immediately change.

B. NEED TO ASSESS TRANSPARENCY IN SOFTWARE
ACQUISITION PROCESSES
The legitimacy of governments and stability of democ-
racy as contrary values of corruption, as mentioned above,
is fought with transparency, this is the justification for pro-
transparency actions of greater value [51].

With the idea of increasing the transparency of public
contracting, as well as identifying and disseminating the
best practices of electronic contracting, the measurement of
transparency in government agencies in public bidding pro-
cesses could be part of the solution or mitigate part of the
problem [5]. For this reason, some governments, as an initia-
tive, have established different regulations in terms of trans-
parencywhen it comes to contracts for software development,
such as in the European Union, Australia and Brazil [52].

In [53], we noted the need to assess transparency in
government software tenders. As methodological support,
two qualitative studies have been carried out, on the one
hand, a semi-structured interview with experts, both software
providers and public officials who carry out bids, and analysis
of regulations of some countries on software development
bids. Below are the aspects that support the proposal to have
a maturity model for software development tenders:

i) Regulations for Software Tenders: The existing regula-
tions can be considered a response to the need to distinguish
that general transparency regulations require an extension for
the case of software development tenders. This is because the
public tender processes for software products have aspects
such as requirement creation and analysis, which are a set
of practices commonly related to software engineering. The
scenario of software development tenders includes the spec-
ification of requirements, which considers the main func-
tionalities of the system requested as well as non-functional
requirements, which makes it a difficult process for civil
servants.

The Commission of the European Union, Commu-
nications Networks, Content & Technology Directorate-
General, development a Guidelines for Public Procurement of
ICT Goods and Services SMART 2011/0044: One section of
the report describes the difficulties that civil servants in gov-
ernment organizations face when putting out a tender in the
ICT area, and therefore they raise the need for political reform
with respect to ICT tenders. The focus is on developing mar-
ket competition among ICT suppliers through the correct use
of standards, thereby avoiding dependency on suppliers and
salespeople. On the other hand, the focus is on the practices
in the tender process terms, so restrictive or discriminatory
specifications can be avoided, and competition promoted.

For example, in Italy on July 1, 2006, the Italian Council
of State rendered a decision (Consiglio di Stato, sez. V,
n. 5181/2005) focusing on the rules governing the public
e-procurement of software and ways to limit the risks of soft-
ware products becoming out of date during an e-procurement.

In Brazil, the Office of the Chief of Staff published Decree
7174 onMay 12, 2010, which regulated the procurement pro-
cedures for information technology by government agencies
in Brazil. Note that this decree contains further details on
subjects related to the acquisition of hardware and software,
such as requiring the development approach and a survey of
all the project features while still in the planning phase; these
remained obligatory by virtue of this decree as seen in the
following article: ‘‘Art. 2◦ Acquisition of goods and services
for information technology and automation must be preceded
by contract planning, including the basic project or terms of
reference containing the specifications for the object to be
contracted, Decree 7174, Brazil, 2010 ’’.

The government of Australia established a working group
that drafted the Report of the ICT Procurement Taskforce,
which recommends the development and implementation of
a new framework for government procurement of ICT.

We can see that there are initiatives by different govern-
ments regarding how to approach the behavior of software
acquisition processes with their respective legislations. With
this background, we can state that software acquisition pro-
cesses as they are currently being conducted are in need of a
legislative change. Therefore, we have proposed the need to
assess transparency in software tenders.

ii) We design an electronic survey: using short questions to
know the role of stakeholders within an organization, to know
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opinions and visions regarding the evaluation of transparency
in general and specifically in software tenders, we use vari-
ables that we have identified of the behavior of the software
bidding process, andwe also added an open question to gather
additional variables.

The questionnaire was answered by 15 stakeholders. They
were selected for convenience, as they all belonged only to the
companies participating in the bidding processes, as well as
government officials, who could be contacted by email. The
form was applied through the Google Forms platform. In this
research, we have identified that evaluating transparency
in the public bidding process is recognized as a necessity
among stakeholders, and also specifically when it comes
to software development bids. The details of this research
can be reviewed in the attached article: Need for Evaluate
Transparency in Software Procurement Processes.

Therefore, in order to have a general measure of
transparency, a maturity model is proposed to evaluate trans-
parency in software development tenders, due to its observ-
able variables, such as software functions, suitability, learning
capacity, security, among others, and also its very different
condition of being. An intangible product seems to justify a
differentiated approach.

V. SUB-PHASE II: COMPARISON OF EXISTING MODELS
Maturity models aim to provide systematic frames of
reference for measuring the performance of organizations in
certain areas of work, with greater emphasis on the technolog-
ical area [30]. There are also academic disciplines that use the
term maturity and develop maturity models as classification
schemes. Authors such as [54], [55]–[58] use them to develop
diagnoses and define progress measures using maturity
models.

The most widespread software maturity models are those
belonging to CMM/CMMI (Capability Maturity Model and
CMM Integration) of the Software Engineering Institute
(SEI)1 in the USA. They are focused on the development,
maintenance and acquisition of software products and ser-
vices. Their capacity and maturity structure and the mecha-
nism used for determining this structure have been replicated
by many other models in other areas [59].

The original CMM model was the Software Capability
Maturity Model [60], which was used to identify the soft-
ware development capabilities of an organization. Its success
resulted in CMM-based models being used to improve engi-
neering processes. These were quickly adopted in 1998 by
the US government and the SEI to formulate their Capability
Maturity Model Integration (CMMI), which improves an
organization’s processes using a unique structure and a multi-
disciplinary approach [61], [62].

In [59] the authors, focus on human resources and describe
how People-CMM can be applied as a standard for evalu-
ating work-place practices, and as a guide when planning
and implementing improvements. The authors indicate that

1http://www.sei.cmu.edu/cmmi.

People-CMM was designed to increase the capability of
the labor force, and that SW-CMM [62] was designed to
increase the capability of software development processes in
organizations.

For example, in [63] applied a capability and maturity
model [64] to the supply chain and developed a maturity
model for supply chain management processes to improve
the performance of the supply chain. In [65] the authors built
a multi-dimensional maturity model that allows the capabil-
ity of Business Process Management Maturity (BPMM) to
be assessed. There are six factors in the model: Strategic
Alignment, Governance, Method, IT/IS, People, Culture. The
dimensions of the model have been derived mainly from a
comprehensive review of the literature on Business Process
Management (BPM).

In the technological area, for example in software process
improvement, the Capability Maturity Model is a measure
of maturity which defines a structure for software develop-
ment [66]. The term maturity is also familiar in the area
of information systems, for example, the stages in a growth
model illustrate the stage an organization has reached in the
development process where the use of Information Technol-
ogy in that organization is being measured [67].

Maturity models are used tomeasure ITmanagement in the
public sphere, as reflected in Uruguay, Brazil, Chile, Colom-
bia and Mexico, among other Latin American and Caribbean
countries [52]. We will now briefly describe maturity models
contextualized in e-government and open government, which
we have used as an important reference in our proposal.

A. MATURITY MODELS FOR ELECTRONIC/OPEN
GOVERNMENT
Previous studies have proposed several contextualized matu-
rity models to develop e-government [55]; for example,
[68] proposed a growth model consisting of four stages for
e-government: cataloguing, transaction, vertical integration
and horizontal integration. This model is focused on the func-
tionality, technical capacity and integration of e-government.
[30] proposed a maturity model that extended the Layne and
Lee model incorporating a customer-centered approach.

In [69], the authors proposed a maturity model consist-
ing of five levels, focusing on the interoperability of digital
government: ICT interoperability, process interoperability,
knowledge interoperability, value interoperability, and goal
interoperability. In [70] the authors developed a progressive
maturity model with five stages for joint government, based
on dynamic capability. Thesematuritymodels can be usefully
applied to electronic governments in general, but were not
designed to guide open government initiatives focusing on
transparency, interactivity, and participation [71].

In [72], a model for e-government was proposed, which
integrates technological, organizational, operational and
human capabilities, with a multi-dimensional integrated and
evolutionary approach. Themodel includes adjustmentmech-
anisms to align it with national guidelines on e-government.
It is based on international experience in maturity models,
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together with specific e-government models that measure the
capabilities of public agencies. The proposed model con-
sists of the three axes of a cube: the information criteria
that support business processes, IT resources, and leverage
domains. The authors changed the traditional IT approach
and defined four leverage domains: e-strategy, IT governance,
process and people management, and organizational capa-
bilities. Furthermore, the maturity model produced by [73]
incorporated some open government initiatives within its
proposed five levels: Casual, Transparent, Participatory, Col-
laborative, and Engaged. The authors in [71], developed a
model specifically to evaluate and guide open government
initiatives that focus on transparency, interactivity, partic-
ipation, and public commitments to collaborate that have
become possible largely due to emerging technologies, such
as social networks. The model consists of five levels: initial
condition, information transparency, open participation, open
collaboration, and ubiquitous engagement.

However, the authors [27], complement our proposal by
indicating the importance of software system transparency.
They propose that to ensure transparency, it should be
addressed within the context of the requirements, i.e. trans-
parency should be treated as a non-functional requirement.
In [74], the authors investigated further the characteristics of
transparency. The authors stressed the importance of ensuring
that transparency is accessible, as other quality attributes
cannot be achieved without access to a software system.
Therefore, our proposal implies a learning discipline within
the organization, and we shall now address this concept.

B. SYSTEMATIC MAPPING OF LITERATURE
Systematic mapping allows us to have an overview of a
research area through classification [75]. It is a method used
particularly to answer, methodically, one or a set of research
questions. To do this, the main studies that may contain
relevant information are identified (search), the relevant stud-
ies are selected after further review (inclusion / exclusion)
and, where appropriate, a quality assessment of the selected
studies is carried out (bias / validity ) [76]. To compare
with other maturity models, it is necessary to know globally
the related maturity model works. For this, the protocol for
conducting systematic mappings defined by [77] has been
followed, adapted to the subject as described in continuation:

General guidelines of the work: the contribution of this
part of the research is to propose a Maturity Model as an
instrument for measuring the level of transparency in LPS’s,
under the assumption that this model would help government
agencies increase the transparency of public bidding and
identify and disseminate the best practices for the preparation
of LPS’s.

Research questions: the IPs that arise from the objectives of
the research and the motivation that exist to apply systematic
mapping are indicated below.

PI-1: Of the selected studies, how many propose maturity
models (or theoretical proposals)? How many propose to use
maturity models for LPS’s?

PI-2: For the maturity models, how many studies address
transparency?

PI-3: For the maturity models, how many studies do LPS’s
address?

Key concepts and search strings: to build the search string,
a set of keywords were extracted from the IPs and the
research objectives, which were concatenated using logical
connectors. This search string was iteratively tested in search
engines and validated among researchers. When performing
the search, this string was applied only to the abstract of
the works [85], The resulting string was: ((‘‘ methodology
’’ OR developing’’ ‘‘OR implementation’’ ‘‘OR software’’
‘‘OR egovernment’’’ ‘‘OR e-government’’ ‘‘OR open govern-
ment’’) AND ‘‘Maturity Model’’).

Search and data extraction: the sources that were consid-
ered were databases and also websites where digital libraries
could be accessed with search engines implemented in order
to choose sources with a large number of articles related to
the search objects and that allow search for jobs using search
strings and logical operators. The selected data sources were
Google Scholar, IEEE XPLORE, Association for Computing
Machinery (ACM), SPRINGER LINK, and SCOPUS data
sources, recognized among the most reputable within the
IS community [78].

Inclusion and exclusion criteria: the optionwith at least one
of the words found only within the titles was used as search
parameters, excluding patents and citations.

Inclusion criteria: studies from the year 2000 onwards.
Studies that address maturity models.

Exclusion criteria: studies prior to 2000. Studies without
an author. Documents that do not include the software as a
deliverable product. -Duplicate studies in different databases.
Studies whose title is not related to the research object. Docu-
ments that do not come from traceable journals or procedures.

Search execution: The search string was applied to the
selected sources and an initial quantity of 905 jobs was
obtained. The information was extracted using the export
tools of each of the digital libraries. After eliminating those
jobs that were doubly indexed, it was reduced to 898 jobs.
Then, the inclusion / exclusion criterion was applied, which
was done by reading the titles, abstracts, keywords of each
work and labeling them, accordingly, obtaining a final set
of 230 works.

Classification scheme: publications are classified in three
dimensions: time, categories, and type of proposal. The
temporal dimension classifies the works according to the
year of publication, taking into account the last 19 years,
period 2000-2019.

The dimensions in which the publications are categorized
are E-government, Information Technology, E procurement,
E service and Business. Although there are jobs that can be
classified in more than one category, categories were built
from the combination of characteristics.

The dimension type of proposal classifies the works in:
-Review: perform reviews of the literature on maturity

models ormake comparisons between onemodel and another.
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FIGURE 3. Articles related to maturity model.

-Use: they use maturity models applying them to organiza-
tions and evaluating their results.

-Implementation: they propose maturity models related to
the proposed classification, that is, the use of maturity models
reviews/comparisons with other models, or that address other
functions within the electoral process.

Map construction: the final product of the systematic map-
ping was a map to facilitate its representation and analysis.
Figure 3 on the left side shows those that were classified
into: implementation, use and review. On the right-hand
side, the rankings of the publications by year range are
presented.

68 papers, published between 2000 and 2020, were iden-
tified that raised a proposed model or implementation. In the
same range of years, 14 documents were identified that use
maturity models and have been applied to organizations eval-
uating their results and levels.

Given the search and selection of works carried out,
a single work was identified that proposed a maturity
model addressing transparency and accountability between
2013 and 2015.

It is observed that efforts are put into formulating and
implementing a maturity model for software and process
improvements, with 137 jobs (60%). Assuming that trans-
parency is important to governments, the question that imme-
diately arises is: Why are there so few papers that address
transparency? For example, only two papers identify key
elements of transparency and how to evaluate it. In turn, there
is a low number of jobs that focus on open and electronic gov-
ernment, only 32 jobs (13%). One possible explanationwould
be that establishing a maturity model is a procedure that
requires methodological guidance, which becomes a complex
process to follow. Therefore, incorporating the measurement
of transparency in open and electronic government seems to
be a challenging area. According to the extent to which we
have been able to review in the technical literature, incorpo-
rating the measurement of transparency is an immature area,
especially if we intend to measure transparency in LPS’s.

C. ORGANIZATIONAL LEARNING
The staff that participate in processes recognize the
importance of developing specific procedures. They establish

VOLUME 9, 2021 45675



J. Hochstetter et al.: Transparency MM for Government Software Tenders

standards to guide and evaluate their performance, practice,
and strategies, to trigger adjustments, changes, and inno-
vations that drive improvements in procedures, techniques,
technologies, skills, and effectiveness. This requires pro-
cesses to be based on learning, and that the nature of learning
for stakeholders in general, the staff within an organization
and the staff at various organizations is well understood.
These stakeholders must adapt to their environment, which
is a key challenge for which learning is essential, as they
can update their knowledge of the environment and thus
improve their skills in areas of work where specific processes
operate [79].

Staff or adaptive agents can learn and configure shared
mental models, which include strategies and rules governing
their strategic behavior, on the basis of repeated, stable inter-
actions. These strategies and rules are interaction patterns
that are modified dynamically. They enable agents to use the
information to anticipate situations, to behave in certainways,
and ultimately to adapt to each other in an endogenous and
self-organized manner [80]. Agents make decisions based on
typical environmental structures, which are interpreted using
heuristics and which operate as cognitive rules of information
processing [81].

Thus, agents learn to cooperate among themselves in an
uncertain environment and develop a culture, a tacit, shared
mechanism for how things are done, based on past expe-
riences and mutual expectations about the future [82]. The
dissemination of this culture is not only driven by learning
around the strategic benefits that result but also is adopted or
imitated and then replicated as a way of doing things, through
the mutual influence that agents have on each other [83].

Based on the above and on [84], we can define learning as
mutual and dynamic adjustments, endogenous, incremental
interactions, founded on experience and new information,
which make it possible to revise beliefs, objectives, and how
problems are understood, managed and resolved. This organi-
zational learning should be expressed systemically, i.e., using
work-place formality. We relied on the following section in
the guideline ‘‘Scientific Documentation’’ [31] to establish
reasonable criteria for our proposed maturity model, and we
now detail the steps in the maturity model selection process.

VI. SUB-PHASE III: DETERMINATION OF DEVELOPMENT
STRATEGY
In this section we define the development strategy for the
TransparencyMaturityModel for Software Acquisitions. The
different strategies come from designing a completely new
model, to enhance an existing model, to mix existing models
by transferring structures from selected models. In order to
make a decision about the strategy, we first establish a set of
concepts to include as part of the target model.

A. RATIONALITY FOR SELECTING THE DEVELOPMENT
STRATEGY
A maturity model enables a government agency to eval-
uate its current maturity level [55]. If adopted in various

agencies, it can be used as a standardized tool for bench-
marking, as well as providing a common language and a
framework for planning and implementing open government.
The model informs government agencies of the approaches,
capabilities, processes, outcomes, challenges, best practices
and metrics for each maturity level [71].

Within government agencies, e-government portals play
an essential role in national e-government programs,
which includes creating greater efficiency and transparency.
Maturity models have been proposed to measure public pro-
curement portals, as in [5], [55].

Measuring the maturity levels of public procurement por-
tals allows e-government agencies to increase the trans-
parency of public procurement [5], identify areas for joint
action, encourage knowledge exchange between agencies,
and identify and disseminate electronic procurement best
practices [85].

Public tender processes associated with a software
product are formed from practices commonly related to Soft-
ware Engineering, which have been explored mainly from
Requirements Engineering.

Our proposal requires a specific maturity model that
combines e-government and open government measure-
ments, plus the particular attributes of a software tender
process, whose practice is commonly related to Soft-
ware Engineering and whose classification requires specific
measurement [23], [24].

Software transparency is a concept that relates to the dis-
semination of information; it has been used in various envi-
ronments, mostly relating to the empowerment of the public
with regard to their rights [27]. The authors argue that in order
to apply transparency, society will have to deal with the way
software is offered under this concept.

Furthermore, they suggest that to provide transparency,
it must be addressed when specifying software requirements.
They describe how requirements engineering should play an
important role in software transparency and propose treating
transparency as a Non-Functional Requirement (NFR), using
the following classification for NFR quality factors: Usabil-
ity, Auditability, Accessibility and Informativeness, suggest-
ing that these factors contribute to achieving transparency.

Accordingly, accountability is an attribute that should
appear in transparency processes. Specifically, it contributes
to auditability, which then contributes to transparency [27].
Accountability is perceived as responsibility, and state
bureaucrats must report their decisions, requirements, and
performance, by informing (informational level), providing
justifications (explanatory level), and being subject to sanc-
tions (enforcement level). The recipients of this accountabil-
ity are software designers and the public as users; they are
counterparties with the right to demand information, justi-
fication and to punish public managers, who are therefore
auditable.

Therefore, we have a set of core concepts related to the
problem definition which we need to consider in the tar-
get model, they are software process, process improvement,
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electronic government, open government, accountability, and
transparency. From the list in Figure 4, we can see that dif-
ferent models concern different topics, therefore, to take only
one model to enhance will imply to miss relevant features of
other models, hence, the selected strategy will be to combine
different models into the new one.

FIGURE 4. Original SPT MM.

B. MAIN CONTRIBUTIONS TO THE TARGET MODEL
Given the close relationship to the defined problem we have
exhaustively studied different proposals, for those contribut-
ing to our model we comment on some aspects to include and
main differences with our proposal.

The Open Government Maturity Model (OGMM) [71]
was specifically developed to evaluate open government
principles, i.e. transparency, participation, and collaboration.
Basic ideas contributing to our model are: (i) transparency
can be appraised, and (ii) data management practices and
citizen-government ways of interaction are useful to describe
capabilities. However, we have a great difference with this
approach, transparency is a level in the model, and more-
over, it appears as a precondition for participation. On the
contrary, our model adopts the transparency perspective dis-
cussed in [86], where by using some mutual reinforcing
patterns, a synergistic relationship between transparency and
participation is claimed. This way, we consider some citizen-
government types of interaction and different data manage-
ment practices as observable transparency capabilities.

The SW-CMM [64] was designed to increase the capabili-
ties of software development processes within organizations.
It provides five progressing steps for describing the adop-
tion of a disciplined, quantifiable, systematic and continuing
improvement approach for software development. Ideas con-
tributing to our model are: (i) the focus on evidence-based
practices and artifacts, (ii) the difference between discourse,
formal definitions, and actual disciplined practices, and
(iii) the statistical control of the improvements as highest
capabilities. The main difference with our model is the
domain and the nature of the domain, while the final product
in CMM is a technological product, in the case of trans-
parency the product is social perception.

The maturity model proposed in [55] and [72], includes
e-government best practice. Its basic structure was based
on a comparative analysis of the two main international
trends in maturity models as applied to software engineer-
ing [72]: CMMI [64] from the USA, and the ISO/IEC stan-
dard 15504 from Europe. Main ideas contributing to our
model is that CMMI’s foundational progressing steps can be
moved to the public sector. Another relevant idea is to identify
the axes of progression for proposing a multi-dimensional
approach. On the other hand, although transparency is rec-
ognized as a desired outcome, it is completely out of the
universe of discourse in this proposal, trying to adapt it as
a transparency model for public procurements of technical
systems results impossible because acquisitions is also out of
the model. Moreover, the way of getting the maturity level
in this proposal is by assigning different weights to variables
losing the principle of reaching high maturity levels due to
baselines practices.

Software transparency is a concept that is related to the
dissemination of information; It has been used in various
settings, mainly related to the empowerment of the public
regarding their rights [27]. In [27], the authors argue that
to apply transparency, society will have to deal with the
way the software is offered under this concept. Furthermore,
they suggest that to provide transparency, this should be
addressed when specifying the software requirements [27].
They describe how Requirements Engineering should play an
important role in software transparency and propose to treat
transparency as a non-functional requirement (RNF), using
the following classification for RNF quality factors: usability,
auditability, accessibility, and informativeness, which sug-
gests that these factors contribute especially significantly to
improving transparency. The need for auditability supposes
giving weight in transparency processes to the attribute of
responsibility as a factor that contributes to said auditability,
which in turn contributes to transparency [25]. The respon-
sibility implies that the managers of the state bureaucracy
must, regarding their decisions, requirements, and actions,
inform (informative level), give explanations and justifica-
tions (explanatory level), and submit to sanctions (demand-
ing level). Recipients of responsibility, which are software
providers and citizens as users, as counterparts, have the right
to demand information, justifications and also sanction public
managers, who, therefore, are auditable.

Our proposal establishes the characteristics of Software
Product Tenders (SPT), defining the SPT, the budget, the bid
deadlines and the criteria for evaluating the bid, together
with an analysis of the maturity models, and removing some
dimensions in our context, as shown in Figure 4.

Our proposal is based on the ‘‘Multi-methodological pro-
cedure’’ guideline, as we propose an ontological approach to
transparency maturity models for software tenders. We have
also reviewed the technical literature relating to maturity
models for e-government, for open government and for soft-
ware, and investigated how transparency and accountability
contribute to our model.
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VII. SUB-PHASE IV: ITERATIVE MATURITY MODEL
DEVELOPMENT
We propose a maturity model for procuring ad-hoc soft-
ware, i.e. where a specific government agency requires a
development or customization project. We understand that a
government agency is a division of the State. It is responsible
for a specific state role that requires independent strategic
planning, for example, a hospital, a school, a municipality,
a university or a branch of the armed forces. Software pro-
curement in such agencies is centralized, and the maturity
model can therefore be applied to a government agency with
a single procurement process. The model is defined with five
levels, as shown in Figure 5.

FIGURE 5. A transparency maturity model for government software
tenders.

The model measures transparency in four dimensions:
Institutionalization, Software procurement process, Commu-
nication and Accountability. Each level is defined in Table 1.

VIII. IMPLEMENTING THE MODEL
All maturity models that have reached a certain degree of
consolidation are subject to auditing [59], [64], [87] which
includes questionnaires and evidence collection. The matu-
rity process developed in this work consists of five levels:
1: Initial, 2: Developing, 3: Coordinating, 4: Managing, and
5: Systematic, to measure a set of dimensions: Institutional-
ization, Software procurement process, Communication and
Accountability.

In order to assess the procurement process in reference
to the proposed transparency framework, we need a method
for mapping different observable organizational elements and
behaviors to one of these five maturity levels. In order to
describe what exists in an organization and, hence, to dis-
tinguish what elements from them may be observable ones,
we account with different proposals of organizational ontolo-
gies [88]–[91]. According to this goal, we have used the
organizational ontology described by [92] given that they
provide basic organizational elements such as goals, tasks,
and resources (as inputs and outputs of tasks) which are
part of a basic understanding to members of an organization
and may constitute part of a questionnaire for organization
members or auditors.

TABLE 1. Definition of levels for each dimension.

However, a more complex concept to assess is maturity
itself. To solve this question, we assume that to certain degree
of maturity should exist specific goals, tasks, and resources,
but it does not solve the problem of assessing the progress of
the target organization on the defined levels. To do that we
use general system theory and, in particular, learning models
of organizations. In [93] shows a very good simplification,
using wide-common vocabulary, of an organizational learn-
ing model passing from some intuition-based behavior to
institutionalized practices. Therefore, in order to have elabo-
rate an appraisal method based on observable organizational
elements we have considered:

Objects, resources: The objects identified for the soft-
ware procurement process are: administrative documentation,
technical documentation, price range, exact budget, questions
made by potential participants and answers, award documen-
tation, quality reports on technical bids, supplier evaluation
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table, sanctions reports, list of bidders, and evaluation mech-
anism. Objects have six states: ‘‘none’’, ‘‘private’’, ‘‘private
but reactively reported’’, ‘‘private but proactively reported
within the organization’’, ‘‘public but reactively reported
upon request’’ and ‘‘public and proactively reported’’.

Tasks: The identified tasks within the software procure-
ment process are: create administrative documentation, cre-
ate technical documentation, expert review of technical
documentation, and create metrics. The tasks have five
states: ‘‘none’’, ‘‘informal’’, ‘‘formal’’, ‘‘managed’’ and
‘‘corrected’’.

Formalized practices: We associate formalized practices
with how the discourse regarding software procurement
transparency is aligned with explicit, regular, standardized
procedures, and how the plan to encourage transparency in
government agencies can be demonstrated. Formalized prac-
tices have five states: ‘‘discursive’’, ‘‘informal’’, ‘‘formal’’,
‘‘managed’’, and ‘‘corrected’’. In Figure 6 we illustrate how
these elements indicate the level of each dimension.

FIGURE 6. A transparency maturity model for government software
tenders.

A. THE SURVEY
For each dimension we have generated a set of questions,
each question is related to a level of maturity, in this way we
can classify the answers and determine the level of maturity
of each dimension.

The questionnaire consisted of 59 questions, distributed as
follows:

For the ‘‘Software procurement process’’ dimension, for
example, a total of seven questions were formulated. Each
question is related to the definition of the level (summarized
in Table 2). The questions (Q) for this dimension are the
following:
• Q1: Has any process or suggested steps been followed
for the acquisition of software? (Definition of level 1).

• Q2 Is there a defined and differentiated process for the
acquisition of software? (Definition of level 2).

• The Q3 questions are related to the definition of internal
and external communications, respectively:
– Q3a Is there a rule that requires the official to follow

a software procurement process?

TABLE 2. Distribution of the Questions.

TABLE 3. Ranking of questions with major differences.

– Q3b Is the process monitored by any authority?
• Q4 refers to the definition of level 4:

– Q4a Is the process controlled by quantifiable indi-
cators, for example, number of applicants, number
of companies that ask?

– Q4b: Have there been corrections to the process
according to the results of the control?

• Q5: Is there a periodic and planned analysis of the
procurement process where it is improved based on
historical results? (Definition of level 5).

The resulting questionnaire was sent to officials at gov-
ernment agencies who were asked to respond to our on-line
survey. Initially 18 officials from 16 government agencies
responded, all of whom had experience in preparing software
procurement tenders. The results generated by 93% of the
participants showed that their agencies classified as level 1 in
our maturity model. The answers from each respondent were
used to review the degree of discrimination for each ques-
tion. All the questions received both positive and negative
responses, confirming that effective discriminatory criteria
were used. As proof that such questions allow us to effectively
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TABLE 4. Ranking of questions with minor differences.

identify different levels, some of those obtained are illustrated
in Tables 3 and 4. The difference percentages are calculated
on the total answers for each question (yes = 1, no = 0).
Threats to the validity of the tool are varied. For exam-

ple, we do not yet know whether question interpretation by
each respondent is the same; nor is there a simple way of
validating the trustworthiness of the tool, since this would
require several respondents with the same profile within the
same organization. Finally, the most important validation is
triangulation, i.e. matching replies from respondents with
findings from professional audit teams.

IX. CONCLUSION AND FUTURE WORK
This article describes the complexity or diversity of the vari-
ables that influence the transparency of a socio-technical pro-
cess, such as the procurement of a software product through
a development project. To deal with this complexity we pro-
pose a maturity model that objectively locates an organiza-
tion at a given level of transparency for such an exercise.
We have used the principles described by [31] as a method-
ological reference in developing the maturity model, in order
to review how maturity models used in e-government, open
government, CMMI, the conceptual framework for software
transparency, and accountability trends constitute relevant
background information for the preparation of our maturity
model.

We used these conceptual frameworks to prepare a matu-
rity model describing five levels of transparency for software

procurement through development projects: (1) Initial con-
dition, (2) Developing, (3) Coordinating, (4) Managing, (5)
Systematic. These enable the maturity levels of agencies to be
measured for software tenders in the following dimensions:
Institutionalization, Software procurement process, Commu-
nication and Accountability. We have proposed these levels
and dimensions in order to achieve integration and innova-
tion, based on an exhaustive review of specialized literature
on this topic.

In addition, we have prepared the first version of an eval-
uation tool and we have tested the discrimination criteria
with positive results. We can demonstrate that there are no
questions that were answered in exactly the same way by all
18 respondents.

However, as the methodological framework adopted indi-
cates, we need to complete various tasks using this first
proposal and broaden our experience in order to arrive at an
iterative process that will achieve a consolidated position.
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